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ABSTRACT

The remarkable skull of Triceratops, the type specimen
of T. brevicornus, was transferred from Yale Peabody Mu-
seum to the Bayerische Staatssammlung fiir Paliontologie
und historische Geologie in 1964. That transfer is officially
recorded here, together with detailed description and illustra-
tion. Re-examination of the history of Triceratops and the de-
signation of the many species by Marsh, raises doubts about

their validity. Knowledge of the zoogeography of living large
terrestrial animals, compared with the very localized occur-
rence of most of the type specimens of Triceratops argues
further that in all probability only one species, Triceratops
horridus, is present in current collections. The holotype is
Y.P.M. 1820.

KURZFASSUNG

Der bemerkenswerte Schidel von Triceratops, dem Typus-
exemplar von T. brevicornus Hatcher, wurde im Jahre 1964
vom Peabody Museum der Yale University in New Haven,
U.S.A,, an die Bayerische Staatssammlung fiir Paliontologie
und historische Geologie in Miinchen abgegeben. In Verbin-
dung mit einer detaillierten Beschreibung und Illustration des
Schidels und des zu ihm gehérenden posteranialen Materials
wird dieser Transfer hier offiziell bekanntgemacht.

Fine Uberpriifung der Entdeckungsgeschichte von Trice-
ratops und die Errichtung der vielen Arten durch Marsh lifit
Zweifel an deren Giltigkeit aufkommen. Die Kenntnis der
zoogeographischen Verbreitung heutiger, grofler terrestri-
scher Tiere, verglichen mit dem sehr lokalen Vorkommen der
meisten Typusexemplare von Triceratops, sprechen des wei-
teren dafiir, dafl aller Wahrscheinlichkeit nach in den heuti-
gen Muscumsbestinden nur eine Art, Triceratops horridus
Marsh, vorhanden ist. Der Holotyp befindet sich im Yale Pea-
body Museum (Y.P.M. 1820).
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PART I. TRICERATOPS

INTRODUCTION

During the years from 1889 to 1892, a series of remarkable
ceratopsian dinosaur specimens was collected by John Bell
Hatcher for Yale College from the late Cretaceous rocks of
east central Wyoming in strata then termed the Laramie beds,
or later the “Ceratops beds”. These strata are now formally
referred to as the Lance formation and are of Maestrichtian
age. Hatcher had heard of the discovery of a pair of very large
fossil horns near Lusk, Wyoming. In the spring of 1889, he
met a Mr. C.A. Guernsey of Douglas, Wyoming who had one
of these horns in his possession. Hatcher was taken to the site
where much of a skull was still imbedded in the rock. This
specimen led Hatcher to explore the region around the site,
with extraordinary results. The area was within what was
then called Converse County — a region of vast badland ex-
posures of the Lance formation. The area turned out to be un-
believably rich in ceratopsian remains — a group of horned di-
nosaurs unknown at the time. In the years that followed, Hat-
cher collected 32 partial to complete ceratopsian skulls, most
of which were assigned to the genus Triceratops, just from this

restricted area of Converse County. The Munich specimen
was one of those.

The Munich specimen was discovered by Mr. W.H. Utter-
back in the spring of 1891 at a site approximately 4.5 km up-
stream from the mouth of Lightning Creek and 2+ km south
of that stream in Converse County. It was collected that sum-
mer by Hatcher, assisted by Utterback, A.L. Sullins and T.A.
Bostwick, and shipped to Yale College Museum (now Yale’s
Peabody Museum of Natural History) in New Haven, Con-
necticut, where it was prepared for study. Hatcher’s em-
ployer at Yale, Professor O.C. Marsh, had studied all pre-
vious ceratopsian finds and had concluded that Hatcher’s pre-
vious specimens from Converse County were the first disco-
vered remains of no less than nine different species, all of
which were ultimately assigned to Triceratops. Preparation of
this specimen was not completed until shortly before Marsh’s
death in 1899. Consequently, it was never studied by Marsh.
Appropriately, as Marsh’s protegé and premier collector,
Hatcher himself studied this newly prepared and nearly per-
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SKULL OF TRICERATOPS BREVICORNUS HATCHER, SIDE VIEW

Fig. 1: Triceratops “brevicornus”, skull of type specimen (YPM 1834, now BSP 1964 I 458), as figured by

Hatcher, Marsh & Lull 1907, plate 41.

fect skull and jaws (which occurred with part of the vertebral
column), and in 1905, Hatcher defined this specimen as repre-
senting a new species of Triceratops, which he named brevi-
cornus in reference to the shortness of the skull horns (see
Figs. 1 and 2).

With the completion in 1926 of the present Peabody Mu-
seum at Yale, the skull of 7. brevicornus was placed on public
display together with many of the other type skulls of other
Triceratops species from Converse County (now Niobrara
County), Wyoming. Subsequent changes in the Peabody Mu-
seum exhibits required the removal of several of Yale's cera-
topsian menagerie including 7. brevicornus.

In 1963, Professor Dr. Richard Dehm, Director of the
Bayerische Staatssammlung fiir Paliontologie und historische
Geologie visited Yale’s Peabody Museum and learned of Ya-
le’s “surplus” of ceratopsian skulls — nearly all of them from
Hatcher’s endeavors in Converse County. In search of exhi-
bitable specimens for his own institute in Munich, Professor
Dehm negotiated with Peabody Museum Director, Professor
S. Dillon Ripley about such an acquisition. The result was the
transfer of the Yale specimen of Triceratops brevicornus to the

State Collections of Bavaria in Munich, where it is on public
display once again.

One purpose (of several) of this paper is to publicize this
transfer; Triceratops brevicornus, formerly Y.P.M. 1834, is
now officially B.S.P. 1964 I 458 in the Bavarian State Collec-
tions in Munich (Bayerische Staatssammlung fiir Paliontolo-
gie und historische Geologie).

In addition, we submit an up-dated description and illus-
trations of B.S.P. 1964 I 458 together with our assessment of
the systematics of the genus Triceratops.
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Fig. 2:  Triceratops “brevicornus”, presacral vertebral column of type specimen (YPM 1834, now BSP
1964 1458), as figured by Hatcher, Marsh & Lull 1907, plate 40, fig. 1.
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THE GENUS TRICERATOPS

For a name so well known, and a genus believed so well
founded on incontestable specimens and published documen-
tation, it may come as a surprise to learn that there is no ade-
quate definition or diagnosis of the genus Triceratops in the
published literature. Yet sixteen species and numerous speci-
mens have been assigned to Triceratops, including the Munich
specimen that is the primary subject of this study. This defi-
clency is in part a consequence of the historical sequence of
events that led up to — and followed after — the first use of the
name Triceratops and the subsequent application and syste-
matic placement of that term. It would appear that workers
after Marsh intuitively “knew™ what Triceratops was, for no
one really defined it or seemed to appreciate that no useful
diagnosis had ever been formulated. We will present, in pas-
sing, the historical facts that contributed to this state of af-
fairs.

The name Triceratops was originated by O.C. Marsh in
August of 1889 (b) when he briefly described a ceratopsian
skull, which he had defined (inadequately) four months ear-
lier (Marsh, 1889a) as a new species (horridus) of the genus
Ceratops. In proposing the name Triceratops, Marsh gave the
following description:

“In addition to the pair of massive horn cores on the top of the
skull, there is a third horn core on the nose. This is median, as in the
Rhinoceros, and is placed on the end of the nasals, which are firmly
coossified to support it. The edentulous premaxillaries are compres-
sed anteriorly, and are strongly coossified with each other and with a
third bone in front, which corresponds to the pre-dentary bone be-
low, the whole forming a projecting beak, like that of a tortoise. Over
all, there was, evidently, ahuge horny covering, like the beak of a bird.
The bone in front of the premaxillaries has apparently not before been
observed in any vertebrate and may be called the rostral bone (os ros-
trale). — — — There is a huge occipital crest extending backward and
outward. In the present specimen, this is bent downward at the sides,
like the back part of ahelmet, thus affording, in life, strong protection
to the neck. The lower jaws are massive, and were united in front by
a strong pre-dentary bone. This pointed anteriorly, and its surface

marked by vascular impressions, showing that it was covered with
horn, and firted to meet the beak above. The skull appears to have
been at least two meters in length, aside from the horny beak. It repre-
sents a genus distinct from the type of the family, which may be called
Triceratops.™ (Marsh, 1889b, pp. 173—174.)

This “diagnosis” was sufficient in 1889 to distinguish Trice-
ratops from all other then-known ceratopsians, but it is not
definitive now. It applies equally well to at least five of the ten
currently “accepted” genera of the Ceratopsidae! While sub-
sequent refinements by Hatcher (1907), Lull (1907, 1933) and
Steel (1969) have improved matters, these are still inadequate.
Before we submit our revised diagnoses for the genus, it is in-
formative to review the taxonomic history that led up to
Marsh’s creation of Triceratops.

Excluding the first three-named ceratopsian genera (Aga-
thaumus, Polyonax and Monoclonius (Cope 1872, 1874,
1876), all based on inadequate and now indeterminate frag-
ments, the first event in the taxononiic evolution of Tricera-
tops was the creation by Marsh (1887) of Bison alticornus na-
med for a pair of large frontal horn cores (U.S.N.M. 1871E)
from the Denver formation (Cretaceous, but mistakenly be-
lieved then to be Tertiary) of Colorado. The next year, Marsh
(1888) established the binomial Ceratops montanus for ano-
ther pair of frontal horn cores and an occipital condyle
(U.S.N.M. 2411) from near the top of the Judith River beds
(Cretaceous) of east-central Montana. In 1889(a), Marsh,
now aware of the Cretaceous age of the Denver formation,
implied that his Bison alticornus had been incorrectly identi-
fied. That implication concluded a brief paper in which he
established a second species of Ceratops, C. horridus, based
on the major part of a skull and partial lower jaw (Y.P.M.
1820) from low in the “Laramie” (= Lance) formation in
Niobrara County, Wyoming. Later that same year (1889b)
Marsh formally transferred Bison alticornus to Ceratops — in
the same paper in which he proposed the genus Triceratops
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with horridus the type species. During the next several
months, Marsh named six more species of Triceratops and at
the end of 1891 the ceratopsian roster consisted of:

Agathanmus sylvestris Cope, 1872
Polyonax mortuarins Cope, 1874
Monoclonius crassus Cope, 1876
Ceratops montanus Marsh, 1888
Ceratops alticornus Marsh, 1887
Triceratops horridus Marsh, 1889
Triceratops flabellatus Marsh, 1889
Triceratops galeus Marsh, 1889
Triceratops serratus Marsh, 1890
Triceratops prorsus Marsh, 1890
Triceratops sulcatus Marsh, 1890
Triceratops elatus Marsh, 1891
plus the new genus
Torosaurus latus Marsh, 1891.

Thus, in the space of less than 30 months, Marsh establish-
ed his Triceratops dynasty, of which most species are still re-
cognized, even if not tested. It is our intention to test the regi-
stered species of Triceratops and report our conclusions.

In order to meet the above objective, it is essential that we
know what Triceratops is. Despite the announcements of
many new species of Triceratops in the years after 1889, Hat-
cher (1907) was the first to provide further definition of the
genus listing the following distinctive conditions:

1) Supraorbital horns directed forward and upward at an
angle of 45 degrees.

2) Nasal horn of moderate length and directed nearly straight
forward.

3) No parietal fontanelles.

4) Squamosal short and broad.

In the same monograph, Lull (1907) added the following:

1) Supraorbital horn cores slender to robust, ovate in section.

2) Orbitelliptical with long axis inclined down and forward.

3) Parietals convex laterally, somewhat concave upward
along long axis, much expanded posteriorly and narrow-
ing anteriorly. Very thin in the center and thickened along
the borders and the mid-line.

4) Squamosals stout and broad, constituting half of crest
area.

5) Vascular markings on upper crest surface of some and
along the lateral regions of the crest undersurface.

Lull (1933) did not give a concise definition of the genus,
but instead listed “The common factors which may be used
re“: citing size (always considering the indicated individual
age), skull proportions (long or short muzzle, broad or nar-
row crest), the condition of particular bones and other featu-
res (rostrum, jugal, jugal notch, orbit, infratemporal fenestra,
nasal and brow horns and vascular impressions on the crest).
In fact, none of these characters are definitive of the genus.
Rather they have been cited in defining or distinguishing the
several species of Triceratops. Steel (1969) also simply repea-
ted specific characters (which he identified as such), adding
only a single new generic character — epoccipitals. But epoc-
cipital bones are known in other ceratopsians (Chasniosanrus,
Monoclonius).

1'15

A revised diagnosis of the genus Triceratops 1s presented
here and in the section on systematics in this study.

Diagnosis: Large ceratopsian of more than 6 m length up
to 8 or more meters. Skull distinctive bearing elongate su-
praorbital horn cores plus a single variable nasal horn core.
Brow horns vary in taper, stoutness, curvature and length,
but generally project up and moderately foward as well as la-
terally. Nasal horn varies from a modestly tapered blunt boss
to a prominent upward and forwardly directed projection.
Nasal horn always much shorter than brow horns. Brow
horns never longer than pre-orbital skull length and usually
distinctly shorter. Skull elongate with post-orbital length al-
ways greater than pre-orbital length, often close to 150 % of
pre-orbital length. Parietal-squamosal frill relatively short
(compared to some other genera) and generally curves back
and upward. The frill is never fenestrated (except by the small
and highly variable supra- and lateral temporal fenestrae of all
archosaurs). Frill margin may be ornamented by blunt, scal-
lop-like epoccipital bones. Horns or spikes are never present
on frill margins or jugal flanges. Where known, post-cranial
features and counts are comparable to those of other large
Late Cretaceous ceratopsian genera.

A BRIEF HISTORY OF CERATOPSIAN
SYSTEMATICS

The family Ceratopsidae was established by Marsh (1888,
p- 478) after studying the remains of his latest new genus and
species Ceratops montanus. That specimen (U.S.N.M. 2411)
consisted of two large brow horn cores and an associated oc-
cipital condyle that had been collected by J. B. Hatcher from
the Judith River beds of Montana. In reporting on that speci-
men, Marsh noted that teeth, vertebrae and limb bones
“which probably belong to the present genus” were all secu-
red in the same horizon. He remarked “They indicate a close
affinity with Stegosaurus, which was probably the Jurassic
ancestor of Ceratops.” These additional remains led Marsh to
conclude:

“The remains at present referred to this genus, while resembling
Stegosaurus in various important characters, appear to represent adis-
tinct and highly specialized family that may be catled the Ceratopsi-
dae.” (Marsh, 1888, p. 478.)

Notice that at this time, Marsh had not yet publically reco-
gnized the ceratopsian affinity of “Bison” alticornus. There-
fore, he established this new family solely on the basis of the
fragments of Ceratops montanus and those “other remains”
(resembling Stegosasurus) that he believed to belong to Cera-
tops.

The following year, Marsh provided a detailed account of
the ceratopsian skull, describing the (until then, incompletely
published) anatomy of the skull and jaws of Triceratops. This
was possible because new specimens had arrived from Hat-
cher in Wyoming, and on these Marsh had erected the genus
Triceratops, transferring an earlier species (horridus) as the
type species, and named two new species (flabellatus and ga-
lens). On the basis of this new material he listed the unique
characters of the Ceratopsidae:
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“(1) The presence of a rostral bone, and the modification of the pre-
dentary to form a sharp, cutting beak.
(2) The frontal horn cores, which form the central feature of the ar-
mature.
(3) The huge, expanded parietal crest.
(4) The epoccipital bones.
(5) The aborted transverse bone.
These are all features not before seen in the Dintosanria, and show
that the family is a very distinct one.” (Marsh, 1889¢, p. 505.)

In 1890, Marsh finally realized how very different these
horned dinosaurs were from all other dinosaurs (he had na-
med two more species of Triceratops [serratus and prorsus)
just four months earlier) and he proposed their recognition as
adistinct sub-order of his order Predentata (= Ornithischia):

“the group is a very distinct one, worthy to be called a sub-order,
which may be termed the Ceratopsia.” (Marsh, 1890b, p. 418.)

He then listed the distinguishing features that separate the
Ceratopsia from all other known major dinosaur kinds:

The skull surmounted by massive horn-cores.
A rostral bone forming a sharp, cutting beak.

The anterior cervical vertebrae codssified with each other.
The pubis projecting in front, and no post-pubis.” (Marsh,
1890b, p. 421.)

(1)
(2)
(3) The teeth with two distinct roots.
(4
&)}

In that same paper, Marsh named his sixth species of Trice-
ratops — sulcatus.

Earlier that year, Marsh gave an expanded summary of the
skeletal features that distinguished the family, in which he in-
cluded details of the post-cranial anatomy for the first time.
Those characters were:

“(1) The atlas and axis, and one or more adjoining cervical vertebrae
are codssified with each other.

(2) Their cervical ribs are likewise firmly united with the same ver-
tebrae.

(3) The remaining cervical vertebrae are short, and have the articu-
lar faces of the centra nearly flat.

(4) The trunk vertebrae have very short centra, with flat articular
ends. Above the centra, they resemble the vertebrae of Stego-
sanrus.

(5) The sacrum was strengthened by union with several adjacent
vertebrae.

(6) The caudal vertebrae are short and rugose, and the tail was of
moderate length.

(7) The tlium is elongated, especially in front; the ischium slender,
and directed backward.

(8) The pubis extended forward, and its posterior branch was wan-
ting.

(9) The limbs were short and massive, and all four were used in lo-
comotion.

(10) The feet were all provided with broad hoofs, as in Stegosasrus.

(11) The bones of the skeleton all appear to have been solid.

(12) Dermal ossifications were present, and some species were pro-
tected by heavy armor.” (Marsh, 1890a, p. 83.)

In September of 1890, Marsh presented a detailed account
of the osteology of his Ceratopsidae to the British Associa-
tion for the Advancement of Science. This was subsequently
published in the United States in the American Journal of
Science (Marsh, 1891 a). Later that year, the same journal con-
tained a condensed summary of:

“The main characters which separate the group from all other
known families ol the Dinosanria are as follows:

(1) A rostral bone, forming a sharp cutting beak.

(2) The skull surmounted by massive horn cores.
(3) The expanded parietal crest, with its marginal armature.

(4) A pineal foramen.

(5) The teeth with two distinct roots.

(6) The anterior cervical vertebrae codsified with each other.

(7) The dorsal vertebrae supporting, on the diapophysis, both the

head and the tubercle of the rib.

(8) The lumbar vertebrae wanting.” (Marsh, 1891b, p. 341.)

Marsh’s early alliance of the first ceratopsian remains with
Stegosaurus appears to have been heavily influenced by his
belief that the “other remains” found in the same horizon
with Ceratops montanus included “some peculiar large der-
mal plates, in pairs, that indicate a well-ossified armor.” His
belief was further supported by the similarities Marsh saw in
the vertebral neural arches and the hoof-like form of the un-
guals. Most likely, associated dermal plates were isolated scu-
tes of the several Cretaceous ankylosaurs known now. But at
that early date, and with such limited evidence, Marsh could
not have known that some of the “other remains” actually be-
longed to other dinosaurian kinds not yet known well enough
to separate from the ceratopsian remains. For example, see Pl.
X of his 1891 address to the British Association, in which scu-
tes and spines, clearly of ankylosaurian and pachycephalosau-
rian origins, are attributed to Triceratops. That same plate
with the same taxonomic assignments is repeated in Marsh’s
1896 “Dinosaurs of North America”. Not until after the turn
of the century were sufficient remains available to demon-
strate that a distinct group of armored ornithischian dino-
saurs co-existed with the ceratopsians, and the Suborder An-
kylosauria was finally designated by v. Huene in 1914 (there
spelled Ancylosauria).

Marsh (1896) included the following genera in his family
Ceratopsidae: Tricevatops, Torosaurus, Sterrholophus, Aga-
thaumus, Monoclonius, Ceratops, Polyonax and (the Eur-
opean) Struthiosaurus. Since that work, numerous additional
specimens, some representing new taxa, have been recovered.
These have been treated in the monographic studies by Hat-
cher, Marsh and Lull (1907) and Lull (1933), and in nume-
rous later references. Currently, the Suborder Ceratopsia is
recognized, represented by two families constituted as fol-

lows:

Class Reptilia
Subclass Archosauria
Order Ornithischia Seeley 1888
Suborder Ceratopsia Marsh 1890

Family Protoceratopsidae Granger and Gregory 1923
Bagaceratops, Leptoceratops, Microceratops, Montanocera-
tops, Protoceratops.

Fanuly Ceratopsidae Marsh 1888

Agathaumus, Anchiceratops, Arrbinoceratops, Brachycera-

tops, Ceratops, Chasmosaurus, Eoceratops, Monoclonius,

¢Notoceratops, Pachyrbinosaurus, Pentaceratops, Styracosau-
rus, Torosaurus, Triceratops.

Several authors (Romer, 1956; Steel, 1969) have noted the
apparentaffinities of the Psittacosauridae to ceratopsians, and
Protoceratopsidae in particular. Maryanska and Osmélska
(1975) considered the Psittacosauridae as an early and highly
spezialized family of the Ceratopsia. Coombs (1980) advoca-
ted the transfer of this group from the Subclass Ornithopoda
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to the Ceratopsia. Sereno (1984, 1986) listed psittacosaurs as

primitive ceratopsians. Though not yet widely adopted, we as a third family.

Family Psittacosauridae Osborn 1923

Protiguanodon, Psittacosanrus.

Table 1:
HISTORICAL RECORD OF TRICERATOPS AND RELATED
CERATOPSIAN TAXA
(Parenthetic numbers at left = Hatcher’s Lance Cr. specimens)

A tabular summary of the recorded historical discoveries of ceratopsian specimens that played an important
role in the evolution of the systematics of Triceratops. Please note that there are many other specimens that
are attributed to Triceratops, such as the T. calicornis skull at the Field Museum and the T. brevicornus skull
at Carnegie Museum and many others. These have not been included here because none were ever establis-
hed as name-bearers.

11z

believe this transfer should be accepted and therefore list this

Initial
Date & Sequence Name Here  Catalogue Nr. Original Name Designation  Statushere  Original Site  Formation
Nr. 1 1872 Agathaumas AMNH 4000 Same Holotype nomen dubium Black Butte Lance
sylvestris Wyoming
Nr. 2 1874 Polyonax AMNH 3950 Same Holotype nomen dubium ,Colorado*  Laramie?
mortuarius
Nr. 3 1876  Monoclonins AMNH 3998 Same Holotype Holotype MissouriR.  JudithR.
crassus Montana
Nr. 4 1887 Triceratops USNM 1871E  Ceratops Holotype nomendubium Green Mtn Denver beds
alticornus alticornus Bison Creek
alticornus
Nr. 5 1888 Triceratops  USNM2411 Ceratops Holotype nomendubium Cow Creek  JudithR.
montanits montanus Montana
Nr. 6 (1) 1889 Triceratops YPM 1820 Triceratops Holotype Holotype Buck Creek Lance
horridus horridus Wyoming
Nr. 7 (2) 1889 Triceratops ~ YPM 1821 Triceratops Holotype Synonym  Lance Creek Lance
horridus flabellatus Wyoming
Nr. 8 1889 Triceratops  USNM2410  Triceratops Holotype nomendubium Colorado  Denver beds
sp. galens
Nr. 9 (3) 1890 Triceratops YPM 1822 Triceratops Holotype Synonym Lightning Lance
horridus prorsis Creek, Wyo.
Nr.10 (4) 1890 Triceratops ~ YPM 1823 Triceratops Holotype Synonym Lightning Lance
horridus serratus Creek, Wyo.
Nr.11 (5) 1890 Triceratops  USNM4276  Triceratops Holotype nomendubium Lance Creek Lance
horridus sulcatus Wyoming
Nr.12 (6) 1890 Triceratops  USNM 2416  Triceratops = Synonym Buck Creck Lance
horridus serratus Wyoming
Nr.13 (7) 1890 Triceratops? USNM ? (Lost) ? = = Buck Creek Lance
horridus Wyoming
Nr. 14 (8) 1890 Triceratops  USNM5738  Triceratops = Synonym?  Lance Creek Lance
horridus sp. Wyoming
Nr.15 (9) 1890 Triceratops  USNM 4720  Triceratops Holotype Synonym Buck Creek Lance
horridus obtusus Wyoming
Nr.16(10) 1890 Triceratops  USNM5741  Triceratops = Synonym Buck Creek Lance
horridus elatus Wyoming
Nr.17(11) 1890 Triceratops  USNM4708  Triceratops — Synonym Buck Creek Lance
horridus elatus Wyoming
Nr.18(12) 1890 Triceratops  USNM4286  Triceratops — Synonym Buck Creek Lance
horridus sulcatus Wyoming
Nr.19(13) 1890 Triceratops  USNM 2124 Triceratops = Buck Creek Lance

horridus sp. Wyoming
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Initial

Date & Sequence NameHere Catalogue Nr. Original Name Designation  Statushere  Original Site Formation

Nr.20(14) 1891 Triceratops  USNM 7239 Triceratops = Lance Creek Lance
horridus sp. Wyoming

Nr.21(15) 1891 Triceratops  USNM 1208 Triceratops - Synonym  Lance Creek Lance
horridus sulcats Wyoming

Nr.22(16) 1891 Triceratops  USNM 1201 Triceratops Holotype Synonym Lance Creck Lance
horridus elatus Wyoming

Nr.23(17) 1891 Triceratops  USNM 1205  Triceratops = Synonym Buck Creek Lance
horridus prorsies Wyoming

Nr.24(18) 1891 Triceratops YPM 1829 Triceratops = Synonym Cow Creek Lance
horridus elatus? Wyoming

Nr.25(19) 1891 Torosanrus YPM 1830 Torosaurus Holotype Holotype Cow Creck Lance

Jatus latus Wyoming

Nr.26(19a) 1891 Torosaurus YPM 1831 Torosaurus Holotype Holotype Cow Creek Lance
gladins gladins Wyoming

Nr.27(20) 1891 Triceratops YPM 1833 Triceratops = Synonym Lance Creek Lance
horridus hatcheri Wyoming

Nr.28(21) 1891 Triceratops YPM 1832 Triceratops - Synonym Lightning Lance
horridus brevicornus Creek, Wyo.

Nr.29(22) 1891 Triceratops YPM 1834 Triceratops Holotype Synonym Lightning Lance
horridus brevicornius Creek, Wyo.

Nr.30(23) 1891 Triceratops YPM 1836 Triceratops - Synonym?  LanceCreek Lance
horridus sp. Wyoming

Nr.31(24) 1892 Triceratops YPM 828 Triceratops Holotype  nomennudum Dogie Creek Lance
horridus aingens™ Wyoming

Nr.32(25) 1892 Triceratops  USNM2412  Triceratops Holotype Synonym?  Lance Creek Lance
horridus hatcheri Wyoming

Nr.33(26) 1892 Triceratops  USNM2100  Triceratops — Synonym Lance Creek Lance
horridus prorsus Wyoming

Nr.34(27) 1892 Triceratops  USNM5740  Triceratops = Synonym?  Dogie Creek Lance
horridus sp- Wyoming

Nr.35(28) 1892 Triceratops  USNM6679  Triceratops — Synonym?  Buck Creck Lance
horridus sp. Wyoming

Nr.36(29) 1892 Triceratops  USNM4928  Triceratops Holotype Synonym Lance Creek Lance
horridus calicornis Wyoming

Nr.37(30) 1892 Triceratops YPM 1837 Triceratops - Synonym?  Dogie Creek Lance
horridus sp. Wyoming

Nr.38(31) 1892 Triceratops YPM 1838 Triceratops - Synonym?  Lance Creck Lance
horridus sp. Wyoming

Nr.39 1909 Triceratops  AMNH 5040  Triceratops Holotype nomendubium Rock Creek Hell Creek

sp: 2 maximaus Montana

Nr. 40 1934 Triceratops MCZ 1102 Triceratops Holotype Synonym  Goshen City Lance
horridus enrycephalus Wyoming

Nr.+1 1946 Triceratops GSC8862 Triceratops Holotype Synonym Red Deer R.  Edmonton
horridus albertensis Alberta

DISCOVERY AND NAMING OF TRICERATOPS
“BREVICORNUS”

The holotype specimen of Triceratops brevicornus, B.S.P.
1964 1458 (formerly Y.P.M. 1834) was discovered by W.H.
Utterback in 1890 near Lusk, Wyoming. Utterback, A.L. Sul-
lins and T.A. Bostwick assisted ].B. Hatcher in collecting this
nearly complete skull and jaws and the incomplete post-cra-
nial remains during the summer of 1891. Marsh did not live to

complete a study of the specimen, the task falling to Hatcher.
Hatcher (1905) concluded that this specimen (his skull ar. 22)
was distinct from all the earlier specimens he had recovered
from Niobrara County and established the new species “bre-
vicornus”. Another skull (nr. 21), Y.P.M. 1832 from nearby
was judged to be of the same kind and was informally labeled
as “plesiotype”. The criteria upon which Hatcher distinguis-
hed his new species are summarized in Part IT of this study.
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DESCRIPTION OF TRICERATOPS “BREVICORNUS*
B.S.P. 1964 1458

LOCALITY AND STRATIGRAPHIC DATA

The type specimen of Triceratops brevicornus was collected
during the summer of 1891 by J.B. Hatcher, its discoverer
W.H. Utterback, and A.L. Sullins and T.A. Bostwick. Hat-
cher recorded the locality as “3 miles above the mouth of
Lightening Creek and about 1 and !/2 miles south of that
stream in Converse County, Wyoming”. That places it in the
northeast quarter of Section 15, T. 37 N, R. 65 W, approxi-
mately 30 miles (44 km) NNW of Lusk, Niobrara County,
Wyoming. A search of the field records in the Peabody Mu-
seum at Yale failed to turn up any description or sketch of the
site, so it is not possible to pin point the location more preci-
sely. It should be noted that according to Hatcher’s map
(1896), the site lies close to the center of the cluster of Hatcher
sites that produced thirty skulls of Triceratops and two skulls
of Torosaurus between 1889 and 1892. The most distant of
these from the 7. brevicornus site is approximately 15 miles
(23 km) to the northeast — the site of the plesiotype of T.
prorsus (U.S.N.M. 2100). The nearest other site is about 1 &
1/> miles (2.3 km) to the west, which produced the plesiotype
of T. brevicornus (Y.P.M. 1832) (see Fig. 15).

Hatcher reported that the producing “horizon was near the
summit of the Laramie”, but of course that is inadequate now.
The precise stratigraphic level can no longer be established.
Hatcher estimated the thickness of the Laramie Ceratops
Beds in that region to be approximately 3000 feet (1000 m).
But Knowlton (1909) concluded that it could not be more
than 2000 feet (660 m). Knowlton also noted that the fossili-
ferous part of the Ceratops Beds is mainly the upper part some
100 to 150 feet below the overlying Fort Union formation.
Malcolm McKenna (personal comm.) estimates a total thick-
ness of about 3800 feet, of which approximately 1300 are ex-
posed at the surface in the Niobrara County region. He fur-
ther estimates that the Lance formation accumulated during
an interval not in excess of 3 to 4 million years. Later reference
to these data occur in Part I11 of this study.

DESCRIPTION OF SKULL AND MANDIBLES
(Plate 1)

The Munich skull is one of the more complete and better
preserved specimens known of Triceratops, yet many of the
desired details are unclear. [n particular, vircually all of the su-
tures are indecipherable due to closure and fusion between
cranial elements. That condition has been attributed (prob-
ably correctly) to extreme age by both Hatcher (1905) and
Lull (1933). If that is correct, then the size of this specimen ta-
kes on special significance. Its maximum longitudinal (hori-
zontal ?) dimension is 157 cm, which is significantly shorter
than the 190+ cm average length of Triceratops skulls. In fact,
there are larger specimens (7. serratus, Y.P.M. 1823; T elatus,
U.S.N.M. 1201) which display open cranial sutures and for
that reason have been judged as not fully adult. This raises a

1) Discussion of this is deferred to the section on the parietal.

critical question: are size together with suture condition relia-
ble indices of taxonomic difference? Are we secure in conclu-
ding that T. brevicornus is specifically distinct from 7. serra-
tus or T. elatus because of its distinctly smaller “adult” size?

We think not.

The Munich skull features all the prescribed Triceratops
characters: three forwardly-directed horns, one above each
orbit and a much smaller medial horn on the nasals just be-
hind the premaxillaries and directly above the anterior limit of
the external nares; a moderately long posterior cranial crest
constructed of the parietals” and squamosals projecting back
and upward over the anterior cervical region; the parietal-
squamosal crest (frill) is not fenestrated; this frill lacks horns
or spikes along the frill margin and on the frill surface. All ot-
her anatomical conditions displayed in this skull are normal
ceratopsian features that are not limited to the genus Tricera-
tops: laterally compressed median beak-like and unique ro-
stral bone thacis edentulous; a matching edentulous beak-like
predentary on the mandible; edentulous premaxillaries; mas-
sive maxillaries and dentaries that carried large elongate den-
tal batteries for shearing; a very large external narial opening;
laterally directed orbit at the base of the brow horn that is cir-
cumscribed by robust and rugose margins; antorbital fenestra
is small and slic-like, descending forward away from the or-
bit; both lateral and supratemporal fenestrae are small, the lat-
ter slit-like on the antero-dorsal surface of the frill; the jugal
projects ventrally into a robust descending projection that
overlaps the quadrate laterally.

Additional non-diagnostic features of this specimen are:
the brow horns are relatively short and stout, but not nearly
as robust as has been described and pictured (Pl. XLI, Hat-
cher, Marsh and Lull, 1907); the brow horns are more nearly
circular than oval in section throughout their length and are
directed up and forward with very little anterior or lateral
curvature; the nasal horn is also short, laterally compressed,
and directed up and forward (the transverse horn-splitting
“suture” illustrated by Hatcher 1907 is a post-burial frac-
ture); the narrowly elliptical antorbital fenestra (=lachrymal
foramen of early authors) forms a deep channel that leads up
and back toward the orbit; the lateral temporal fenestra is
triangular in shape; the orbit is slightly oval to almost circular
in outline; epoccipitals are present at a few places firmly co-
ossified with the frill margins of the squamosals and parietals;
a nearly circular opening described as the postfrontal fonta-
nelle by Hatcher (1907) is situated in the mid-line just behind
the brow horn bases, but as preserved it is not entirely certain
that this is a natural opening; the base of the frill is supported
by robust lateral expansions of the exoccipitals; this occipital
region (quadrate, exoccipital and squamosal) is much com-
pressed antero-posteriorly; preservation of the frill, which
apparently was badly fractured into numerous small pieces,
does not retain a clear-cut pattern of vascular channels as has
been illustrated in past illustrations of this specimen; the occi-
pital condyle is large and almost spherical and tilted slightly
downward.
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Fig. 3: Triceratops “brevicornus”, skull of type specimen with skull elements indicated as follows: eo ex-
occipital, j jugal, m maxilla, n nasal, pa parietal, pm premaxillary, po postorbital, pof postirontal, prf pre-
frontal, q quadrate, qj quadratojugal, r rostral, sq squamosal.
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Skull

Rostral. In lateral view, this bone features a uniformly
curved anterior profile descending from just in front of the
nasal horn core to a moderately sharp, but not hooked, beak
apex. This is one of the most distinctive features of Tricera-
tops. The ventral margin is nearly straight, with only aslightdly
concave outline. As preserved, the inferior margins are not
sharp-edged, but the rostral is deeply excavated ventrally. Itis
greatly compressed laterally, with a narrow wedge-shape
when viewed from above. No sutures are detectable between
it and the premaxillaries, nor is there any evidence whatsoever
of a mid-line suture. In this specimen at least, it appears to be
a true median element. Its surfaces are markedly rugose with
vascular channels throughout, evidence of a covering horny

beak.

Premaxillary. Firmly fused to the rostral are the paired
premaxillaries which border the anterior and ventral margins
of the large external nares. No sutures are recognizeable bet-
ween these elements or between them and either the rostral or
the maxillaries. In contrast to the rostral, the surfaces are not
textured, but rather are smooth with infrequent and minor
vascular markings. In lateral view it is roughly L-shaped, but
with a conspicuous parallelogram-shaped and well-defined
fossa immediately in front of the large narial opening. The in-
ferior margin is straight and robust.

Maxilla. This element is roughly triangular in lateral
aspect, with the obtuse apex uppermost. Again, due to the ad-
vanced age of the individual, no certifiable sutures are discer-
nible. The lower external surface slopes down and outward,
descending from a prominent shelf or overhang that conti-
nues posteriorly to the jugal. This jugal-maxilla overhang is
situated lateral to the coronoid process of the mandible and
encloses that process when the jaws are closed. The lower ex-
ternal surface of the maxilla is smooth, butis penetrated by se-
veral prominent foramina. The upper external surface, that
above the lateral overhang, is convex laterally and forms the
lower margin of the antorbital fenestra. This surface is mar-
ked by faint but distinct vascular markings. No teeth are retai-
ned in either maxilla, but the alveolar channels are preserved,
their lengths are approximately 36 to 38 cm and the number
of tooth positions appears to be 30.

The antorbital fenestra is a conspicuous oval slit-like ope-
ning along, or close to, the upper margin of the maxilla. It
measures approximately 7.0 X 3.5 em in superficial dimen-
sions and is oriented at approximately 45 degrees to the maxil-
lary inferior margin. It leads to a narrowing canal that extends
back and upward apparently into the orbital cavity. As noted
elsewhere, earlier workers termed this the lachrymal foramen
and its position and pathway suggest that it may be the same
as that foramen in other archosaurs.

Nasal. Because of the obscured sutures, the limits of this
bone cannot be defined. These elements are fused together
and to the adjoining rostral, premaxillaries, maxillaries and
frontals. Also fused to the nasals (or perhaps an outgrowth of
the nasals) is the nasal horn core. The latter is the most conspi-
cuous feature of the snout after the prominent rostral beak. In
lateral profile the nasal horn forms a forward projecting
wedge of about 60 degrees. Its forward inclination is also ab-
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out 60 degrees from the “horizontal” (= the axis of the infe-
rior maxillary margin). The nasal horn core is not completely
preserved, the apex (approximately 7—10 cm) is missing.
Also, the horn has been split along its axis by a fracture that
separates the anterior and posterior halves, thereby giving the
horn a much broader and more robust appearance in lateral
view. Hatcher (1907) interprets this as a suture, the horn be-
ing constructed of the nasals behind and the premaxillaries in
front. Our interpretation of this as a post-mortem fracture is
evidenced by the distortion between the left and right sides of
the snout. But additional support lies in the fact that no other
sutures in the skull are open and most have become so solidly
fused that their traces cannot even be located. It seems out of
the question that the only remaining open suture would tra-
verse one of the cranial horns!

Where natural surfaces are preserved, they appear rugose,
but clearly defined vascular channels are not readily discer-
ned. Behind the horn core, the nasals form a broadly convex
bridge leading back to the frontals and prefrontals.

Frontal. As with the preceeding elements, no sutures defi-
ning the frontal can be recognized. On the basis of other 77~
ceratops specimens, this bone is presumed to support the pro-
minent brow horn as well as forming the robust anterior and
superior orbital margins. These latter are conspicuously ru-
gose, forming substantial protection for the eye. The brow
horns are broadly based and set directly above and behind the
orbits. They have a slightly compressed oval cross-section
throughout their length. They taper uniformly and are nearly
straight in lateral and anterior aspect, pointing up and for-
ward atapproximately 50 degrees to the maxillary lower mar-
gin. Their surfaces are rugose, marked with numerous linear
vascular channels many of which exit from distinct foramina.
The frontal surface between the horns is concave, not rugose
but feature fine bony trabecular patterns rather than vascular
channels.

Postfrontal. The skull region usually formed by the
postfrontal is broadly convex with no evidence of any sutu-
res. No vascular impressions are preserved, but what has been
interpreted as a nearly circular postfrontal fontanelle (ca.
5 cm in diameter) is situated in the mid-line immediately be-
hind the brow horn bases. No other significant features are
preserved here.

Jugal. As in all ceratopsids, the jugal here forms a promi-
nent ventral flange or projection that descends from the
posterior extension of the maxillary lateral shelf or overhang.
This lies lateral to the quadrate and gives the impression of a
bucklar or lateral shield protecting the jaw joint. The element
is moderately robust, tapering (in lateral view) rather than pa-
rallel sided as in some species, and is marked by a very modest
midwidth linear convexity; it cannot be described as a ridgeas
in other forms. The external surface is rough in texture with
what may be described as vascular markings. The exact shape
of the jugal cannot be determined here because of closure of
all of the sutures, nor can a distinct epijugal be distinguished.
Dorsal to the ventral jugal projection is a small (ca.
10.5 X 7.5 cm) lateral temporal fenestra, well-defined by ro-
bust rounded margins formed by the jugal below and the
squamosal below, behind and above. Its long axis is inclined
fore-aft at approximately 30 degrees to the horizontal.
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Quadratojugal. This element cannot be recognized in
this specimen. Presumably it is situated between the quadrate
and the overlapping jugal projection.

Lachrymal. Marsh illustrated a distinct lachrymal in se-
veral other specimens of Triceratops (T. prorsus, T. serratus)
but Hatcher did not so define the lachrymal in the present
specimen. We are not able to define it either as all sutures in
the lachrymal, prefrontal, jugal, maxilla region are completely
obscured by fusion.

Prefrontal. As with the preceeding element, a distinct
prefrontal was illustrated in 7. prorsus and 7. serratus in the
1907 Hatcher, Marsh, Lull monograph, but no such delinea-
tion was shown for 7. brevicornus. The very rugose swollen
“eyebrow” like dorso-anterior rim of the orbits may well re-
present the prefrontal. The orbital rim below this “swelling”
is much less swollen and forms a thinner-edged anterior and
ventral rim of the orbit — perhaps reflecting contributions of
the lachrymal and jugal to the orbital margin. Thus the swol-
len part of the orbit margin is distinctly set off from the rest,
and might be a separate center of ossification — perhaps the
prefrontal. That same region clearly serves as a buttress to the
base of the brow horn in front. The need for such buttressing,
and the swollen upper orbital rim is obvious.

Squamosal. This element forms the lateral third approxi-
mately of the posterior cranial crest or frill. It produces the la-
terally facing or flanking portion posterior to the lateral tem-
poral fenestra. Sutures defining it are discernible on the right
side leading from the lower margin of that fenestra to the lo-
wer lateral frill margin. Also, an apparent suture extends back
from the upper apex of the temporal fenestra, but it is obscu-
red on the frill upper surface. Presumably, this suture turned
medially and extended to the supratemporal fenestra, as in
most other adequately preserved ceratopsians, but that can-
not be confirmed in the present specimen. Also, it is pre-
sumed on the basis of other specimens, that the squamosal ex-
tended back to the rear margin of the frill, but this is not ver-
ifiable. 1f correct, the squamosal length would be about
72 cm. The external surface is rugose and marked by irregular
grooves and trabecular textures. The latter is especially evi-
dent behind and below the orbit. The under surface margins
of the squamosal, where adequately preserved, display a pe-
culiar “hummocky” polygonal pattern that almost certainly
results from extensive fracturing of this broad bony plate. E1-
sewhere the under surfaces are smooth with finely textured
vascular channels.

Parietal. Again, the lack of recognizeable sutures preclu-
des precise definition of this element. On the basis of younger
specimens previously referred to other species of Triceratops,
we may conclude that the parietals here form the median third
or more of the posterior crest, extending from near the rear
base of the brow horns (postfrontal area) and the possible
postfrontal “fontanelle”, to the rear margin of the crest. Both
supratemporal fenestra are poorly preserved, thereby provi-
ding lateral land marks delineating the approximate crestal
proportions of the parietals vs squamosals — or roughly half
each. The upper parietal surface is quite rough, marked with
the same peculiar polygonal irregularities mentioned before
that probably reflect multiple fractures (repaired) superimpo-

sed on the original irregular pattern of vascular channels. The
united parietals are moderately convex transversely and
slightly concave longitudinally, producing an elevated fan-
like crest. The parietal mid-line is slightly elevated near mid-
length, but there is no evidence of the mid-line prominences
described by Marsh in 7. serratus.

Today, it is generally agreed that the median part of the ce-
ratopsian frill is formed by the fused parietals, as described
above. That was the original interpretation by Marsh, Hat-
cher and Lull in their early works. However, Hay (1908) ar-
gued that could not be so and suggested that the middle part
of the frill might be formed by fused supratemporals or “nu-
chal” bones. Huene (1911) followed with the conclusion that
the parietals formed the anterior part of the frill mid-region
but the posterior part was constructed of the dermosupraoc-
cipital. In 1914, Brown decided that the median part of the
frill was formed by expanded and fused postfrontals, but Gil-
more (1914) demonstrated that in Brachyceratops, the post-
frontals do not extend back to form any part of the frill. Gil-
more did, however, conclude that the parietals were not expo-
sed on the dorsal frill surface and that that region was formed
by a dermosupraoccipital in Brachyceratops. In 1919, Gil-
more presented new studies of additional ceratopsian skull
material (U.S.N.M. 5740 and 6679), which he referred to Tri-
ceratops sp. There he attempted to show that the parieral ex-
tended posteriorly and upward as a thin sheet of bone that un-
derlapped what he called the dermosupraoccipital. It now ap-
pears that all this uncertainty about the construction of the ce-
ratopsian frill derived from the highly fused state of frill com-
ponents and fractures mistakenly identified as sutures. The
question was resolved by the remarkable growth series of
Protoceratops which clearly shows the gradual development
of the frill by backward growth of fused parietals (Brown and
Schlaikjer, 1940).

Epoccipitals. The lateral and posterior margins of the
squamosals and parietals are preserved only in a few places
where they show a “scalloped” edge that is suggestive of the
epoccipital bones preserved in other specimens. However,
these crest-edge features appear to be continuous (fused
with?) the squamosal or parietal and cannot be recognized as
distinct or separate ossifications. In shape they appear to have
been very broad and low obtuse triangles, the obtuse apex
pointing out away from the frill edge.

Quadrate. Except for the anterior surface of the distal
end, the quadrate is visible only in its posterior aspect. Vie-
wed from behind, it forms a stout shaft, transversely expand-
ed, that ascends with a slight backward pitch to contact the
reinforced antero-inferior region of the squamosal just ante-
rior to the robust transverse process of the exoccipital. Par-
tially exposed is the pterygoid flange of the quadrate exten-
ding medially and only slightly forward to contact the pte-
rygoid (not visible). The distal quadrate extremity is not com-
plete on either side, but in other Triceratops specimens the
transversely expanded shaft terminates in a robust “double
condyle” — with distinct inner and outer condyles separated
by a broad trough or trochlea for articulation with the man-
dible. The junction between the quadrate and squamosal is
not visible.
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Exoccipital. This robust bone extends laterally from the
occipital condyle and foramen magnum as a stout oval-sec-
tion shaft approximately 5 cm in vertical diameter. This fans
out into a broad dorso-ventral buttress that contacts the ven-
tral surface of the anterior part of the squamosal. This struc-
ture appears to be the primary support of the entire frill for-
ming a solid union at the crest base with the junction of the
quadrate and squamosal. These transverse braces extend ap-
proximately 30 cm on either side of the mid-line, or about
half the maximum width of the expanding frill behind. No su-
tures between this and the adjacent occipital elements are de-
tectable.

Supraoccipital. The region above the foramen magnum
is not well enough preserved to describe any details other than
to note that there are two very deep depressions (ca.
4 % 7 cm) close to the mid-line (where they are separated by
a thin vertical lamina of bone) and about 4 to 5 cm above the
foramen. These are set at the bottom of a larger triangular
mid-line depression about 14 X 18 cm. Presumably these fea-
tures are related to the cranial attachments of what must have
been an enormous ligamentum nuchae and powerful M. spi-

71 — -86

123

nalis capitis. On either side of this region lie two basin-like
depressions (ca. 10 X 15 cm) situated dorsal to the exoccipital
braces, that probably were the sites of attachment of the M.
obliquus capitis magnus and M. transversalis capitis. These
large concavities presumably are floored by the parietals, but
that cannot be established.

Basioccipital. Although no sutures are visible here ei-
ther, the nearly spherical occipital condyle, standard equip-
ment in all ceratopsians, is well preserved here. It has a trans-
verse diameter of 8.8 cm and a vertical dimension of about
8.0 em. This is about three times that of the foramen magnum
that measures 3.0 X 3.5 cm. The condyle projects slightly
downward at about 30—35 degrees relative to the “horizon-
tal” datum adopted here (inferior margin of the maxilla). Un-
doubtedly this reflects the linear “axis” of the cervical series
and thus is a clear indication that the head was carried in a
“pitched forward” attitude — a nose down position (see
Fig. 7).

Prerygoid, Vomer, Ectopterygoid, Basisphe-
noid, Laterosphenoid, Palatine, Prootic. None of
these bones are visible here.
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Fig. 4;:  Measurements (in cm) of the skull of type specimen of Triceratops “brevicornus”.

Mandible

The lower jaw, very massive and robust, is composed of a
long and wide dentary with a stout coronoid process, a sturdy
median predentary and part of the surangular. The posterior
parts of the mandible are not preserved here, the angular, pre-
articular and articular are missing so that nothing can be said
about the morphology of the glenoid or the retroarticular
process. The splenial also is either missing or cannot be iden-
tified here. The two massive rami diverge widely from their
anterior union with the predentary. The preserved angle is
distorted, but the original divergence must have approxima-
ted 20 degrees or more if the present form of the predentary
1s any indication. The dentaries supported long (ca. 35 cm)
dental batteries that extended almost the full length of that

bone. The wedge-shaped predentary beak is a robust median
element that unites the two dentaries anteriorly, probably in
a rigid junction. The extent of inter-dentary contact at the
symphysis cannot be measured, but it appears to have been si-
gnificant. The overall preserved length of the mandible to the
end of the surangular is 74 cm. The retroarticular process
must have added approximately 6 to 8 cm more. The massive
and robust construction of the lower jaws undoubtedly is re-
lated to the large dental batteries, their heavy use as exclusi-
vely shearing structures, and the powerful jaw musculature
that powered the peculiar masticating apparatus of ceratop-
slans.

Dentary. The largest bone of the mandible by far, the
dentary constitutes close to two thirds of the total jaw length.
Anteriorly, it forms a moderately thick, nearly vertical plate
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of bone convex laterally and strongly concave medially.
Posteriorly, the medial concavity diminishes as the dentary
expands transversely. At mid-length both the inner and outer
surfaces are strongly convex housing the unerrupted replace-
ment teeth of the dentary battery. Also at about midlength,
the lateral surface of the dentary expands outward into a lon-
gitudinal ridge which flares out posteriorly into the base of
the coronoid process. This process expands out and upward
into a very thick (transversely) dorsal projection that rises
well above (ca. 10 cm) the dentition lying medial to it. Dor-
sally, the coronoid process expands antero-posteriorly for-

ming a large spatulate extremity. Undoubtedly this robust
process served as a critical attachment site for powerful ad-
ductor muscles — most likely the M. pseudotemporalis and
the deep portions of the M. adductor externus (Lull, 1908;
Ostrom, 196+4). These muscles must have attached here by po-
werful tendons that passed up through the supratemporal fe-
nestra to large muscle masses originating on the frill dorsal

surface. A distinctive aspect of the coronoid process 1s its ex-
treme lateral position relative to the dental battery and the
main body of the dentary — a position 8 ¢m lateral to the
tooth row.

Fig. 5:  Mandible of type specimen of Triceratops “brevicornus” with jaw elements indicated as follows:
ar articular, ¢ coronoid, d dentary, pd predentary, sa surangular, in left lateral view (a, b) and in dorsal view

(c).

Neither dental battery is preserved intact, but the left bat-
tery is nearly complete and is the most informative. Its origi-
nal length was not less than 35 cm and it consists of 21 preser-
ved functional teeth, plus another 5 tooth positions where one
remain. (There may have been one or two more tooth posi-
tions that are no longer evident in this specimen.) The teeth
are enameled lingually and feature a prominent vertical keel
that bisects the medially facing crown. Dentary teeth errup-

ted up and outward in order to maintain maximum occlusal
shear against the upper battery teeth that were enameled late-
rally and errupted downward and inward. The tight fore-aft
compaction along the tooth rows insured uninterrupted den-
tal blades as alternate tooth positions replacing worn teeth
were filled by the expanded crowns of the functioning teeth in
tront and behind (see Fig. 5).
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The medial surface of the dentary is marked by a prominent
horizontal row of large round foramina, each one of which
seems to correspond with a tooth position, as in the hadro-
saurs. These have been interpreted as nutrient canals, but
Brown and Schlaikjer (1940) dismissed this and argued that
they provided for the passage of branches of the mandibular
nerve, as similar foramina do in modern crocodilians. But
they also suggested that these openings resulted from bone
adsorbtion at the base of each tooth series. Edmund (1957,
1960) demonstrated that these foramina almost certainly ser-
ved as passages for migration of germ teeth from the dental la-
mina to the alveolar sites during the life-long cyclical tooth
replacement phenomenon in these ornithischians.

At the base of the coronoid process facing posteriorly is the
large adductor fossa which leads forward into the Meckelian
canal. The opening to this fossa is bordered by the dentary
medially and anteriorly (the base of the coronoid process) and
surangular laterally. Posteriorly, it presumably is bounded by
the prearticular, which is present here as only a small frag-
ment at the rear of the surangular. Much of the adductor fossa
lies within the base of the coronoid process and served as the
major insertional site for the M. adductor posterior; its size is
a good indication of a very large adductor muscle.

Predentary. As in all ornithischians, Triceratops is cha-
racterized by a median, unpaired predentary bone. This ele-
ment has the form of a pointed, wedge-shaped trough — not
unlike a garden trowel. The tip probably was relatively sharp
in life and the upper edges of the enclosing horny beak almost
certainly were sharp-edged. The upper edges of the pre-
dentary, however, are broad with distinct longitudinal groo-
ves or channels from 1 to 2.5 cm in width. Presumably these
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marginal grooves served as a firm foundation supporting a
much sharper-edged horny beak that ensheathed the entire
predentary. Presence of such a beak is indicated by the lateral
surfaces which are rugose and are marked by vascular chan-
nels and foramina. The inner surface seems to have had similar
texture but very much subdued. It cannot be determined in
this specimen whether or not there was a median posterior
process that intruded between the left and right dentaries at
the symphysis. However, the exterior surface clearly shows a
posterior projection in the ventral region. Similarly, there are
posterior projections that overlap the dorsal margins of both
dentaries — forming the rear extremities of the grooved upper
margins of the predentary. Needless to say, the predentary is
edentulous.

Surangular. This element is partially preserved on the
right side. It articulates with the posterior external part of the
dentary as a buttress to the posterior margin of the coronoid
process. It is concave medially where it forms the lateral wall
of the posterior part of the adductor fossa. Laterally, it is con-
vex, grading into a dorsal ridge lateral to the fragment of the
prearticular. As noted earlier, the angular cannot be recogni-
zed, but presumably it was situated directly below the suran-
gular in its normal position at the inferior posterior extremity
of the dentary.

Coronoid? A thin, irregular-shaped plate of bone has
been attached to the upper rear margin of the left coronoid
process. Its edges are incomplete, and at first glance it appears
to be anomalous. No such feature is present on the right side,
so at first we considered this to be a mistaken placement of a
fragment of bone — except there was a written message on the
fragment: “-nd just below left dentary 22”. The number refers

Fig. 6: Measurements (in cm) of the mandible of type specimen of Triceratops “brevicornus”.
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to ’skull 22¢, which is Hatcher’s field number for this speci-
men. The fragment fits perfectly against the coronoid process
and comparison with figures 10 and 11 in Brown and Schlaik-
jer (1940) of the mandible of 7. sulcatns (A.M.N.H. 4276)
confirm that this fragment must be the accessory coronoid
bone. Of special interest is the fact that the junction between
the coronoid and the coronoid process of the dentary is an
open suture. The right coronoid process shows a finished ar-
ticular surface for the missing right coronoid. In as much as
the coronoid process was the point of attachment of the main
adductor jaw muscles, we would expect the union of these
two bones to have been firm and any suture completely obli-
terated by fusion.

Angular, Articular, Prearticular, Splenial. These
jaw elements are either missing, or not discernible in this spe-
cimen.

DESCRIPTION OF POST-CRANIAL MATERIAL

To the type skull belongs a complete series of presacral ver-
tebrae, one complete anterior candal vertebra, a number of
cervical and dorsal ribs and rib fragments, numerous frag-
ments of ossified tendons originally attached to the neural
spines of the dorsals, the right pubis and a fragmentary part of
the ilium blade. Additionally are many unidentified bone
fragments.

Axial Skeleton

Originally the presacral vertebral column was embedded in
a sandstone concretion, exposed and prepared from its left
side. The vertebrae were in their natural articulation as figu-
red by Hatcher (1907, fig. 48, pl. 40, fig. 1). Only after the
transfer to the Munich State Collection were the vertebrae
prepared completely ont of the matrix and restored by the
preparator Leonhard Bimmer under the supervision of the ju-
nior author (P.W.) in 1982 and 1983, more than ninety years
after its discovery.

There has been disagreement between R.S. Lull and J.B.
Hatcher as to the number of cervicals (in Hatcher 1907:46).
Lull referred to the specimen of Triceratops prorsus Marsh
(Y.P.M. 1822), where he believed he could recognize “a dis-
tinct suture seen 3 to 4 mm (sic, 3—+4 cm) behind the anterior
margin of the atlas..., indicating that the so-called atlas of
Hatcher’s above description is in reality the atlas and axis,
while the axis of Hatcher represents the third, and the third =
the fourth cervical. The atlas is therefore reduced to a ring-
like bone of somewhat greater fore and aft extent inferiorly
than towards its side.” (Footnote of R.S. Lull in Hatcher
1907, p. 47). Based on these different views the number of the
cervicals is given as 7 (Hatcher) and 8 (Lull) respectively.

The anterior cervicals are coossified in the genus Tricera-
tops, and in Monoclonius and has been reported in other cera-
topsians as well. From the material of Triceratops brevicornus
it is not clear, whether the first four or the first three cervicals
are fused. A suture as indicated by Lull in Triceratops prorsus
is not recognizable here, but the anterior-most part of the
coossified cervical section is not quite complete and has been

partially restored. In any case, the atlas could not have been a
ring-like bone as suggested by Lull, because the anterior ca-
vity for the reception of the ball-like occipital condyle is for-
med by continuous bone from the margin of the cup-like ca-
vity to its deepest point, abont 4 ¢cm from its sharp anterior
margin, which is almost circular in ontline.

If we follow Hatcher, then the first three cervicals were
coossified. In this case the atlas would have featured a large
neural arch terminating in a massive posteriorly directed neu-
ral spine, forming a united structure with the neural spine of
the following cervical. Since this wounld be a quite unusual
condition, we think that the atlas-axis is a completely fused
complex in which no distinction between the two elements is
possible and no sutures can be observed. We agree therefore
with Lull taking cervicals one to fonr as elements of the coos-
sified complex (which could be called syncervicals), and thus
a total connt of eight cervicals.

Some uncertainty remains about the division between the
cervical and dorsal series. As stated by Hatcher (1907:47), it
“is indicated not so much by differences in the vertebrae
themselves as by the differences in the ribs which they sup-
port.“ The series of the cervical ribs preserved in Triceratops
brevicornus is fairly complete. The ribs of the atlas-axis com-
plex are not preserved, but must have been present. The rib of
the eighth vertebra is clearly a typical straight cervical rib.
None of the dorsal ribs and rib fragments preserved can be as-
signed to the ninth vertebra. Only the following vertebra,
which in our count would be the tenth, has a long rib which
obviously is a dorsal rib with a strong lateral curvature. The
transverse processes of the ninth vertebra, however, show
large articnlar facets for the mbercnlum costae, indicating the
presence of a large rib which in all probability was the first
dorsal rib.

Cervical Vertebrae
(Plates 2 and 3)

Cervicals 1 to 4: As above stated, there are 8 cervicals,
the first four being a solid coossified complex (“syncervi-
cals”). No sutures can be determined between the four ele-
ments, nor can there be separated single elements of the atlas
and axis. The neural spines of the axis and the third cervical
are fused as well, closely attached to and lying above the nen-
ral spine of the fourth cervical, sloping backward and npward.
The neural spine of cervical 2+3 ends in a lateral expansion
while it is laterally compressed in the middle with a relatively
sharp dorsal ridge. The nenral arch of cervical four is more ro-
bust and more elevated and strongly expanded transversely at
its summit.

The postzygapophyses of the fourth cervical have oval, flat
articulation surfaces forming an angle of 70° converging ven-
trally. The neural canal of the fourth cervical is at its exit so-
mewhat triangular in outline. It is 37 mm wide and about
45 mm high. Short and blunt transverse processes project la-
terally at the neural arch of that vertebra, terminating in a dia-
pophysis forarticulation with the cervical rib. The correspon-
ding parapophysis appears as a strong projection situated an-
terolaterally at the centrum and below the rib of the third cer-
vical which is fixed in its natural position.
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Lateroventrally there are deep cavities in the centra of cer-
vicals three and four. A circular foramen beneath the coossi-
fied neural spines of cervicals two and three as described by
Hatcher (1907:48) as passing “quite through from one side to
the other” could have been present but s filled here by matrix.
The cup-like anterior articular surface of the atlas/axis com-
plex is deeply excavated for the reception of the occipital con-
dyle. It is almost circular in outline with a diameter of about
100 mm and a maximum depth of 40 mm. The posterior arti-
cular surface of the coossified four cervicals is strongly con-
cave reaching a maximum depth of more than 20 mm. The
fourth cervical is wider than high at its porterior end.

Cervical 5: This is the first free cervical. The vertebra is
amphicoelous as is true for all vertebra of Triceratops. The ar-
ucular ends of the centrum are almost circular in outline,
though slightly wider than high. Laterally, the body of the
centrum is strongly concave except for two longitudinal rid-
ges parallel to the ventral mid line and lateral rounded eleva-
tions dividing the side of the centrum into superior and infe-
rior concavities. The parapophysis is a strong projection of
this elevation near the anterior margin of the centrum. The
neural canal is circular in outline with a diameter of about
42 mm. The transverse processes extend laterally and are di-
rected slightly upward. The diapophyseal articulations are
not completely preserved. In cross section the transverse pro-
cesses are flattened. The prezygapophyses are much produ-
ced and overhang the centrum anteriorly. Their oval, almost
flat articular surfaces point inward and upward. The postzy-
gapophyses are situated well up on the posterior sides of the
neural spine, and do not overhang the centrum. Their articu-
lar surfaces enclose an angle of 90°. Between the postzygapo-
physes a deep groove rises from the roof of the neural canal
about half way up the posterior side of the neural spine with
scars of the interspinal ligaments. The neural spine is more
uprightas in the preceding vertebra with amore inclined ante-
rior margin and an almost vertical posterior margin with a
posterior projection at the top. The upper extremity of the
neural arch is thickened transversely.

Cervicals 6 to 8: The last three cervicals are similar in
shape and size with gradually increasing total height. Compa-
red to the fifth cervical the transverse processes become stron-
ger, tending more upward rather than transversely. The width
of the centrum decreases relatively to the height with a ten-
dency to a more oval outline as is typical for the following
dorsals. The neural spines of these cervicals are more vertical
than in the fifth cervical, but in comparison to the dorsals still
relatively low. The neural spines of cervicals 6 and 7 are ex-
panded at their upper extremities, whereas cervical 8 has no
expansion at all. The diapophyses have relatively small articu-
lation surfaces for the tuberculum of the ribs. The parapophy-
ses are circular depressions set off the upper half of the side of
the centrum. They keep this position throughout the cervical
series.

Dorsal Vertebrae
(Plates 4—10)

There are 14 dorsals preserved. It can not be determined
whether the last preserved dorsal is the vertebra in front of the
first sacral. 1f so, then there would be no lumbars (as noted by
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Marsh, 1891b) and the last dorsal would have supported a
double-headed rib.

Dorsal 1: Thefirst dorsal has a considerably higher neural
spine than the last cervical. The transverse processes are much
stronger and longer, and point upward almost at an angle of
45°. Their cross-section is more triangular. The articular facet
for the tuberculum of the rib is large and faces laterally. The
parapophysis is higher up on the centrum as in the last cervi-
cal. The posterior margin at the extremity of the neural spine
is expanded, whereas the front edge is sharp. As in all other
dorsals the centrum 1s deeply excavated laterally. The articu-
lar surfaces are biconcave. The zygapophyses are robust and
their articular facets are flat and face downward and outward
(postzygapophyses) and upward and inward (prezygapophy-
ses) respectively.

Dorsal 2: The second dorsal has the same general charac-
ters as the first dorsal, but the neural arch is considerably
higher, the transverse processes are even more robust and lon-
ger, and the centrum is more oval with the long axis being ver-
tical. The parapophysis is situated in a similar position on the
centrum as in the first dorsal. Ventral to the postzygapophy-
ses the neural arch is deeply excavated for the reception of the
prezygapophyses of the succeeding vertebra.

Dorsal 3: The trend shown in the preceeding dorsal conti-
nues in the third dorsal, with the transverse processes rising
still higher, but also backward, overhanging the centrum. The
main difference lies in the position of the capitular rib facet
which has moved up from the side of the centrum o the base
of the neural arch and above the level of the top of the neural
canal. The parapophyses face upward and outward as is the
case with the diapophyses, too. The neural spine is more
posteriorly inclined than the almost upright neural spine of
the second dorsal. Posteriorly there are two deep excavations
underneath the postzygapophyses separated by a sharp me-
dial crest running down 1o the upper border of the neural ca-
nal.

Dorsals 4 to 14: The morphology of these vertebrae is so
similar that a general description would at firstapply to all the
succeeding dorsals. The centra are oval in cross-section, the
neural arches are very high except the posterior dorsals. This
can be shown in the fourth through the seventh dorsal and
may be true for the following ones, although the centra of the
eighth through the fourteenth dorsal are not preserved. The
parapophysis gradually moves up from the side of the neural
arch to the ventral surface of the transverse process which is
reached in about the sixth or seventh dorsal. Towards the
posterior end of the series the diapophysis and the parapo-
physis approach each other. This is partly due 1o the fact that
the transverse processes decrease in length towards the end of
the series. At the same time they become somewhat weaker.
The most striking change from the anterior to the posterior
dorsals is shown by the position of the zygapophyseal articu-
lar facets. In the first dorsal these facets form an angle of 70°
which gradually increases in the succeeding dorsals until an
angle of about 180° in the 14th dorsal (see also table of measu-
rements). The neural arches become broader from the sixth
dorsal on. The neural arch is highest in the seventh through
the nineth dorsal. The mid dorsals also exhibit the strongest


http://www.biodiversitylibrary.org/
http://www.zobodat.at

128

transverse processes, triangular in cross-section. They over-
hang the posterior end of the centrum much more than in the
anterior or posterior dorsals.

Caudal Vertebrae
(Plate 10)

One more or less complete caudal is preserved. According
to the caudal of Triceratops prorsus, figured by Hatcher 1907
(Fig. 58), it can be assigned to the mid caudal series. The am-
phicoelous centrum is broader than wide. There is a cavity on

its ventral surface. The transverse processes have their origin
at the sides of the centrum. They are directed laterally at right
angles to the centrum. The neural arch is still higher than the
centrum. A strong neural spine with a thick expansion at the
top is strongly inclined backward overhanging the centrum.
On its posterior side two short postzygapophyses are devel-
oped facing outward and downward at an angle of about 75°.
This corresponds to the prezygapophyses projecting upward
and slightly outward with their articular facets facing upward
and inward. The neural canal is filled with matrix. Its diameter
might be about 15 mm.

TABLE 2: MEASUREMENTS OF VERTEBRAE OF THE HOLOTYPE OF
TRICERATOPS “BREVICORNUS® (in mm)

Vertebra Length of Height of Width of Total height Width over Heightof  Angle of zygapo-
centrum centrum centrum of transverse neutralarch  physeal articular
vertebra processes above bottom facets
of neural
canal

Cervicals 1 -4
(coossified) 360 = = = = = = = = - - -~
Atlas/Axis - — 122 109 - - = = == o= = =
Cervical 3 = = = = S 256 - = - = - =
Cervical 4 —~ - 122 143 272 146 145 70°
Cervical 5 90 125 145 304 220% 174 90°
Cervical 6 85 128 132 315 208 180 85°
Cervical 7 85 124 128 316 240 192 63°
Cervical 8 80 128 124 320 ? 192 78°
Dorsal 1 84 120 120 352 248 216 70°
Dorsal 2 84 128 124 380 256 252 902
Dorsal 3 84 132 108 408 256 276 95°
Dorsal + 84 132 104 420 256 284 108°
Dorsal 5 88 140 100 440 280 300 106°
Dorsal 6 96 140 ca. 88 444 268 304 130°
Dorsal 7 92 124 96 436 280 312 140°
Dorsal 8 - - - - - - - - 268 312 150°
Dorsal 9 == = = = = - - 260 312 can1502
Dorsal 10 = = - - - - - = 256 ca. 305 ca. 150°
Dorsal 11 - - - - - - - - 264 = = ca. 160°
Dorsal 12 == = - - - - 272 ca. 300 ca. 170°
Dorsal 13 - - = = - - - - 248 - - ca] 752
Dorsal 14 - - - = - = - - = = = = ca. 180°
Caudal 60 80 ca. 90 200 ca. 240 ca. 120 75°
“ restored

Functional Significance of the Vertebral Column
(Figure 7)

The first four cervicals are coossified in Triceratops brevi-
cornus, and form a solid block of vertebrae. The anterior arti-
cular facet of this complex forms a deep circular socket for the
articulation with the ball-like occipital condyle, thus provi-
ding a wide range of free movements of the head. The mobi-
lity within the vertebral series was controlled by the zygapo-

physeal articulations. In these, however, there are considera-
ble differences between the anterior and the posterior presa-
cral vertebrae. The angle formed by the articular facets of the
zygapophyses is rather steep in the anterior cervicals, beco-
ming gradually less inclined towards the posterior vertebrae
(table 2). The zygapophyseal angle in the fourth cervical is
70°. With some variation it reaches 90° in the second dorsal,
150°in the eighth, and finally about 180° in the fourteenth and
last preserved dorsal.
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Fig. 7: (a) Skull of Triceratops in lateral view showing the position of the occipital condyle (co) pointing
posterioventrally relative to a datum line parallel to the inferior margin of the maxilla. — (b) Skull of Trice-
ratops in articulation with the vertebral column. The head is lowered, so that the long axis of the accipital
condyle is horizontal. In this suggested aggressive pose the force of impact travelled through the condyle
and the coossified solid block of the syncervicals (1-4), and was successively transmitted through the
slightly curved vertebral column, thus absorbing the shock. Theactual brow and nasal horns were probably
extended to meet a vertical plane in this attitude simultaneously. So, a collision with an aggressor must have
been most effective. The arrow indicates the direction of the force of impact. CV: Cervical vertebrae, DV:

Dorsal vertebrae.

Due to the steep attitude of the zygapophyseal facets in the
cervicals and anterior dorsals, the degree of lateral mobility of
this region of the vertebral column was much more limited
than was dorsoventral movement. In the middle and posterior
series of dorsals the more horizontal arrangement ol the zyga-
pophyseal joints allowed greater lateral movement compared
to dorsoventral flexion — extension.

The fact that the anterior limbs of Triceratops are consider-
ably shorter than the hind limbs results in a downward curva-
ture of the neck and anterior dorsals. Feeding activities requi-
red up and down mobility in this section. The limitations of
lateral neck and anterior trunk movements probably correlate
with the way the horns were used for attack or defense.

The occipital condyle points posteroventrally at an angle of
30°to 35° relative to a horizontal datum line defined by the lo-
wer edge of the upper jaw. When Triceratops took his defen-
sive pose, the most effective and least injurious orientation of
the head would align the longitudinal axis of the occipital con-
dyle to coincide with the expected impact forces. That axis
was brought into horizontal orientation by lowering the
head. In this position both the nasal horn and the brow horns
point forward, and the neck frill is raised to a more upright
position thus directing the horns against the agressor and dis-
playing the head shield. When attacking the impact forces
were transmitted through the occipital condyle to the com-
plex of the four coossified cervicals oriented horizontally.
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The restricted lateral mobility of the cervicals prevented ben-
ding the neck to either side and strengthened the structural
axis between the cranial armature and the trunk and legs.

The morphology of the presacral vertebrae was clearly rela-
ted to actions of defensive behaviour, but it must also have
been related to the mode of feeding and locomotion. As was
shown, up and down movements in the posterior dorsal series
was restricted while transverse flexion was enhanced. Whe-
ther Ceratopsians had a cursorial ability similar to that of a
modern rhinoceros as was suggested by Bakker (1968), we
don’t know. Examination of the vertebrae of Triceratops bre-
wvicornus seems to indicate a rather stiff-back mode of walking
and an elephant-like running gait, but not a high speed gallop.
The analysis of the limbs given by Coombs (1978) suggests
poorer running ability in the ceratopsians, too. According to
this author ceratopsians were low-grade to intermediate
grade mediportal animals, similar to or slightly better than
Hippopotamus in cursorial ability.

The Ribs
(Plate 11—-12)

Cervical Ribs. No ribs of the atlas/axis-complex are pre-
served. A tubercular projection at the right side of the cen-
trum of the axis is present indicating an axial rib. The third
cervical rib is still connected with the third cervical vertebra.
It is double-headed as are the succeeding ribs and is articula-
ted to a pronounced diapophysis and parapophysis, situated
laterally on the centrum. The position of the parapophysis is
more antero-ventrally. Both the left and right ribs of the
fourth cervical are preserved. The tuberculum was anchored

to a short and stout transverse process projecting laterally
from the base of the neural spine. The capitular ramus of this
rib is much longer than the tubercular branch and is situated
ventrally and anterior to the diapophysis. The rib is short,
straight and triangular. Its medial surface is concave. The fifth
cervical rib is more arched than the preceeding one. The tu-
bercular branch appears to be weaker than the capitular. The
rib is a flat bone pointed distally. The sixth cervical rib is more
expanded in its middle part to a bony blade with a concave

medial surface. Distally it terminates in a short pointed tip.
Along the longitudinal midline a low edge is developed.
Above this edge the rib is somewhat flattened in order to let
the preceeding rib overlap. Of the seventh rib only fragments
are preserved. Obviously it had an intermediate size between
the sixth and the eighth rib. This last cervical rib is a flat bone
with a distal extremity longer than in the preceeding ribs.
Both the capitulum and the tuberculum are widely branched
and have oval articular facets.

Dorsal Ribs. The first dorsal rib is missing. Only the se-
cond through the sixth dorsal ribs are preserved although not
complete. The capitulum of the second rib projects from the
shaft almost at a right angle. In cross-section the shaft is oval
and medially curved. In natural articulation with the second
dorsal it points downward. Its distal end is broken away. The
third dorsal rib is rather flattened proximally. The direction
of the capitular ramus indicates that the rib pointed more ven-
tro-laterally, rather than ventrally, a tendency which is gradu-
ally followed by the succeeding ribs. The fourth rib is only a
little smaller, but it is broader, thinner and more blade-like.
Of the fifth and sixth dorsal ribs only the articular section is
preserved. They are similar to each other and considerably
weaker than the anterior ribs. The capitulum forms a conti-
nuous extension of the shaft, the tuberculum projects only a
lictle. This indicates that the posterior ribs become increasing-
ly more laterally directed rather than ventrally.

The Pubis
(Plate 11)

Except for the proximal portion, the right pubis is present.
So, most of the postpubic process and the surface for contact
with the ischium are missing, but here restored in plaster. The
distal extremity becomes flattened and is expanded dorso-
ventrally up to about 18 cm. The length of the pubis as resto-
red was about 55 cm. Near the proximal end the remains of
the anterior border of the acetabulum are preserved. In gene-
ral, the shape of the pubis is very similar to the pubis figured
by Hatcher 1907 (Fig. 62) assigned to Triceratops prorsus.

RESTORATION OF THE SKELETON OF TRICERATOPS

(Figure 8)

All skeletal restorations of Triceratops in the scientific and
popular literature are duplicates of the restoration given by
Marsh (1891b). Marsh based his line drawing reconstruction
on the Triceratops prorsus mount of U.S.N.M. 4842. Accor-
ding to Gilmore (1905) the most coniplete specimen was used
as a basis for the mount. The missing parts were substituted
from other individuals. No skull was preserved with speci-
men no. 4842. So, Skull no. 2100 was added to the postcranial
skeleton. As already recognized by Gilmore, the number of
presacral vertebrac was overestimated by Marsh. In the pre-

served presacral vertebral column of the type specimen of
T. brevicornus Hatcher et al. (1907) recognized 21 presacrals,
Lull in the same work 22, the difference being due to the pres-
umption of three or four syncervicals respectively. It was sug-
gested that the presacral series was complete in this specimen.
There is no evidence for this, however. In our restoration we
added two more presacrals resulting in a total count of 24 pre-
sacral vertebrae including 8 cervicals. This is in agreement
with one of the most complete ceratopsian skeletons known,
Monoclonius nasicornus Brown, AM.N.H. 5351, a cast of
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Fig. 8: Restoration of the skeleton of Triceratops based on the type specimen of T. “brevicornus” (skull
and presacral vertebrae, B.S.P. 1964 1458) and on T. “prorsus” (remaining postcranial elements, U.S.N.M.
4842, after Hatcher et al. 1907) reduced to the scale of the skull and the vertebrae. Triceratops is shown here
in its defensive pose with the head carried in a “pitched forward™ attitude (see fig. 7, p. 129). Total length
eight meters.
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which is on display in the Bavarian State Collections in Mu-
nich. This, however, is contradictory to Brown (1917) who
counted only 21 presacrals.

For the appendicular skeleton we used in our restoration
the proportions of 7. prorsus, U.S.N.M. 4842, reduced in size
to fit the vertebral column of B.S.P. 1964 T 458. The propor-
tions could be double-checked with the pubes preserved in
both specimens.

Although the restoration of Triceratops presented here is
not founded upon a single individual, the skeletal proportions

seem to be closer to reality than the ones suggested by Marsh
and Gilmore. Since in our opinion (see p. 156) 7. prorsus and
T. brevicornus should be regarded as synonyms of T. horri-
dus, the components of the restored skeleton come from one
species. Compared with Marsh’s restoration the skull appears
to be relatively bigger in our attempt. This in turn would
mean that in the U.S.N.M. 4842 mount of Triceratops the
skull is too small for the posteranial skeleton and comes from
a smaller individual.

PART II:
SYSTEMATICS OF TRICERATOPS

INTRODUCTION

A first step in our restudy of the Munich specimen was to
confirm the distinctive nature of B.S.P. 1964 1458 and to eva-

luate the specific designation. We were and are concerned ab-
out its separate taxonomic assignment. This led to re-exami-
nation of the bases for the designation of all of the other spe-
cies of Triceratops. Very soon, we realized that our original
project had broader and much more significant ramifications
than we had anticipated. The result is a much expanded report
in which we propose a radical systematic revision of the genus

Triceratops. In our opinion, the Niobrara County sample of
ceratopsian specimens provides an unusual illustration and
opportunity to address the issue of the species question in
large extinct animals. It is perhaps the best assemblage availa-
ble for such consideration and challenge.

This section deals with the historical and scientific data per-

taining to Triceratops. It is an essential preface to Part 111 and
our taxonomic conclusions.

THE NAMED SPECIES OF TRICERATOPS

Since its foundation in 1889, sixteen species have been na-
med or referred to the genus Triceratops. In this section, all of
these are discussed in the order in which they were proposed.
The material on which each species was founded is summari-
zed and the “diagnostic*
least in part, or listed from the original citation. These are fol-
lowed by relevant comments and description (not usually as

characters for each are quoted, at

diagnoses) by subsequent students. Of necessity, these anato-
mical detaits are lengthy, tedious and repetitious, but they are
necessary here in order to understand the historical establish-
ment of these taxa and the criteria applied by their authors. In
reviewing these taxonomic statements it is important to recall
the “state of the art* and the “philosophy* of taxonomy that
prevailed late in the 19th century. The “type“ concept was the
rule of the day and little was understood about variation wi-
thin populations, although variation must have been of some
concern. It is also important to realize that in most instances,
each new species was established in comparison with pre-
viously named species (few at first) and sometimes compara-
ble characters were not available. The two monographic stu-
dies that followed were conscientious attempts to revise and
recognize those ceratopsian taxa that were deemed most li-

kely valid.

The present effort is concerned only with the genus Trice-
ratops, the most speciose of all ceratopsians. This review was
prompted initially by our desire to establish, in so far as pos-
sible, the validity of the Munich specimen as Triceratops bre-
wvicornus. That objective was reinforced by a nagging question
that could not be dismissed: [s it really likely that the Colora-
do—Wyoming—Montana area was inhabited by the ten or
more large species of Triceratops during the brief geologic
span of Lancian time as reported? Does it seem reasonable
that the restricted region that is now Niobrara County, Wyo-
ming could possibly have sustained ten large and closely rela-
ted species? Granted, these many “species” were not all reco-
vered from the same stratigraphic horizon, but the Lance ex-
posures (1300") do not span more than two million years
(McKenna, personal communication), which means a new
species every 200000 years or so, or co-existence of multiple
species of very similar form.

Ideally, this problem should be addressed with multi-va-
riate analyses, but in most instances there is only one speci-
men — the type specimen — of each of the taxa in question.
Our limited application of multivariate methods scems not
useful. We can be certain that the sources of morphologic va-
riation in the genus Triceratops were the same that we observe
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today — namely individual, ontogenetic, sexual and taxono-
mic. On what criteria can we draw inferences about the speci-
fic sources of variation that have resulted in the morphologic
spectrum encompassed in the specimens of Triceratops?

As a preamble to this review, it is appropriate to repeat
Lull’s (1913) post-facto observation:

“The practice of giving a distinct species name to every approxima-
tely complete skull, which was actnally done, seems a priori
unnreasonable.” (Our empbhasis) (Lull, 1933, p. 115)

TRICERATOPS ALTICORNUS Marsh, 1887.
(= BISON ALTICORNUS)

This species was based on an incomplete pair of brow horn
cores (U.S.N.M. 1871E) collected from the Denver forma-
tion of Colorado. First cited in 1887, it was originally assi-
gned by Marsh to the genus Bison. In 1889, Marsh reassigned
alticornuss to his new genus Ceratops (type species montanits)
that also was based on a pair of brow horn cores (U.S.N.M.
2411). Marsh’s description of B. alticornis was brief and dia-
gnostic then, but subsequent discoveries have left it inade-
quate today. Marsh’s (1887) observations:

“This species of Bison is represented by various remains, the most
important of which is the portion of the skull figured below. This spe-
cimen, which may be regarded as the type, indicates one of the largest
of American bovines, and one differing widely from those already
described. The horn cores, instead of being short and transverse, as in
the existing bisons, are long and elevated, with slender, pointed ends.
They have large cavities in the base, but in the upper two-thirds are
nearly or quite solid. — — — The frontal region between the horn co-
res is broad, somewhat convex, and very rugose.” (Marsh, 1887, pp.
323-324.)

Considering that no similar material had been discovered
up to that time, Marsh’s assignment to the well-known Bison
was a logical choice. But with the discovery of several new
specimens, Marsh soon realized his mistake. In 1889, Marsh
corrected matters with the following:

“The bison-like horn cores figured in this journal probably belon-
ged 1o amember of this group [Ceratopsidae], as already suggested by
the writer [1889a). They were sent to him from a locality in which he
himself collected Mastodon remains and other Pliocene fossils. As
they agreed in all anatomical characters with the remains of cavicorn
mammals from that formation, they were referred to the genus Bison,
unter the name B. alticornus. The writer has since learned that they
were found in the Denver beds, which, although regarded as Tertiary,
are probably Cretaceous. Under these circumstances this well-mar-
ked species may be known as Ceratops alticornus until additional re-
mains make certain its true nature.” (Marsh, 1889b, pp. 174-175.)

Just a few months earlier, in a curious, but perhaps face-sa-
ving, statement, Marsh made the following remarks when he
introduced his new species Ceratops horridus:

“As previously stated, the posterior pair of horn cores of this family
are hollow at the base, and in form and surface markings are precisely
like those of the Bovidae. The resemblance is so close that, when deta-
ched from the skull, they cannot be distinguished by any anatomical
character. This accurate repetition, in later and still existing forms, of
the highly specialized weapons of an extinct group of another class is
afact of much interest.” (Marsh, 1889a, p. 335.)

These two statements prompted Hatcher’s illuminating
comments:

“The previous suggestion referred to by Marsh in the quotation just
given [Marsh, 1889a] certainly does not make it clear that he at that
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time considered B. alticornus as amember of the Ceratopsidae or as a
dinosaur; and since, in his original description of the species already
quoted, he clearly states that it was found in the sandstones of the
Denver group it is clear that he was not mislead by the collectors as to
its stratigraphic position. The error was clearly one of erroneous de-
termination of the nature of the animal to which the remains pertai-
ned, and was entirely excusable, considering the little that was then
known concerning this remarkable group of dinosaurs. All that was at
that time known concerning the comparative osteology of the verte-
brata suggested its relations with the bisons among the Mammalia
and, without making microscopical examination he would have been
a daring anatomist who would have ventured to suggest from any ex-
ternal anatomical characters alone that these horn cores pertained to
adinosaur or other member of the Reprilia.” (Hatcher, 1907, p. 116)

Although Cope (1872, °74 & '76) named the first three cera-
topsians, it was with Marsh’s creation of Bison alticornus that
the bizarre group Ceratopsia came into being, despite his bo-
vid assignment. The sequence of discoveries and designations
of Triceratops species is central to that revelation. Hatcher
(1907, p. 116) puzzled as to why Marsh did not refer alticor-
nus to Triceratops rather than Ceratops, but he did not make
that transter. Perhaps he anticipated his successor, R.S. Lull,
who did in their joint monograph (1907, p. 170), as he alluded
on page 116: “Its affinities are certainly with the latter [ 77ice-
ratops] genus, as will appear when we come to discuss the syn-
onymy of the various genera.” In 1933, Lull concluded that
the type of alticornus was inadequate. In that monograph, “A
Revision of the Ceratopsia”, Lull accepted nine of the then-
named species referred to Triceratops and briefly commented
on three others that he termed “inadequate” because he jud-
ged them (correctly) to have been based on indeterminate ma-
terial. 7. alticornus was listed as one of the “inadequate” spe-
cies. He justified that assessment:

“Here the brow horns alone must determine the specific characters,
which makes a clear definition impossible. The main distinction of
these horns lies in their curvature, for while anteroverted at an average
slope for Triceratops, they are otherwise straight in lateral aspect, but
slope outward and then upward in a single curve, when viewed from
the front. Aside from this, there is nothing to distinguish these horns
from those of several other species.” (Lull, 1933, p. 128.)

These horn cores cannot be referred with any degree of cer-
tainty to any species of Triceratops, or indeed even to that ge-
nus or any other ceratopsian genus. The name s here conside-
reda Nomen dubium.

TRICERATOPS HORRIDUS Marsh, 1889.
(= CERATOPS HORRIDUS)

Marsh established the species horridis in 1889, assigning it
to his new genus Ceratops (1888), on the basis of an incom-
plete skull and fragmentary lower jaws (Y.P.M. 1820) from
the Lance formation of Niobrara (formerly Converse)
County, Wyoming. Marsh (1889a) noted:

“In the type specimen of the present species, the posterior horn-co-
res are much larger than these appendages in any other known animal,
living or extinct. One of them measures at the base no less than
twenty-seven inches, and abont sixteen inches around, half way to the
summit. lts total height was about two feet. In general form, these
horn-cores resemble those of Ceratops montanus, but the anterior
margin is more compressed, showing indications of a ridge.

The top of the skull in the region of the horn cores, is thick and mas-
sive, and strongly rugose.” (Marsh, 1889a, p. 335.)


http://www.biodiversitylibrary.org/
http://www.zobodat.at

134

Later that same year, Marsh (1889b) established the new
enus Triceratops, and made horridus the type species. (The
generic distinctions registered by Marsh have been recorded
elsewhere in this report under the section on the genus 7rice-

fesch

ratops.) In that paper, Marsh listed a number of novel features
that distinguish this genus, but he did not identify those featu-
res that distinguish it from Ceratops. Hatcher (1907, p. 116)
wondered why Marsh referred alticornus to Ceratops rather
than Triceratops, but later (1907, p. 119) he noted the large
differences in size, and also pointed out the discrepancics in
stratigraphic occurrences: C. montanus is from near the top
of the Judith River beds, 10 miles upstream from the conflu-
ence of Cow Creek with the Missouri River in north central
Montana — approximately 400 miles northwest and 3 500 feet
lower stratigraphically from the site of 7. horridus, which was
low in the Lance formation of Niobrara County in east cen-
tral Wyoming. Although they were not mentioned, those ge-
ographic and stratigraphic separations may have disuaded
Marsh from making that alignment. Hatcher repeated all of
Marsh’s characters of 7. horridus, gave a thorough descrip-
tion of the type skull, but alluded only to the greater size,
form of the brow horn cores and the shortness of the nasal
horn core to distinguish 7. horridus from T. prorsus and
T. brevicornus.

Lull (1907) began his generic and specilic summary of Tri-
ceratops by noting that he recognizes ten species under
Marsh’s genus Triceratops —including T. alticornus (1907, p-
168). Concerning T. horridus, he noted a) the rostral bone is
very heavy, not so sharp as in some species along its inferior
border, has a downward curved tip and has deep vascular im-
pressions; b) the nasal horn core is very broad at the base,
short and blunt compared to the most closely allied species
(T. prorsusin which itis long and directed forward and 7. bre-
vicornus where it is short and stout and not very rugose); ¢)
the supraorbital horns in 7. horridus are very stout, long, ru-
gose and directed forward (as in 7. prorsus) in contrast to 7.
brevicornus.

In 1933, Lull summarized the morphology of the the type
skull, but did not identify any features as diagnostic. These
are repeated here: muzzle fairly long, rostral very heavy with
deep vascular impressions and cutting edge not so sharp and
downwardly curved, nasal horn broad at the base — short and
blunt with dorsal contour in line with that of nasals and ante-
rior profile slopes slightly ta the rear, brow horns exceedingly
stout and rugose — probably fairly long and slope forward as
in T. prorsus, base extremely heavy and elliptical in section,
orbit seems to have been elliptical with long axis inclined at 15
degrees, jugal descending limb robust and nearly vertical with
a median ridge, no trace of epijugal, jugal notch fairly deep,
infratemporal opening not preserved, crest proportions not
obtainable but vascular grooves on dorsal aspect, no midline
prominences as in 7. serratus as preserved. Lull concluded
this section with a listing of four other specimens at other in-
stitutions that he refers to T. horridus: Y.P.M. 1828 (Upper
Lance formation, Niobrara County, Wyoming); A.M.N.H.
5028 (Hell Creek formation, Dawson County, Montana);
F.M.N.H. 12003 (Lance formation, Chalk Buttes, Montana);
$.D.S.M. P271 (Short Pine Hills, Harding County, South Da-
kota).

As the first named and type species of the genus, it is impe-
rative that the above “definitive” and other characters be eva-
luated against the “diagnostic” characters of other Triceratops
species — and against common sense and our current under-
standing of species morphologic variation. These will be ad-
dressed in a summary section on the systematics of Tricera-
tOpS.

TRICERATOPS FLABELLATUS Marsh, 1889.
(= STERRHOLOPHUS FLABELLATUS)

This species was established in the same paper that Marsh
introduced the genus (1889b). It was based on a large skull,
lower jaws and a partial skeleton (Y.P.M. 1821), also from the
Lance formation of Niobrara County, Wyoming. In his des-
cription Marsh observed that this second (after T. horridus)
specimen was of still greater dimensions and noted that:

“A striking peculiarity of this skull is the occipital crest, which ex-
tends upward and backward, like an open fan. Its margin was armed

with a row of horny spikes, supported by separate ossifications, some
of which were found in position.

The skull as it lay in the rock measured more than six feet in length,
four feet in width, and the horn-cores about three feet in height.”
(Marsh, 1889b, p. 174.)

Aside from reference to the presence ol epoccipitals, the
only distinction from 7. horridus is the larger size of the new
form. Marsh (1889¢) presented a better detailed description
of the type skull in which he emphasized the “armature*
(sharp cutting beak, a strong nasal horn, a pair of very large
and pointed brow horns and the series of sharp projections
[epoccipitals] along the rear margin of the crest). But again,
the described characters are not of specific diagnostic value —
at least not in our opinion.

In 1891, Marsh removed flabellatus from Triceratops and
designated it the type species of a new genus Sterrholophus,
using the type skull (Y.P.M. 1821). Marsh’s rationale is of in-
terest:

“This restoration gives a correct idea of the general proportions of
the entire skeleton in the genus Triceratops. The size in life would be
about 25 feet in length and 10 feet in height. The genus Ceratops so far
as is at present known is represented by individuals of smaller size, in
some instances, at least, of quite different proportions. A third genus,
which may be called Sterrholophus, can be readily distinguished from
the other two by the parietal crest, which had its entire posterior sur-
face covered with the ligaments and muscles supporting the head. In
Ceratops and Triceratops a wide margin of this surface was free and
protected by a thick, horny covering.” (Marsh, 1891b, p. 340.)

Hatcher (1907, p. 143) pointed out that the crest is not
known in Ceratops. He also dismissed the second point main-
taining that the immature nature of of the type skull would
not have allowed the development of the rugosities and other
surface features present in adult skulls (implying that their ab-
sence is not necessarily evidence of a fleshy tissue covering
rather than a horny covering). In his description of the skull
he also pointed out that the single, undivided median foramen
for the olfactory nerves (as opposed to the divided foramen in
Triceratops) is also probably a consequence of age — the me-
dian septum in Sterrholophus probably was cartilagenous in
that immature specimen, and thus not preserved.
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Hatcher (1907) retained the genus Sterrbolophus, but we
think it fair to conclude that he had reservations about its va-
lidity. Unfortunately, his death prevented him from comple-
ting a detailed description of the type skull and giving a final
opinion. Lull completed the description:

“This species Marsh made the type of the new genus, Sterrholophus,
because of the character of the frill, but as shown above, the peculiar
absence of vascular impressions from the latter may be considered an
adolescent character, which may also be said of each presumably ge-
neric feature exhibited by the skull.

The nasals are massive, but not coossified, nor was the nasal horn
core ankylosed, so that this important feature is lacking.* (Lull, 1907,
p171)

It must be pointed out here that the characters that are jud-
ged to be juvenile or adolescent, and therefore invalid for ge-
neric distinction, must also be held of dubious value for speci-
fic differentiation as well. The reasoning by Lull appears to
have been incomplete on this. However, Lull (1907, 1933)
synonymized Sterrholophus with Triceratops, retaining T.
flabellatus as a distinct species. It should also be noted that
since the nasal horn is not preserved in this specimen, we can-
not be certain that the elevated and rugose nasal pedicel on
this skull really did in fact support a distinct nasal horn —
which, by definition, would permit or preclude the assign-
ment of this specimen to Triceratops.

Lull (1933) added further features of the type skull but re-
frained from labeling these of specific importance. The dorsal
profile is much straighter than usual, the brow horns rise
more erectly than in any other species except T. (Diceratops)
hatcheri but their forward curvature is somewhat greater, the
brow horns are laterally compressed at the base and more ne-
arly circular in section distally, orbit is an elongate ellipse
with the long axis inclined at 45 degrees, the descending limb
of the jugal is broad and without a keel, jugal notch is not
deep, infratemporal fenestra is a broad oval, the face is deep
and of moderate length, muzzle is very short, rostral and
predentary are both missing, the crest while wide for its
length appears narrow due to the crest curvature, there is no
trace of vascular impressions except behind the supratempo-
ral fenestrae, there are 19 epoccipitals, maxillary teeth appear
to number 35, dentary teeth 30, the mandible appears slender
for the skull, the coronoid process is expanded at its summit.

The type skull appears to be the only one, for Lull did not
list any others referrable to this species. At this writing, we
know of no other material referrable to 7. flabellatus, but we
have not made an exhaustive search.

TRICERATOPS GALEUS Marsh, 1889.

Announced by Marsh in the same paper that he proposed
T. horridus and T. flabellatus, this species is unquestionably
the least well-founded of all the species referred to Tricera-
tops. 1t is based on a small nasal horn core (U.S.N.M. 2410),
probably from the Denver formation near Brighton, Colo-
rado. Marsh’s (1889b) description is not diagnostic:

“In this species, the nasal horn-core is especially characteristic. It is
compressed longitudinally, and its apex is pointed, and directed well
forward. It is on the extremity of the nasals, and is thoroughly codssi-
fied with them. In front, at the base, it shows indications of union with
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the premaxillaries, but this connection was slight.” (Marsh, 1889b, p.
174.)

Hatcher (1907, p. 132) noted that the extremely fragmen-
tary nature of the material upon which this species was foun-
ded precludes any possibility of definition. He concluded
“The species should be abandoned.” Without comment, Lull
(1907, p. 168) concurred with Hatcher.

In his 1933 monograph, Lull did not even list T. galeus
among his “inadequate” species. Only in his introductory re-
marks to the “inadequate” species did he mention 7. galess as
based on a single nasal horn core and that Hatcher had already
discarded it as based on insufficient evidence. There is no
question that this fragment cannot be referred to any ceratop-
sian species with any degree of certainty. Therefore, 7. galeus
is here designated a Nomen dubium.

TRICERATOPS SERRATUS Marsh, 1890.

The fifth species of Triceratops to be designated was 7. ser-
ratus, based on a large and complete, well-preserved skull and
jaws (Y.P.M. 1823) from the Lance formation of Niobrara
County, Wyoming. The type skull measures 1.8 m in length
although apparently not fully adult. Marsh noted the follo-
wing specific characters:

“A striking peculiarity of this skull, which has suggested the speci-
fic name, is a series of bony projections on the median line of the pa-
rietal crest. The latter is elevated along this line to support them, and
the sides descend rapidly to their union with the squamosals. There is
a second series of elevations along the middle of the squamosal bone
as it falls away from the base of the horn-core, but these are much less
prominent.

The orbit is nearly circular, instead of oval, and is situated above
and forward of its position in the specie‘s referred to. The quadratoju-
gal meets the anterior process of the squamosal, forming a closer
union than in the skull previously figured. In this respect and in the
elevations on the squamosal it approaches a much smaller specimen,
at present referred to the genus Ceratops.

The nasal horn-core is wanting in the present specimen, as it was
not ossified with the nasals. It projected upward and forward. The na-
sal bones extend outside the superior branch of the premaxillaries, the
lateral suture uniting the two being nearly vertical.” (Marsh, 1890a,
pp- 81—82)

The absence of the nasal horn core presents exactly the
same problem raised in the case of the type skull of T. flabel-
latus. Can we be certain that there ever was a nasal horn core
in the type skull?

Following a detailed description of the type skull, Hatcher
(1907, p. 126) concluded:

“The characters which at present seem most distinctive of this spe-
cies are (1) the position of the lachrymal foramen which lies between
the maxillary and nasal instead of within the maxillary; (2) the struc-
ture of the inferior temporal arch; (3) the comparatively slender su-
praorbital horn cores; (4) the narrow and elongated lateral temporal
foramen. The number of epoccipitals and the rugosities mentioned by
Marsh as present on the squamosals may also prove to be of specific
importance.“ (Hatcher, 1907, p. 126)?

2) Onthe same page, immediately before the above quoted summary,
Hatcher observed: “The number of epoccipitals may, however,
have varied in different individuals and can hardly be considered as
diagnostic of the different genera or species.” (Hatcher, 1907, p.
126)
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In his review of the taxonomy of the Ceratopsia, Lull
(1907) added the following characters to T. serratus:

“The rostral bone is rather small, lighter and less rugose than in the
other species; this, however, may be either a juvenile or possibly a se-
xual character. The nasal horn core is wanting in the type, having been
lost at the suture between it and the nasals. It must, however, have
been considerably compressed transversely. The supraorbital horn
cores are slender and much more erect than in most species, somewhat
elliptical in section at the base and more nearly circular in their mid-
length. The orbit is large and irregularly elliptical in outline, its long
axis running obliquely downward and forward. The position of the
orbit is in advance of and superior to that of T. (Sterrbolophus) flabel-
latus. The lachrymal foramen lies between the nasal and maxillary, as
in the last mentioned species.” (Lull, 1907, p. 169}

Lull (1933) observed the following additional conditions in
the type skull: muzzle and face long, profile of face and crest
in line with each other, orbit a broad ellipse inclined 45 deg-
rees, descending limb of jugal narrow then expands slightly
near extremity without a keel and nearly vertical, jugal notch
deep, infratemporal fenestra large and nearly quadrangular,
preorbital fenestra (= lachrymal foramen) between nasal and
maxillary, rostral small lighter and less rugose than in other
forms with inferior border nearly horizontal rather than cur-
ved downward, rostral deeply excavated ventrally and with
fairly sharp but irregular cutting edge, nasal horn a separate
ossification and lost, brow horns slender and more erect than
in any others except T. flabellatus, a boss-like prominence at
the base of the horn which is first of a series in an oblique line
to the proximal third of the squamosal, horn base elliptical
and nearly circular distally, crest seems wide in proportion to
length due to transverse curvature of the crest, seventeen
epocctpitals, maxillary and dentary teeth number about 28,
mandible slender, coronoid process moderately expanded dis
tally.

Lull lists no additional skulls referred to this species.

TRICERATOPS PRORSUS Marsh, 1890.

In the same paper that he described 7. serratus, Marsh pro-
posed still another species of Triceratops on yet another com-
plete skull and jaws (Y.P.M. 1822), but this specimen was as-
sociated with six cervical vertebrae. The specimen was collec-
ted from the Lance formation also from Niobrara county,
Wyoming. Marsh described it as follows:

“The nasal horn-core and the rostral bone are in position, and per-
fect. The former is very large, and is directed straight forward, its up-
per surface being nearly on a line with the superior face of the nasals.
1t is somewhat oval in transverse section, and pointed in front, the
apex being directly above the anterior extremity of the rostral bone. It
is so firmly codssified with the nasals that no trace of a suture can be
abserved. Its external surface is rugose from vascular impressions, in-
dicating that it was covered by horn, thus forming a most powerful
weapon.

The huge trontal horn-cores are more massive, and less slender,
than in the species above described.

The parietal crestis not so broad as in the two species last described,
but appears.to resemble more strongly that of Triceratops horrdus, its
sides being inclined downward, as if to protect the neck.

The rostral bone, likewise, is very similar to that in the last species,
but is somewhat mare compressed. The two forms may be readily dis-
tinguished by the nasal horn-core, for in T. borridus, this is compara-

tively small, and points directly upward, instead of straight forward,
as in the present species.” (Marsh, 18904, p. 82)

Because of the Munich specimen reported on elsewhere
here, it is worthwhile to include the rest of Marsh’s descrip-
tion of T. prorsus even though it adds nothing of value in dis-
unguishing between the various species of Triceratops, be-
cause this is one of the few type specimens that includes post-
cranial material.

“With this skull were found several cervical vertebrae, and some
other portions of the skeleton. The atlas, axis, and third vertebra are
firmly anchylosed with each other, and their ribs also are codssified in
the same mass. This union, unknown hitherto among the Dinosauria,
was evidently rendered necessary to afford a firm support for the
enormous skull. The remaining cervical vertebrae are short and mas-
sive, and the articular faces of the centra are concave or nearly flat.”
(Marsh, $890a, p. 82)

Brief though this description is, it applies equally well co 7.
brevicornus as well as T. prorsus and most other ceratopsids.
Hatcher (1907) gave a detailed description of the type skull
which he summarized as follows:

“The present species, which includes nearly the smallest if not the
very smallest representative of the family known from the Laramie
[= Lance] formation, is readily distinguished by the following cha-
racters: (1) The long and anteriorly directed nasal horn core; (2) the
slender supraorbital horn cores directed upward, forward, and out-
ward throughout about one-half their length, when they begin and
continue to curve gently inward from thence to the summit; (3) the
nearly circular orbit; (4) the position of the infraorbital foramen
[= lachrymal foramen] below the superior border of the ascending
branch of the maxillary, as in Sterrholophus flabellatus.” (Hatcher,
1907, pp. 128—129)

Lull (1907) repeated these and added some additional featu-
res:

“The rostral bone is contrasted with thatof T. horridus in being so-
mewhat less massive and having a sharp cutting edge, as contrasted
with the blunt margin in the other. The inferior margin curves down-
ward toward the point, in agreement with 7. horridus and T. brevicor-
nus. — — —

The lachrymal foramen is entirely within the maxillary bone, as in
T. (Sterrholophus) flabellatus, in contrast to its position between the
maxillary and nasal as in T. serratus, T. brevicornus being in a sense
transitional between the two types, while the condition which obtai-
ned in T. horridus can not be determined, as this part of the specimen
is lacking.

The frill is deeply arched transversely, ranging through an arc of 27
degrees, with seven lateral and one median epoccipitals, making fif-
teen in all. The quadratojugal notch is deeper than in any other known
species, and the postirontal (pineal) fontanelle is entirely closed.
Posteriorly the frill border was free, for vascular impressions occur on
its inferior face for a distance inward of 20 cm from the margin. This
feature, together with the closure of the postfrontal fontanelle, may be
characteristic of old age, but in some old skulls of other species the
fontanelle seems to be persistently open.” (Lull, 1907, p. 169)

In his 1933 monograph Lull noted that the type skull was
that of an aged individual, yet it was the smallest Triceratops
specimen known. He further described it as follows:

“The orbit is nearly circular = — — but the slightly longer axis slo-
pes as usual at an angle of about 45 degrees from the perpendicular.
The descending limb of the jugal is narrow and tapering, without a
median keel, and the axis is inclined slightly backward. The jugal
notch is fairly deep and wide, the infratemporal opening being of
average size and somewhat triangular, with curved margins. The ro-
stral is large — — — with a sharp cutting edge and downwardly curved
inferior margin. The muzzle is rather short, although the face is long.
The most distinctive feature of prorsus is the nasal horn, which is long
and directed forward so that its tip extends over the forward margin
of the rostral — — —. This nasal horn is unique — — —.
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The brow horns are slender, directed upward, ontward and for-
ward for half their length, and then curved gently inward and upward
toward their tip — — —.

The crest is deeply arched, and helmet-shaped, with an undulating
dorsal line which is concave upward. — — — A characteristic feature
which links prorsus and brevicornus is the limitation of the vascular
impressions on the inferior surface of the crest 10 a very clearly defi-
ned marginal zone averaging 15—17 ¢m in width.

The preorbital fossa [= lachrymal foramen] lies entirely within
the maxillary; the ascending process of the premaxillary, although
long and slender, does not quite reach it. The pseudopineal fontanelle
is utterly lacking — — —. This, apparently is not a matter of age, for the
flabellatus specimen is extremely young, and no matter what the age
of other skulls, young or old, it is always present. The mandible is ra-
ther slender, with a high coronoid process, expanded fore and aft at
the summit. The number of vertical rows of teeth is, in the maxillary
about 30, in the mandible, about 33.” (Lull, 1933, pp. 117-118)

Of particular importance is Lull’s final comment on 7.
prorsus, in which he notes that it is a very popular name, and
is used repeatedly in identifying material. He observes that
despite that popularity, there is only one skull — the type
skull — that is referrable without question to this species.
More will be said about this later.

TRICERATOPS SULCATUS Marsh, 1890.

A seventh species of Triceratops was erected by Marshon a
poorly preserved skull, jaws, several vertebrae and some limb
material (U.S.N.M. 4276) from the Lance formation of Nio-
brara County, Wyoming. Marsh judged this to be a fully
adult specimen because of the ossification of the epoccipital
and epijugal bones to the skull. The distinguishing features of
this species listed by Marsh were:

“The most distinctive character of the skull is seen in the horn-cores
of the frontal region, which are very large and elongate. On the poste-
rior surface of the upper half of each horn-core, there is a deep groove,
which has suggested the specific name. The horn-cores are narrow in
front, and in the upper portion become distinctly ridged. The antero-
posterior diameter of the horn-cores at the base is about nine inches,
and above, where the groove begins, about four and a half inches.

The caudal vertebrae in this species are unusually short, and the me-
dian caudals have a deep longitndinal groove on the bottom of the
centra.” (Marsh, 1890b, p. 422)

Hatcher (1907) noted that the only supraorbital horn core
of the type skull that is presently available does not agree very
well with Marsh’s description of a deep groove on the poste-
rior surface of the upper half of each horn core. Hatcher con-
cluded that Marsh based his description on the missing horn
core (despite the fact that Marsh stated “each horn core”). He
further noted that the existing horn core appears to have been
injured, broken off during life. Referring to two other partial
skulls in the U.S.N.M. collections that have been referred to
T. sulcatus (U.S.N.M. 4286 and 1203, 1206—1210) which
show prominent longitudinal grooves in the upper parts of
the supraorbital horn cores, he noted that these varied. In one
case, the grooves are on the anterior-interior surface (rather
than the posterior surface as described by Marsh in 7. sulca-
tus). In the other example, similar grooves occur on both the
anterior and posterior surfaces. Hatcher’s conclusion:

“In view of the fact that as shown above, grooves similar to those

described by Marsh as characteristic of the present species may occur
at various places on the supraorbital horn cores of the Ceratopsidae,
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it does not seem advisable to consider either the presence or the posi-
tion of such grooves as of specific importance. It is probable that such
grooves have, in most instances at least, had their origin in an infol-
ding or thickening of the horny sheath with which in life the horn core
was encased, and their position, form, and depth were determined by
the place, nature, and amount of thickening or infolding of the horny
substance. Such being their origin, as appears not improbable, they
are likely to appear in any of the various genera and species, and
should not be considered as of specific importance.” (Hatcher, 1907,
p-134)

Lull (1907) summarized the situation with regard to the
type skull and registered Hatcher’s opinion. He concluded:

“On the whole there seem to be no characters in the fragmentary
material representing the type which afford a basis for a true specific
diagnosis. It would be well, therefore, to await the discovery of addi-
tional material before deciding as to the validity of this species.” (Lull,
1907, p. 170)

It hardly seems necessary to wait for further discoveries be-
cause the diagnostic feature (posterior grooves in the brow
horn cores) have been shown to be inconsistent in the type
specimen and of variable occurrence in other specimens. Vali-
dation of such grooves in future finds cannot be demonstrated
as identical to those of the type (one of which is Jost). In 1933,
Lull repeated the variable occurrence of horn sulci in several
ceratopsian specimens and concluded as before:

“At present, therefore, the species Triceratops sulcatus cannot be
defined.” (Lull, 1933, p. 129)

Other than the fragmentary specimens cited above, Lull
mentioned no other specimens referrable to T. sulcatus.

We conclude that Triceratops sulcatus is a Nomen du-
bium.

TRICERATOPS ELATUS Marsh, 1891.

Marsh’s original description of this species 1s based on a
single skull (U.S.N.M. 1201) from the Lance formation of
Niobrara County, Wyoming. Less than definitive, that des-
cription reads as follows:

“Although this skull is abour 6!/ feet in length. it belonged to an
animal scarcely adult, as indicated by some of the cranial sutures. The
rostral bone is not coossified with the premasillaries as in old animals,
and the superior branch of the former bone has its extremiry free. The
nasal horn-core, however, is firmly coossified with the nasals. It is of
moderate size, with an obtuse summit directed npward. The main
horn-cores were quite long, with their extremities pointed and direc-
ted well forward. These horn-cores are compressed transversely, the
section being oval in outline. One of the most striking features of the
skullis the parietal crest, which was quite elongate and much elevated,
more so than in any of the species hitherto discovered, and this has
suggested the specific name.

The length of this skull from the front of the rostral bone to the
back of the parietal crest was about 78 inches, and the greatest trans-
verse expanse of the posterior crest was about 40 inches. The summit
of one of the frontal horn-cores was about 28 inches above the orbit
and 53 inches from the base of the quadrate.” (Marsh, 1891 a, p. 265.)

To these Hatcher (1907) added the following:

“The most striking specific characters are to be seen in the nasal and
supraorbital horn cores and the jugal. ~ — — The orbit also is excep-
tionally large, having a vertical diameter of 175 mm and an antero-
posterior diameter of 150 mm. The infratemporal fossa is much elon-
gated antero-posteriorly and is triangular in outline. Its greatest an-
tero-posterior diameter measures 145 mm and its greatest vertical dia-
meter has a length of 85 mm.
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Epoccipitals were borne only on the posterior margins of the parie-
tals and the posterior halt of the squamosals. — — — Each squamosal
supported four epoccipitals, and there were six on the parietals, three
on cither side of the median line. Apparently there was no median
epoccipital as in T. prorsus and other species. The nasal horn core is
very short and stout, nising but little above the superior surface of the
nasals — — — the nasal horn core is seen to have originated from a cen-
ter of ossification distinct both from the nasals and the premaxillaries.
In a second specimen belonging 10 a younger individual, which I shall
consider as a cotype, U.S.N.M. 4805, found on the same horizon and
only afew feet from the type, the nasal horn core is disarticulated and
the sutural surfaces at the base for contact with the premaxillaries and
nasals are very distinct.

The jugal is especially characteristic in the present species. The infe-
rior process, instead of descending vertically beneath the orbir, as in
most other species of the Ceratopsia, is directed downward and back-
ward at an angle of about 45 degrees, and the distal end is produced far
back of the posterior border of the orbit. The posterior border of the
inferior process of the jugal is regularly but gently convex, the ante-
rior concave.” (Hatcher, 1907, pp. 135—136.)

Lull (1907) simply repeated most of the features noted be-
fore by Marsh and Hatcher. But in 1933, he elaborated on the
earlier descriptions:

“The muzzle is rather slender and of moderate length although the
rostral is fairly large. The larter has deep vascular grooves and a com-
paratively straight inferior margin which points decidedly downward
toward the tip. The narial opening is very large. The nasal horn is pe-
culiar, although resembling that of calicormis — — — The horn core,
while bearing vascular impressions, is truncated, the anterior and su-
perior margins being at right angle with each other. — — —

The brow horns are long and massive, extremely heavy at the base
where they are strongly compressed laterally, becoming more circular
toward the tip. The rear of the base bears a marked prominence, as in
calicornis, obtusus and servatus. The horn curves strongly forward, re-
versing slightly toward the extreme tip.

The orbit is a broad oval of regular outline, with the broader end
uppermost and inclines at an angle of about 15 degrees out of the per-
pendicular. The jugal is unique in that it is J-shaped, having no poste-
rior limb, as in every other ceratopsian skull — = — The descending
limb is long and rather narrow, with curved, nearly parallel front and
rear margins. The longitudinal ridge, which is but slightly developed,
lies near the rear instead of being in the center of the bone. The jugal
notch is deep and wide, and the infratemporal fossa unusually large
and triangular, with the apex pointing toward the orbit.” (Lull, 1933,
p.122)

Lull concluded this discussion by noting that another skull
(U.S.N.M. 2100) may be referred to this species, as well as a
possible second specimen (A.M.N.H. 5116) now displayed in
a composite mounted skeleton. Lull’s final statement on this
species is especially worthy of repeating here:

“There is infinite variation in all Triceratops skulls.” (Lull, 1933, p.
£23.)

TRICERATOPS CALICORNIS Marsh, 1898.

This species was based on most of a skull, jaw and parts of
a skeleton (U.S.N.M. 4928) from the Lance formation, again
from Niobrara County, Wyoming. Marsh’s description reads
in part:

“The skull as a whole shows the well-marked features of the genus
Triceratops. A specific character is seen in the nasal horn-core, which
is in perfect preservation. 1t is directed well forward, and unlike any
hitherto described is concave above, which fact has suggested the spe-

cific name. The upper or posterior surface of this horn-core somewhat
resembles the bottom of a horses hoof.

Some of the principal dimensions of this skull are as follows: length
from front of beak to back of parietal crest, about six feet, five inches;
from front of beak to end of occipital condyle, three feet, five inches;
distance from occipital condyle to back of parietal crest, four feet;
from front of beak to point of nasal horn-core, twenty-three inches;
height of post-frontal horn-core, twenty-nine and a half inches, and
antero-posterior diameter of same horn-core at base, twelve inches.”
(Marsh, 1898, p. 92.)

Hatcher (1907) noted that most of the characters seen in the
type skull of 7. elatis which might be considered of specific
importance are also present in the type of this species, though
perhaps somewhat more emphasized, as in the case of the na-
sal horn which led Marsh to the specific name. Lull (1907) also
drew a comparison of 7. elatus with T. calicornis, but did note
different skull proportions with much longer premaxillaries
and a larger rostral bone in 7. calicornis. He also noted that
the descending process of the jugal is more nearly vertical, as
in other species, rather than inclined backward. However,
Lull did add Hatcher’s explanation that this might have been
due to preservation (pressure) differences in the two.

In his “A Revision of the Ceratopsia” (1933), Lull observed
that the type specimen was one of the largest Triceratops
skulls on record with an overall length of six feet 10 3/ inches
and yet in his view was not fully adult. Attention was drawn
to the disproportionately long muzzle. Lull also recorded:

“The orbit is an elongated ellipse — — — inclined at an angle of ab-
out 15 degrees. The jugal is of medium width, and tapers to a point in
the distal half. tt differs from that of elatus in having the usual rear
branch above and is therefore T-shaped — — — There is a slight longi-
tudinal ridge — — — The jugal notch is of moderate depth, but is wide
with a curved outline.

The infratemporal fossa [= fenestra] is rather small for the size of
the skull and differs, not only in this, but also in shape, from that of
elatus, being oval in form, with a rather long apex pointing downward
and forward. = — — The narial opening in calicorms is very large in
correspondence with the large muzzle. The rostral is also large, with
a very convex profile. The downwardly curving inferior margin is
rather sharp-edged. — — — The brow horns are large, agreeing with
those of elatis in size, massiveness, and general curvature, and in the
possession of a boss-like prominence on the rear of the base. They
have a very heavy base from which they taper rapidly, curving sharply
forward but without the reversed curve toward their tip. The crest is
only partially preserved — — — There were probably the usual num-
ber of epoccipitals, perhaps 19 in all, although but two are preserved.
A few shallow vascular impressions are present on the upper surface
of the crest. Below they are deeper, especially in the posterior part of
the squamosal, and extend further in from the margin, there being no
limited zone of vascular grooves — — — The crest is unusually wide
when viewed from above, being over twice as wide as long, according
to Hatcher’s figure. The pseudopineal fontanelle is present and large.
— — — The preorbital fossa [=lachrymal foramen] lies between the
nasal and maxillary, and is reduced to a rather wide, elengate slit.

The dentaries are of great size — — — There are 38 rows of teeth in
the left dentary, opposed to 28—32 in the maxillary, the exact number
being difficult to determine. — — =" (Lull, 1933, p. 124.)

Lull did not mention any other skulls that he considered to
be referrable to T. calicornis, but the authors are aware that
the Field Museum, Chicago, has a skull (F.M.N.H. P12003)
lacking the lower jaws, that has been identified as belonging
to this species.
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TRICERATOPS OBTUSUS Marsh, 1898.

The final species of Triceratops to be designated by Marsh
is represented by a large skull and jaw fragments (U.S.N.M.
4720), also from the Lance formation of Niobrara County,
Wyoming. As reported by Hatcher (1907), the type material
consisted of a pair of dentaries, the anterior portion of the na-
sals, a left maxillary, a squamosal, parts of a pterygoid and a
single vertebra. Marsh’s necessarily terse description empha-
sized the nasal horn and is as follows:

“The nasal horn-core of this skull is very short and obtuse, and is so
well preserved that it indicates the normal form and size. The entire
length of this horn-core is only one inch. Its summit is three and a half
inches behind the premaxillary suture. The width of the nasals be-
neath the horn-core is five and a half inches. The length of the squa-
mosal from the quadrate groove to the posterior end is about thirty-
six inches and its greatest width s nineteen inches.” (Marsh, 1898, p.
92.)

This was followed by Hatcher’s (1907) somewhat more
comprehensive description:

“The specific name was suggested by the character of the nasal horn
core. The nasals, as shown in the accompanying figures, are extremely
broad, and the nasal horn core is reduced to a broad, rounded, and ru-
gose prominence, marked with a number of deep vascular grooves.

The dentary is exceptionally deep and the teeth are unusually large.
Below the base of the coronoid process on either dentary the external
surface of the bone presents a very sharp ridge that extends conti-
nuously throughout about one third of its length. — — — The mandi-
bular fossa extends rather farther forward than is common in other
species of the Ceratopsia. The dentary is exceptionally massive and
the teeth are very large. There are a number of foramina on the exter-
nal surface of the dentary, as shown in the accompanying figure.

Notwithstanding the scanty and fragmentary material upon which
the present species is based, it would seem to be a valid one, as indica-
ted alike by the characters of the dentary, the teeth, the nasal horn
core, and that part of the nasals sull preserved.” (Hatcher, 1907, P.
140.)

The two descriptions by Marsh and Hatcher of such frag-
mentary material left much to be desired — especially since
they were discussing the basis of a distinct species. Of course
we may forgive them because they were dealing with some of
the first specimens of a poorly represented and understood
group. What is surprising and more disturbing is that neither
author mentioned that there was much more to the type spe-
cimen than Hatcher reported. Gilmore (1919) noted that the
type consists of “nearly the entire skull” and even though it
was collected by Hatcher that fact “obviously escaped his me-
mory, as no allusion is made to it in any of his writings”. Gil-
more reports:

“The finding of nearly the entire remaining parts of the skull (see pl.
4) is a welcome addition to the above material, and it now places the

type on an adequate foundation for comparison with the other and
better known species.

Although somewhat distorted latterly [sic] by pressure the skull is
essentially complete, lacking only the rostral, premaxillary bones, and
the median portion of the frill or demosupraoccipital [sic].

That the skull belongs to the same individual as the type is shown
by the similarity of the labels accompanying both, by the unusual
bright yellowish color of the bones and also by the finding of frag-
ments of the skull that fitted the dentaries, and fragments with the na-
sals and dentaries that were fitted to the skull.” (Gilmore, 1919, pp.
98-99.)

Needless to say, it is fortunate that Gilmore was able to re-
cognize and re-associate the separated parts of the type skull
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of T. obtusus. He also relocated the missing squamosal that
Hatcher could not find. In all probability, these several sepa-
rations resulted during the transfer of several Triceratops spe-
cimens (and other fossil material) from Yale to the National
Museum at the Smithsonian after Marsh’s death in 1899.
Whatever the cause, we are still faced with the fact that a di-
stinct species was founded on insufficient evidence. After
comparing the re-united skull with other better known spe-
cies, Gilmore observed:

“The characters pointed out by Harcher for distinguishing this spe-
cies are for the most part of a trivial nature and little dependence can
be placed on them as representing constant specific differences. — — —
Of the specific characters pointed out by Hatcher, the reduced nasal
horn core alone is probably valid, though it may be only a sex charac-
ter, — — — After a careful comparison of this additional material of 7.
obtusus with the several types in the United States National Museum
collections, and with the figures and descriptions of the other species
of the genus preserved elsewhere, I am unable to detect characters that
would satisfactorily distinguish this species.” (Gilmore, 1919 p. 100.)

To turn back for a moment, Lull (1907) apparently agreed
with Hatcher, noting the distinctive nature of the nasal horn
core and the exceptionally deep and massive dentary and the
teeth of unusually large size. Butitis important to note Lull’s
remarks in 1933 concerning the nasal horn in 7. obtusus.

“The nearest ally of Triceratops obtusus seems to be horridus, the
main distinction between them lying in the nasalhorn which varies
considerably among the several skulls attributed to the
latter species [our emphasis], although never to the point of obso-
lescence. In its loss of nasal horn and great size, obtusus is specialized
otherwise it is a generalized type. It is interesting to see the reduction
of the nasal horn so low in the Lance series, as this debars obtusus from
the ancestral line of any other species except perhaps T. (Diceratops)
hatcheri, which occurs two-thirds of the way up from the bottom of
the sequence. That it constitutes a valid species is shown by a detached
nasal horn of quite similar character in the Peabody Museum collec-
tion, No. 1825. This horn is straighter on top and with a less rounded
apex when viewed laterally. It cannot be attributed to any other spe-
cies than this.” (Lull, 1933, pp. 125-126.)

As we emphasized in this quotation, Lull notes the great
variation in the nasal horn in what he terms as the nearest al-
lied specimens (which he identifies as T horridus), and yet he
still seems to claim that the nasal horn is sufficient criteria for
distinguishing between species. That conclusion, in our opin-
ion, is not reinforced by his claim that an isolated nasal horn
in the Yale collection is referrable only to 7. obtusus and
therefore validates this species. Notice that elsewhere in this
same monograph he acknowledged the invalidation of an-
other species of Triceratops (T. galens) because it was based on
an unassignable isolated nasal horn core!

Elsewhere in his discussion of T. obtusus, Lull (1933) pro-
vides these details:

“The type is an old individual with an estimated length of at least 7
feet, hence one of the largest on record. The muzzle anterior to the na-
sal horn, however is missing, and the length of this region is subject to
considerable specific variation. — — — The orbitis large, arather elon-
gated ellipse, the axis of which is inclined at an angle of about 30 deg-
rees from the perpendicular.

The descending limb of the jugal is very broad for its length, and has
a marked median ridge. The jugal notch is rather shallow and wide,
and the infratemporal fossa [= fenestra] very small for the size of the
skull, triangular in shape, with the apex toward the rear. The nasalsare
very broad, especially over the posterior limit of the nares, and the
two sides converge rapidly toward the anterior end. The nasal horn is
reduced to a rather broad, rounded rugose prominence, with deep
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vascular grooves. Laterally, the nasal profile reminds one of that of
Arrhinoceratops of the Edmonton formation. — — —

The brow horns are very massive at their base, and have a protube-
rance at the rear as in elatus and calicornis. But they are relatively shor-
ter, and lack the great forward curvature of the horns of these ;peuies,
The horns of obtusus also resemble somewhat those of brevicornus,
but they are relatively less stocky and taper to a longer point without
.\h()\‘\/l.ng A Teverse curve.

The crest is only partly preserved — — —. There are deep vascular
grooves on the dorsal surface of the crest and on the under surface of
the squamosal. They are not limited beneath to a peripheral zone.
Epoccipitals must have been present, although now the margin of the
squamosals is smooth, without undulations. The mandible is very ro-
bust with a low broad coronoid. The number of mandibular tooth
rows is 28, that of the maxillary — — — cannot be determined. Indivi-
dual teeth are very large.” (Lull, 1933, P. 125.)

From the preceeding, it should be apparent that 7. obtusus
is a very doubtful taxon. First, it was established on only a
small fraction of the available material because of the pecu-
liarly abbreviated nasal horn core. At this point it must be
pointed out that rather than a horn core this protuberance ap-
pears to be just a boss or swelling on the nasals, and is quali-
wtively like that of 7. (Diceratops) hatcheri. The isolated nasal
horn in the Yale collections mentioned by Lull has no rele-
vance, and as we quoted Lull, he himself noted the consider-
able variation in the nasal horn in these specimens. Second,
the deep form of the dentaries and the unusually large teeth
are both growth dependent. Note that this type specimen 1s
one of the largest skulls on record. We agree with Gilmore
that the specific characters cited by Marsh and Hatcher are of
atrivial nature and not likely to have taxonomic significance.

TRICERATOPS BREVICORNUS Hatcher, 1905.

It is historically noteworthy that this is the first species of
Triceratops not to be named by Marsh. Further, it is appro-
priate that this particular species (the type specimen of which
is the primary subject of this study) was the only one to be
named by Hatcher — the man responsible for the discovery
and collection of nearly all of the type specimens of the named
species of Triceratops reviewed here. More than any other in-
dividual, John Bell Hatcher must be acknowledged as the dis-
coverer of horned dinosaurs.

The present species is based on a nearly complete skull with
lower jaws, a nearly complete presacral series of vertebrae, rib
fragments and fragments of a pubis (B.S.P. 1964 1 458; for-
merly Y.P.M. 1834). It was collected by Hatcher from near
the top of the Lance formation of Niobrara County, Wyo-
ming. Hatcher listed the following as distinctive characters:

“Supraorbital horn-cores short and stout, not much compressed,
nearly circular in cross section. Nasal horn-core short and stout with
the anterior border perpendicular instead of being directed upward
and forward at an angle of 30 degrees. Vertical and longitudinal dia-
meters of lateral temporal foramen nearly equal. Orbit irregularly el-
liptical in outline with the longer axis running fram above downward
and forward. Post frontal fontanelle open, even in old individuals.”
(Hatcher, 1905, p. 413.)

Hatcher (1907) noted that the extremely rugose nature of
the skull, together with the obliterated closed condition of the
cranial sutures certify that this specimen was that of an old in-
dividual. As in T. serratus, the lachrymal foramen lies bet-

at

ween the nasal and maxilla, but the latter encloses the anterior
half and forms half of the upper border of the foramen. The
rostral bone is heavy and deeply excavated beneath. The late-
ral temporal fenestrais not unusual, and triangular in outline.
Hatcher (1907) failed to designate specific features beyond
those cited in his original announcement.

Lull (1907) added the heavy nature and ventrally excavated
form of the rostral, the condition of the lachrymal foramen,
and noted that the frill is elevated rather sharply toward the
posterior margin and bears nineteen epoccipitals, six pairs on
the squamosals (as compared to fifteen in T. prorsus) — which
may or may not have taxonomic significance.

In 1933, Lull added considerably to the description of this
species, but again, most of the features noted were not expli-
citly designated of specific distinction. Itis more a description
of one skull (which had been designated the type) than a dia-
gnosis of T. brevicornus. It reads as follows:

“The skull proportions resemble those of prorsus, except that the
muzzle is relatively longer in proportion to the face. The dorsal pro-
file of the entire skull forms a more or less continuous line, the crest
rising in a gentle curve toward the rear. The rostral is proportionately
very heavy, with a deeply excavated inferior surface; the cutting edge
1s rather sharp, but comparatively straight, although pointed down-
ward toward the tip. The descending limb of the jugal is narrow and
parallel-sided, while the rather blunt median keel divides the jugal
into equal halves. The jugal slopes gently backward. The jugal notch
is deep and wide, and the infratemporal opening is large and triangu-
lar, with the rounded apex behind. The orbit is an elongated ellipse,
with the long axis forming an angle of about 15 degrees with the per-
pendicular. The nasal horn is short and very stout, rather prominent
but smaller than in prorsus, and it does not extend forward over the
rostrum as in the latter species. The long diameter is much greater than
the transverse. The dorsal profile of the horn core is continuous with
that of the nasal bones and sweeps upward in a gentle curve into that
of the horn. The anterior margin is somewhat convex and is inclined
forward toward the tip of the horn.

The brow horns are short, stout and abruptly tapering, more nearly
circular at the base than in any other species except the specimen of
elatus, No. 2100 U.S.N.M. Contrasted with the longer horns of pror-
sus and horridus, they curve gently forward and outward.

The crest of brevicornus is not very long, being proportionately
shorter than in prorsis, and not so sharply curved transversely as in
the latter species. — = — The number of epoccipitals is 19 for prorsus,
and 17 for brevicornus [he counted 19 in 1907]. The number of maxil-
lary teeth also correspond at 30. The mandible is of medium propor-
tions, the coronoid process is rather low and not much expanded at
the summit, in contrast to that of prorsus which is high with amarked
expansion. The predentary is heavy to match the jaw, and rather
sharply pointed.

The preorbital fossa [= lachrymal foramen] seems to lie entirely
within the masillary, although the ill-defined sutures make this diffi-
cult to determine with certainty.” (Lull, 1933, p. 119)

Lull registered a single additional skull now in the Carnegie
Museum (C.M.N.H. 1219) as the only other one known to
him that is undoubtedly referrable to 7. brevicornus.

Hatcher (1905) did not mention another less well preserved
fragmentary skull (Hatcher’s skull nr. 21) in the Yale collec-
tions (Y.P.M. 1832) which bears a label “plesiotype”. Itis cle-
arly referrable to Triceratops and is comparable in size to
B.S.P. 1964 1 458, but provides no significant additional infor-
mation. It is curious that neither Hatcher (1905) or Lull
(1933) mention this specimen at all, even though it apparently
was considered worthy of special designation as the “plesio-

type”.
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TRICERATOPS HATCHERI Lull, 1907.
(= DICERATOPS HATCHERI)

The type specimen, a skull without the lower jaws
(U.S.N.M. 2412) was collected by Hatcher from the Lance
formation of Niobrara County, Wyoming.The specimen was
first described by Hatcher (1905), but he failed to provide a
name. Lull (1907) repeated Hatcher’s description and desi-
gnated it the type of a new genus and species, Diceratops hat-
cheri (see also Lull, 1905). In his original description, Hatcher
gave the following specific characters:

“Supraorbital horn cores short, robust, and nearly circular in cross
section at the base, erect and but slightly curved. Orbits project in
front of the horns, the frontal region lying between the horns being

concave. Exoccipital processes slender and widely expanded.” (Hat-
cher, 1905, p. 417.)

The generic characters noted by Hatcher consisted of:

“Nasal horn core absent. Squamosal bones pierced by large fenes-
trae, while smaller ones penetrate the parietals. The inferior border of
the squamosal lacks a quadrate notch.” (Hatcher, 1905, p. 417.)

In describing the type skull in 1907, Hatcher noted in addi-
tion the small size of the rostral and its coossification with the
premaxillaries, the maxillaries are massive, the lachrymal fo-
ramen is below and well forward of the orbit, the supratem-
poral fenestrais elongate and thelateral fenestra has equal ver-
tical and longitudinal dimensions.

Lull (1907) noted that by the absence of a nasal horn core
Diceratops hatcheri resembles T. obtusus, “though evidently
not synonymous therewith”. Why not? Lull made some in-
teresting but inconclusive statements concerning this speci-
men:

“The fenestrated parietals would seem to point to primitive condi-
tions until one notes the presence of similar fenestrae in the squamo-
sals, a character which here appears for the first time. This, together
with the fact that the squamosal fenestrae are of unequal size — which
may also have been true of those of the parietals, as only the right is
preserved” — leads one to conjecture whether they may not have been
secondarily acquired and together with the vestigial nasal horn, may
not be evidences of high specialization from some Triceratops like an-
cestor.” (Lull, 1907, p. 163.)

In an appended footnote to this quotation, Lull informs the
reader that he “is now firmly convinced” that all these apertu-
res through the frill of Diceratops are pathologic, having been
caused either by wounds or disease, citing similar perfora-
tions in the right frontal of the type of T serratus and in the
squamosal of the type of T. elatus. Lull then lists the features
by which he distinguishes Diceratops from its nearest ally,
Triceratops:

«

— — — by the much smaller rostral bone; by the absence of the na-
sal horn, which in all species of Triceratops except T. obtusus is fairly
well developed; by the very erect, short, robust supraorbital horn co-
res, which seem to take their origin much further back with relation
to the orbit; by the concavity of the frontal region between the orbits;
and finally, by the peculiar form of the persistent postfrontal (pineal)
fontanelle suggestive of that of the genus Torosaurus. — — — Another
distinctive feature is in the very erect position of the descending pro-
cess of the jugal, which is directed slightly forward instead of down-
ward and backward as in Triceratops.” (Lull, 1907, p. 163.)

3) A misleading intrusion here since the suggestion cannot be verified
or refuted.
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In 1933, Lull repeated these differences and added further
details as follows:

“The inferior border of the rostral is curved downward toward the
tip. The dorsal profile of the nasals and of the crest is almost in line,
the former being concave, as nsnal, as contrasted with the convex pro-
file of obtusus. The orbit is an elongated ellipse, with the axis inclined
at an angle of about 20 degrees from the perpendicular.

The infratemporal fossa [= fenestra] is of medium size, oval, with
the apex pointing downward and forward. The nasal horn core is lack-
ing entirely,, the nasals rounding into the curve of the muzzle without
a break in the even contonr. The nasals terminate in a broad, rounded
rugose area more suggestive of Triceratops obtusus than of any other
form, and, as in the latter, they are twice as broad, at the rear as at the
forward end.

The crest is broad, at least twice that of its length when viewed from
above, and its dorsal profile is nearly straight without undulations,
but with a slight upward turn toward the rear. — — ~ The number of
epoccipitals is 19, 5 on each squamosal and t over the end of either
squamosal-parietal suture, exactly as in Triceratops. The crest is
highly vascular above and below with no limited zone on the inferior
face.” (Lull, 1933, p. 127.)

This was followed by a lengthy review of the crestal “fene-
strations” and a repetition of his conclusion that these are all
pathologic or due to injury, or both, and thus have no taxono-
mic significance. He concluded that Diceratops may be valid
as a subgenus and the species he considered valid — a possible
culmination of the evolutionary trend represented by Trice-
ratops obtusus. Lull did not identify any other specimens,
other than the type skull, that are referrable to T. hatcheri.

It is our opinion that Lull was correct in his interpretation
of most of these apparently anomalous “fenestrations” were
due to injury, disease or preservation. While the anomalous
“fenestrations” in the frill of U.S.N.M 2412 scem to provide
no reliable biologic information, the lateral temporal fene-
strae here definitely do. As noted at several places in this sec-
tion, the shape, size or orientation of the lateral fenestra have
frequently been represented as specific characters. That claim
is refuted by this specimen in which the left and right fene-
strae are not at all like each other in shape or orientation, and
arc only approximately equal in size. So much for these “dia-
gnostic” features.

Concerning the nasal knob or boss that first led to the
suggestion of a distinct genus for this specimen, please see
Part I11.

TRICERATOPS INGENS Lull, 1915.

This “species” of Triceratops was mentioned by Lull
(1915), apparently a working name of Marsh’s, in his review
of Cretaceous mammals and horned dinosaurs from the
Lance formation of Niobrara County. The specimen consists
of largely unprepared cranial and post-cranial material
(Y.P.M. 1828) collected by Hatcher. No description of the
specimen or diagnosis of the species were provided by Lull.
Consequently, the species is not valid under the Rules of In-
ternational Zoological Nomenclature and it is here recorded
as an Nomen nudum. Until the specimen is further pre-
pared, it is not yet even certain that it can be referred to Trice-
ratops.
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TRICERATOPS MAXIMUS Brown, 1933.

This species was established by Brown primarily because of
the unusual size of the remains. The type specimen
(A.M.N.H. 5040) consists of eight separate vertebrae and two
anterior cervical ribs. These were collected from the Hell
Creek formation in Garfield County, Montana. Although
much was made by Brown of the significance of the greatsize
of the individual represented by these remains, Brown'’s re-
port gave only the absolute dimensions of the preserved ele-
ments with no comparative values for those of more normal
sized individuals. Thus, from his paper, one cannot compare
T. maximus with a “standard” size Triceratops species. Nor
are any comparative illustrations or morphological compari-
sons of any significance. Comparison of dimensions of 7. ma-
ximus with those of T. brevicornus indicate this specimen is
approximately 50 % larger than T. brevicornus, which could
be taxonomically significant, but it might also be the result of
age or individual variation. Brown dismisses sex as improba-
ble. Brown gave the following specific characters:

“Axis rib reduced in size. Third cervical rib massive. Centra of free
cervical vertebrae short, vertical and transverse diameters of articular
faces nearly equal, sides deeply constricted, ventral surfaces flat. An-
terior dorsal centra higher than broad.” (Brown, 1933, p. 2.)

Of course these criteria are of no value in establishing a dis-
tinct species of Triceratops, because they apply to known cer-
vical and dorsal vertebrae of other species of Triceratops
which have been established on cranial criteria. Lull (1933) re-
peated Brown’s characters, but observed that this species is
not defineable in terms of cranial criteria used in defining
other species of the genus. Other comments by Lull are:

“A careful comparison of the description and dimensions given by
Brown fails to distinguish the vertebrae from those of Triceratops ‘in-
gens’ (Y.P.M. 1828)in so far as equivalent bones are presentin the two
specimens, except that in certain dimensions cervical IV of maximus
is a trifle larger, and the three equally spaced foramina on the side ol

the centrum are represented by one large one and others less clearly
defined and not so regularly spaced.” (Lull, 1933, p. 130.)

It is not evident why Brown referred this specimen to 7ri-
ceratops since no skull material was recovered. Perhaps it was
because of the stratigraphic occurrence, because vertebrae are
not known for Torosaurus, the only other ceratopsian genus
known from the Lance — Hell Creek section. Brown merely
states:

“More characteristic parts of the skeleton, when discovered, may
show that this species belongs to another genus, but until adequate
material is secured it is referred to Triceratops.” (Brown, 1933, p. 1.)

As things now stand, this specimen is not assignable to any
genus and 7. maximus must be considered a Nomen du-
bium.

TRICERATOPS EURYCEPHALUS Schlaikjer, 1935.

This species, based on a nearly complete skull and jaws and
some skeletal fragments (M.C.Z. 1102), was collected from
the Torrington member of the Lance formation of Goshen
County, Wyoming, (NE Vs Sec. 4, T.22N., R. 61W.). The
skull displayed distinctive features that convinced Schlaikjer
it represented a new species. Schlaikjer listed those specific
characters as follows:

“1. Crest greatly expanded in proportion to the length of the skull.
2. Facial region abbreviated and broadly triangular in outline when
seen from above. 3. Orbir elevated so that almost two-thirds of its area
is above the posterior of the nasal. 4. Anteroinferior corner of the
squamosal extended forward, giving a straight anterior border to the
squamosal. 5. Dentary short and proportionately deep with high co-
ronoid which distally is little antero-posteriorly expanded. 6. Brow
horns proportionately very long and relatively slender. 7. Nasal horn
greatly diminished. 8. Olfactory nerves separate and diverge laterally
immediately in front of the cerebellum.” (Schlaikjer, 1935, p. 55.)

This was followed by a detailed description of the skull and
a lengthy discussion of the phylogenetic relationships and
cranial morphologic patterns within the genus Triceratops.
His conclusion was that:

TABLE 3: CEPHALIC INDICES OF SOME OF THE SPECIES
OF TRICERATOPS (FROM SCHILAIK]JER, 1935).

Skull Skull
Species Age Length Width Index
T. eurycephalus immature 138.6 129.7 93.5+
T. calicornis not fully adult 210.0 155.2 73.9+
T. elatus immature 193.4 ? ?
T. hatcheri old 185.4 132.8 71.6+
T. brevicornus old 165.2 112.0 67.8+
T. serratus immature 171.0 115.0 67.2+
T. prorsus aged 152.3 94.4 61.9+
T. flabellatus very young 187.9 86.4 45.9+
T. horridus fully grown ? ? 2
T. obtusus old ? P ?

Schlaikjer’s table showing eurycephalic (70.1 —94+), mesaticephalic (65.1—70) and stenoce-
phalic (40—65) cephalic indices of some of the species of Triceratops. Measurements are in cm.
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“Triceratops enrycephaluss a very advanced species and it presents
a culmination of the main evolutionary trends in Triceratops develop-
ment during Lance times. Its phylogenetic position is somewhat in-
termediate between 7. hatcheri and T. calicornis though it is nearer to
the former. It aids greatly in determining the phylogeny of all the 77:-
ceratops species.” (Schlaikjer, 1935, p. 65.)

Schlaikjer was impressed with the unusual width of the
crest compared with the length of the skull, and indeed it is
distinctive in this specimen. This is the primary reason for a
new species and the specific name was well chosen. Compa-
ring crest width/skull length ratio of T. exrycephalus with the
same ratios in specimens (not designated) of six other species
of Triceratops, Schlaikjer demonstrated that M.C.Z. 1102 has
a proportionately wider crest than any other species measu-
red. We are not sure what significance this has, but his results
are repeated here. (Table 3)

It is unfortunate that Schlaikjer did not identify the speci-
mens used in this analysis, or clearly define the dimensional
vectors (ie, is the skull length the maximum distance between
the rostral tip and the posterior edge of the frill, oris it the ho-
rizontal length?). Nevertheless, Schlaikjer provided a new
cranial parameter of more than ordinary interest. He arbitra-
rily subdivided the range of cephalic indices found in Tricera-
tops (see Table 3) into three categories — eurycephalic or
“wide-headed” forms (T. eurycephalus, T. calicornis and
T. hatcheri), mesaticephalic or “mid-width-headed” kinds
(T. brevicornus and T. serratus) and stenocephalic or “nar-
row-headed” varieties (T. prorsus and T. flabellatns). Notice
in Table 3 that both young and old individuals are repres-
ented in each category.

As mentioned earlier, we do not understand the biologic
(or taxonomic) meaning of this phenomenon even though
Schlaikjer observed that it is an ontogenetic expansion of crest
width (enlargement of the parietals and squamosals) irregard-
less of antorbital and/or postorbital skull growth. He demon-
strated this by comparing an immature Protoceratops speci-
men (A.M.N.H. 6408) with an adult specimen (A.M.N.H.
6414) where the crest width was 260 mm greater in the adult
compared to a greater skull length of just 209 mm. According
to that, we should expect the youngest specimens to be steno-
cephalic (notice 7. flabellatus in Table 3) and the oldest to be
eurycephalic. Of the eurycephalic specimens in Schlaikjer’s
table only one of the threc has been judged to have been an old
individual, and the “aged” specimen of 7. prorsus shows a ste-
nocephalic condition!

TRICERATOPS ALBERTENSIS Sternberg, 1949.

As of this writing, this is the last named species of Tricera-
tops. It was proposed by C.M. Sternberg for a fragmentary
specimen collected from the Upper member of the Edmonton
formation at a site not far from Drumbheller, Alberta (NW 1/4
sec. 2, Township 34 N. Range 22 W, 4th Meridian). The spe-
cimen (G.S.C. 8862) consists of an incomplete left half of a
large skull, now in the Canadian Geological Survey collec-
tions in Ottawa, Ontario. The skull lacks the beak and nasal
horn core, the parietals, quadrate and entire right side. Conse-
quently, the estimated skull length of at least 8 feet cannot be
verified. The total preserved length is 1.93 m.
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Sternberg (1949) listed the specific characters as follows:

“Large form; facial region high, long, massive; antorbital fossa
large; orbit large, higher than long, top well above nasals and frontals:
brow horncore large, mostly behind orbit, flattened externally, tape-
ring, and standing erect or slightly backward; jugal long and heavy
with epijugal; squamosal long, thick with epoccipitals and vascular
markings on both sides; crest large, gently rounded, and not strongly
upturned behind; vertebrae and ribs massive.”

Sternberg continued with:

“The specimen differs from all other species of Triceratops, but ap-
pears to most nearly resemble the skull of 7. horridus. The anterior
edge of the nasal, as preserved, is 80 mm thick. It is slightly upturned
and suggests that it was thickened for a nasal horncore, which was, no
doubt, formed by an upgrowth of the nasal bone. The nasals and
frontals are broad and the top of the head is gently rounded. The face,
or that part between the orbit and the narial excavations, is longer than
in T. horridus. — — — An outstanding feature of our new species is the
exceptionally large preorbital fossa [= lachrymal foramen?], which is
larger than in any other known ceratopsian. It is subcircular in outline
and is sitnated far forward. The bones of the skull are so thoroughly
ossified that it is not possible to state what bones bound the fossa.
— — — The orbit extends well above the top of the nasal bones. It is
oval inoutline, with the base of the oval at the anteroinferior angle and
the long axis inclined more than 15 degrees from the perpendicular.

The brow horncore is very broad-based and the fore and aft diame-
ter is considerably greater than the transverse diameter. It stands well
behind the orbit and is directed posterior’ * to the perpendicular. As
the skull was preserved on its side, the angle of the horn could not be
dueto distortion. As in other species of the genus, the horncore is hol-
low in its lower half and the walls are relatively thin. — — — It is uni-
formly tapered and the top, as preserved, is 720 mm above the level of
the orbit. Vascular markings are well shown, but not particularly
deep. — — —

The jugal is large and the long descending imb slopes slightly back-
ward. — — — There is no sharp ridge on the external face of the jugal,
which is gently rounded toward the distal end. A well-pronounced,
blunt epijugal is thoroughly fused to the inferoexternal edge. The qua-
dratojugal and quadrate are not preserved and the lateral temporal
tossa is not enclosed. — — — The jugal notch is moderately deep but
broad. — — -

The squamosal is long and of moderate breadth. It is rounded late-
rally and posteriorly it gradually flattens out, suggesting that the crest
was not upturned posteriorly. Bothupper and lower surfaces are mar-
kt'd Wlth VESCUIJT grOOVCS [h()ugh [ht'V are not t'xn't'mt'ly df(‘P except
on the external face of the anteroinferior part. There are seven low,
epoccipitals thoronghly fused to the edge of the squamosal. In general
shape and proportions, the squamosal is intermediate between that of
T. eurycephalus (12, PL4) and T. flabellatus (7, P1.44) though the jugal
notch is more like that of the latter. The angle of the internal edge of
the squamosal suggests that the parietals were not particularly broad
behind but rather that the crest was long but of moderate breadth.”
(Sternberg, 1949, pp. 38—40.)

Several points here (marked by , , ) are worth some
comment. First of all, it appears to us that this specimen has
not been correctly oriented and as a consequence, several fea-
tures present peculiar orientations. For example, Sternberg
describes the crest as “not strongly upturned behind” and il-
lustrates it as a curved but nearly horizontal frill. Also, he no-
tes that brow horns are erect or project slightly backward. If
correct, that would be the only occurrence among all ceratop-
sians. As recorded, the ventral margin of the left, and only
preserved, maxilla is not preserved, so there is no datum or
“horizontal” reference plane. The absence of the snout does
not help matters. If this skull were tilted 15 or 20 degrees
downward at the front, the crest would have a more typical
ascending profile and the brow horns, while still erect, would
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project forward rather than backward. Such tilting would
reorient the orbit from a forward inclination of more than “15
degrees from the perpendicular” to a nearly vertical position
asin 7. provsus and T. calicornis, and more like the less-than-
15-degree angulation of the orbit in T. brevicornus and T ela-
tus. Such manipulation of the skull is essential because we are
dealing with orientations of “diagnostic” features with refe-
rence to absolute data — horizontal and vertical. The result of
our manipulation is a skull profile that is more like those of
other Triceratops specimens. It satisfies the curious condition
of backwardly directed brow horns, a condition not known in
any other ceratopsian to our knowledge.

On another point, in the absence of a complete snout and
nasal horn, the upturned and “thickened” anterior end of the
nasals may suggest the original presence of a nasal horn, but
that condition is not known — and considering the state of 7.
obtusus and T. hatcheri, we must be very cautious. We do not
know whether a nasal horn ever existed in this specimen, so

we cannot make “suggestions” that might be interpreted as
supportive evidence for a particular taxonomic assignment.

With these several points in mind, together with the very
incomplete condition of the type skull, our conclusion is that
this specimen cannot be assigned with confidence to any spe-
cies of Triceratops. (In fact, one could argue that it cannot
even be assigned with certainty to this genus.) We believe this
species to be inadequately founded, but consider it to be a
probable synonym of 7. horridus.

For the sake of completeness, it must be recorded here that
Kuhn, in Fossilium Catalogus (1936) listed as questionable
species of Triceratops, T. sylvestris [type species of Agathau-
mus by Cope,1872] and T. mortuarius [type species of Polyo-
nax by Cope, 1874]. These referrals were repeated by Kuhn in
the 1964 Supplement I of Fossilium Catalogus. Since the type
specimens of these two species include no diagnostic cranial
material, they are not referrable to the genus Triceratops.

TRICERATOPS SPECIES SUMMATION:
ORIGINAL DISTINGUISHING FEATURES

Triceratops alticornus: A pair of long and elevated frontal
horn cores with slender pointed ends and basal cavities.
Triceratops horridus: Skull bearing much larger frontal horns

than in any other known animal, living or extinct.

Triceratops flabellatus: Larger skull with a long occipital erest
extending up and backward, like a fan, with its posterior
margin armed with a row of horny spikes on separate ossi-
fications.

Triceratops galexs: A much smaller species with a nasal horn
compressed longitudinally, apex is pointed and directed
well forward and the horn is coossified with the extremity
of the nasals.

Triceratops serratus: The occipital crest features a series of
bony projections along the crest mid-line.

Triceratops prorsus: The nasal horn core s very large and is di-
rected straight forward.

Triceratops sulcatus: Large and elongate frontal horn cores
which feature deep grooves on the posterior surface of the
upper half of the horns.

Triceratops elatus: Skull with an elongate and much elevated
parietal crest.

Triceratops calicornis: The nasal horn core is directed well for-
ward, and unlike any other known, is concave above, with
the upper or posterior surface resembling the underside of
“ahorses hoof”.

Triceratops obtusus: The nasal horn core is very short, only
about one inch long, obtuse and rounded.

Triceratops brevicornus: Both the frontal and nasal horn cores
are short and stout,

Triceratops hatcheri: Frontal or supraorbital horn cores short
and robust, nasal horn core absent.

Triceratops ingens: (No description ever given.)

Triceratops maximus: Distinguished on the basis of the large
size of the vertebrae — 30 to0 50 % larger than other descri-
bed species. (Generic assignment in doubt.)

Triceratops enrycephalus: Occipital crest proportionately wi-
der relative to skull length than in any other species of T7i-
ceratops.

Triceratops albertensis: Antorbital fossa very large and brow
or frontal horns directed vertically or backward.

Summary of the kinds of anatomical features and conditions present or absent in numerous skulls of Trce-
ratops that were seen as important taxonomic characters by previous workers. The number of specimens in-
volved ranges from one (in 7. albertensis, T. galeus, T. alticornus and others, to as many as six or more in
T. elatus). Readers are invited to draw their own conclusions. A number by a marked character designates
the author(s) of this supposed diagnostic character. 1 = Marsh, 2 = Hatcher, 3 = Lull, 4 = Brown, 5 =

Schlaikjer, 6 = Sternberg, 7 = Gilmore.
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TABLE 4: TANONOMIC DISTRIBUTION OF TRICERATOPS CHARACTERS
REPORTED BY PREVIOUS WORKERS

TRICERATOPS

CHARACTERS “SPECIES"

alticornus
T. horridus
T. flabellatus
T. galeus
serratus
T. prorsus
. sulcatus
T. elatus
calicornis
obtusus
T. brevicornus
. hatcheri
. ingens

7.
T
T
T.
T.
z
2

T. maximt

T. eurycephalus

145

]

albertensis

T

Brow horns grooved el

Brow horns short . o2 2
Brow horns long ol el,3 @ ol el,3 @3

Brow horns curve up then forward 3 e ° ®23 . ° °
Brow horns curve sharply forward ®,3 ®

Brow horns vertical or backward

Brow horns massive, robust 1,3 (] . 3 o . o2 o2
Brow horns slender ol 23 €23

Brow horn basal section oval . o3 el,3

Brow horn basal section circular . L] . o2

o5

Nasal horn absent "e"1 .? L 73
Nasal horn concave above ol 12

Nasal horn short e o . . %3 03’7 o2
Nasal horn long 23 °

Nasal horn directed upward ol 12 ®l,2 .
Nasal horn directed forward ol o) .

Rostral small . . .2
Rostral large, heavy LE) 3 @3 o3
Rostral lower margin straight

Rostral lower margin sharp el
Rostral lower margin dull ° 3
Rostral tip strongly downturned L] .

Rostral deeply excavated beneath ° o3

L)
.
™
w
.
°

Muzzle short . 3 .
Muzzle long ° . o3 .

External nares very large - o3
Face long

Orbit round
Orbit oval, inclined 15 degrees e 3 o3 ° .
Orbit oval, inclined 30 degrees ol
Orbit oval, inclined 45 degrees . 3 o3
Orbit large o2

Interorbital area concave .2
Interorbital area convex ol

Lachrymal foramen in maxilla
Lach. for. at max.- nasal suture o2 23 o2 . 23
Lachrymal foramen very large

6

o6

o6

Infratemp. fenest. large, quadr. °

Infratemp. fen. triang. rear apex ° .
Infratemp. fen. triang. apex down ]

Infratemp. fen. triang. apex forw. °

Infratemp. fen. oval, inclined ° o3
Infratemp. fen. oval, not inclined

Jugal process stout . ° .

Jugal process narrow ® o3 3

Jugal process tapered . ° °
Jugal process inclined backward o3 2 .
Jugal process inclined forward [
Jugal process vertical
Jugal process with median ridge L] ° . °
Jugal notch deep ° [ o2 o3 e °
Jugal notch shallow

Jugal notch wide ° . °
Jugal 7-shaped .2

o6

Epijugals present ° ° »o?

o6

Parietal crest long ol
Parietal crest wide . . 3

o5

Crest directed mostly backward ol

Crest directed strongly upward ol °3
Crest with dorsal vascular marks ° . .
Crest with ventral vascular marks o2 ° .
Crest with mid-line prominences el

Squamosal prominences at horn base ol

Epoccipitals present 3 3 .
Epoccipitals - 19 °

Epoccipitals - 17 °
Epoccipitals - 15 o2
Epoccipitals - 14 o? °
Postfrontal fontanelle present ° 2 e
Postfrontal fontanelle closed o2

Mandible slender ° o3
Mandible deep, robust . . . e23 e

Corcnoid process expanded distally ° ° o3 3
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SUMMARY OF NAMED SPECIES

From the preceeding review of the taxonomic history of the
species of Triceratops, too many species have been established
on inadequate material or doubtful criteria, as several pre-
vious authors have observed. At least five or these taxa must
be abandoned on technical grounds:

1. T.alticornus — Nomen dubium. Based on completely
inadequate material, that cannot be assigned to any genus.
Ceratopsian remains of indeterminate affinity.

2. T. galeus — Nomen dubium. Based on totally inade-
quate remains of indeterminate ceratopsian identity.

3. T. sulcatus — Nomen dubium. Distinctive “unique”
feature is highly variable and no other feature distinguishes
this taxon from other species of Triceratops.

4. T.ingens — Nomen nudum. The name was published
without either diagnosis or description.

5. T. maximus — Nomen dubium. Based on inadequate
material. The taxon is ceratopsian, may be unique, but is not
presently assignable to any genus.

In addition, two more species of Triceratops must be consi-
dered doubtful.

6. T. obtusus — Originally based on insufficient cranial
material, subsequent study of the nearly complete skull by
Gilmore (1919)failed to detect any characters that distinguish
this taxon from previously named species. We concur. The
short nasal horn core probably reflects a highly variable fea-
ture. The type specimen appears most similar to 7. horridus.

7. T. albertensis — With the exception of the large antorbi-
tal fenestra, the most distinctive features (vertical or back-
wardly projecting brow horns and the low, non-upturned
crest) appear to be mis-interpretations resulting from mis-
orientation of the skull due to the absence of any preserved re-
ference datum to the horizontal or vertical. Most probably a
synonym of T. horrids.

?8. While the species may be valid, we must point out that,
as preserved, the type specimen of hatcheri lacks a definitive
character of the genus Triceratops — the nasal horn core.

This reduces the roster of Triceratops species to the follow-
ing:

T. horridus

T. flabellatus

T. serratus

T. prorsus

T. elatus

T. calicornis

T. brevicornus
¢ T. hatcheri

T. eurycephalus

These “surviving” taxa appear to have been founded on
adequate material, and presented with sufficient description
and documentation, and therefore are retained on technical
grounds. Whether in fact, each represents a true species can-
not be tested on the anatomical evidence available. What is
unacceptable as a valid species character to one taxonomist
may be entirely acceptable to another. Certainly the for-
wardly directed nasal horn of T. prorsus is distinctive, butis it
a specific difference? The wider frill relative to skull length of
T. eurycephalus is unique among these taxa, but why is thata
taxonomic difference rather than an individual variable or a
sex difference? (See also Dodson, 1976.)

We have no intention of evaluating the taxonomic worth of
the various features that have been cited in these specimens.
Any judgement by us as to the meaning of horn length or cur-
vature, or frill length or width etc. would be arbitrary — and
all contrary judgements would have equal merit. Having
presented the historical record and summarized the surviving
assemblage of Triceratops species, we now turn to another ap-
proach.

Fig. 9:  Triceratops type skulls originally assigned to different species, but according to the systematic re-
vision presented in this paper (see p. 156) taken to be synonyms of the valid species T. borridus Marsh,
1889. The line drawings are reduced to the same scale and based on the illustrations published:

T. prorsus, Y.P.M. 1822 (Hatcher et al. 1907, p. 34), Niobrara County, site 3 on map, figure 15.

T. horridus, Y.P M. 1820 (Hatcher et al. 1907, pl. 26), Niobrara County, site 1 on map, figure 15.

T. serratus, Y.P.M. 1823 (Hatcher et al. 1907, pl. 27), Niobrara County, site 4 on map, figure 15.

T. elatus, U.S.N.M. 1201 (Hatcher et al. 1907, pl. 43), Niobrara County, site 16 on map, figure 15.

T. brevicornus, Y.P.M. 1834 — now B.S.P. 1964 I 458, Niobrara County, site 22 on map, figure 15.

T. hatcheri, U.S.N.M. 2412 (Hatcher 1905, pl. 13, fig. 1), Niobrara County, site 25 on map, figure 15.

T. flabellatus, Y.P.M. 1821 (Hatcher et al. 1907, pl. 44), Niobrara County, site 2 on map, figure 15.

T calicormis, U.S.N.M., 4928 (Hatcher et al. 1907, pl. 38), Niobrara County, site 29 on map, figure 15.

T. eurycephalus, M.C.Z. 1102 (Schlaikjer 1935, fig. 3), Goshen County, Wyoming.

The differences in the robustness of the horn cores could be an indication of sexual dimorphism.
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PART III: SYSTEMATIC PROBLEMS
AND A REVISION OF THE GENUS

INTRODUCTION

Species are, and always have been defined or diagnosed on
the bases of several kinds of criteria. Unique anatomical featu-
res and morphologic differences are foremost among these.
But physiologic, biochemical, even geographic and behavio-
ral observations (and others) of living organisms provide
other (sometimes non-diagnostic) characteristics by which
we recognize or describe different kinds. Because we are not

able to apply to fossil material most of these other measures or
tests that are available to neo-taxonomists and zoologists, it is
important, indeed essential, that we premise all paleo-taxo-
nomy on well-established neo-zoologic foundations and
thinking — zoogeography, faunal composition, population
structure, ecology and animal behavior, as well as anatomical
variation and the sources of such variation.

TAXONOMIC CRITERIA AND THE SOURCES OF
ANATOMICAL VARIATION

The single greatest source of frustration in taxonomic stu-
dies of fossil organisms is morphologic variation and its cau-
ses. Yet, in the absence of any other taxonomic criteria, we are
dependent on morphologic differences in distinguishing bet-
ween different taxa. Our assumption is that such anatomical
differences reflect genetic distinction. Unhappily, that as-
sumption cannot be tested. And even though everyone knows
that there will be anatomical differences between any two in-
dividuals, a long-standing paleontological tradition emphasi-
zes these differences in establishing new taxa while under-ra-
ting morphologic similarities.

Although known to every reader, it is necessary here that
we be reminded of the kinds or sources of anatomical varia-
tion. That is not because we can distinguish them in afossil as-
semblage with any degree of confidence — but so we are cog-
nizant of the difficult, if not insoluable problem involved.
Briefly, anatomic diversity is the result of taxonomic diffe-

rence, ontogenetic age, sexual difference or simply individual

variation. Without a large sample, one can never be confident
which of these sources is responsible for the variation obser-
ved. Obviously, at least three of these may be represented in
any population sample and all four could be involved in any
fossil assemblage. Selecting the “correct™ anatomical charac-
ter(s) that represent specific or generic distinction of fossil
material has always been pretty much a matter of wste. It
hardly could be otherwise, when we have no true measure of
the variability within the original population, our sample si-
zes are usually insufficient to distinguish berween sexes, and
rarcly is an unmistakeable growth series at hand.

To illustrate our point, the “sample” we concerned oursel-
ves with consists of the type specimens of Triceratops collec-
ted from a local geographic region. We have assumed that this
“sample” includes both sexes (see next section, p. 153). Figure
9 illustrates in profile most of those type skulls. We suspect
that the apparent robust vs. slender form ol the brow horn-
cores reflects sex differences, but it could just as well be indi-
vidual variation. Taxonomic difference seems unlikely.

In the present case, sixteen species have been named and
placed in the genus Triceratops. Five of these have subse-
quently been considered inadequately or improperly founded
by either Hatcher or Lull. Gilmore (1919) expressed his views
on the situation as follows:

“tn the present accepted classification of the Ceratopsia, and espe-
cially of the genus Triceratops, great importance is attached to the de-
velopment of the nasal and supraorbital horn cores, and the peripheral
outgrowths of the frill. It is not yet clear how much dependence can
be placed on the differences found in these horns, or their almost com-
plete absence as in 7. obtusus. There is great variation, as might well
be expected in such highly specialized outgrowth, and the differences
in sex, and stage of growth present other features that have also to be
considered before a satisfactory conclusion can be reached as to what
characters constitute valid specific differences. — — — At the present
time it appears quite certain that the number of described species is
too great by a considerable number.” (Gilmore, 1919, pp. 100—101.)

Reflecting on Gilmore’s assessment, and after considera-
tion of the indeterminate sources of anatomical variation that
are responsible for the diversity represented in the type speci-
mens of the many Triceratops “species”, it is appropriate to
refer back to the Table of anatomical conditions (Table 4) and
the summary (pp.144—145) of the original distinguishing
characters that persuaded the six authors to propose the six-
teen named species of Triceratops. There is no method or
logic by which we can confirm or refute the taxonomic vali-
dity of any of those anatomical differences, prominent or
subtle as they may be.

That being the case, we have only one direction to turn —
1o living examples as possible approximare analogues. Consi-
der the life size of the adult Triceratops — up to six metric
tons, and possibly as much as eight tons, and nearly 10 meters
in length. Today, of course, there are only two terrestrial spe-
cies that come close to that size — Loxodonta africana (ca. 7
to 8 metric tons) and Elephas maxinus (ca. 5 tons). Morpho-
logically distinct, yet there are no anatomical variation studies
for either. The two species are not sympatric.

Next smallest of living terrestrial animals are the Rhinoce-
rotidae, ol which there are five species assigned to four ge-
nera. Again, the anatomical differences are notable, but no va-
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Fig. 10: Examples of horn variation in Alcelaphus buselaphus (Hartebeest) of central Africa. The series
was selected from different locales within the normal range of the species by Ruxton and Schwarz to de-
monstrate hybridization between two subspecies of A. buselaphus — A. b. jacksoni and A. b. cokii. Scale

equals 40 cm.

~TmOPPOO® >

= Alcelaphus buselaphus jacksoni, Lake Nakuro, Kenya.
= A. b. jacksoni, Lake Naivasha, Kenya.
= A. b. cokii, Mlali Plain, Tanganyika.
= A. b. jacksoni, Lake Nakuro, Kenya.
= A. b. jacksoni, Guas Ngishu Plateau, Kenya.
= A. b. jacksom, Lake Nakuro, Kenya.
A. b. lelwel, Bahr et Ghazal, Kenya.
. = A. b. jacksoni, Ongotto Nairowa, Kenya.
= A. b. jacksoni, Njoro, Kenya.

Redrawn from Ruxton and Schwarz, 1929.

riation studies are available. No two species are now sympa-
tric, although the African species Diceros bicornus (ca. 1ta 1.8
metric tons) and Ceratotherium simum (ca. 2.3 to 3.6 tons)
probably were. Rhinoceros sondaicus (ca. 3 metric tons) and
Didermocerus sumatrensis (ca. 1 ton), the Asian and Sumatran
rhinos, may also have had overlapping ranges in the past.

Further down the animal-size scale is the giraffe family —
Giraffa camelopardalis (1800 kg.) of southern Africa and
Okapi johnstoni (250 to 300 kg.) of the Congo region. No

studies on variability of either species is known to us. They
are not sympatric.

The family Bovidae is in some respects perhaps the best li-
ving ceratops analogue, although ceratopsians are most fre-
quently compared with rhinos. The water buffalo Bubalus
bubalus (800+ kg.), the American buffalo Bison bison
(1300 kg.), the African buffalo Syncerus caffer (900 kg.) and
common cattle and variants Bos tarnrus (900+ kg.) are all con-
siderably smaller than any known adult specimen of Tricera-
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tops, but should be included here. Variation studies are not
available for most, but the variability of Bos is common
knowledge. Some zoologists recognize fewer or more distinct
species of some of these genera (i.e. Bos taurus, B. indicus, B.
gaurus, B. frontalis, B. bantung, etc. and Syncerus caffer or S.
nanus), but no hybridization data are available for most (but
see Grubb, 1972). Intra-specific variation data likewise are
scant. With the exception of Bos taurus (the geographic distri-
bution of which is virtually cosmopolitan), there are no varia-
tion statistics known to us on the other above mentioned bo-
vines. Bubalus, Bison and Syncerus are morphologically and
geographically distinct. The various "species® of Bos (toge-

ther with the several domesticated varieties) provide some in-
sight about the degree of variability within a large terrestrial
herbivore "species complex®. In this case, horn variability is
well known, even if not statistically documented. Figures [0
and 11 illustrate some examples of these.

[t is not our intention to include a detailed study of compa-
rative variation among bovine species, only to draw the rea-
ders’ attention to the fact that considerable variation does oc-
cur, particularly in horn size and shape. Also, we note the al-
lopatric distribution of certain closely related large mamma-
lian herbivores today. The analogy cannot be overlooked.

Fig. 11: Intra-specific variation in the skulls and horns of Syncerus caffer caffer, the African forest and
savanna buffalo, to show hybridization and “incipient” speciation. Scale equals 50 ¢m.

A. = Syncerus caffer caffer, Mt. Elgon, Uganda.

B.

= §. ¢. caffer, Amala River, Kenya.
C. = S. ¢ cottoni, Kasindi, Lake Edward, Congo Kinshasa.

D. =S. ¢. mathews:, Mfumbiro, Ruanda.
E. = S. ¢ nanus, lri Forest, Congo Kinshasa.

From Grubb, 1972,

VARIABILITY IN SOME MODERN SPECIES:
HORNS — ARTIODACTYL VS. CERATOPSIAN

There is no need (or space) here to cite the numerous stu-
dies of variation in different living species. We include only
two figures to reinforce what all readers know. For obvious
reasons we chose horned “analogues”. No statistical data are
necessary — the visual evidence is sufficient. Our "sample®
here was selected randomly — perhaps even as randomly as
the Triceratops sample recovered by Hatcher from his Wyo-
ming excavations.

Horns are the most distinctive ceratopsian feature. Horns
have been the dominant character in all taxonomic statements
since Marsh’s original mis-conceived Bison alticornus (1887)
paper. A comparison with the horns of artiodactyls in gene-

ral, and bovids in particular, is to be expected. The remarks
that follow are therefore quite appropriate, even if not defin-
itive.

Geist (1966) summarized horn evolution and function (in
mammals) in an excellent paper, suggesting that horn-like fea-
tures evolved independently several times, probably when
creatures "discovered® that a head blow was an effective
mode of fighting (defensive or otherwise). Increased mass and
inertia of the head (certainly true of all ceratopsians) possibly
led to development of cranial protuberances, which became
enlarged and more complex as defensive adaptations (thick
skin, bony armor, head shields or avoidance behavior) evol-
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ved concurrently. The probable adaptive function of horns in
ceratopsians has been explored by several authors, most re-
cently by Farlow and Dodson (1975) and Farlow (1976).

We find the horn “classification” by Bruhin (1953) to be
most useful in considering ceratopsian horns. The usual dis-
tinction between horns (permanent cranial out-growths) and
antlers (cranial out-growths that are shed and regrown annu-
ally) is obvious. Since ceratopsian “horns* appear to have
been permanent and bi-sexual features, the classification of
Bruhin has particular significance. Accordingly, horn-like
structures can be categorized as follows:

1) Horns that are similar in shape and size in both sexes.
These function mainly as weapons against enemies, espe-
cially against predators. Examples: Oryx, Hippotragus, Bi-
sor.

2) Horns that appear to be useless against predators and

function only in intra-specific combat. Examples: Aepyce-

ros, Cobus and Redunca. In this category, horns are sexu-
ally dimorphic or present only in the males.

3) Horns that are never used as weapons, but scem to have

asignal or ceremonial function. Example: Giraffa.

In this classification, it is obvious that Triceratops (and ce-
ratopsians in general) belong to the first category since no
Late Cretaceous hornless ceratopsians have yet been disco-
vered. Of course it is quite possible that the horns of Tricera-
tops also functioned as display structures (sexual as well as de-
fensive), but we have no way to test this.

The origin and growth of ceratopsian horns are also bey-
ond test, yet there are a few clues. Brown and Schlaikjer
(1940a) considered the matter, but seem to have generated no
clear acceptance or rejection. They concluded that the brow-
horn cores were formed by outgrowths of the postfrontal bo-
nes, citing (among others) an immature specimen of "7ricera-
tops“ (A.M.N.H. 5006). We find no evidence to challenge
their conclusion and the lack of any evidence of sutures at
horn bases supports their interpretation. Triceratops brow
horns appear to have been comparable to bovid "brow horns*
at least in their development and function.

The nasal horn of Triceratops appears to be another matter,
though. Brown and Schlaikjer (19402) argued that the distinct
nasal horn was suturally united with the underlying nasal bo-
nes, (and thus an ontogenetically separate ossification).
Again, we agree with their conclusion, and we cite the follo-
wing:

1) The various isolated "nasal-horn cores*, some of which
preserve unquestionable basal suture surfaces (A.M.N.H
5883, U.S.N.M. 4286 and the holotype specimen of Tricera-
tops galens, U.S.N.M. 2410).

2) The existence of several “Triceratops” specimens that
feature nasal “bumps”, rather than horns, such as U.S.N.M.
4720 (which has been referred to T. obtusus), U.S.N.M.2100
(Hatcher’s skull nr. 26 assigned to 7. elats) and the holotype
of T. hatcheri (U.S.N.M. 2412) originally designated Dicera-
tops because there is no nasal horn. Instead there s a long and
rather broad nasal boss or convexity. Might not this nasal
bone boss have provided a solid foundation for a true horn (as
in the modern rhinoceros)? (See Lull, 1905.)

3) The most conclusive evidence, in our opinion, is preser-
ved in the holotype of Triceratops calicornis (U.S.N.M. 4928).

151

Here, it is evident that there is an elongated dorsal “bump” on
the nasal bones. Perched on top of the front part of this
“bump” is the “nasal horn”, but it has a peculiar shape. It is
apparently separated from the nasals beneath by whatappears
to be a suture zone. The “horn” is symmetrical and unpaired,
appears to “clasp” the underlying nasal boss from the front,
and displays a unique concave posterior surface. This latter is
what led Marsh (1898) to separate this specimen from his ear-
lier species. He created a new species 7. calicornis in reference
to this peculiar shape of the nasal horn.

We interpret this last specimen (U.S.N.M. 4928) as the best
evidence available that the nasal horn of Triceratops, unlike
the brow horns, developed as a separate epidermal ossifica-
tion supported by a prominent expansion of the nasal bones
beneath. Figure 12 portrays this evidence. That mode of horn
development is reminiscent of the development of horns in li-
ving bovids where the horns begin as dermal ossicones sepa-
rate from the skull bones. The ossicones grow into the horn
cores which very early in life fuse to the frontals (Bruhin,
1953; Gijzen, 1959). The horn core is covered by a mass of
horn or cornified tissue. Relatively little is known about the
development or growth-regulating mechanism of bovid
horns, but it appears that the overlying cornified tissue is lar-
gely responsible for the great variety of horn types (Bruhin,
1953). In some bovids, horns reach their definitive size and
shape early in life, after which there is little further growth
(Gorgon, Ovibos). In other species, there is periodic or annual
growth throughout life (Ovis, Rupicapra), probably related
to cycles of sex hormone production.

Whether the bovid model is applicable to the ceratopsian
horn development question is beyond demonstration. Cer-
tainly, the rugose and vascular-channeled surfaces of both
brow and nasal horns indicate some kind of surficial covering,
probably a horn or keratinized sheath like that of living bo-
vids. The ceratopsian horns were permanent and borne by
both sexes and probably were primarily defensive structures.

Fig. 12: The nasal horn core (n) of the type specimen of Triceratops
“calicornis” (U.S.N.M. 4928) separated from the nasals beneath by a
surure zone (s). Please notice the elongated dorsal “bump” (b) behind
the horn core. Photograph courtesy of K. Carpenter, Univ. Colo-
rado.
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GEOGRAPHIC AND STRATIGRAPHIC DISTRIBUTION
OF TRICERATOPS SPECIES
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Fig. 13:  Nearly all of the holotype specimens and most of the other early classic specimens of Triceratops
were discovered in eastern Wyoming, in Niobrara County. Niobrara County is marked here by the black
rectangle to show its size relative to North America. The open triangles indicate the approximate locations
of the sites of the type specimens of the few other “species” of Triceratops that occur outside of Niobrara
County. From south to north, these are the sites of: 7. alticornis (U.SN.M. 1871 e); T. galeus (U.S.N.M.
2410); T. “eurycephalus™ (M.C.Z. 1102); T. maxumus (A.M.N.H. 5040) and T albertensis (G.S.C. 8862).
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Since it does not appear possible to judge the validity of the
several species of Triceratops on the merits of individual cra-
nial “distinctions”, we have chosen to look at some of the
other evidence available and relevant, and to consider that evi-
dence in the light of knowledge of modern biology.

Geographic Occurrence

It has not been possible for us to determine the exact site
and stratigraphic occurrence of all specimens that have been
attributed to Triceratops, but we have made a serious effort.
That information is summarized in Table 1. All readers must
understand that we have not validated the assignment to Tri-
ceratops in all instances, but we have excluded some speci-
mens which we considered doubtful or indeterminate. The
distribution of those specimens is interesting.

Now, if one compares this with the geographic distribution
of the ty pe specimens of Triceratops (Figs. 13—15) the pic-
ture becomes even more interesting. Only those of 7. alber-
tensis (a doubtful taxon) and 7. exurycephalus stand out as lo-
nesome occurrences removed from all the others. The close
proximity of all these specimens within such a restricted ge-
ographic area can be explained very easily if we assume they
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all belonged to the same species. But we have been told that
they represent different species! That is not consistent with

It is our view that all those type specimens from the Niobrara
County sites that are clearly referrable to Triceratops, belon-
ged to a single species.

Stratigraphic Occurrence

Critics will immediately take exception to our conclusion,
most probably on the grounds that these type specimens were
not all recovered from the same stratigraphic level within the
Lance formation. Our response to that is that available re-
cords clearly show that all but two of these type specimens
were recovered from a restricted stratigraphic range. Accor-
ding to the stratigraphic occurrence of the Niobrara County
Triceratops skulls published by Lull (1915, p. 343.), the type
(Munich) specimen of Triceratops brevicornus was recovered
from the highest stratigraphic level of all of the Triceratops
type specimens obtained. It is noted there that Stanton (1909)
observed that the skull (field number 22) of T. brevicornus
was recovered from a level “not much higher” than skulls 3
(T. prorsus, Y.P.M. 1822), 4 (= T. serratus, Y.P.M. 1823) and

o
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Fig. 14: Location of Niobrara County (previously part of Converse County) and the historic Triceratops
region in relation to other landmarks within the State of Wyoming. The designated area within Niobrara
County includes six Townships (see figure 15) covering approximately 216 square miles (equals 560 square

kilometers).


http://www.biodiversitylibrary.org/
http://www.zobodat.at

TRICERATOPS COUNTRY

U.S.A.

i)
38
N
T
k1
]
° 7
A
(/ Jo——
at h id
pfoeratops horridus
1
36
N
a
Lance Creek

R 65w R 64 W

NIOBRARA COUNTY WYOMING

@] Triceratops sites
Key ® Triceratops TYPE specimen sites
%] Torosaurus Type specimens
= Trauls
b Roads
22 Skull Number e 4


http://www.biodiversitylibrary.org/
http://www.zobodat.at

5 (= T. sulcatus, U.S.N.M. 4276). Those three specimens are
the type specimens. With the exception of the type speci-
mens of T. horridus (Y.P.M. 1820) and T. obtusxs (U.S.N.M.
4720), a doubtful taxon for technical reasons, all of the Nio-
brara County type specimens of Triceratops are reported to
have been recovered from levels between that of 7. prorsus
(Y.P.M. 1822) — the lowest, and that of T. brevicornus (origi-
nally Y.P.M. 1834) — the highest. The type specimens of bre-
vicornus, flabellatus, hatcheri, elatus, sulcatus, calicornis, ser-
ratus and prorsus all occurred within a relatively narrow stra-
tigraphic range. How much lower in the section the two ex-
cluded specimens (horridus and obtusus) occurred cannot be
determined now. As far as we know, no exact data on this was
recorded.

Considering those two low specimens, that of 7. horridus
has special interest. Although it has no formal taxonomic va-
lidity, it is significant that Lull (1933, p. 117) stated that he
would refer the “type” skull of the invalid 7. ingens (Y.P.M.
1828) to T. horridus “as far as can be ascertained in its present
condition”, and he so listed it in his chart (1933, p. 114). The
“ingens” skull had the highest stratigraphic position within
that series, with the exception of the two type specimens of
Torosaurus and one indeterminate specimen of Triceratops. [f
Lull’s assessment is correct, and we admit this is a moot point
in view of the present state of Y.P.M. 1828, thenalmostthe
entire series of Niobrara County typespecimensis
sandwiched betweenspecimensof the 7. horridus va-
riety.

It is unfortunate that the precise stratigraphic spacing of
these specimens can no longer be established. But despite the
lack of those quantitative data, it is evident that at least eight
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of the 10 Niobrara “species” of Triceratops were collected
from closely spaced stratigraphic levels. Now add to that stra-
tigraphic distribution the very close spatial occurrence of
these same specimens pointed out above. The only reasonable
and logical explanation is that these specimens represent a
single species.

Earlier, under the discussion of geographic occurrence, we-
implied that similar species of large terrestrial animals do not
co-exist naturally. We summarized that reality in the pre-
ceeding section on sources of anatomical variation. Please re-
fer to Figs.13, 14 and 15 on the zoogeography of the “type”
specimens of Triceratops.

That brings us to the question of 7. exrycephalus, the type
and only specimen of which was collected in Goshen County,
Wyoming, less than 100 miles (150 km) south of the Nio-
brara County Triceratops field. [ts stratigraphic position rela-
tive to those in Niobrara County cannot be established, but
the Torrington Member, from which it was collected, is con-
sidered the uppermost unit of the Lance formation.

As noted elsewhere, the distinctive breadth of the frill rela-
uve to total skull length noted by Schlaikjer (1935)in 7. exry-
cephalus presented a new diagnostic parameter to be con-
sidered in the taxonomy of Triceratops. We note with interest
the distribution of Schlaikjer’s cephalic indices relative to the
ontogenetic ages of the specimens (see p. 142). Aside from this
feature, which appears to range widely throughout the Trice-
ratops sample regardless of age, there is no other distinctive
character in this specimen. Accordingly, we are of the opinion
that 7. eurycephalus represents another individual of the
single species of Triceratops represented by the many examp-
les from Niobrara County.

Fig. 15:  Map of the region just north of the community of Lance Creek in east central Wyoming. It is
from this region that most of the type and other classic specimens of Triceratops were recovered by John
Bell Hatcher for Yale College Museum and Professor O. C. Marsh during the years 1889 to 1892. The open
and solid circles indicate the locations of the original sites of the 32 ceratopsian skulls and partial skeletons
collected by Hatcher within this area. Both symbol types are labeled with the skull number, as originally
designated by Hatcher, and recorded on the adjacent chart. The solid circles mark the sites of specimens that
were later designated by Marsh, Hatcher or Lull as type specimens of “new” species of Triceratops. The spe-
cimen described here (originally T. brevicornus) was skull 22, and is from site 22. All the indigenous Trice-

ratops types are indicated here as follows:
1: T. horridus (Y.P.M. 1820)
2:T. flabellatus (Y.P.M. 1821)
3: T. prorsus (Y.P.M. 1822)
4: T. serratus (Y.P.M. 1823)
5: T. sulcatus (U.S.N.M. 4276)
9: T. obtusus (U.S.N.M. 4720)

16: T. elatus (U.S.N.M. 1201)

22: T. brevicornus (Y.P.M. 1834 — Now B.S.P. 1964 1 458)
24: T. “mgens” (Y.P.M. 1828)

25: T. hatcheri (U.S.N.M. 2412)

29: T. calicornis (U.S.N.M. 4928)

It is noteworthy that the sites labeled 19 and 19a produced the type specimens of Torosaurus latus
(Y.P.M. 1830) and Torosanrus gladius (Y.P.M. 1831). According to Hatcher’s notes and Lull’s summary of
1915, all these specimens came from the Lance formation, the relative stratigraphic positions are recorded
in Lull (1915, 1933). Map drafted from United States Geological Survey map NK 13—2, Newcastle, Wyo-
ming, 1962 Edition. Specimen data from Lull, 1915. Abbreviations: R. = Range, T. = Township. Note:
Buck Creek is now called Crazy Woman Creek and Dogie Creek was spelled Doegie Creek in the 1880’s.
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SYSTEMATIC REVISION OF TRICERATOPS

Class Reptilia
Subclass Archosauria
Order Ornithischia Seeley 1888
Suborder Ceratopsia Marsh 1890
Family Ceratopsidae Marsh 1888
Genus Triceratops Marsh 1889 (Ceratops Marsh
1888, Sterrbolophus Marsh 1891, ? Diceratops
Hatcher 1907)

Diagnosis: Large ceratopsian with three facial horn cores

two large brow horns composed of postfrontals and fron-
tals and a single nasal horn core composed of a separate ossifi-
cation or as an outgrowth of the nasals; lengths and curvature
of horns vary; nasal horn size variable, but always shorter
than brow horns, directed up and forward and usually not
curved; brow horns projeet up and forward, any transverse or
posterior curvature variable, but usually not present; frill
short compared with some other ceratopsids (postorbital
length = 1.1 to 1.4 times preorbital length), composed of pa-
rietals and long squamosals extending to posterior frill mar-
gin; frill margins not horned or bearing spikes, but may supp-
ort blunt epoccipital bones: frill is not fenestrated except for
small lateral and superior temporal fenestrae proximally;
postfrontal fontanelle usually closed; antorbital fenestra nar-
row and slit-like; external naris very large; large edentulous
turtle-like beak composed of rostral and premaxillae above
and predentary below; jugal expanded into a robust ventral

process overlapping the quadrate; mandible massive with a
strong latterally placed coronoid process of the dentary; teeth
“two-rooted” and compressed into large longitudinal shea-
ring batteries; twenty-four presacral vertebrae, including
eight cervieals; first four cervicals co-ossified; lumbars lack-
ing; sacral series includes posterior dorsals and proximal
caudals up toatotal of 10 or 11 segments; limbs as in other ce-
ratopsids.

Species: horridus Marsh 1889

Diagnosis: Same as for the genus.

Synonymy: flabellatus Marsh 1889, serratus Marsh 1890,
prorsus Marsh 1890, elatus Marsh 1891, calicornis Marsh 1898,
brevicornus Hatcher 1905, ? hatcheri Lull 1905, eurycephalus
Schlaikjer 1935. Also, obtusus Marsh 1898 and albertensis
Sternberg 1949 are probable synonyms.

Type: Y.P.M. 1820 (Pl. XXVI, Figs. 24, 25, 27; Harcher,
Marsh and Lull, 1907). Incomplete skull, lacking the poste-
rior and lateral parts of the frill and portions of the circumor-
bital region, and with fragmentary lower jaws. This is Hat-
cher’s “Skull No. 17, discovered by E.B. Wilson and C.A.
Guernsey and collected by |.B. Hatcher in 1889.

Horizon: About the middle of the upper half of the Lance
formation, Late Cretaceous.

Locality: Section 2, T. 36 N., R. 64 W. Niobrara County,
Wyoming, U.S.A.

CONCLUSIONS

As one of the finest skulls of Triceratops in existence, the
specimen in the Bavarian State Collections in Munich deserv-
es special attention. Important also, are the rarely found post-
cranial elements that are not often preserved with the more
massive (and attractive) skull. Both are described and illustra-
ted here.

Review of the history of discovery, the localized occur-
rence of most of the type specimens, the anatomical bases for

discriminating the multiple “species”, together with our un-
derstanding of the zoogeography of current large terrestrial
animals leads to the conclusion that only one species is repre-
sented by the numerous Triceratops specimens from the
Lance formation and equivalent strata. [tis proposed that Tri-
ceratops horridus is the only valid species, the holotype being
the fragmentary skull — Y.P.M. 1820.
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Plate 1

Triceratops horndus Marsh, holotype specimen of T. “brevicornus” Hartcher, Lance Formation, Niobrara
County, Wyoming, formerly Yale Peabody Museum (Y.P.M. 1834), now the Munich specimen (B.S.P.
1964 1458).

1: Skull and mandible in left lateral view,

2: mandible in dorsal view,

3: skull and mandible in right lateral view.
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http://www.biodiversitylibrary.org/
http://www.zobodat.at

© Biodiversity Heritage Library, http://Awww.biodiversitylibrary.org/; www.zobodat.at

Plate 2

Triceratops hornidus, holotype specimen of T. “brevicornus™ (B.S.P. 196+ I 458), cervical vertebrae, Lance

Formation, Niobrara County, Wyoming. 0,25 natural size.

1: Coossified complex of the first four cervicals (syncervicals) in posterior (1a), right lateral (1b), anterior
(1¢) and dorsal (1d) views.

2: Fifth cervical in anterior (2a), left lateral (2b), right lateral (2¢), posterior (2d) and dorsal (2e) views.

Abbrevations: ¢ capitulum, dp diapophysis, li scar of interspinous ligament, nc neural canal, ns neural spine,

po postzygapophysis, pp parapophysis, pr prezygapophysis.
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Plate 3

Triceratops horndus, holotype specimen of T. “brevicornus” (B.S.P. 1964 1 458), cervical vertebrae 6, 7 and
8, Lance Formation, Niobrara County, Wyoming.
From left to right in anterior, left lateral and posterior views. 0,25 natural size. Abbreviations as for plate 2.
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Plate 4

Triceratops horndus, holotype specimen of T.“brevicornus” (B.S.P. 1964 1 458), dorsal vertebrae 1 and 2,
Lance Formation, Niobrara County, Wyoming.
From left to right in anterior, left lateral and posterior views. 0,25 natural size. Abbreviations as for plate 2.
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Plate 5

Triceratops horndus, holotype specimen of T. “brevicornus™ (B.S.P. 1964 1 458), dorsal vertebrae 3 and 4,
Lance Formation, Niobrara County, Wyoming.
From left to right in anterior, left lateral and posterior views. 0,25 natural size. Abbreviations as for plate 2.
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Plate 6

Trceratops horndus, holotype specimen of T. “brevicornus” (B.S.P. 1964 1458), dorsal vertebrae 5 and 6,
Lance Formation, Niobrara County, Wyoming.
From left to right in anterior, left lateral and posterior views. 0,25 natural size. Abbreviations as for plate 2.
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Ostrow, J. H. and WeLLNHOFER, P.: Triceratops.
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Plate 7

Triceratops hornidus, holotype specimen of T. “brevicornus” (B.S.P. 1964 1 458), dorsal vertebrae 7 and 8,
Lance Formation, Niobrara County, Wyoming.
From left to right in anterior, left lateral and posterior views. 0,25 natural size. Abbreviations as for plate 2.
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Plate 8

Triceratops horndus, holotype specimen of T. “brevicornus™ (B.S.P. 1964 1 458), dorsal vertebrae 9 and 10,
Lance Formation, Niobrara County, Wyoming.
From left to right in anterior, left lateral and posterior views. 0,25 natural size. Abbreviations as for plate 2.
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Plate 9

Triceratops horridus, holotype specimen of T. “brevicornus™ (B.S.P. 1964 1458), dorsal vertebrae 11and 12,
Lance Formation, Niobrara County, Wyoming.
From left to right in anterior, left lateral and posterior views. 0,25 natural size. Abbreviations as for plate 2.
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Plate 10

Triceratops horridus, holotype specimen of T. “brevicornus™ (B.S.P. 1964 1458), dorsal vertebrae 13 and 14,
and mid caudal vertebra, Lance Formation, Niobrara County, Wyoming.
From left to right in anterior, left lateral and posterior views. 0,25 natural size. Abbreviations as for plate 2.
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Plate 11

Triceratops horndus, holotype specimen of T. “brevicornus” (B.S.P. 1964 1 458), Lance Formation, Nio-
brara County, Wyoming.
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Right pubis in lateral (1a), dorsal (1b) and medial (1¢) views, as preserved. Abbreviations: aba anterior
border of acetabulum, ppp postpubic process.

: Cervical rib 4, left, lateral view.
: Cervical rib 5, left, lateral view.
: Cervical rib 6, left, lateral view.
: Cervical rib 7, left, lateral view.
: Cervical rib 8, left, lateral view.

Abbreviations: ca capitulum, tu tuberculum. 0,25 natural size.
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Plate 12

Triceratops horridus, holotype specimen of T. “brevicornus” (B.S.P. 1964 1458), dorsal ribs 2,3, 4,5 and 6 as
preserved, Lance Formation, Niobrara County, Wyoming. 0,25 natural size. Abbreviations as for plate 11.
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