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ADVERTISEMENT. \ 

The scientific publications of the United States National Museum consists of two 
series, the Proceedings and the Bulletins. 

The Proceedings, the first volume of which was issued in 1878, are intended pri- 
marily as a medium for the publication of original, and usually brief, papers based 
on the collections of the National Museum, presenting newly-acquired facts in 
zoology, geology, and anthropology, including descriptions.of new forms of animals, 
and revisions of limited groups. One or two volumes are issued annually and dis- 
tributed to libraries and scientific organizations. A limited number of copies of 
each paper, in pamphlet form, is distributed to specialists and others interested in 
the different subjects as soon as printed. The date of publication is printed on 
each paper, and these dates are also recorded in the tables of contents of the volumes. 

The Bulletins, the first of which was issued in 1875, consist of a series of separate 
publications comprising chiefly monographs of large zoological groups and other 
general systematic treatises (occasionally in several volumes), faunal works, reports 
of expeditions, and catalogues of type-specimens, special: collections, etc. The 
majority of the volumes are octavos, but a quarto size has been adopted in a few 
instances in which large plates were regarded as indispensable. 

Since 1902 a series of octavo volumes containing papers relating to the botanical 
collections of the Museum, and known as the Contributions from the National Her- 
barium, has been published as bulletins. 

The present work forms No. 110 of the Bulletin series. 
Witi1am DEC. RAveENgEL, 

Admimstrative Assistant to the Secretary, 

In charge of the United States National Museum. 

Wasuineton, D. C., June 20, 1920. 
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OSTEOLOGY OF THE CARNIVOROUS DINOSAURIA IN THE UNITED 
STATES NATIONAL MUSEUM, WITH SPECIAL REFERENCE TO THE 
GENERA ANTRODEMUS (ALLOSAURUS) AND CERATOSAURUS. 

By CuHartes WHITNEY GILMORE, 

Associate Curator, Division of Paleontology, United States National Museum. 

INTRODUCTION. 

In the present paper it is proposed to discuss all of the Theropodous dinosaur 
specimens contained in the collections of the United States National Museum. 
The material at hand includes the remains of many individuals, several of which 

are represented by a considerable part of the skeleton; there are also quite a large 
number of separate bones. Of the associated skeletons the type of Ceratosaurus 
nasicornis Marsh is worthy of special mention, for it comprises parts of almost the 
entire skeleton, and was to a considerable extent found articulated. Although 
this specimen was found more than 30 years ago it is still the most perfect example | 
of the genus yet discovered. A specimen of Antrodemus Leidy originally described 
and figured as Allosaurus fragilis consisting of the skull and lower jaws, presacral 
vertebrae, complete sacrum, and 30 or more caudal vertebrae, pelvis, ribs, and all 

four limbs and feet, is of interest as being the individual of which Marsh published 
illustrations of the articulated hind limb and pelvis (as fig. 2, pl. 11), in Dinosaurs 

of North America. A second specimen, No. 8367, U.S.N.M., may also be mentioned 
not only on account of there being a considerable part of the skeleton but also 
because of the remarkably fine state of preservation of the bones. 

The considerable number of type specimens, even though many are fragmentary, 

add much to the importance of this collection of carnivorous dinosaur remains in 
the United States National Museum. These are: Ceratosaurus nasicornis Marsh, 

Allosaurus medius Marsh, Labrosaurus ferox Marsh, Antrodemus valens Leidy, 

Creosaurus potens Lull, Coelurus gracilis Marsh, Ornithomymus sedens Marsh, and 

O. tenuis Marsh. The type specimens of Ornithomimus minutus Marsh and 0. 
grandis Marsh should be in these collections, but I have been unable to positively 
identify them. Several of these types have been only too briefly described, and a 

number of them have never been figured. All of these are here illustrated, rede- 
scribed, and the information concerning them brought up to date. This procedure 
it is hoped will make them more fully available to future students of the Theropoda. 

One of the interesting discoveries resulting from this work was the recognition 
of an Ornithomimid dinosaur among the materials from the Arundel formation of 
Maryland, here made the type of the new species Ornithomimus affinis. It records 
the first occurrence of a member of this family east of the Mississippi River, and also 
its first occurrence in a formation older than Upper Cretaceous. 

1 
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These specimens were secured almost entirely through transfer from the United 
States Geological Survey, having been collected by field parties working under the 
direction of the late Prof. Othniel Charles Marsh. When received at the National 
Museum in 1898 and 1899 only a small part of the carnivore material was in con- 
dition for study. The preparation of this material was begun in 1911 and has 
continued, barring interruptions, up to the close of the year 1918. Practically all 
of the known Theropod specimens in the collection have been prepared and are now 
available for study and exhibition purposes. 

This preparatory work has been done by Messrs. N. H. Boss, G. B. Giles, 
John M. Barrett, and Louis Goldberg, and they are to be highly eomammernd at for the 
efficiency and skill Chee | in extracting these delicate fossils from a most refrac- 
tory matrix. 

Many of the wash drawings which are here reproduced through the courtesy 
of the United States Geological Survey were made by the late Mr. Frederick Berger 

and were prepared under the direction of the late Prof. O. C. Marsh. The later 
drawings are nearly all the work of Mr. Rudolph Weber. The photographs were 
made by the late Mr. T. W. Smillie, and his successor, Mr. L. M. Beeson, both of the 
United State National Museum. 

I wish to acknowledge here my indebtedness to Dr. George P. Merrill, head curator 
of geology, United States National Museum, for the confidence expressed by his 
unfailing support of all things pertaining to the preparation of this paper, which 
extended over such a long period of time. I also wish’ to thank my colleagues, 

Mr. J. W. Gidley and Dr. O. P. Hay, for invaluable advice on numerous occasions; 
and especially do I appreciate the generosity of Mr. Walter Granger, of the American 
Museum of Natural History, in supplying me with data and photographs of Antro- 
demus specimens in advance of the appearance of his article on the same subject. 

THE GENUS ANTRODEMUS LEIDY. 

In 18701 Prof. Joseph Leidy described the posterior half of a caudal centrum 

_to which he gave the name Povcilopleuron? valens, and at the same time proposed the 
generic name Antrodemus in the event of more adequate material showing characters 
that would distinguish it generically from the European saurian Poicilopleuron. 

Three years later, 1873, Leidy republished with a few emendations his original 

description,’ illustrated by three views of the type specimen. He recognized the 
dinosaurian nature of the animal as well as its Theropod affinities. The text of 
this paper was under the caption Poicilopleuron valens, but in the explanation of 
the plate illustrations they were correctly designated as Antrodemus. 

In 18904 Zittel referred the genus to the family Megalosauridae. 
In 1901° Hay referred to this genus all of the described species of the genus 

Labrosaurus, but in a later article® shows that no sufficient reason existed for dis- 
placing Marsh’s generic name in favor of Antrodemus. 

1 Proc. Acad. Nat. Sci. Phila., 1870, p.3. > 

2 In the literature it is also found spelled Poikilopleuwron and Poekilopleuron. 

3 Extinct Vert. Fauna West. Terr., 1878, pp. 267-279, pl. 15, figs. 16-18. 

4 Handbuch der Palaeontologie, 1890, pt. 1, vol. 3, p. 722. 

5 Bull. No. 179, U.S. Geol. Survey, 1901, p. 489. 

6 Proc. U.S. Nat. Mus., 1908, vol. 35, p. 353. 
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During the half century that has elapsed since Antrodemus was established, 
it will be observed from the above review, but little attention has been given this 
genus, due, no doubt, to the scanty materials on which it was founded. 

Recently I have made a very careful comparison of the type specimen of Antro- 
demus valens with the anterior caudal vertebrae of No. 8367 U.S.N.M., a specimen 
previously identified as Allosaurus fragilis Marsh, and such close resemblances were 
found as to indicate their generic identity. 

In plate 1, figures 1 to 6, is shown, in three aspects, comparative views of the 
genotype of Antrodemus with a caudal of corresponding size of the above specimen. 
Their close resemblance down to the minutest details is clearly indicated. Their 
comparative measurements are as follows: 

Type of 
Antrodemus | No. 8367, 

valens U.S.N.M., 
No. 218, "Sixth caudal. 

S.N.M. Wg 

mm, mm. 

Greatest vertical diameter of posterior end of centrum.........-..----.-- seine ae 102 104 
Greatest transverse diameteriol same). 22)22.522255 55 ose se che se eee ce see ee 99 100 
ILC Wal (Oi) Cea AATWI See oe ea a eee a OU EO HOR Aang erie cars eee iets ae ies € 125 125 
pieast transverse diameterion centhmmyat center 9-22-2544 05--2526-5seees+s-5-- 06 49 

e Estimated. 

The medullary cavities within the body of the centrum are larger in the genotype 
than in No. 8367, but this may be due to a slight difference in the position of the 
point where the cross section was taken. At most it is only a difference of degree 
and certainly does not indicate any important structural modification. 

Unfortunately direct comparison can not be made with the genotype of 
Allosaurus, inasmuch as no anterior caudals are preserved with that specimen. The 
so-called caudal mentioned in Marsh’s original description, below, turns out to be 
the damaged centrum of a dorsal vertebra. See plate 2, fig. 2. 

The original description * of Allosaurus fragilis Marsh consists of the following: 

This genus may be distinguished from any known Dinosaurs by the vertebrae which are peculiarly 

modified to insure lightness. Although apparently not pneumatic, they have the weight of the centra 
greatly reduced by deep excavations in the sides. Some of them have the centra hourglass in form, 

the middle part being so diminished as to greatly reduce the strength. The vertebrae preserved are 
biconcave, with shallow cavities. The feet bones referred to this species are very slender. A lumbar 

vertebra has its centrum 105 mm. in length, and 89 mm. in least transverse diameter. An anterior 
caudal, 85 mm. long, has its centrum so much constricted that its least transverse diameter is 38 mm., 

while its anterior face is 90 mm. in transverse diameter. 

The animal indicated by the remains preserved was from 15 to 20 feet in length. All the known 
specimens are from the upper Jurassic of Colorado. 

The type of Allosaurus fragilis Marsh is in the Peabody Museum of Yale Univer- 
sity, and in a recent letter Professor Lull informs me it is from ‘‘Garden Park,”’ 
near Canon City, Fremont County, Colorado, collected by B. F. Mudge in 1877. 
It bears the catalogue number 1930 of the Yale Museum. The type material is 

1 Marsh, O. C., Amer. Journ. Sci., vol. 45, 1877, pp. 51&-516. 
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from the same locality as specimen No. 4734 to be described here, and possibly from 
the same quarry. The fore and hind limbs (No. 4734 and 4735 U.S.N.M.) figured 

so widely by Marsh do not pertain to the type specimen, although such reference * 
has been made regarding them. 

In compliance with my request Prof. R. S. Lull, of the Yale University iniyeen, 
very kindly forwarded plaster copies of all of the bones comprising the type speci- 

men of Allosaurus fragilis Marsh. They consist of a well-preserved tooth, two 
dorsal centra and the proximal phalanx of digit III of the right hind foot. The 
vertebral centra are considerably damaged (figs. 2 and 3, pl. 2), reproduced here 
from a photograph made of the casts, and both pertain to the posterior dorsal 
region, notwithstanding Marsh’s earlier determination that the smaller one of the 
two belonged to the caudal series. -These casts have been carefully compared with 
the homologous parts of a very complete skeleton, No. 4734, U.S.N.M., from the 
same locality as the type, a specimen which Marsh had previously identified as 
Allosaurus fragilis, and of which he published an illustration of the articulated 
pelvis, hind limb and foot? (pl.13). A considerable part of the tail of this specimen 
is missing, and it can not, therefore, be directly compared with the genotype of 
Antrodemus. Compared with No. 8367, U.S.N.M., consisting of a well-preserved 
though not a complete backbone and other skeletal parts, shows these two speci- 
mens as unquestionably belonging to the same genus, and this latter specimen is 
the link in the chain that enables me for the first time to correctly determine the 
true affinities of the caudal centrum on which the genus Antrodemus is founded. 
That all of these specimens belong to the same genus there now seems to be but 
little doubt. 

The fragmentary nature of the type specimens of Antrodemus and Allosaurus 
renders the proper disposition of these genera a most perplexing problem. In this 
connection the following nomenclatural propositions present themselves: 

1. Regard Allosaurus fragilis to be a synonym of Antrodemus valens, because 
of the very close resemblances pointed out in the preceding paragraphs. 

2. Regard the type of Antrodemus valens as an indeterminate specimen, and 
continue the use of Allosaurus fragilis, characterizing it on the splendidly preserved 
topotype No. 4734, U.S.N.M., to which Marsh has applied his name, a name that 
has become well established both in this country and abroad. 

3. Regard both the types of Allosaurus fragilis and Antrodemus valens as being 
indeterminate and create a new genus and species based on an adequate specimen. 

On account of the close resemblances, down almost to the minutest details, 
between the type of Antrodemus valens, fragmentary though it is, and the corre- 
sponding bone in an adequate specimen shown to be the same as the topotype of . 
Allosaurus fragilis, the first proposition set forth above seems to me the logical one 
to adopt 1 in the present case. 

It is anticipated that some paleontologists will contend that there is no justi- 
fication for superseding the long-established and well-known name Allosaurus by 
the earlier and little known Antrodemus, and that it would be better to either dis- 
regard the law of priority, or else consider the type of Antrodemus as being an 

1 Hay, O. P., Proc. U.S. Nat. Mus., vol. 35, 1903, p. 355. 2 Dinosaurs of North America, 1896, pl. 11, fig. 2. 
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indeterminate specimen. Were Allosaurus established on a good and sufficient 
specimen there might be some reason in maintaining the genus as suggested, but 
since it also is based on meager materials, that are hardly more diagnostic than the 

genotype of Antrodemus, it would seem therefore, that the law of priority should 
prevail. 

I do not feel that the characterization of the genus Allosaurus on the topotype 
would any more firmly establish it, than if that same specimen were used to define 
the genus Antrodemus which clearly has priority. The matter of retaining a name 
because it has become well fixed in the literature has no weight in nomenclatural 
procedure so long as it can be shown that an already existing name has precedence. 

In view of the fact that such evidence as there is, indicates that in all prob- 
abilitysall of these specimens pertain to a common genus, it would seem inexpe- 
dient to apply the third proposition to the present problem. Later, with the 
acquisition of new materials if it is found that two genera have been confused in 
these fragmentary types, it will then be time enough to adopt the third proposition. 

At this time I propose to consider all of these specimens previously identified 
as Allosaurus fragilis as pertaining to Antrodemus valens Leidy, and from them 
have derived the characters which I consider diagnostic of the genus as given below: 

Generic characters: Premaaillaries with 5 teeth; maxillaries with 15 to 17 teeth;- 

dentary with 15 to 16 teeth; 9 cervical vertebrae, opisthocoelus; 14 dorsal vertebre, 
amphicoelus; 5 sacrals; distal caudals with clongated prezygophyses; pelvis not coos- 
sified; pubis with notch funtioning as pubic foramen; 3 digits in manus, first pro- 
vided with robust curved ungual; third digit reduced; 4 digits in pes, first (halluz) 
reduced; dermal ossifications not known; abdominal ribs present. 

. ANTRODEMUS VALENS Leidy, 1870 

Plates 1-16. 

Poicilopleuron (Antrodemus) valens Letwy, Proc. Acad. Nat. Sci. Phila., 1870, p. 3; Extinct Vert. Fauna 

West Terr. 1873, pp. 267-279, (Poicilopleuron) pl. 15, figs. 16-18, (Antrodemus).—_Merrut, G. P., 

Bull. No. 53, U. 8. Nat. Mus., pt. 2, 1907, p. 76.—Zrrrer, K. A., Handbuch der Palaeontologie, pt. 
1, vol. 3, 1890, p. 722. 

Antrodemus valens, Hay, O. P., Bibliog. and Cat. Foss. Vert. N. Amer. Bull. No. 179, U. S. Geol. Survey, 
* 1901, pp. 489, 490.—Norcsa, F. Baron, Féldtani Kézlony, vol. 31, 1901, p. 199.—Hay, O. P., Proc. 

U. S. Nat. Mus., vol. 35, 1908, p. 353.—Huxrns, F. von, Geol. und Paleont. Abhand. Sup. vol. 

50, 1907-1908, pp. 326, 334.—Zi1TEL, K. A., Grundzuge der Paleontologie, pt. 2, 1911, pp. 280, 282.— 

Mook, C. C., Annals New York Acad. Sci., vol. 27, 1916, p. 142, (as Antrodesmus valens.) 

Allosaurus fragilis Marsu, O. C., Amer. Jour. Sci., ser. 3, vol. 14, 1877, pp. 515; Amer. Journ. Sci., 

ser. 3, vol. 27, 1884, pp. 335-337, pls. 11, fig. 2, pl. 12, fig. 2; Sixteenth Ann. Rept. U.S. Geol. Surv., 

pt. 1, 1896, p. 163, pl. 10, fig. 2; pl. 11, fig. 2; pl. 13, fig. 5 (as Labrosaurus fragilis); Mong. U. S. 

Geol. Surv., vol. 27, 1897, p. 505, fig. 61; Amer. Journ. Sci., ser. 4, vol. 7, 1899, p. 232, fig. 3.— 

LypEKKER, R. Cat. Foss. Reptilia and Amphibia in British Museum, pt. 1, 1888, p. 154, fig. 25.— 

ZirreL, K. A., Handbuch der Palaeontologie, Abt. 1, vol. 3, 1887-1890, p. 726, fig. 628 (as Allosaurus 

agilis).—Hutcuinson, H. N., Extinct Monsters, 1893, p. 84, text fig. 16.—Hay, O. P., Bull. No. 

179, U.S. Geol. Survey, 1901, p. 489.—Norcsa, F. Baron, Féldtani Kézlony, vol. 31, 1901, p. 199.— 

Wituiston, 8. W. Amer. Journ. Sci., ser. 4, vol. 11,1901, p. 111.—Zirren, K. A., Text-book of Paleon- 

tology, Eng. ed., vol. 2, 1902, pp. 229-230, fig. 330 (as Allosaurus agilis)—Ossorn, Hi. F., Bull. 

Amer. Mus. Nat. Hist., vol. 19, 1903, pp. 697-701, figs. 1, 2; Century Magazine, vol. 68, 1904, pp. 

680-694.—Bras.ey, W. A., Sci. American, vol. 97, 1907, pp. 446-447, 3 text figs—Hurne, F. von, 

Geol. und Palaeont Abhand. Sup., vol. 1, 1907-1908, pp. 326, 327, 334.—Hay, O. P., Proc. U.S. 

144035 °—20——2 
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Nat. Mus., vol. 35, 1908, pp. 353-356.—Hurcuinson, H. N., Extinct Monsters and Creatures of 

other days, 1911, new ed., p. 140, pl. 15, fig. 44.—JarKat, Otto, Die Wirbeltiere, 1911, p. 160, fig. 

176, (as Allosaurus agilis).—ZaitrEy, K. A., Grundzuge der Palaeontologie, vol. 2, 1911, pp. 282, fig. 
427, (as Allosaurus agilis).—OsBorn, H. F., Memoirs Amer. Mus. Nat. History, vol. 1, pt. 1, 1912, 

text figs. 9, 10, 11, 26, and 27 (as Allosawrus agilis).—Greeory, W. K., Journ., Morph. vol. 24, 1913, 

p- 11, fig. 8 (as Allosaurus agilis).—Giumorn, C. W., Bull. 89, U. S. Nat. Mus., 1914, p. 4; Proc. U. 

S. Nat. Mus. vol. 49, 1915, pp. 501-518, text figs. 1-7.—Mook, ©. C,, Annals New York Acad. Sci., 
vol. 27, 1916, p. 141.—Lamsz, L. M., Memoir 100, Geol. Surv. Canada, 1917, p. 56, figs. 32, 37. 

Allosaurus Kine, C., U. 8. Geol. Explor. 40th Par., 1878, p. 346.—Corz, E. D., Amer. Nat., 1885, Jan. 

p. 67.—Oszorn, H. F., Bull. Amer. Mus. Nat. Hist., vol. 22, 1906, pp. 2838-294, figs. 2 and 6 A.— 

Marruew, W. D., Journ. Amer. Mus. Nat. Hist., vol. 8, 1908, pp. 3-5, pl. 1; Dinosaurs, Handbook 

Series, No. 5, Amer. Mus. Nat. Hist., 1915, pp. 36-46, figs. 8, 9, 10, 11, 12. 

Genotype.—Cat. No. 218, U.S.N.M. Consists of the posterior half of a caudal 
centrum (probably the sixth) from the anterior fourth of the tail. Collected by 
Dr. F. V. Hayden, 1869. 

Type-locality.—Middle Park, Grand County, Colorado. 
Horizon.—Morrison, Jurassic. 
The original description is as follows: 

A specimen, consisting of less than the half of a vertebral body, was submitted to my examination 

by Professor Hayden, who obtained it last summer during his geological survey. Itis from Middle Park, 

Colorado, and Professor Hayden thinks was derived from a cretaceous formation. Similar specimens 

were reported to be not unfrequent, and were known under the appellative of “‘petrified horse hoofs.” 

The fossil indicates an elongated form of caudal vertebra of some large saurian. Much constricted 

toward the middle, such specimens would be most liable to break in this position, and the halves from 

their form might readily be taken, by the inexperienced in such matters, for what they are called. 
The vertebral body in its entire condition’ would resemble in form those of Megalosaurus, but in 

form and other characters bears a near resemblance to those of Poicilopleuron Bucklandi. "This is an 

extinct reptile from the oolitic formation of Caen, in Normandy, described by Deslonchamps; and 

remains apparently of the same animal from the Wealden of Tilgate, England, have also been described 
by Professor Owen: : 

Poicilopeluron has generally been viewed as a crocodilian reptile with biconcave vertebrae, but 

probably pertains to the dinosaurs. The P. Bucklandi is estimated by Deslonchamps to have been 

about 25 feet long. The Colorado fossil indicates a much larger animal, having been more than one- 
third greater. 

One of the most remarkable characters of the Poicilopleuron is the presence of a large medullary 

cavity within the bodies of the vertebrae, parallelled among living animals, so far as I know, only in 

the caudal vertebrae of the ox. The same character is presented by the Colorado fossil. In the former 

animal the cavity appears simple or unobstructed by osseous trabeculae. In the Colorado fossil, as 

seen in the broken surface of the specimen, the medullary cavity occupies the lower two-thirds of the 

interior of the body and is crossed by a few trabeculae. The sides of the cavity converging below are 

constituted by a layer two lines thick and as compact as the walls of the medullary cavity in the limb 
bones of most ordinary mammals. The upper third of the interior of the body is occupied by the ordi- 

nary spongy substance which becomes more compacted, ascending into the interior of the neural arch. 

The cavernous structure of the Colorado fossil is occupied with crystalline calcite. 
The estimated length of the vertebral body is 6 inches or more [estimate too great by at least an 

inch]. The sides are much narrowed toward the middle, and they are concavely depressed just below 

the sutural conjunction of the neural arch. A narrow groove occupies the lower border of the body, as 

is indicated to be the case in the Tilgate specimens. The posterior articular surface of the body is mod- 

erately depressed, but its lower fourth curves forward, producing a thick, convex ledge for the accom- 

modation of a chevron. The breadth of the articular surface is scarcely 4 inches and its depth is about 

the same measurement. \ 
The species represented by the fossil may be named Poicilopleuron valens. Should the division 

of the medullary cavity of the vertebral body into smaller recesses by trabeculae be significant of other 
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characters indicating the Colorado saurian to be distinct from Poicilopleuron, it might be named Antro- 
demus. Rs 

In the original description given above the type-specimen is most accurately 
described, and needs no further elucidation at this time. 

OSTEOLOGY OF ANTRODEMUS. 

In the pages that follow I have attempted to give, for the first time, a detailed 
description of the complete osteology of Antrodemus (Allosaurus) valens (Leidy). 
This work is based almost entirely upon material preserved in the paleontological 
collections of the United States National Museum, and primarily upon specimen 
No. 4734, U.S.N.M., known also by the collector’s designation as ‘Sk. 7.’ Ihave 
selected this specimen on account of the well-preserved condition of the bones and 
from the fact that it consists of the greater part of the skeleton of a single individual. 
Reference will occasionally be made to other individuals when important structural 
differences are displayed, and bones not present in this skeleton will be described 
from other specimens. 

SUMMARY OF ANTRODEMUS MATERIALS. 

The specimens in the United States National Museum now volgirmantoe! as Antro- 
demus valens Leidy are as follows: 

1. No. 4734, U.S.N.M. “Sk. 7.”’ Nearly complete skeleton from ‘‘ Quarry No. 1,’’ Canon City, Fremont 

County, Colorado. Collected by M. P. Felch, 1883-4. 

2. No. 8367, U.S.N.M. Consists of 9 cervicals, 10 dorsals, 2 sacral and 7 caudal vertebrae. Cervical 

and dorsal ribs, 6 chevron, pubes, ischia, and portions ofilium. From “Quarry C,’”’ Albany County, 

Wyoming. Collected by Fred Brown, 1886. 
3. No. 2323, U.S.N.M. (juvenile), consists of 8 cervical centra, 11 dorsal centra, 2 sacral centra, nu- 

merous neural processes of both cervical and dorsal vertebrae, right ilium, 2 ischia, right femur, 

parts of many ribs, from “Quarry 9,’’ Como, Albany County, Wyoming. Collected by Fred Brown, 

1888. 

4, No. 8423, U.S.N.M. “Sk. 5” consists of 2 maxillae, 5 dorsal centra, 5 coossified sacral vertebrae, 

3 caudal centra, parts of ilia, 2 ischia (broken), 2 pubes (broken); 2 femora, left hind foot, few 

bones of fore foot. ‘‘From Quarry No. 1,’’ Canon City, Fremont County, Colorado. Collected 

by M. P. Felch, 1884. 
5. No. 8335, U.S.N.M. Consists of right maxillary with teeth and dentary of same side, from “Quarry 

No. 1.”’ Canon City, Fremont County, Colorado. Collected by M. P. Felch, 1884. 

6. No. 218, U.S.N.M. Type of Antrodemus valens, Leidy, consists of distal half of anterior caudal 

centrum, from Middle Park, Grand County, Colorado. Collected by Dr. F. V. Hayden, 1869. 

7. No. 8405, U.S.N.M. Consists of 5 coossified sacral centra, lateral metatarsal, phalanges of fore and 

hind feet, from “Quarry D.’’ Como, Albany County, Wyoming. Collected by Fred Brown, 1884. 

8. No. 7336, U.S.N.M. Consists of left astragalus, from “Quarry No. 1,’’ Canon City, Fremont County, 

Colorado. Collected by M. P. Felch, 1886. 

9. No. 8302, U.S.N.M. Consists of ungual of digit III, fore foot from “Quarry 9,’’ Como, Albany County, 

Wyoming. Collected by Ed. Kennedy, 1884. 
10. 8257, U.S.N.M. Consists of ungual digit II, right fore foot, from near Canon City, Fremont County, 

Colorado. Collected by M. P. Felch, 1883. 

SKULL. 

Plates 3-4. 

A complete articulated skull of Antrodemus (Allosaurus) is unknown, though 

several more or less perfect but disarticulated skulls have been found, but none 
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more perfect than the cranium to be described; and its importance is greatly en- 
hanced on account of its forming a part of so perfect a skeleton as the present indi- 
vidual. ; 

The occipital segment was largely articulated (as shown in fig. 4) when found, 
but the other parts were detached though not far separated in the matrix. The 

skull has been skillfully articulated by Mr. N. H. Boss, as shown in plate 3. The 
missing portions have been restored by him, so that it now gives a very close approxi- 
mation to its original shape and proportions. In some few instances, because of 

SS 
== 
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Fic. 1—SKULL OF ANTRODEMUS VALENS LEIDY. SIDE VIEW. CAT. NO. 4734,U.S.N.M. {NATURALSIZE. @n,ANGULAR; a7, AR- 

TICULAR; d, DENTARY; €¢.pt, ECTOPTERYGOID; er.m.f, EXTERNAL MANDIBULAR FORAMEN; f.FRONTAL; f’, FIRST ANTIORBITAL FE- 

NESTRA; f/’, SECOND ANTIORBITALFENESTRA; j, JUGAL; 1a, LACHRYMAL,; lat.t. fen, LATERAL TEMPORAL FENESTRA; MZ, MAXILLARY; 

N, NASAL; 0, ORBIT; p, PARIETAL; p.dr, PREARTICULAR; pf, PREFRONTAL; pmz, PREMAXILLARY; 7.0¢, PARAOCCIPITAN; po.f, 
POSTFRONTAL-++POSTORBITAL; ), PTERYGOID; 7, QUADRATE; gj, QUADRATOJUGAL; sa, SURANGULAR; sq, SQUAMOSAL, 

THE DENTARY PERTAINS TO SPECIMEN CAT. NO. 8335,U.S.N.M. SEEP. 25. 

distortion by crushing, it was necessary to compromise in regard to the exact 
articulation of the elements, but in the main they joined up very accurately. 

The important parts missing may be enumerated as follows: left premaxillary, 
right maxillary, right prefrontal, left jugal, left quadrate, and quadratojugal. Of 
the palatal region the left pterygoid and all bones forward of the ectopterygoids 
are missing. The lower jawis represented by the posterior half of the right ramus, 
which lacks the coronoid, splenial, and the greater portion of the angular. The 
dentary of a second individual No. 8335, U.S.N.M. of about the same size and pro- 
portions was used in restoring the jaw as now exhibited, and as shown in figure 1 
and also in plate 4, fig. 2. 
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In 1903 Osborn? described and figured cranial material, identified as pertain- 

ing to the genus Creosaurus, but subsequently? referred by him to. Allosaurus. 

(See fig. 3.) There are two skulls in the American Museum of Natural History, 

New York, from the famous ‘‘ Bone Cabin Quarry,” in Wyoming, both of which are 
considerably larger that the specimen now before me, as is shown by the table of 
comparative measurements given below. 

AN 

No.5027 
AM. 

Fig. 2.—SKULL AND LOWER JAW OF TYRANNOSAURUS REX OSBORN. NO. 5027, A.M.N.H. 4 NAT. SIZE. ang, ANGULAR; ant.f; ant. 

ff’; ant.f,/"’ ANTIORBITAL FENESTRAE; @nt.nar, ANTERIOR NARES; art, ARTICULAR; den, DENTARY; j.f, JUGAL FORAMEN; ju, JUGAL; 

la, LACHRYMAL,; lat.temp.fen, LATERAL TEMPORALFENESTRA; MZ, MAXILLARY; 1@, NASAL; orb, ORBIT; orb.rug, ORBITAL RUGO- 

SITY; 0p.0, PARAOCCIPITAL; p@, PARIETAL; p.0, POSTORBITAL+POSTFRONTAL; pr.™mz, PREMAXILLARY; gu, QUADRATE; qu.j, 

QUADRATOJUGAL; SY, SQUAMOSAL; sur, SURANGULAR; * FORAMEN. (AFTER OSBORN.) 

Comparative measurements of Antrodemus crania. 

|U.S.N.M.|A.M.N.H.| A.M.N.H. 
No. 4734. | No. 600. No. 666. 

Length, occipital condyle to end of premaxillary................-------- | 605 | 810 | 885 
Depth, parietal crest to distal extremity of quadrate...:.....---..--.---| 355 415 430 
Wadthiohocenput acrossipamleta Sacer eer eet see ei) WOS eerste | 230 
Werticalimessurement olquadratesss sss - es yess] eel | 190 | 205 235 

1Qsborn, H. F. The Skull of Creosaurus, Bull. Amer. Mus. Nat. Hist., vol. 19, 1903, pp. 697-701, figs. 1 and 2. 

2 Crania of Tyrannosaurus and Allosaurus, Memoirs Amer. Mus. of Nat. Hist., vol. 1, new ser. pt. 1, 1912, pp. 27, 29, figs. 26, 27. 
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Viewed from the side the structure of the skull of Antrodemus valens is light 
and open. ‘The posterior portion is deep dorsoventrally and moderately expanded 
transversely. ‘The facial portion is somewhat elongate, and tapers to the muzzel. 
In all of the above respects this skull closely resembles that of Ceratosaurus nasi- 
cornis, but when more closely compared they show many differences as will be 
pointed out later. From the side view one special feature is the four large open- 
ings on the side of the skull. These openings are all characteristic of the Thero- 
podous dinosaurs, though in the several known genera they differ much in size, 
shape and position. Another prominent feature is the high horn-like elevation 
of the lachrymal bones extending well above the median dorsal surface of the skull. 
The sharp upper surfaces of these elevations are rugose and furrowed with grooves, 
which in life evidently were covered with chitinous skin. 

i 
427 

ZZ 4 
LE 
CG 
44 
AZ 

‘ . 

Fig. 3.-SKULL AND LOWER JAW OF ANTRODEMUS VALENS LEIDY. NO. 666, A.M.N.H. $NAT SIZE. ang, ANGULAR; d., DENTARY; 

ju, JUGAL; la, LACHRYMAL; It. f, LATERAL TEMPORAL FENESTRA; ML, MAXILLARY; 2@, NASAL; 1.2, ANTERIOR NARES; 0, ORBIT; 

0p.0, PARAOCCIPITAL; P.mx, PREMAXILLARY; p.0, POSTORBITAL COMPLEX; pr.f, POSTIFRONTAL, q.jU, QUADRATOJUGAL, 8, 

SQUAMOSAL; sur, SURANGULAR; 1, 2,3, ANTORBITALFENESTRAE. (AFTER OSBORN.) 

Viewed from above the skull is triangular in outline, wide behind and tapering 

to a bluntly rounded nose as shown in plate 4, figure 1. The sides are slopmg— 

that is, from above downward—the bottom of the skull being wider than the 

upper portion. 

Basioccipital (boc.).—The basioccipital is composed of the convexly rounded 

occipital condyle, and a long, narrow but heavy inferior process that joins 

latterly with the descending branches of the exoccipitals or opisthotic elements. The 

exoccipitals in this specimen contribute quite extensively to the formation of the 

occipital condyle, see figure 4, although Osborn * has written in describing the oc- 

cipital region of Creosawrus (afterward regarded as Allosaurus, now Antrodemus). 

‘“The basioccipital alone enters into the prominently convex condyle.” The smooth 

articulating surface continues well forward on the lateral and ventral surfaces of the 

occipital condyle. This would appear to indicate a great mobility of the head in 

1 Bull. Amer. Mus. Nat. Hist., vol. 19, 1903, p. 700. 
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all€directions, such as would be naturally expected in an animal of carnivorous 
habits. The condyle as in nearly all dinosaurs is inclined ventrally in relation to the 
longer horizontal axis of the skull. 
The median superior surface of the 
basioccipital contributes to the in- 
ferior boundary of the foramen 
magnum, much as in Campto- 
saurus but to a slightly less de- 
gree. 

The ventral process extends 
downward some 57 millimeters be- 
low the occipital condyle. It is 
comparatively narrow and articu- 

lates laterally with the ventral 
processes of the exoccipitals, as 
well as the posteriorly directed 
plates of the basisphenoid. The 
median posterior and ventral sur- 
faces are deeply concave thus sepa- 
rating the subspatulate basioccipi- 
tal processes, see figure 4. 

Exoccypital (ex. oc.) and para- 

occipital (p. oc.).—The exoccipitals 

Fic, 4.—SKULLOF ANTRODEM VALENS LIEDY. POSTERIOR VIEW. NO. 

4734, U.S.N.M. 4 NAT, SIZE. b. 0c, BASIOCCIPITAL; b. s, BASISPHENOID; 

b. pt. pr, BASISIPTERYGOID PROCESSES OF THE BASISPHENOID; €Z. 0¢, 

EXOCCIPITAL; pa, PARIETAL; p. 0C, PARAOCCIPITAL PROCESS; po. f, 

POSTFRONTAL; S. 0C, SUPRAOCCIPITAL; SY, SQUAMOSAL. 

seen from behind extend outward from the basioccipital in two broad wing-like plates 
with which the paraoccipitals are coalesced. It can not be determined from the 

Fic. 5.—SKULL OF ANTRODEMUS VALENS LrEIDy. No. 4734, U.S. 

N.M. 4 NAv. SIZE, SUPERIOR VIEW. dl. sp, ALISPHENOID; f, 

FRONTAL; 7. S, SUTURAL SURFACE FOR NASAL BONES; pd, PA- 

RIETAL; p. 0C, PARAOCCIPITAL PROCESS; po. f, POSTFRONTAL; s. f, 

SUPRATEMPORAL FOSSA; sq, SQUAMOSAL. 

present specimen whether they meet on 
the median line above the foramen mag- 
num or not, but I am inclined to be- 

lieve that the supraoccipital is not inter- 
posed between them. The paraoccipital 
processes extend outward, backward, 
and downward at an angle of 45° to 
the central surface terminating at a line 

40 mm. posterior to the rear of the oc- 
cipital condyle. The upper and lower 
borders of these processes gradually ap- 
proach one another toward their outer 
extremities which are obliquely trun- 
cated. Dorsally the exoccipitals and 
paraoccipitals unite in order from the 
center outwards with supraoccipitals, 
parietals and squamosals, the latter 
being applied more to the, upper ante- 
rior face of the paraoccipital than to 
the dorsal border. On the anterior 

median surface these coalesced bones unite by a long lapping suture with the pro- 

otics (fig. 6). The elongated aperture between the paraoccipital and squamosal in 
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the posterior view of the skull of Antrodemus as published by Osborn? is not ap- 
parent in the present specimen, the space being filled by the slender outwardly 
directed process from the parietal, as shown in figure 4. 

There are deep, vertically elongated depressions lateral to and on either side of 
the basioccipital and exoccipital bones into which foramina for the IX, XI, and 
XII cranial nerves make their exit. (See fig. 16, B.) 

Supraoccipital (s. oc.).—The supraoccipital in Antrodemus is relatively reduced 
in size. Itis a comparatively narrow, vertical elongated bone that unites by suture 
with the overhanging parietal, and is not a cartilaginous union as in many of the 
Predentate dinosaurs. Its lateral borders appear to unite exclusively with the 
exoccipitals, the latter sending upward narrow, tapering processes that are in- 
terposed between the parietal and supraoccipital bones. The ventral extent of the 
supraoccipital can not be determined from this specimen as the sutures around this 
end have become coalesced and obliterated, but I am inclined to believe that when 

a specimen is found in which the occipital elements can be entirely differentiated the 
supraoccipital will be excluded from the superior median boundary of the foramen 
magnum as it is in the Sauropoda by the median junction of the exoccipitals above 
that opening as correctly figured by Osborn. On the upper posterior surface a 
sharp median ridge is developed that joins a similar ridge on the overlaying parietal. . 
Below the ridge the bone contracts transversely, the median surface being longi- 
tudinally depressed. On either side of this contracted part of the bone the lateral 
surface turns abruptly forward and with the exoccipitals forms a vertically elongated 
depression (fig. 4). Across the upper half the supraoccipital has a transverse width 
of 38 mm.; below the carina it contracts to 18 mm. in width. 

Alisphenoid (al. sp.).—The alisphenoid in Antrodemus, as in other Theropo- 
dous dinosaurs, is large when compared with the very much smaller elements in the 
Predentate and Sauropodous dinosaur skulls. It consists of an inferior and superior 
branch, the latter turning outward at right angles to the former. Superiorly it unites 
with the frontal and parietal, posteriorly with the prootics. The outer end of the 
transverse process is rugosely roughened sub-oval in outline and is received in a pit 
on the lower side of the postfrontal postorbital complex, a condition that pre- 
vails in all known dinosaurian crania. The ventral process expands into a thin but 
broad cimeter-like process, that laps along the sides of the basisphenoid. On 
the posterior side, at a point about midway between the upper and lower extremi- 
ties, the bone is notched by the foramen ovale through which the trigeminal or 
fifth nerve makes its exit from the brain. Internally it joins by lapping suture the 
orbitosphenoid between which are the exits for the II and III cranial nerves. 
The upper inner surfaces of the alisphenoids form the walls of that part of the brain 
case which lodges the cerebral hemispheres. The alisphenoids do not meet the exoc- 
cipitals, as Osborn” has stated they do in Tyrannosaurus, a statement which I 
think is to be questioned even in that genus. Such a relationship would be most un- 
usual, and entirely different from any reptile, living or extinct, with which I am 

acquainted. 

1 Mem. Amer. Mus. Nat. Hist., vol. 1, new ser., 1912, pt. 1, fig. 27. 2Tdem., 1912, p. 13. 
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Basisphenoid (b. s.).—The basisphenoid in Antrodemus has a most unusual 

ventral development, its lower border extending below the level of the basioccipital 

processes. This part of the basioccipital consists of two lateral plates of bone, 

broad antero-posteriorly that diverge from one another in a downward direction. 

_ Between these plates on the inner posterior sides the basioccipital processes are 

received, and the posterior borders unite by suture with the ventral extension of the 

paraoccipital processes. Thirty millimeters posterior to their anterior margins a 

transverse bridge connects the two lateral plates and completes the boundaries of a 

very deep rectangular, wedge-shaped cavity which extends upward to a point above 

the level of the lower extension of the alisphenoids shown in a lateral view (fig. 6). 
This cavity probably leads up to 
the foramen for the median Kus- 

tachian canal, as in the crocodile 
and alligator. The structure of 
this part of the basisphenoid is 
quite different from that of Tyran- 
nosaurus Which apparently has a 
longitudinal bridge with a cavity 

on either side. . 

In front of the bridge men- 
tioned above the lateral plates thin, 
terminating in a relatively acute 
edge and on the upper half, meet- 
ing at the median lime. On the 
lower half they turn gently out- 
ward away from the center, their 
lower anterior border developing 
vertically, elongated, oval basi- 
pterygoid processes for articulation 
with the pterygoids (0., pt., pr., figs. 

4 and 6) . Superiorly the basisphe- Fig. 6.—SKULL OF ANTRODEMUS VALENS LEIDY ee FROM IN FRONT 

noid unites with the prootics and np BEtow. No. 4737, US.N.M. 3 NAT. SIZE. alsg, ALISPHENOTD; 
alisph enoi ds, the latter sen ding b. pt. pr, BASIPTERYGOID PROCESSES OF THE BASISPHENOID; bs, BASIS- 

PHENOID; ¢€£. 0c, EXOCCIPITAL; f, FRONTAL; 7m. 8, SUTURE FOR NASAL 
down long flattened processes that BONES; 0. Sp, ORBITOSPHENOID; p, PARIETAL; p. 0C, PARAOCCIPITAL 

Jap along the median part of the #02282 0% soemownan: pro, racone: a satanostt 1 
plate-like ventral extension. 

Parasphenoid (p. sp.) —The parasphenoid is missing in this specimen though 
doubtless it continues out from the anterior upper border of the basisphenoid as in 
Tyrannosaurus. It is present in the American Museum specimen, as shown in 
figure 16. 

Orbitosphenoid (0. sp.).—The orbitosphenoids are two curved plate-like bones 
lying between and in front of the alisphenoids, united by suture on the midline, and 
forming that. part of the brain case which underlies the olfactory lobes. These 
bones, as Gregory ' has pointed out, may im part also represent the presphenoids, 
but for convenience in referring to them are here designated orbitosphenoids. 

1 Journ. Morph., vol. 24, no. 1, March, 1913, pp. 11-12. 
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These elements unite laterally with the alisphenoids, but in this specimen the 
point of union is almost wholly obliterated, though it appears to pass through the 
foramina for the exit of the third and fourth cranial nerves as shown in figure 6. 
The opening for the exit of the second or optic nerve is immediately below and 
posterior to the orbitosphenoids, and is very large in this specimen as it is also in the 
skull figured by Osborn. 

In Tyrannosaurus the exit is divided by a filiment of bone and it appears most 
probable that this partition is missing in the present specimens. 

Ethmoid (e.).—The ethmoid is missing in specimen, No. 4734, U.S.N.M. “thouan 
the sutural anterior borders of the orbitosphenoids and siewhonciis show where it 
joins when present. 

Parietal (pa.).—Viewed from above the parietal presents an antero-posterior 
crest, and a transverse supraoccipital crest. The latter extends outward at right 
angles to the central axis of the bone as two thin vertically expanded, wing-like 
plates much as in Tyrannosaurus and especially as in Ceratosaurus nasicornis. 
They rise above the level of the median superior surface of the parietal so that when ~ 
seen from the rear there is a broad concave notch between them at the center 
(fig. 4). The superior surface of the parietal in front of the transverse portion 1s 
shallowly concave transversely and has a least diameter between the supratem- 
poral fossa of 18 mm. The upper surface of the anterior end is markedly rugose 
and transversely expanded and appears to be joined to the frontals by a nearly 
straight transverse suture. Only the lateral sutures between the parietals and 
frontals are clearly seen in this specimen, those on the superior surface bemg very 

indistinct. At the lateral sutures the parietal has a transverse diameter of 37 mm. 
The lateral borders of the superior surface are raised presenting an acute edge that 
turns outward and upward into the more obtuse free borders of the vertical mans 
verse plates (fig. 5). 

The median lateral surfaces drop abruptly downward from the superior surface 
and form a considerable part of the inner boundary of the supratemporal fossae. 
The parietals do not meet the postfrontals as in most Predentate and Sauropodous 
dinosaurs, but are excluded from them by the lateral expansions of the frontals. 
Ventrally, within the supratemporal fossa the parietals meet the superior borders of 
of the alisphenoids and prootics for a short distance. Posteriorly the lower borders 
of the transverse portion rests upon the top of the paraoccipital processes, and for a 
short distance only an internal branch of the squamosal (fig. 4). The lower outer 

part of the plate is produced outward and backward as a long slender tapering 
process, that passes to the back of the inner squamosal process and to the front of 
the paraoccipital process resting in a groove between the two, as shown in figure 4. 
Posterior to the transverse crest the parietals are continued backward as a heavy, 
overhanging, bluntly pomted projection, much as in Ceratosaurus. In Tyranno- 
saurus of the Upper Cretaceous, there is no posterior projection of the parietal. 
The upper surface of this portion is rugosely roughened. It overhangs the supra- 
occipital with which it is firmly coalesced. The parietal, however, is excluded from 
a lateral contact with the supraoccipital by the interposition of slender, upwardly 

1Mem. Amer. Mus. Nat. Hist., vol. 1, pt. 1, p. 16, fig. 9. 
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directed processes from the exoccipitals as shown in figure 4. The greatest length 
of the parietals is about 101 mm.; the greatest width between ends of the trans- 
verse plates is 155 mm. : 

Frontals (f.).—The frontals are relatively short, wide, and heavy, paired bones. 

Viewed from above they are roughly triangular in outline with the anterior apices 
truncated, as in Ceratosawrus and Tyrannosaurus, they have a great transverse 
expansion on their posterior half, attaining a combined width of 180 mm. between 
the fronto-postfrontal sutures. These lateral expansions unite ventrally with the 
alisphenoids and prootics, and laterally with the postfrontals. Their superior sur- 
faces look backward and upward and form the greater part of the anterior boundary 
of the supratemporal fossae. 

With the exception of a small rugose area on the median superior surface of the 
frontal near the fronto-parietal suture, the remaining surfaces are smooth and flat, 
except the anterior ends, each of which is shallowly concave transversely and thus 
forming a slight longitudinal ridge at their median junction. Beginning at either 
end of the transverse fronto-parietal suture the superior surface is separated from 
the lateral surface by sharp raised ridges that diverge as they continue forward but 
subside before reaching the notch between the postfrontals and prefrontals. Above 
the orbits on the ventral surface the frontals are concave antero-posteriorly. They 
are almost entirely excluded from the upper external boundary of the orbit, by the 
postfrontal and prefrontal bones. There is a deep, but narrow notch, between 
those bones and their lower borders appear to have been in contact along the lower 
part of the notch. In front of this notch the frontal bone is much thickened, with 
a deep angular pit for the reception of a posteriorly directed projecting spur on the 
prefrontal. Anterior to this pit the frontals send outward and forward a rounded 
tapering process that extends free and appears to have been received between the 
upper and lower branches of the U-shaped prefrontal. The upper process of the 
latter bone appears to lap along the anterior side of the frontal terminating in front 
of the fronto-nasal suture as shown in plate 4, figure 1. Anteriorly the frontals join 
the nasals by a toothed transverse suture. An underlying projecting shelf under- 
laps the posterior ends of the nasals as shown in figures 5 and 6. The frontals have 
a greatest length along their midline of about 145 mm. 

Prefrontal (pf.).—A small irregular U-shaped bone found detached but in close 
proximity to the other portions of the skull is here identified as the left prefrontal. 

Although not exactly fittmg the sutures of the frontal (due in all probability to 
slight crushing) the presence of an angularly rounded protuberance (fig. 7), for the 
lateral pit on the frontal and an optusely rounded orbital border together with the 
general agreement of the more important surfaces and articulations, renders it almost 
impossible of mistaken identification. Viewed from the side when articulated the 
prefrontal is U-shaped, the opening being forward. ‘The limbs of this bone are 
formed by two flattened, tapering processes (fig. 7), the upper being shorter and 
less expanded latterly than the lower, which extends downward and forward, being 
received in a groove on the internal posterior side of the lower branch of the lachry- 
mal. The upper process continues forward, being interposed between the frontal, 
‘nasal, and lachrymal, as shown in figure 1, plate 4. On the external side at the 
junction of the two branches described above there is a concave articular surface 
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which meets the posterior border of the lachrymal. The rounded spur-like projec- 
tion of the frontal was received between the branches on the internal side of the bone. 
Its heavy vertically rounded posterior border forms the anterior boundary of the 
narrow but deep notch above the orbit. 

So far as I am aware the prefrontal bone has not before been recognized in the 
Theropodous dinosaur skull except in Tyrannosaurus, where it is much more reduced 
and occupies a more central position, barely reaching the nasals. 

Postfrontal + postorbital (po. f.).—The right postfrontal remained firmly attached 
to the posterior portion of the skull, the left was found detached, so that the two 
bones give a very accurate conception of its form and relationships. It is a triradi- 
ate bone, with one short heavy process that extends inward and articulates with the 
frontal by a deep interlocking suture; a second slender, tapering, posteriorly directed 
process that is received in a déep lateral groove on the anterior extension of the squa- 
mosal, these forming the upper temporal bar; the third, the longer one of the three, 
also a tapering process, extends downward and joins by a lapping suture the 
superior process of the jugal, thus forming the postorbital bar which separates 
the orbit from the infratemporal opening. This.process, asin many of the Preden- 

Fic. 7.—LEFT PREFRONTAL OF ANTRODEMUS VALENS LeEIpy. No. 4734, U.S.N.M. 4 Nat. size. (A) EXTERNAL VIEW. (B) 

INTERNAL VIEW. /, PROTUBERANCE ON POSTERIOR END WHICH ENTERS A PIT ON SIDE OF FRONTAL; S, Pp, SUPERIOR PROCESS; 

v. P, VENTRAL PROCESS, 

tate dinosauria, is trihedral in cross section. From the superior border to the end 
of the inferior branch it measures 190 mm. in length. The greatest antero-posterior 
diameter is 160 mm. Its principal features are well shown in plate 4, figures 1 and 2. 

The bone here identified as the postfrontal is called by some authorities the 
postorbital and by others the postfrontal. It undoubtedly represents a complex 
of the two bones as recognized by Osborn, for on the median internal side posterior 
to and below the sutural surface that meets the frontal is an elongated, cupped 
articular depression that receives the outer end of the alisphenoid as in all known 
dinosaurian crania. ° In those skulls in which the postfrontal and postorbital bones 
are found as distinct elements, this cupped depression for the reception of the outer 
end of the alisphenoid is always in the postorbital bone. It would appear therefore 
that the suture separating these bones, here coalesced, must be above this cup-like 
depression. 

Prootic (pro.).—The proétic is wedged in between the parietal and occipital 
segments, and widely exposed externally. It bounds the auditory fenestra superi- 
orly and also the foramen ovale. Osborn has shown that it also contributes to the 
boundary of the foramen for the exit of the seventh or facial nerve, but usually in 
dinosaurian crania this foramen passes directly through the proétic bone. On the 
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posterior end it sends out a vertically expanded branch that extends backward and 
outward and laps along the median anterior surface of the opisthotic (fig. 6). The 
proétic is bounded superiorly by the parietal, anteriorly by the alisphenoid (orbitos- 
phenoid of Osborn) and inferiorly by the basisphenoid. 

Lachrymal (la.).—The elements bounding the orbits anteriorly and uniting with 
the jugals and maxillaries below, and with the nasals and frontals above are here 
designated as the lachrymals. Osborn m his description of the Tyrannosaurus 
skull ! followimg Gaupp, called the same bones the adlachrymals, but which corre- 
spond to the lachrymals of most authors. Since the appearance of that work, 
Gregory ? has conclusively shown that paleontological evidence does not support 
Gaupp’s views and reaches the conclusion that ‘‘the prefrontal of reptiles is not 
homologous with the lachrymal of mammals.” 

Fic. 8.—LEFT LACHRYMAL OF ANTRODEMUS VALENS LEIDyY. CAT. No. 4734, U.S.N.M. 34. NAT. SIZE. A, EXTERNAL VIEW; B, 

INTERNAL VIEW. j, END THAT ARTICULATES WITH THE JUGAL; ™z, PROCESS THAT UNITES WITH SUPERIOR AND POSTERIORLY 

DIRECTED PROCESS OF MAXILLARY; 70, BORDER THAT MEETS THE NASALS. 

The lachrymal in Antrodemus is an unusually robust element, the superior 
border of which forms a sharp, elongated (antero-posteriorly) elevation on the 
lateral median borders of the articulated skull. It may have supported, as first 
suggested by Osborn,’ ‘‘something in the nature of a low dermal horn.” 

The roughened surfaces of this portion of the lachrymal (fig. 8) are all indicative 
of the above conclusion. . 

On the external side (fig. 8, A), below the area described above, the bone is 
excavated, and still further lightened by deep connecting chambers within the 
heavier part of the bone. The entrance to this chambered region is by two oval 
openings, the larger one being posterior. 

There is a slender tapering process which extends forward from the hornlike 
part of the prefrontal which meets the superior process from the maxillary, being 

1 Mem. Amer. Mus. Nat. Hist., vol. 1, new ser., pt. 1, 1912, p. 7. 

2 Journ. Morphol., vol. 24, March, 1913, pp. 3-4; Proc. Paleontol. Soc., vol. 24, June, 1913, pp. 241-242. 

3 Bull. Amer. Mus. Nat. Hist., vol. 19, 1903, p. 701. ; 
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united on the inside by a loose suture with the nasals and posteriorly with the 
prefrontals. . 

A moderately wide inferior process with an expanded distal extremity descends. 
to meet the jugal and maxillary. 

The greatest height of the lachrymal of the right side is 254 mm.; greatest 
length antero-posteriorly is 194 mm. Both elements of specimen No. 4734, 
U.S.N.M., are present, though found disarticulated. 

Nasals (n.).—The nasals in Antrodemus are narrow, elongate, bones. In speci- 

men No. 4734, U.S.N.M., measuring 360 mm. in length. Viewed from above, 

they gradually increase in width posteriorly. Both nasal bones were found dis- 
articulated with this specimen, and though slightly distorted by pressure are other- 
wise perfectly preserved. 
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FIG. 9.—LEFT NASAL OF ANTRODEMUS VALENS LeIpy. No. 4734, U.S.N.M. 4 NAT. SIZE. (A) LATERAL VIEW; (B) VENTRAL 

VIEW; @, NASAL CONTRIBUTION TO THE BOUNDARY OF THE ANTERIOR NARES; 1d, SURFACE JOINING LACHRYMAL; p. fr, SURFACE 

JOINING PREFRONTAL; pmz, NOTCH RECEIVING PREMAXILLARY PROCESS. 

They unite along their whole length on the midline by a deep vertical suture, 

the opposing surfaces of which are comparatively smooth. 

Posteriorly the nasals are thin dorso-ventrally, but thicken anteriorly, reaching 

their maximum diameter just posterior to the border of the external nares. On the 

ventral side of the posterior end, where they overlap the forward ends of the frontals, 

these bones are longitudinally grooved with intervening ridges. (See B, fig. 9.) 

On the external side at apoint about one-third the total length of the bone from 

the posterior end is a slender spurlike process (fig. 9, Ja) that extends backward and 

slightly outward from the border and in the articulated skull passed on the outside 

of the anterior branch of the lachrymal as shown in figure 1. The external surface 

forward of this spur drops abruptly downward at right angles to the superior sur- 

face, presenting a sharp, raised edge where the two surfaces meet. 

The narrow anterior end is bifurcated dorso-ventrally, the superior process 

from. the premaxillary being received in a cleft in the dorsal prolongation (fig. 9). 
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Viewed from the side this end is ovally emarginated, thus forming the nasal contri- 
bution to the boundaries of the external narial opening. 

On the median ventral side the bone is traversed longitudinally by a shallow 
groove that marks the union of the nasal with the underlying maxillary. At the 
center and external to this groove the nasal overhangs the external surface of the 
maxillary, instead of rounding evenly into it as in most dinosaurian skulls. On the 
underside of this overhanging portion is one large opening, flanked by two smaller 
ones, that lead into connecting chambers within the heavier part of the bone. As 
observed in several of the larger elements of the skull, these chambers are evidently 
a provision of nature for getting the maximum strength from a’minimum weight of 
bone, a feature that goes well with the light and open structure of the skull. 
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Fic. 10.—RIGHT PREMAXILLARY OF ANTRODEMUS VALENS LEmDy. No. 4734, U.S.N.M. 4 NAT. SIZE. (A) LATERAL VIEW; (B) 

INTERNAL VIEW; @, ANTERIOR NARIAL OPENING; 12, END JOINING MAXILLARY; Nd, EXTENT OF UNION WITH THE NASALS, 

The sharp superior external edge, with the roughened central external margin 
of the nasal, is suggestive of having had a chitinous covering. 

When articulated the median superior surfaces of the nasal region is decidedly 
dished transversely. 

At the center the nasal has a transverse diameter of 56 mm.; near the posterior 
end, 45 mm.; near the anterior end, 15 mm. 

Premaxillary (pmz.).—The premaxillary is a heavy rectangular bone, with a 
long, slender, tapering process that projects upward and backward from the superior 
border anteriorly and forms part of the superior boundary of the external nasal open- 
ing. It unites above the nares with the nasals by a long lapping sutural contact. 
The anterior end presents a flattened surface, oblique to the longer axis of the bone, 
for union with the premaxillary of the opposite side (fig. 10). On the internal side 
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immediately below the narial border is a deep longitudinal groove for the reception 
of a slender anterior process from the maxillary, otherwise the union of these two 
bones is by a straight vertical suture that is strengthened by a vertical median 
ridge on the posterior end of the premaxillary which fits into a corresponding de- 
pression on the anterior end of the maxillary. In Antrodemus the premaxillary 
carries five teeth, all of which, judging from the size of the aveoli and the two teeth 
preserved in this specimen, are of good size (fig. 10). The second aveolus contains 
a large worn tooth about to be shed and in the fourth aveolus is a germ tooth the 
point of which is just beginning to emerge below the dental parapet. Between the 
five aveolae are four well defined interdental rugosae. A careful comparison of this 
specimen with the right premaxillary figured by Marsh (on plate 12, fig. 1) Dino- 
saurs of North America (reproduced here as figure 11), as Creosawrus atroz fails to 
disclose any important differences, and since Lull has recently written me that this 

bone ‘‘may or may not’’ belong to the 
type material, I am inclined to regard 
it as pertaining to the genus Antrode- 
mus, and probably also to the present 
species, though it pertains to a some- 
what smaller individual than the pre- 
maxillary described above. The pre- 
maxillary of Antrodemus is relatively 
longer than in Ceratosaurus, which 
carries only three teeth. It may be 

Fig. 11.—RIGHT PREMAXILLARY OF ANTRODEMUS, SP. YALE MU- / distinguished from Tyrannosaurus and 

SEUM. 4 NAT. SIZE. IDENTIFIED AND DESCRIBED BY MARSH f 
AS CREOSAURUS ATROX. @, VIEWED FROM FRONT SIDE; }, Coelurus (Ornitholestes) by the presence 
VIEWED FROM SIDE; ¢, VIEWED FROM INTERNAL SIDE. (AFTER of four teeth in the premaxillaries of 

MARSH.) A 
that genus. The greatest diameter 

anteroposteriorly of the premaxillary of No. 4734 is 105 mm.; its greatest depth 
from dental to nasal border is 83 mm. 

Mazillary (m.).—The left maxillary of No. 4734 is almost entire and in a beau- 
tiful state of preservation. The functional teeth, with the exception of the ninth 
from the front, have all been lost. This maxillary contains alveoli for 17 teeth, and 
Osborn‘ has observed in Antrodemus (Allosaurus), specimens studied by him, that 

‘the maxillaries contain alveoli for from 16 to 18 teeth.” 
The type of Ceratosaurus nasicornis has 16 teeth in the maxillary though Marsh 

says 15 teeth. 
Viewed laterally the maxillary is roughly triangular in outline, heavy in front 

and slender hehind. Dorsally it sends upward and backward a heavy tapering 
process that articulates with the nasal and lachrymal. The base of this process is 
perforated by the second antiorbital fenestra. This fenestra is absent in Cerato- 

saurus, but is present in Tyrannosaurus. 
The anterior end of the maxillary is abruptly truncated and unites with the 

premaxillary by an open suture. This end has a transverse thickness of 27 mm. 

1 Bull. Amer. Mus. Nat. Hist., 1903, vol. 19, p. 700. 
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In front of the superior process the concave upper border contributes to the 
boundary of the narial opening and to a considerably greater degree than in 
Ceratosaurus. 

Posterior to the base of the ascending process the maxillary narrows rapidly 
in width to the obtusely pointed posterior end, which underlaps and unites by 
squamous suture with the anterior end of the jugal. 

Viewed from the side the dental border is slightly sinuous. The lower 
external surface is perforated by a considerable number of foramina. The larger 
foramina appear to arrange themselves in two rows, an upper curved row thatin 
going forward ascends one-third the height of the bone, and a lower row that parallels 
the alveolar border (fig. 2, pl. 4). Between these rows, and irregularly placed, are 
numerous smaller foramina, and forward of the curved row, which stops beneath 

the second antiorbital fenestra, scattered foramina are observed nearly to the top 
of this portion of the maxillary. 
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FIG. 12.— LEFT MAXILLARY OF ANTRODEMUS VALENS LEIDY. No. 4734, U.S.N.M. INTERNAL VIEW. 4 NAT. SIZE. f’’, SECOND 

ANTIORBITAL FENESTRA; g7,GROOVES FOR BLOOD VESSELS; 2@, EXTENT OF UNION WITH NASAL BONE; pmzt, END JOINING 

PREMAXILLARY. 

The general form and appearance of the maxillary when detached from the sur- 
rounding elements is well shown in figure 12. 

On the internal side (fig. 12) some 25 mm., superior to the aveolar border on 

the anterior end and approaching withing 5 mm. at the posterior end, is a row of 
small dental foramina. These foramina are at the bases of the interdental plates 
and are connected by nutrient grooves (gr, fig. 12). The interdental plates have 
their internal surfaces considerably roughened, and they shorten dorso-ventrally 
from the front toward the back. On the upper border of the internal side, on the 
anterior half of the maxillary, a strong shelf of bone projects inward, the anterior 

end of this shelf projecting some distance in front of the maxillo-premaxillary 
144035—20——3 
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suture. The inner side of this process is longitudinally grooved for articulation 
with the process on the opposite maxillary. 

On the inner side of the ascending process and between the antiorbital fenestrae 

this process develops an inward extension that stands at right angles to the longer 
diameter of the process. It is perforated just above its junction with the body of 
the maxillary by an elliptical foramen apparently establishing a connection between 
the antiorbital fenestra. 

On the superior border of the posterior branch the surface is roughly striated 
antero-posteriorly, evidently indicating the point of union with the palatines. 

The greatest length of the maxillary is 360 mm. . Osborn in the paper previously 
cited gives the length in the American Museum specimen as 460 mm., but this is 
evidently a mistake as the illustrations accompanying that article show it to be 
about 378 mm., which represents an adult specimen. 

The series of alveoli measure 292 mm. in length. These decrease in size from 
front to back, and are separated from one another by exceedingly thin bony 
partitions. 

Jugal (j.).—The jugal is an ee eee thin (transversely) triradiate bone 
(fig. 13), its median portion forming the lower boundary of the orbit. The anterior 
end is greatly expanded dorso-ventrally and laps along the outer sides of the lachry- 
mal and maxillary. The tapering superior process joins by squamous union with 
the descending process from the postorbital complex, the two forming the postorbital 
bar which separates the orbit and lateral temporal fossa. Its manner of articulation 
with the quadratojugal is described under that heading and need not be repeated here. 
The jugal in Antrodemus is relatively longer than in Tyrannosaurus, and is heavier 
than the same bone in Ceratosaurus. The right jugal in No. 4734 has a greatest 
length of about 295 mm. and a greatest height at the center of 144 mm. 

Quadratojugal (qj.).—The quadratojugal joins the quadrate by a vertical suture 
along its inner posterior side, the median portion of the border being free forms the 
outer boundary of the quadrate foramen. This bone sends upward a moderately 
broad superior plate that joins, externally, by squamous suture, with a descending 
process from the squamosals as shown in figure 2 on plate 4. This quadratojugal 
of Antrodemus may at once be distinguished from the same bone of Tyrannosaurus 
by its narrower superior plate and its more rounded proximal extremity as com- 
pared with the broadly expanded and squarely truncated end in the latter genus. 
This plate is, however, somewhat shorter and also broader antero-posteriorly, than 
in Orratiosmmnnns. 

The transversally flattened inferior process is directed forward and forms the 
great part of the lower boundary of the lateral temporal fossa. This bar is lapped 
along the ventral internal side by a slender tapering posteriorly directed triangular 
process of the jugal. Shown in figure 2 on plate 4, as being depressed slightly out 
of position. The forward end of the inferior bar of the quadratojugal divides into 
two spurs between which is recerved a portion of the upper posteriorly directed 
process of the jugal, these form a strong union.of the bones at this pomt. The 
flattened internal spur, (fig. 13), extends somewhat further forward than the external 
spur (figs. 1 and 2 on pl. 4). The greatest length antero-posteriorly of the inferior 



OSTEOLOGY OF CARNIVOROUS DINOSAURS. 23 

part of the quadratojugal is 143 mm. the greatest diameter dorso-ventrally is 

135 mm. 
Quadrate (q.).—The quadrate from the right side of skull No. 4734, U.S.N.M., 

is perfectly preserved and since it was found detached from the posterior part of the 
skull I am able to describe this element in detail. This bone is relatively short 
having a greatest length dorso-ventrally of 192 mm., with an irregularly rounded 
articular proximal end for articulation with the squamosal. The distal end is 
widely expanded transversely with a smooth articulating surface that is bisected 
diagonally by a broad concave depression that divides this end into two elongate, 
obtusely rounded articular surfaces that fit closely into the cotyloid depressions of 
the lower mandible. The articulating surfaces of this end of the quadrate extend 
well up on the anterior and posterior aspects, being separated from the nonarticular 
part of these surfaces by a low but well defined undulating ridge. 

Externally the quadrate is suturally united with the quadratojugal. The 
suture between the two bones beginning 31 mm. below the upper extremity is visible 
from a lateral aspect but just 
above the quadrate foramen it a 
passes to the posterior view. 
As in Ceratosaurus and Tyran- 
nosaurus the external boundary 
of the quadrate foramen is 
formed by the inner surface of 
the quadratojugal. The pos- 
terior view presents a deep de- 
pression that slopes forward in 
all directions toward the quad- 
rate foramen. A widely 

rounded groove runs diagonally Fic. 13.—RIGHT JUGAL, QUADRATOJUGAL, AND QUADRATE, OF ANTRODEMUS 
downward from the inner sur- VALENS Lempy. No. 4734, U.S.N.M. 4 Nav. SIZE. VIEWED FROM THE IN- 

; TERNAL SIDE. j, JUGAL; 0, LOWER BOUNDARY OF THE ORBIT; gj, QUADRA- 

face of the quadrate to the TOJUGAL; g, QUADRATE. ; ; 

quadrate foramen. Imme- 
diately above this groove on the median posterior side a pointed spurlike projection 
extends posteriorly. On the anterior inner side the quadrate sends anteriorly a thin 
triangular sheet of bone that meets the pterygoids in the articulated skull by 
squamous suture. The lower border of this forward projection turns inward at right 
angles forming a narrow shelf that extends back and joins with the heavier shaft of 
the quadrate. The greatest transverse width of the distal end is 89 mm., the 
greatest diameter of the proximal end is 27 mm. 

Squamosal (sq.).—The right squamosal of skull No. 4734, U.S.N.M., was found 
articulated, the left one being detached. These elements show the squamosal to be 
an irregular-shaped element, with a deep, cupped surface on the lower posterior 
side for the reception of the upper articular end of the quadrate. Forward of this 

articulation a wide but thin process descends to meet the quadratojugal, its lower 
end uniting by squamous union on the inner side of the upper end of the quadra- 
tojugal. Posterior to the quadrate articulation the squamosal contracts to an 

obtusely pointed process external to which a heavy descending process is directed 
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downward behind the head of the quadrate as in Ceratosaurus. An anteriorly 
directed process meets the postfrontal, the latter being received in a deep elongated 
groove on the external face. 

Posteriorly it rests upon the front upper border of the paraoccipital process. 
Continuing inward it meets the base of the transverse portion of the parietal with 
which it is suturally united. The longer axis of the squamosal in the articulated 
skull is inclined somewhat forward from the vertical as shown in plate 4, figure 2. 
Its greatest vertical extent is 175 mm. 

Ectopterygoid (ec. pt.).—In this specimen we are fortunate in having both 
ectopterygoid bones present in a good state of preservation, though found dis- 

articulated. Through the kindness of Messrs. Walter Granger and Barnum Brown, 
of the American Museum of Natural History, New 

“sR York, these bones were carefully compared with the 
articulated elements in Theropod skulls of that insti- 
tution, so that their proper position in the palate as 
now articulated is to be relied upon as being accurate. 

The ectopterygoid in Antrodemusis an irregularly 
U-shaped bone formed by two posteriorly directed 
branches, the more slender of which laps along the 
inner side of the jugal. The larger one is directed 
downward and backward extending well below the 
border of the jugal, asin Sphenodon. Along its pos- 
terior side it is lapped by a descending branch of the 

pterygoid, which in Ceratosaurus extends to the lower 
Fic. 14.—Ricur ncroprerycow or Antro- end of this process, and following that evidence it 
Vinwee thea above. wan Goo, has been so restored in the Antrodemus skull. On 
BORDER LAPPING ALONG INNER se or the anterior internal side this bone develops a thin, 
TUGALs 0, SIDE WHIOH JOINS THE PIERFGOP curved, wing-like process that overlaps a convex ex- 

tension of the pterygoid, as indicated in figure 14. 
Pterygoid (pt.).—The pterygoids are represented by a considerable part of the 

central portion of the right element. The left is missing. A thm, vertical process 
extends backward and outward from its articulation with the basisphenoid proc- 
esses and unites with the inner and forwardly directed plate-like extension of the 
quadrate (fig. 1). A horizontal process extending forward and outward from the 
same point of attachment underlaps the ectopterygoid and sends downward and 
backward a slender process that reaches the full length of a similar ventral process 
of the ectopterygoid. 

The relations of the pterygoids to the other bones of the palate in Antrodemus 
are unknown at this time. 
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Comparative measurements of Antrodemus and Ceratosaurus skulls. 

No. 4734, | No. 4735, 
| U.S.N.M., | U.S.N.M., 
| Antro- _ Cerato-_ 
|  demus SAUTUS 

valens. naiscornis. 

mm. mm. 

Greatestulencthrofskullleitakematicenterso2144e 252 ase ke Jel. eye os | 605 566 
Greatest expanse of paraoccipital processes......-.-.-.--------+++--+-----+----| Py | eles eee ere 
Greaitestvexpamselabovelcenter ononbits.. 92-2642 e502 eee oe ae ese e eee el 175 170e 
Greatestiexpanseia bowercenteriornares. =.= 522.222 ne se be nne sense nse ses 40 | 45e 
Distance from posterior border of orbit to posterior extremity of squamosal....... 142 | 130 
Distance from anterior border of orbit to anterior extremity of premaxillae....... 395 390 
Distance from extremity of premaxillae to distal extremity of quadrate.......... 640 640 
Distance from distal end of quadrate to top of skull.-.-.............----------- 353 277 
Heiehizonskullvovercenterommeaxdlanys 6925) 4 5-526 seh oes sa = ese) ee 215 155 
Heieht, on muzzle agsanterion borderior nares {4252222222922 5.52.-22522-25.55-- 118 110e 
Height of skull with lower jaw, measurements taken at center of orbit........-.|..-.--.---- 300 
Same measurement taken below posterior border of nares. ...-.-.-...----------|---------- 135 
iransversediamereror ocelprtalucondyles = 2-20-3225 .22224---l22-4-ccee- ok 46 40 
AmPtero-postenondiameter otorbibssa5-- 2-2 2-52262-45-2 452+ se2-ceeee eee seee 98 73e 
Antero-posterior diameter of narial opening....-..-.........------------------- 120 82 
Greatestpleuctbholquadtaheme. = series aan env anew. See i ge a ose 192 212 

e = Estimated. 

LOWER JAW. 

Plates 3-4. 

With the skull of No. 4734, U.S.N.M., only the posterior half of the right ramus 

is present. In this portion the articular, surangular, and prearticular are clearly 
determinable as shown in figure 15. A dentary from the same side belonging to 
specimen No. 8335, U.S.N.M., a slightly larger individual, has been introduced in 
the restoration of the lower mandible of No. 4734, U.S.N.M. The above-mentioned 

bones constitute all of the Antrodemus jaw material in the collections of the United 
States National Museum. As now restored the right ramus has a greatest length 
of 680 mm. 

Dentary (d.).—The dentary of specimen No. 8335, U.S.N.M., on which the 

present description is based, contains alveoli for 15 teeth, whereas Osborn! has 

observed 16 alveoli in a dentarystudied by him. These teeth occupy a space 297 
mm. long. On the internal side the alveolar septa expand into interdental “rugo- 
sae,’ similar to those found in Tyrannosaurus and other carnivorous dinosaurs. 
Transversely the dentary is much compressed, with a slightly thickened and rounded 
inferior border. Vertically this bone remains about the same depth (65 mm.) 

until toward the posterior end of the dental series it gradually increases in this 
diameter. The union with the opposite jaw was probably membraneous, there 
being no indication of a symphysial surface. The anterior end of the dentary is 
more angularly truncated than in Ceratosaurus, which presents a more rounded 
end. The posterior end of this dentary is missing, so that its exact manner of 
articulation with the surangular, angular, and splenial can not be determined. 
The principal features of this bone are well shown in figure 15. 

1 Bull. Amer. Mus. Nat. Hist., vol. 19, 1903, p. 701. 
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Supradentary (s. d.).—The supradentary is missing from this specimen No. 
8335, U.S.N.M. That such an element was present is obvious after a comparison 
with the more perfect ramus of Ceratosaurus nasicornis. The bone mentioned by 
Osborn! as the ‘‘presplenial” in his preliminary description of the Antrodemus 
(Creosaurus) jaw is in all probability the supradentary plate. He says: ‘‘If this 
is truly- the presplenial it appears to extend as far forward as the symphysis.” This 
is the condition in Ceratosaurus (fig. 55 d. p.). 

Splenial (s.).—The complete splenial bone is apparently unknown in Antrode- 
mus. It is missing in all of the specimens before me, but from the little available 
evidence it appears to have been a thin, triangular-shaped bone, that overlapped 
the inner side of the dentary, extending anteriorly for about half its length. 

Coronoid (c.).—The coronoid is also missing from the specimens before me. 

Osborn in the article cited above says: ‘‘The suture between the coronoid and 
angular is faintly determinable posteriorly, the coronoid being depressed.”” Evi- 
dently the suture mentioned was that between the coronoid and the surangular. In 
the restoration of the ramus the coronoid was restored to fill the small triangular 
space between the prearticular and surangular as in Tyrannosaurus.” 

Angular (an.).—The complete angular in Antrodemus is unknown. In figure 2, 
on plate 4, this bone has been restored after that element in Ceratosaurus. Its 
posterior extent appears to be indicated on the external side of the surangular and 
prearticular by a smoother surface and this peculiarity guided us somewhat in 
restoring this bone. 

Surangular (sur. and sa.).—With specimen No. 4734, U.S.N.M., was found the 
nearly complete posterior portion of the right ramus in a beautiful state of preserva- 
tion. 

For the first time a complete surangular, articular, and prearticular are now 
known of Antrodemus. Unfortunately several of the sutures have become obliterated 
through coossification and the exact extent of certain parts of these bones can not 
be absolutely determined. 

This specimen shows the surangular to have a very extensive exposure on the 
external side, which forms the entire upper border of the posterior half of the jaw. 
It is a relatively long bone, as in Ceratosaurus, and overlaps the posterior end of the 
dentary by a long squamous union. The bone is thin with the exception of the dorsal 
portion which turns inward at nearly right angles to the lateral surfaces and is 
somewhat thickened. Anteriorly, this inner extension has a longitudinal groove 
for the articulation with the upper posterior part of the dentary (C, fig. 15). Pos- 
teriorly, it articulates with the articular, and with that bone forms the outer part 
of the cotylus for articulation with the quadrate. It continues backward along the 
outer side of the articular but stops slightly forward of its posterior extremity. 
Ventrally it is suturally united with the angular and prearticular as indicated in 
figure 15. 

On the median ventral border it is deeply notched by the external mandibular 
foramen, shown in figure 15 (A) ez. f. 

The small posterior foramen observed in the surangular of Tyrannosaurus rex 
Osborn and Gorgosaurus libratus Lambe is not present in Antrodemus, though on the 

1 Bull, Amer. Mus. Nat. Hist., 1903, vol. 19, p. 701. 2 Mem, Amer. Mus. Nat. Hist., new ser., vol. 1, pt. 1, p. 22, fig.18. Cor. 
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median anterior surface it is pierced by a small foramen that passes through the 
bone in a diagonal direction toward the front. The external surface is broadly 
concave dorso-ventrally and the inner is concave in the same diameter. The ventral 
anterior border is concave from the mandibular foramen upward and forward 
meeting the horizontal process that extends forward from the upper anterior surface 
to lap along the dentary. 

wv \ 

x 
Fig. 15.—POsTERIOR END OF RIGHT RAMUS OF ANTRODEMUS VALENS Lemy. Cart. No. 4734, U.S.N.M. ALL 4 NAT. SIZE. A, 

EXTERNAL VIEW; B, INTERNAL VIEW; C, SUPERIOR VIEW; ang, ANGULAR; @.g, SURFACES FOR ARTICULATION WITH QUAD- 

RATE; @7, ARTICULAR; ex.f, EXTERNAL MANDIBULAR FORAMEN; f, FORAMEN; pr.d7, PREARTICULAR; sur, SURANGULAR. 

Articular (ar.).—The articular is an irregular bone wider than long, and con- 
stitutes the greater part of the posterior portion of the ramus. The cotylus of the 
articular has its greatest extent, transverse, deeply bifossate, these fossae being 
separated by an oblique ridge. The close articulation of the quadrate with these 
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depressions apparently indicates a strictly upward and downward movement of the 
jaws. The articular forms more than one-half of the cotylus the anterior outer 
portion being in the surangular. Posterior to the cotylus on the imner side, there 
is an exceptionally deep transverse notch (fig. 15., C). 

A high thin transverse ridge separates this notch from the broad, oblique, 
dorso-ventrally compressed posterior end of the articular which forms the most 
posterior portion of the ramus. The articular is overlapped along its outer side by 
the surangular, and on the ventral outer third by the prearticular. 

Prearticular (p. ar. and pr. ar.).—The prearticular is well shown in figure 15. 
It is a long curved element that extends forward from the articular and forms the 
lower posterior boundary of the ramus, externally it turns up and joins the inferior 
border of the surangular as shown in A in figure 15. Unfortunately, on account of 
the coalesence of the suture with the articular the exact line of demarcation between 
these two elements can not be determined. The forward prolongation at about the 
center of the external mandibular foramen turns strongly upward terminating in a 
pointed end at the top of the-surangular. This part of the bone is relatively thin 
transversely but considerably expanded antero-posteriorly as shown in figure 15, B. 
It is almost identical in shape and position with the prearticular of fh rararnoeaniins 
as figured by Osborn. 

EXTERNAL OPENINGS IN THE SKULL. 

Viewed from the side, the openings in the skull of Antrodemus, beginning pos- 
teriorly, are the lateral seampo| fenestra, the orbito-infraorbital opening, the first 
antiorbital fenestra, the second antiorbital jones and the anterior nares. I can find 
no evidence of a nied antiorbital fenestra in specimen No. 4734, U.S.N.M., such as 

is present in Tyrannosaurus and which Osborn has observed? in two skulls of Antro- 
demus in the collections of the American Museum of Natural History. Viewed dor- 
sally the supratemporal fossae on either side of the brain case are the only openings 
of importance. No pineal opening present. 

Lateral temporal fenestra (lat. t. fen.).—The lateral temporal fenestra is a 
vertically elongated opening, narrower above than below. This fenestra is bounded 
above by the postemporal bar formed by the united processes of the squamosal and 
postorbital bones; anteriorly by the postorbital bar formed by the union of the 
processes of the postorbital and jugal; ventrally by the quadratojugal and squa- 
mosal. The greatest vertical extent is 200 mm.; the greatest diameter antero- 
posteriorly is 80 mm. whereas the same measurement in Ceratosaurus is 120 mm. 

Orbital opening (o.).—Like the temporal fenestra the orbital opening is verti- 
cally elongated, widest antero-posteriorly at the middle, but narrowing at both top 
and bottom. There is no partial separation of the infraorbital portion as in Tyranno- 
saurus. Dorsally the upper boundary is formed by the postorbital-postfrontal 
complex, frontal, and prefrontal; anteriorly by the prefrontal and jugal; ventrally 
by the jugal, and posteriorly by the descending and ascending branches of the post- 
orbital and jugal respectively. At the top a deep but narrow notch carries the 
border in to the frontal. 

1 Memoir Amer. Mus. Nat. Hist., new ser., vol. 1, pt. 1, 1912, p. 22, fig. 18. 

2Idem, p. 28, figs. 26, 27. 



OSTEOLOGY OF CARNIVOROUS DINOSAURS. 29 

First antiorbital fenestra (f’).—The first antiorbital fenestra is of large size, 
being relatively larger than in either Tyrannosaurus or Ceratosaurus and by far 
the largest vacuity in the skull. Its upper boundary is formed by the lachrymal 
and maxillary, anteriorly by the maxillary, ventrally by the maxillary and jugal, 
and posteriorly by the descending branch of the lachrymal. 

Second antiorbital fenestra (f”).—This opening which is small, subcircular in 
outline les wholly within the maxillary. 

Anterior nares (ex.nar.).—The external narial opening is elongate, ovalLin form 
and is bounded above by the nasal and premaxillary bones; anteriorly by the pre- 
maxillary; below by premaxillary and maxillary and posteriorly by the nasal and 
maxillary. Jn this specimen it has a length antero-posteriorly of 118 mm.; a depth 
at the center of about 40 mm. 
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Fic. 16.—A, OBLIQUE SIDE VIEW OF BRAIN CASE OF ANTRODEMUS VALENS LEIDY, No. 5753, A. M., N. H. 4 NAT. SIZE. B. THE 

SAME WITH POSTFRONTAL AND SQUAMOSAL REMOVED; b.pt.pr, BASIPTEYGOID PROCESSES; B.sp, BASISPHENOID; car. in, 

CAROTID INTERNUS; con, OCCIPITAL CONDYLE; f.m, FORAMEN MAGNUM; jen.or, FENESTRA OVALIS; Fr, FRONTAL; Op. 0, 

PAROCCIPITAL; 0.Sp, ALISPHENOID; Pa, PARIETAL; Po, POSTORBITAL COMPLEX; Pr.ot, PROOTIC; P.sp, PRESPHENOID; qu.cot, 

COTYLUS FOR QUADRATE; S.0c, SUPRAOCCIPITAL; Sg, SQUAMOSAL; tub. B.oc, TUBEROSITY OF BASIOCCIPITAL; tub. B.sp, 

TUBEROSITY OF BASISPHENOID; I, II, III, IV, V, VII, IX, XI, XII, FORAMINA FOR EXIT OF CRANIAL NERVES. PARAOCCIPITAL 

REPRESENTED AS TRANSPARENT IN ORDER TO SHOW FORAMINA. BOTH FIGURES (AFTER OSBORN). 

Supratemporal fossa (s.t.f.)—The supratemporal fossae are of large size, espe- 
cially when compared with those of Ceratosaurus nasicornis. Although these vacui- 
ties are considerably larger than as represented in Marsh’s restoration of the top view 
of the skull of that animal. This fossa in Antrodemus is bounded anteriorly by the 
frontals, alisphenoid, and postorbitals; externally by the postorbital and squamosal 
above, below by the prodtic and exoccipital; internally by the parietal, prodtic 
and alisphenoid. 

TEETH. 

The dental formula of Antrodemus valens Leidy as shown by a study of several 
individuals: 

Upper jaw: premaxillary, 5; maxillary, 15 to 17; total, 20 to 22. 

Lower jaw: Dentary, 15. 
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All of the premaxillae studied agree in having a constant number of five teeth, 
which is two more than in Ceratosaurus, and one more than in Gorgosaurus and 

Tyrannosaurus respectively. _In the maxilla, however, the number appears to be 
variable. All of those in the United States National Museum collections have 
alveoli for 17 teeth, but a specimen (No. 666) in the American Museum of Natural 

History, New York City, has only 15. One of the progressive specializations in this 
eroup of carnivorous dinosaurs along with the reduction of the fore limb and foot, 
appears to be a progressive decrease in the total number of teeth in the dental series, 
as for example Antrodemus from the Morrison formation has 20 to 22 teeth in the 
upper series and 15 in the lower; Gorgosaurus from the Belly River formation, 18 
teeth in the upper and 14 in the lower series; and Tyrannosaurus from the Lance 
formation has 16 teeth in the upper series and 13 to 14 in the lower. 

The premaxillary teeth are represented in specimen No. 4734, U.S.N.M., by 

the second and fourth of the right side. The second is a large worn tooth about 
to be shed, (fig. 10); the fourth a germ tooth, the point just emerging below the 
parapet of the alveolus. The second is a heavy strong tooth with little lateral 
compression that curves backward, being excellently adapted for use as a tearing 
instrument. It is probably equalled if not exceeded in size by the first of the series. 
Judging from the size of the alveoli the others progressively decrease in size toward 
the back. 

The general features of the premaxillary teeth of Antrodemus are best displayed 
in specimen No. 1890 Yale University Museum, shown here in figure 11. This spec- 
imen was figured by Marsh as pertaining to Oreosaurus atroz, but I am of the opinion, 

as expressed on page 20, that in all probability it belongs to the genus Antrodemus. 
Material for study of the maxillary teeth is found in three specimens. No. 8423, 

U.S.N.M., has the second, third, fourth, and fifth teeth almost perfectly preserved 
in the right maxillary; No. 8335, U.S.N.M. has portions of the first, second, fourth, - 
sixth, seventh, eighth (young), ninth, tenth (entire), eleventh, twelfth, and thirteenth 

(young); in the right maxillary, No. 4734, U.S.N.M., has the basal portion of the 
ninth tooth in the left maxillary. In addition there are in the collection a great 
number of detached teeth, but these are of little value, since at this time there is no 
way to distinguish upper from lower, and the location of loose teeth in the series 
iS a very uncertain undertaking. 

Apparently all of the teeth of Antrodemus have serrate edges. The edges are 
minutely serrated as in Ceratosaurus, there being about 10 denticulations in a 
length of 5 mm. The teeth of the above genera appear to be indistinguishable. 
These serrations are on both front and'back borders, but the posterior continues 
to the base of the tooth, whereas the anterior ends somewhat above it. 

From the front toward the back of the series the outer surfaces of the teeth are 
gradually reduced, the inner expanded, until on the ninth or tenth tooth the two 
surfaces are subequal. . 

The anterior teeth are large, the fourth protruding 57 mm. below the parapet 
of the alveolus. They continue robust back to the ninth, but posterior to that 
tooth they decrease rapidly in size, the seventeenth, judging from the alveolus 
being relatively of diminutive size. All of the maxillary teeth are latterly com- 
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pressed with a backward curvature, especially of the upper anterior border. The 
upper portion tapers to an obtuse pomt. Insection this part of the teeth is lenticular. 

The great irregularity in size of the teeth is due to the loss of functional teeth 
and their subsequent replacement by young teeth which appear in various stages of 
erowth. These changes apparently went on throughout the life of the individual. 

Some of the teeth show signs of wear on the inner sides near their tips, but this 
abrasion is only found on the fully erupted ones. Many of the detached teeth in 
the collection are thus worn, probably from abrasion caused by the rubbing of the 
points of the upper and lower series. 

OSTEOLOGY OF CARNIVOROUS DINOSAURS. 

= VERTEBRAL COLUMN. ° 

The vertebral formula in Antrodemus valens Leidy as largely determined from 
specimen No. 4734, U.S.N.M., is as follows: C, 9; D, 14;5,5;C, 45+. 

The precise number of vertebrae in the tail yet remains to be determined. 
Since the type of Ceratosaurus nasicornis shows 50 vertebrae it appears fair to 
assume that Antrodemus had an equal number. An articulated presacral series in 
the American Museum of Natural History, New York City, No. 666, verifies the 
present specimen in showing that there are 23 vertebrae in front of the sacrum. 

A second specimen in the United States National Museum collection, No. 
8367, has 18 presacral vertebrae present, nearly all in an excellent state of preserva- 
tion. The descriptions of the vertebrae to follow are largely based upon these two 
specimens. 

The vertebral formula of Antrodemus as compared with other Theropodous dinosaurs is as follows. 

Antrodemus. | Ceratosaurus. CPTgaStt PuLEMta Ornitholes- Cinihome 

Cervical vertebrae.......-.......- 9 ve are) 29 10-9 19? 10 
Dorsalmventchnacie ae see eee 14 214 214 13-14 213 13 
Sacralivertebrae == 2255. 5.55-5-52-- 5 5 5 5 4 5 
Caudallivertebracy=--4-— eee seer A5+ 52 364 253 PRO AML ons odeacoe 

Atlas (a. in.).—In specimen No. 4734, U.S.N.M., we are fortunate in having 
found the atlas and axis nearly in position in relation to one another, and the manner 

of their articulation is clearly shown in figure 17. Viewed latterly, when articulated 
with the hypocentrum of the axis, the cupped anterior surface of the intercentrum 
looks upward and forward at an angle of 45° to the longer diameter of the axis. 

The intercentrum of Antrodemus may be distinguished from that of Cerato- 
saurus by its shorter diameter antero-posteriorly, the more nearly parallel anterior 
and posterior borders when viewed from the side, and the greater width of the con- 

cave surface on the superior side. There are other slight differences noted, but 
doubtless these would vary with the individual. The chief features of this bone 
are clearly shown in figure 17. The greatest length is 28 mm.; greatest width is 
66 mm. 

Only the neuropophysis of the left side is preserved with this specimen, and it 
lacks portions of the anterior and posterior processes. It differs from the neura- 
pophysis of Ceratosaurus, however, in the less transverse expansion of the articular 

\ 
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end of the pedicle, the greater expansion of this end antero-posteriorly, and especi- 
ally in the anterior position of the posterior zygapophyses. As in the latter genus 
the vertical concave surface of the pedicle contributes to the formation of the cup 
for the condyle of the skull. Above the antero-posterior constriction the neura- 
pophysis widens into a thin mesially directed plate, the superior surface of which 
looks more upward than outward. The anterior portion is directed inward and in 
conjunction with the process of the opposite side forms the covering for the neural 
arch through which the spinal cord passes from the foramen magnum. ‘The pos- 
terior extension is largely missing in this specimen, but doubtless it will be found to 
extend backward as a long tapering process as in Ceratosaurus (fig. 4, pl. 19). 

The posterior zygapophysis on account of its anterior position is not visible 
from a lateral view as it is in Ceratosaurus. This difference in position may be clearly 
seen by comparing figure 17 and figure 4, plate 19. 

The odontoid is free in the present individual, though it becomes fused later in 
life, as indicated by the rugose nature of the posterior articular surface, and as 
shown in specimen No. 8367, U.S.N.M. (fig. 18, 0), which has the odontoid firmly 

fused with the axis. It is wider than long (54 mm. wide and 32 mm. long); the 

upper surface slightly concave from side to side; viewed from the front the anterior 
protuberance that rests in the superior concave surface of the intercentrum is reni- 
form in outline. 

On the median anterior end there is a subcircular depression whose surfaces 
conform closely with the general concave cup of the other articulated elements of 
the atlas. Its posterior ventral border rests upon the superior surface of the axis 
hypocentrum. 

Axis (az.).—The axis, although having suffered slight distortion, is neverthe- 
less most perfectly preserved. The centrum is planoconcave, with rounded ventral 
surface without keel (fig. 17, C). Jn transverse diameter the ends are expanded, 
the median lateral sides much pinched in, with a small elongated opening toward 
the anterior end. The neural arch is comparatively low and heavy, being sur- 
mounted by a long, strongly developed median crest that rises rapidly toward the 
back. The posterior portion flares into a transversely expanded, overhanging 
spine. There are deep notches between. the sides of this spine and the posteriorly 
projecting zygapophyses, which distinguishes at once the axis of Antrodemus from 
that of Ceratosaurus with its little differentiated posterior zygapophyses. The pos- 
terior zygapophyses almost entirely overhang the end of the centrum. Inferiorly 
they present very large subcircular articular faces that look almost directly down- 
ward. Between them a deep cavity extends forward into the arch above the neural 
canal. Obtuse roughened protuberances extend backward and upward from the 
top of each zygapophysial process slightly overhanging the underlying articular 
surfaces. 

The anterior zygapophyses are rather weakly developed, consisting of rather 
thin pointed projections that extend forward and outward from the neural arch, 
considerably below the level of the anterior part of the median crest. They over- 
hang slightly the anterior end of the centrum. The anterior end of the median 
crest is notched beneath and ends forward as a heavy obtuse projection, that over- 



OSTEOLOGY OF CARNIVOROUS DINOSAURS. 33 

hangs the notch between the prezygapophyses. This projection in the axis of No. 
8367, U.S.N.M., is rugose. Anterior and posterior horizontal lamina from the 
post and prezygapophyses, respectively, meet at the center of the neural arch and 
continue outward and downward to form the rather weak diapophyses (A. fig. 17), 
which extends well below the level of the neuro-central suture. 

The pleuropophyses are well-developed articular cups on the anterior borders 
of the centrum and high in position. Jn this specimen the axis hypocentrum remains 
firmly joined to the front of the centrum, but their union remains clearly defined. 
In aged individuals it doubtless becomes firmly coalesced, as it has in Ceratosaurus 
(fig. 6, pl. 19). Osborn! finds this element present as a distinct element in Tyran- 
nosaurus. It is also known to be present in the Sauropod and Predentate groups 
of dinosauria, but often becomes so completely coalesced as to lose its identity. 
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Fig. 17.—ATLAS AND AXIS OF ANTRODEMUS VALENS LEIDY No. 4734, U.S.N.M., } NAT. SIZE. A, LATPRAL VIEW; B, FRONT 

VIEW; C, VENTRAL VIEW; d. im, ATLAS INTERCENTRUM; az, AXIS; d., DIAPOPHYSIS; in, INTERCENTRUM BETWEEN ATLAS 

AND AXIS; 2, NEURAPOPHYSIS OF ATLAS; 0, ODONTOID; 0. Ss, SUTURAL SURFACE FOR ODONTOID; p, PARAPOPHYSIS; s, NEURAL 

SPINE; Z, ANTERIOR ZYGAPOPHYSIS; 2’, POSTERIOR ZYGAPOPHYSIS. 

The hypocentrum is a wide block-like bone that joins the anterior end of the 
axis centrum by a plain articular end. Viewed from the front the upper transverse 
border with which the odontoid articulates is straight; the lower border is broadly 
rounded from side to side. The anterior face is concave from above downward and 
lip-like, where it underlaps the articular end of the atlas intercentrum. The ventral 
surface is shallowly concave antero-posteriorly and broadly convex transversely. 
It has a greatest transverse width of 64 mm. and a greatest antero-posterior diam- 
eter of 34 mm. In specimen No. 8367, U.S.N.M., this bone measures 79 mm. in 
width and 41 mm. antero-posteriorly. 

The axis of Autrodemus may be distinguished from the homologous element 
in Ceratosaurus by, (1) the absence of a keel on the ventral surface of the centrum; 

(2) the presence of deep notches between the spine and postzygapophyses; (3) by 
the stronger development of the diapophyses. 

1 Bull. Amer. Mus. Nat. Hist., vol. 22, 1906, p. 287, fig. 3. 
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Measurements of axes, Antrodemus valens. 

mm. 5 

Greatestileneths of icentruims sss ose eee eae ean eres ee POL Netele s3 88 ie 85 
Greatest width of anterior extremity. ........-..- Fait Bhs ee REE Oe eR EE, SSN 74. 50 
Greatest width of posterior extremity. .-........--.-.2--222222222-2----2-5.---- 65 53 
Greatest, height over alles je ssh acer ee aaa aap eee OU ree aes oe 215 173 
east: width’ of cemtrume 2-5. .2 Sates eee see cyt ee eee epee oe aes 32 25 

Cervicals posterior to the azis.—A\l of the cervicals posterior to the atlas and ~ 
axis were found disarticulated, but. the complete series was recovered and in an 
excellent state of preservation. 

Fic. 18.—ARTICULATED CERVICAL VERTEBRAE OF ANTRODEMUS VALENS LEIDY, NO. 8367, U.S.N.M. VIEWED FROM THE RIGHT 

SIDE 4 NAT, SIZE. ‘G2, AXIS; az. in, AXIS INTERCENTRUM; 0, ODONTOID; 3, 4, 5, 6, 7, 8, 9, CERVICAL VERTEBRAE THREE TO 

NINE RESPECTIVELY. 5 
, 

In all, counting back from the skull there were nine vertebre and these prob- 
ably represent the entire cervical series as corroborated by specimen No. 8367, 
U.S.N.M., shown in figure 18. The remaining 14 presacrals were found articulated. 
This specimen therefore is in perfect accord with No. 666 of the American Museum 
of Natural History, New York, which has 23 vertebrae in the complete presacral 

series. ; 
The third cervical may be distinguished by the sharp longitudinal keel on the 

ventral side of the centrum, all others including the atlas and axis, having this 
portion of the centrum smoothly rounded. 
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Posterior to the third all of the other cervicals are strongly opisthocoelus. The 
centra gradually increase in size posteriorly. Viewed from the side (fig. 18) it will 
be observed that both the anterior and posterior ends of the centra are cut off 
obliquely to the longer axis of the bone. On the ventral side of the cervicals pos- 
terior to the third the posterior border takes a decided scoop downward; but this 
feature becomes less and less as the base of the neck is approached. 

With the exception of the atlas, all of the cervical vertebrae are strongly cupped 
on the posterior end of each centrum. On the anterior end there is an almost 
equally well-developed ball, which is terminated by a rounded, blunt apex that is 
usually somewhat above the middle. The cervicals in Ceratosaurus differ in having 
the ball flattened. 

When these vertebrae are articulated the ball does not reach the full depth of 
the cup, pus shows that there was a considerable thickness of cartilage between. 

There is a narrow articular border at the base of the 
ball, as in Ceratosaurus, that marks to some extent the 
jew of its insertion into the cup. 

Below the neuro-central sutures the sides of the centra 
are deeply pinched in, especially toward the front above 
the capitular facets, at which point there are oval pits, 
some of which appear to lead into chambers within the 
centra, these persist as far back as the twelfth vertebra 
from the skull, in No. 8367. All of the cervicals are 

highly pneumatic. 
The capitular facets, posterior to those on the axis, 

are large, placed low down on the side, at the base of 
the articular ball-like end. In the anterior members of 

Go Ee Seana aule mecks these Tacets, are on stout, heayy buttresses 
or ANTRODEMUS VALENS Lurpy cat. that project straight out from the centrum (fig. 19). 
Vnwnoreoumoun, dpusoraves, Continuing posteriorly the buttresses gradually increase 
P, PARAPOPHYSIS; s, NEURAL SPINE; 2, 1n size and length, and become inclined more and more 

a a |?) wentrally as the dorsals are approached. ' 
In the ninth, one-half of the articulation for the rib 

is below the level of the median ventral surface of the centrum, whereas in the 
third vertebra it 1s wholly above. 

The neurapophyses in all of the cervicals have an extensive attachment to the 
centrum, spreading out conspjuously at the ends. 

Woell-developed diapophyses are present on all vertebrae posterior to the atlas. 
These are short and comparatively thin dorso- ventrally, but gradually lengthen and 
become more robust posteriorly. In the anterior cervicals they extend downward, 
quite close to the side of the centra, but gradually assume a more horizontal position 
posteriorly until on the ninth vertebra they extend outward at nearly right angles. 
All are lightened by cavities along the under side, and are supported by thin oblique 
laminae that extend upward from the anterior and posterior pedicles. 

The articular ends are but little expanded, and the articular surface for the rib 
looks downward and outward. 



36 BULLETIN 110, UNITED STATES NATIONAL MUSEUM. 

The neural canal is relatively small throughout the cervical series. he pre- 
and post-zygapophyses are wide apart and have large, flattened articular surfaces. 
The pre- and post-zygapophyses gradually draw nearer to one another antero- 
posteriorly. In other words, the zygapophyses of the ninth cervical, though a 
much larger vertebra than the third, are as near together antero-posteriorly as in 
the latter. 

The neural spines of the anterior cervicals are high, quadrangular, plate-like 
processes, with slightly expanded extremities. These become narrower antero- 
posteriorly and wider transversely, so that on the eighth and ninth cervicals the 
spines are about equal in both diameters, and somewhat shorter than those of the 
anterior portion of the neck. The anterior and posterior surfaces of the two latter 
are rugosely roughened. 

In the anterior half of the neck there are angular cone-shaped pits on the 
anterior side at the base of the spines between the zygapophyses which become 

shallower and shallower as the posterior 
cervicals are approached, entirely disappear- 
ing on the ninth cervical (fig. 20). 

The combined length of the nine vertebrae 
when articulated measured along the curve 
is about 780 mm. In the larger individual 
(No. 8367), this same measurement is 860 

mim. 
SS {Above each postzygapophysis on the an- 

terior cervicals is developed a blunt spur- 
like projection of bone that extends back- 

SN 
wy | 

Aa i i 

) 
YN 

Y SS 
Si lle CYR Ati 

ward, overhanging the articular surface. 
This spur reaches its maximum develop- 
ment on the sixth cervical, but reduces in 

Fic. 20.--NINTH CERVICAL VERTEBRA OF ANTRODEMUS gj7e@ posteriorly; the sixth is the last one 

VALENS LEIDY. NO.4734, U.S.N.M. 4NAT.SIZE. VIEWED 3 . = 7 B 5 M 

FROM FRONT. 4, DIAPOPHYSIS; , PARAPOPHYSIS; $, NEU- showing 1t overhanging 5 and in the ninth it 

RAL SPINE} 2, ANTERIOR ZYGAPOPHYSIS; 2’, POSTERIOR stops well forward of the underlying articu- 

ZYGAPOPHYSIS, . Gudea 

lar surfaces, only a vestige remaining. ‘The 

greatest development of this spur coincides with the change from the wide to the 

narrow spinous processes. & . 

Dorsal vertebrae.—Specimen No. 4734, U.S.N.M., has an articulated series of 

14 dorsal vertebrae, but since many of these lack protions of their neural processes, 

the detailed description of these vertebrae is largely based on the excellent supple- 

mentary material furnished by the somewhat larger individual catalogued as No. 

8367, U.S.N.M. This specimen has 10 dorsals present, all in a splendid state of 

preservation. These are found more or less disarticulated, (fig. 21), but the manner 

in which the zygapophyses articulate indicate that seven of them represent a con- 

tinuous series commencing with the sixth dorsal and continuing posteriorly. The 

first, second, fifth, and twelfth dorsals appear to be the ones that are missing. The 

third and fourth were found articulated with one another. 
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First and second dorsals (Nos. 10 and 11).—In Antrodemus the point of change 
from cervical to the dorsal series appears to be distinctly indicated. The features 
which indicate where this change occurs are; a sudden shortening of the vertebral 
centra; the transfer of the parapophyses from a low to a higher position on the 
side of the centrum; a rapid increase in the height of the neural spines; an increase 
in length of the transverse processes and their elevation to a plane above the hori- 
zontal; the increased width of the space between the diapophyses and parapophyses 
and the passing of the opisthocoelus centra to the amphiplatyan type. In Tyranno- 
saurus Osborn? designates these vertebra as “‘cervico-dorsals, thus considering 
them transitional in character, which they are to a greater degree than in Antrodemus. 
The first dorsal of No. 4734, U.S.N.M., lacks the anterior end of the centrum and 

the upper portion of the right side of the neural arch. The posterior ventral sur- 
face of the centrum, when compared with the preceding vertebra, is angularly 
rounded as contrasted with the broad and evenly rounded centrum of the last 
cervical. Also the median portion of the centrum in the first dorsal is more pinched | 
together. 

The remaining remnant of the right diapophysis indicates that it must have 
reached a horizontal position whereas those anterior were all deflected below that 

level. 
The second dorsal (No. 4734, U.S.N.M.) consists of the complete centrum, but 

lacks miost of the neural arch. The anterior end is convex, but much less hemi- 

spherical than found in the cervical region. The parapophysis is large and its 
upper edge reaches the neurocentral suture. The median ventral portion is much 
pinched together transversely forming a decided ventral keel which widens out 
toward the front. 

Third and fourth dorsals (Nos. 12 and 13).—These vertebrae of No. 8367, 

U.S.N.M., were found articulated. The centrum is greatly abbreviated as compared 
with the longer ninth cervical, the third having a slightly cupped posterior face and a 
nearly flat anterior face. In this individual the third dorsal may be distinguished 
from all others in the column by the sharp ventral keel on the centrum, which de- 
velops at its anterior end an expanded triangular face that projects downward below 
the anterior rim of the centrum and looks forward and downward. The surface of 

this face stops 23 mm. posterior to the vertical plane of the anterior end of the 
centrum, from which it is distinctly separated by a shallow transverse groove 
(fig. 22). The sides of the centrum are moderately compressed, with a small pit that 
leads into the body of the centrum posterior to the center of the parapophysis. 
This is the last appearance of these lateral pits, which are found throughout the cer- 
vical region. In No. 4734 the third dorsal also bears the last pit. 

The pleuropophysis is large, elliptical in outline, the longer diameter being ver- 

tical, the upper end extending slightly over the side of the pedestal of the neural arch. 
The neural arch is relatively low and incloses a neural canal of good size. Anterior- 
posteriorly the arch above its base is considerably shorter than the centrum. The 

long traverse processes extend outward and upward from the sides of the neural 
arch, slightly above the horizontal. The articular end presents a roughened, beveled 

1 Bull. Amer. Mus. Nat. Hist., vol. 22, 1906, p. 288. 

144035—20——4 
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Fic. 21.—DiAGRAM 1, ‘(QUARRY C,’”’ LOCATED ONE-FOURTH MILE WEST OF “QUARRY 13,’’ WHICH HAS BEEN DEFINITELY LOCATED 

IN NORTHEAST QUARTER OF SECTION 5, TOWNSHIP 22 NORTH, RANGE 76 WEST, ALBANY COUNTY, WYOMING. THIS MAP SHOWS 
THE EXACT RELATIVE POSITIONS OF THE BONES BELONGING TO SPECIMEN NO. 8367, U.S.N.M., ANTRODEMUS VALENS LEIDY. 

COLLECTED IN 1886 BY FRED BROWN. SCALE ABOUT ONE-HALF FOOT TO THE INCH. 

1. SIXTH CHEVRON; 2. THORACIC RIB, No. 4, R. (SEE B, ric. 36.); 3. THIRD, FOURTH, AND FIFTH SACRAL CENTRA; 

4, SEVENTH CAUDAL VERTEBRA; 5. SIXTH CAUDAL VERTEBRA. (SEE FIG. 28, ALSO PL. 1 FIGS, 4,5, AND 6.); 6. FIFTH CAUDAL 

VERTEBRA; 7. FOURTH CAUDAL VERTEBRA; 8. THIRD CAUDAL VERTEBRA; 9. SECOND CAUDAL VERTEBRA; 10. FIRST CAUDAL 

VERTEBRA. (SEE FIG. 2, PL. 31.); 11. SECOND CHEVRON; 12. FIrTH CHEVRON; 13. THIRD CHEVRON; 14. FOURTH CHEVRON; 

15. MEDIAN CAUDAL VERTEBRA. (SEE FIG. 29.); 16. THORACIC RIB. NO. 6, L; 17. THORACIC RIBS, Nos. 2, 3, AND 9, R; 

18. PRESACRAL VERTEBRAE, NOS. 12 AND 13. (SEE FIGS, 22 AND 23.); 19. SEVENTH DORSAL VERTEPRAL CENTRUM; 20. THO- 

RACIC RIB, No. 7, R. (SEE Fic. 36, C.); -21. THORACIC RIB, NO. 6, R; 22. SIXTH CERVICAL VERTEBRA. (SEE FIG. 18, 6.); 
23. SEVENTH CERVICAL VERTEBRA. (SEE FIG. 18, 7.); 24. Iscuium; 25. PuBEs. (SEE ria. 47.); 26. ABDOMINAL RIBS, (SEE 

Fig. 38.); 27. ABDOMINAL RIBS. (See FIG. 38.); 28. FrRSt CHEVRON; 29. ABDOMINAL RIBS. (SEE FIG. 38.); 30. IscHruM; 

31. THORACIC RIB; 32. THORACIC RIB, No.11, R; 33. THorAcic rib, No, 10, R; 34. THORACIC RIB. NO 9, R. (SEE FIG. 36 

D.); 35. FOURTEENTH DORSAL VERTEBRA. (SEE FIG. 27.); 36. TWELFTH DORSAL VERTEBRA. (SEE FIG. 26.); 37. ELEVENTH 

DORSAL VERTEBRA. (SEE FIG. 25.); 38. TENTH DORSAL VERTEBRA; 39. EIGHTH DORSAL VERTEBRA; 40. NINTH DORSAL VER- 

TEBRA. (SEE FIG. 24.); 41. SIXTH DORSAL VERTEBRA, (SEE FIG. 23.): 42. THORACIC RIBS NO. 8, R; 43. HEAD OF THORACIC 
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surface on the ventral side for articulation with the tuberculum of the rib. They are 
supported from beneath by converging laminae arising from the front and back 
pedicles which unite to form a single vertical plate that supports the diapophysis at 
the central line throughout its entire length. A deep cavity extends inward beneath 
and back of the prezygapophysis, greatly lightening the bone but without materially 
decreasing its strength. 

The anterior zygapophyses project but slightly beyond the face of the centrum. 
They look upward and inward; are of large size with . 
the greatest diameter transverse. The neural spine is | 
relatively short, wide behind, with a deeply concave 
surface, narrow in front, with broad convex surface. The 
median part of both front and back presents rough rugose 
surfaces. Between the postzygapophyses at the base of 
the spine a pit extends forward and downward into the 
arch above the neural canal. 

The articular surfaces of the posterior zygapophyses 
are nearly horizontal, with a slight pitch downward to- 
ward the front. ‘Their posterior borders are within the 
posterior face of the centrum. 

The fourth dorsal (fig. 23) vertebra differs from the 
preceding by the development of a slightly heavier, 
transverse and spinous processes; more elevated position 
of the capitular facets on the sides of the neural arch; 
the distal end of the centrum less deeply cupped, withan- jug. 99 _-Tmp poRSAL VERTEBRA OF 
terior extremity plain; great increase in the overhang of  ANtRopremus vatens Lumpy. No. 
the prezygapophyses. ‘The absence of a lateral pit, and EOS ie lane Peg. 
apparently the last appearance of the two converging  P#YsIs; z, ANTERIOR zyGAPorHYSIs, 

lamina giving support to the transverse processes. In 77 * 770% 7¥GApornysis. 
the succeeding dorsals a single plate arises from the posterior pedicle, the anterior 
one having disappeared. The last appearance of the pinched in sides which makes 
the lower median portion keel-like. 

Fifth dorsal (No. 14.).—The fifth dorsal vertebra appears to be missing in 
No. 8367, U.S.N.M., but the centrum lacking most of the neural arch is present in 

_No. 4734, U.S.N.M. In so far as it can be compared it differs from the preceding 
vertebra by the deeper excavation of the sides and bottom, thus making the ends 
appear more flangelike, and by the higher position of the parapophysis. 

Siath to the thirteenth dorsal (Nos. 15 to 23.).—Though found disarticulated, as 

shown in figure 21, these vertebrae are thought to represent a continuous series; 
and since they differ so little from one another, can be best described collectively. 

In size they increase gradually from front to back. 

RIB, No. 11, L; 44. HEAD OF THORACIC RIB, No. 9, L; 45. THORACIC RIB, NO. 10, L; 46. HEAD OF THORACIC RIB, NO. 8, L; 

47. FRAGMENT; 48. PROCESS TO SEVENTH DORSAL VERTEBRA; 49. CAPITULUM TO RIB; 50. THORACIC RIB, NO.5, R; 51. Capiru- 

LUM TO RIB, No, 2, L; 52. AXIS AND PORTION OF ATLAS. (SEE FIG. 18 AX.); 53. THIRD CERVICAL VERTEBRA. (SEE FIG. 

18, 3.); 54. FOURTH CERVICAL VERTEBRA. (SEE FIG. 18, 4.); 55, FIrTH CERVICAL VERTEBRA. (SEE FIG. 18, 5.); 56. CERVI- 

CAL RIB, OF AXIS, LEFT SIDE; 57. NINTH CERVICAL VERTEBRA. (SEE FIG. 18, 9.); 58. THORACIC RIB, No. 2, L; 59. Two 

(AXIS RIGHT SIDE) CERVICAL RIBS, ONE TOOTH; 60. THORACIC RIB. 
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The centra are deeply excavated on the sides and inferiorly, this feature becom- 
ing more pronounced as the posterior part of the series is approached, where the en- 

Vy 

avn 

Fic. 23.—FOURTH DORSAL VERTEBRA OF ANTRODEMUS VALENS LeEIpy. No. 8367, U.S.N.M. iNav. sizz. A, SIDE VIEW. 
B, FRONT VIEW. d, DIAPOPHYSIS; p, PARAPOPHYSIS; Z, ANTERIOR ZYGAPOPHYSIS; 2’, POSTERIOR ZYGAPOPHYSIS. 

Fic. 24.—SIXTH DORSAL VERTEBRA OF ANTRO- 

DEMUS VALENS LEIDy. No. 8367, U.S.N.M. 

4 NAT. SIZE. SIDE VIEW. d. DIAPOPHYSIS; Pp, 

PARAPOPHYSIS; Z, ANTERIOR ZYGAPOPHYSIS; 2’, 

POSTERIOR ZYGA OPHYSIS. 

larged ends are flangelike. The median sides above 

the middle are pinched in, forming a shallow lon- 
gitudinal depression as shown in figures 26 and 27. 

In passing backward in the series these depressions 
become slightly deeper, though on none except 

perhaps the last dorsal could they be classed as 
pits. In both Gorgosaurus and Tyrannosaurus 

lateral pits are present in most of the dorsal 
centra. 

The anterior face of the sixth dorsalis nearly 
plane, but in the seventh it is slightly concave, 
this concavity continuing back through the series. 
The posterior articular surfaces are partly am- 
phiplatyan, with a characteristic slight anterior 
concavity in the upper portion of the face below 

the neural canal. This feature is especially pro- 
nounced on the last dorsal, where it articulates 
with the sacrum. The centrum of the twelfth 
dorsal viewed from the side is slightly wedge- 
shaped, being narrower below than above—a 
condition observed in the seventh dorsal of 
Tyrannosaurus as depicted by Osborn.t To a 

less degree some of the other dorsals are also shorter longitudinally at the bottom 
than at the top, thus forming a slight upward bow of the articulated vertebral 
column. The height of the centra exceeds their breadth. 

1 Plate 27, Bull. Amer. Mus. Nat. Hist., vol. 35, 1917. 
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The neural arches are attached to the centra by low, stout pedicles, having ex- 
panded ends, more especially the posterior. Long, broad diapophyses are given off 
well up on the arch. On the sixth dorsal they extend backward and upward at an 

angle of 30° above the horizontal, but passing posteriorly in the series they gradually 
assume a more and more horizontal position. In the posterior members they also 
extend outward at right angles instead of backward as in the mid-dorsal region. 
These processes gradually lengthen from the front to the back, reaching their max- 
imum length on the ninth and tenth dorsals, posterior of which they decrease 

slightly in length and also in other proportions. Where they attach, these proc- 
esses are broad, narrowing slightly outward. Vertically both front and back they 

Z 
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Fic. 25.—NINTH DORSAL VERTEBRA OF ANTRODEMUS VALENS LEIDy. No. 8367, U.S.N.M. 1 NAT. sizE. A, SIDE VIEW. B 

FRONT VIEW. d, DIAPOPHYSIS; -p, PARAPOPHYSIS; 2, ANTERIOR ZYGAPOPHYSIS; 2’, POSTERIOR ZYGAPOPHYSIS. 

are thin, but supported and strengthened from beneath at mid-breadth by a 
single vertical lamina that extends outward nearly to the distal end. Proximally 
it ends below in the posterior lateral pedicle of the arch. 

The parapophyses in all the vertebrae posterior to the sixth occupy approx- 
imately the same position on the median side of the anterior pedicle, extended 
outwardly but little, though in Ceratosaurus they stand out prominently. This 
facet is cupped and subcircular in outline (fig. 24). 

The large anterior zygapophyses look upward and very little inward, their 
articular faces being nearly horizontal. All overhang the anterior face of the 
centra. The posterior zygapophyses are separated at the center by a thin vertical 

plate that widens distally, forming a zygosphene articulation as in the Sauropodous 
dinosauria. 
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The neural spines are large and robust. They gradually increase in height 
from front to back, reaching their maximum development in the last dorsal (fig. 
27). There is also an increase in the fore and aft diameter of the spines. 

Viewed from the side, the spines are narrower at the top than at the bottom. 
The basal width is isremett about by the development of thin marginal lamina-like 
extensions of the spine. The posterior laminae turn backward and merge into the 
surface above the posterior zygapophyses. Anteriorly they merge into the arch 
posterior to and usually slightly above the level of the anterior zygapophyses. 

Between these laminae the median surfaces 
both front and back are rugosely roughened 
for ligamentious attachment. Above the mid- 
height, this roughened median portion of the 
spines extends forward and back respectively of 
the side faces, which are smooth, in a gradually 
narrowing axial area, being sharply defined both 
front and back from the rugose central portion. 
This roughening is by means of deeply pitted 
projections and anastomosing channels run- 
ning irregularly in a general vertical direction. 

The upper or distal ends have roughened 
transversely expanded ends, and as in Gorgos- 
aurus, and also in Tyrannosaurus the spines 
have increased to such an extent in an anterior, 
posterior direction as to approach one another 
closely at the top. This development is most 
prominently displayed in the eighth and tenth 
of this series whereas in Gorgosaurus from the 
fifth to the ninth and in Tryrannosaurus from 
the seventh to the thirteenth. 

Fourteenth dorsal (No. 23).—The Fourteenth 

dorsal is so very much. like the preceding ver- 
tebra as to require but little description. It is 
the most robust element of the entire backbone. 

Fic. 26.—TENTH DORSAL VERTEBRA OF ANTRO- s 

DEMUS VALENS Ley. No. 8367, U.S.N.M.3 The transverse processes are slightly shorter 
rater PEN a a ie ce. than those immediately preceding it, and ex- 

2YGAPOPHYSIS; 2g, ZYGOSPHENE; z’, posterior tend outward at right angles to the arch on 

SAE mae a nearly horizontal plane. The parapophysial 

facet is smaller, and the roughened articular surface for the tuberculum of the 

rib has changed to a more anterior position on the diapophyses, the face looking 

forward and downyard instead of directly downward as in the anterior dorsal region. 

In the last dorsal of No. 4734 the median wall between opposite sides of the cen- 

trum is only 7 mm. in thickness. 

The principal dimensions of the two vertebral columns discussed above are 

_ given in the table of measurements. 



OSTEOLOGY OF CARNIVOROUS DINOSAURS. 43 

Measurements of presacral vertebrae of Antrodemus valens Leidy. 

Greatest length of Greatest i hearcies Greatest solaint over areas tiy  zasyense 
Vertebrae. centra. Tior end. aarp tra. 

No. 4734. | No. 8367. | No. 4734.| No. 8367. | No. 4734. | No. 8367. | No. 4734. | No. 8367. 

mm mm mm mm mm mm mm mm 
UNE St ra aie BY Reha ee ee (HD) ei esse ie, Sie enh I ae eee emo 
PANTS) 3s Sami AN oar ae ree 85 89 53 66 170 215 24 31 

we eS SRE es Sete eee ee 105 105 60 77 187 225 36 51 
He Ne Oe See ay eee 102 106 75 85 192 235 42 60 
a Re RUS ae A a ta 109 111 76 94 a 188 247 46 61 
Hstelaoeeh ote SES be cee Ee 111 IA 83 NQAS eer ae 248 44 65 
US Bees Si 3 LS EAR A ee op eS 115 125 95 105 195 276 49 65 
Di ake md 5B eet ete Ne ee ni 2 115 120 94 URE Alu eres a 52 66 
OE EA este ese ote othe ee 123 122 92 110 ZNOW Bas eee 50 64 
1D Dd saints sg ood Beet ale Bee SoC. S.5 SS ee Bll TER teat ees ERPR Sg tere Uae fa AZ Gre Te Lo 
SUL se ect ge BC tae ce ie, atte CXS) Tes ei eae [esis SI stele al TG cate a aa I DP 
Aso td Bass oS ee ei oad HU 89 86 NOS speese se 253 44 59 
1G ee. Sec AT eee Speier ae} | 74 78 75 HO Sieve ee 255 29 52 
Tb hep Pe ie PM RN eee rere EKO); If ace ests Roane resend ee ie DAL et ee 
ID spekses sae te eB eee ers 74 85 82 OOM yer 283 22 45 
TNS ape rset pee 2, 2 Au i Re 81 80 Bota Pateefaetyea lt ahaa A see 310 23 4] 
Ii sasds ay Seat s 25 See memes a 8\ foo) Ae eee DEO eee ee BOM eae meet 43 
MS epee ey rR LU EoD eet Se Ce 87 96 110 290 SOON || eee ee 43 
MO aa Be opens Be aie eater 85 94 107 115 315 350 30 46 
PAD) 5 a at Ee ae a eae ROT 94 96 114 129 332 365 39 50 
PDA je SA RS te a 93 99 120 IB VWsoes sas 375 38 58 
LD Re exe eR ea Se Se (Oo) ES Eieaati ems OP NAT es Baeleie es 330) kere ARON ee ele J, 
SE ha mE Red ee ger eer een (Se 106 OZ Ne eccisia doe TAD Ae yer 405 45 60 

a Estimated. b Beginning of dorsal series. 

Sacral vertebrae.—The description to follow of the sacral vertebrae of Antro- 
demus is based on the sacra of four individuals, Nos. 4734, 8405, 8423, and 8367, 
arranged in the order of their importance, but more especially on the splendidly 
preserved sacrum of No. 4734, U.S.N.M., shown in all aspects in plates 8, 9, and 10. 

Three of these specimens each have five coosified vertebrae in the complete sacral 
arcade. As in Tyrannosaurus and Ceratosaurus, S,, is directly opposite the pubic 
peduncle of the articulated ilium (see pl. 9, fig. 2), while S, is opposite the ischiac 
peduncle. It is quite probable that S, and S, represent the primary sacrals, S, 
being a modified dorsal, and S, and S,;, modified caudal vertebrae. 

The five sacral centra have concave sides and ventral surfaces, though the 
flange-like ends of the preceding dorsals are only found on the anterior end of S,. 
S, and S, are much compressed transversely, with the ends little expanded. The 

lateral depressions on the superior sides of the centra are present in all the sacrals 
of No. 4732, but in the other individuals these depressions grow shallower from front 
to the back of the series. 

The ilia are united to the sacrum by stout but exceptionally short sacral ribs 
and by the transverse processes. There appear to be four distinct sacral ribs (pl. 
8 sr.). These unite with the sacrals intervertebrally. The anterior rib articu- 

lates about equally with roughened facets on §,, S,, but the succeeding two are 
supported more by the posterior centrum—that is, S, and S,, respectively. The 
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fourth rib assumes a higher and more posterior position and extends outward and 
upward from about the center of S,. 

In No. 4734 a notch separates the outer expanded diapophysial ends of S, 
and S, from the distal ends of the sacral ribs as shown in plate 8, but in No. 8405 
they form continuous articular ends for union with the ilium. Internal to the 
distal ends they are joimed by suture, as they do in the Sauropoda by a thin diapo- 
physial lamina sent down from the underside of the diapophysis. The complete 
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Fic. 27.—FoURTEENTH OR LAST DORSAL VERTEBRA OF ANTRODEMUS VALENS LEIDy, No. 8367, U.S. N.M, +4 NAmt. SIZE, 

PARAPOPHYSIS; 2Z, A, SIDE vViEw. B. FRONT VIEW. d, DIAPOPHYSIS; 7p, 

ZYGAPOPHYSIS. 

union of these ends in S, and S, is well shown in plate 8, where they are seen to also 
unite with one another at the top. The third rib is the stoutest and heaviest of the 

series. 
The neural spines are all united to form a continuous plate. 

ANTERIOR ZYGAPOPHYSIS; 2’, POSTERIOR 

Though coossifi- 

cation has led to complete obliteration of the sutures their line of union can be 
clearly determined by indentations along the top. The neural spines of the three 
anterior sacrals are below the level of the ilia and can not be seen from a lateral 
view; but in Ceratosaurus the first, as shown in plate 30, projects well above 
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this border of the iium. The upper ends of the neural spines are roughened and 
slightly expanded transversely. 

The principal dimension of the sacral vertebrae are given in the accompany- 
ing table of measurements below: 

Measurements of Antrodemus sacral vertebrae in millimeters. 

| No. 4734, | No. 8423, | No. 8405, | No. 8367, 
| U.S.N.M. | U.S.N.M. | U.S.N.M. | U.S.N.M. 

Wenethiotcentrum: S,,midheiehtes-..-- 24 222. 222 ceeces-: 116 e 90 TZOM ees ee = 
eng thvor centrum=.9,.mideheishtasress--s.-- 524.252 s02-252-- | 104 99 US laertsaeces 
ens thvotecentrum:) S:.mid heithtwer 245-2 cb em. sce a. = | 104 104 LOT ees ee t= 
iWensthvoteentrum:, wy midiheichi=eses=- 26-5). 2-226 -2..5265 | 108 120 125 | 152 
Gensthiotcentnum: | S-rmidshelohtaa. ses = sees an. 15226 | 104 114 118 | 132 
WaidiihyoricentrumsSesanidoheishizes. yea se cee = 108 117 125 | 146 
Total length of five coossified vertebrae.....-.....------------ | 536 540 OOM aes Sas 
Greatest expanse of transverse processes of S,.....-.---------- Egacaaseclsaaeecoce IG)" Saseaseer 

e Estimated. 

Caudal vertebrae ——Though the United States National Museum collections do 
not contain a complete articulated caudal series of Antrodemus, after a study of the 
incomplete tail of No. 4734, U.S.N.M., it is estimated that the entire series would 
consist of at least 45 caudal vertebrae. In number, therefore, it is intermediate 

between Gorgosaurus, with Lamb’s estimate of 36 and Tyrannosaurus, with 
Osborn’s estimate of 53. 

In specimen No. 4734, U.S.N.M., there are vertebrae present from all parts of 
the tail except the extreme tip, but most of these are poorly preserved. When first 
found in the quarry, as all of the available evidence appears to indicate, the caudal 
series of this individual was articulated with the sacrum and nearly if not quite 
complete. Unfortunately, before it was recognized as pertaining to so perfect a 
skeleton, the bones were quarried out and thrown on to the pile of detrital material. 
In the subsequent attempt to salvage these vertebrae from the “dump” many of 
the vertebrae were entirely lost, as shown by the impressions in the sandstone 
blocks, and those caudals recovered in most instances were so mutilated by the loss 
of processes and other parts as to destroy much of their original value. However, 
having vertebrae present from different sections of the tail, gives some information 
of the changes that take place from front to back and it is especially valuable for 
comparison with the quite different series of Ceratosaurus. From this ‘‘dump” 
material 33 caudal vertebrae are recognized. 

With specimen No. 8367, U.S.N.M., there are eight caudal vertebrae, seven of 
which represent the first seven of the al series, as shown in figure 21. (Quarry 

Nos. 10, 9, 8, 7, 6, 5, and 4.) The remaining caudal (quarry No. 15) is from the 

mid-region of the tail. 

The characteristics of the anterior caudal vertebrae will be largely described 
from specimen No. 8367, U.S.N.M. These vertebrae are heavy and stout, the 

first four having centra that are higher than long. In passing backward they soon 
assume a lengthened cylindrical form as the diminution in length is less rapid (see 
table of measurements) than the decrease in height. 



46 BULLETIN 110, UNITED STATES NATIONAL MUSEUM. 

Measurements of anterior caudal vertebrae of Antrodemus valens, No. 8867. 

Number Length at Width ante- | Height ante- 
of center of rior end rior end 

vertebra. centrum. of centrum. | of centrum. 

il 121 133 138 
2 123 133 140 
3 125 123 130 
4 120 113 126 
5 118 115 115 
6 120 ane 115 
i 120 95 97 

The vertebral centra are concave on the sides and below. The first caudal 
has a transverse rounded ventral surface, but in the succeeding caudals as far back 

Fic. 28.—SIXTH CAUDAL VERTEBRA, OF ANTRO_ 
DEMUS VALENS LeErmpy, No. 8367, U.S.N.M, 

4 NAT. SIZE. VIEWED FROM THE LEFT SIDE. 

ch, FACET FOR CHEVRON; d, DIAPOPHYSIS; 2, 

ANTERIOR ZYGAPOPHYSIS; z’, POSTERIOR ZYGA- 

POPHYSIS. THIS VERTEBRAL CENTRUM WAS 

SECTIONED AS SHOWN IN PLATE 1, FIGS. 4, 5, 
AND 6. . 

as the seventh, this surface is obtuse, but none 
are longitudinally grooved in this aspect as in 
Ceratosaurus. : 
The articular faces of the centra are biconcave. 

On the anterior caudals this concavity is most pro- 
nounced on the anterior face, but in the mid caudal 

region these faces become subequal. On both ends 
the lower articular faces are beveled off for the 

chevron articulation (fig. 28 ch.). ; 
None of the neural spines are perfectly preserved, 

the most perfect one is on the sixth caudal, as 
shown in figure 28. At the base it is wide from 
front to back, heavy transversely, with a broken 
upper. extremity that is beginning to widen trans- 
versely, thus indicating an expanded upper end. 
The spines are inclined strongly backward, their 
upper ends overhanging the posterior face of the 
centra. Proceeding posteriorly the spinous pro- 
cesses grow smaller, so that in the median caudal 
region 1t has been reduced to a short thin upstand- 
ing plate of bone without distal expansion as shown 
in figure 29. In Ceratosaurus the last distinct spine 
is on the thirty-first caudal; in Antrodemus, how- 

ever, they must surely have disappeared forward 
of that point. 

The diapophyses or transverse processes in the anterior region have their 
origin on the side of the neural arch, being directed outward, backward, and slightly 
upward. In the anterior region they are long, outwardly expanding processes that 

come to rather of a square end distally. Dorso-ventrally on the outer end they 
gradually thicken toward the point of attachment on the sides of the arch. A 
caudal of No. 4734, U.S.N.M., intermediate in position between those vertebrae 
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illustrated in figures 28 and 29 has the left process almost perfectly preserved. It 
is thin dorso-ventrally without especial distal expansion and extends directly 
outward from the superior median side of the centrum. 

Further back, as shown in figure 29, the transverse process is still further 
reduced in size and its position has shifted downward to the middle of the centrum. 

FIG. 29.—MEDIAN CAUDAL VERTEBRA OF ANTRODEMUS VALENS LeErDy. No. 8367, U.S.N.M. 4NAT.SIZE. VIEWED FROM THE 

LEFT SIDE. $, SPINOUS PROCESS; 2, ANTERIOR ZYGAPOPHYSIS; 2’, POSTERIOR ZYGAPOPHYSIS. 

In all probability it would have entirely disappeared on the second or third vertebrae 
posterior to this one. 

Concurrent with the reduction 
of the transverse processes there 
is a great enlargement and pro-. 
longation of the anterior zyga- 
pophyses, as shown in figures 
29 and 30. These zygapophyses 
have wide expanding endswhich 

stand high above the centrum 
with inner faces that look almost 

Fig. 30.—CauDAL VERTEBRA FROM DISTAL FOURTH OF THE TAIL OF ANTRO- directly inward. More posteri- 

ay Ge 20) hen edad 
nation is less and the zygapo- 

physes gradually narrow in width dorso-ventrally to its free end. More posteriorly 
still, as shown in figure 31, the anterior zygapophyses become more rod like, though 
their great anterior prolongation is maintained. ‘These are in striking contrast to 
the comparatively weak zygapophyses of the Ceratosaurus caudals, but very similar 
in those of Gorgosaurus and Ornithomumus. 
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CHEVRONS. 

With specimen No. 8367, U.S.N.M., 
there are six chevron bones preserved. 
Judging largely from their relative posi- 
tions as found in the quarry (fig. 21) they 
appear to represent the first, second, third, 
fourth, fifth, and seventh of the series. 

The anterior chevrons of Antrodemus 
valens can be at once distinguished from 
those of Ceratosaurus nasicornis, by 
their greatly expanded articular proxi- 
mal ends, the wider, antero-posteriorly, 

and more backwardly curved shaft, and 

their relatively shorter lengths. 
One of the most striking peculiarities 

of the Antrodemus chevrons is the devel- 
opment on the anterior side of the prox- 
imal end of two projecting spurs, which 

extend forward on either side of the 
haemal opening, as shown in figure 32. 
The two branches of the chevrons are 
joined together by a bridge of bone 
above the haemal canal. In this respect 
they differ from Gorgosaurus with its 
two articular ends distinct from one 

another. The width of the articular 

end increases posteriorly. The longest 

chevron, probably the fourth, has a 

greatest length of 252 mm. with a great- 

est transverse width at the proximal end 

of 79 mm. 

The lack of a distinct beveled facet 

on the lower posterior border of the 

first caudal would appear to indicate 

that the series of chevrons in Antrode- 

mus begins between the first and second 

caudal vertebrae, as in Ceratosaurus 

where it was found in position. 

RIBS. 

Cervical ribs—In specimen No. 4734, 
Fic. 31.—SERIES OF FIVE CAUDALS FROM NEAR THE DISTAL END N.M her i he righ U.S.N.M., there are present on the right 

OF TAIL OF ANTRODEMUS VALENS LEIDY. No. 4734, U.S.N.M. wat } 
|NAT.SZE. DRAWN FROM THE RIGHT SIDE as FouNDIN tHe Side, the ribs belonging to the third, 

ag fourth, fifth, sixth, eighth, and ninth cer- 

vical vertebrae. Apparently, itis the first specimen found having a considerable num- 

ber of the ribs preserved, and they show those restored on the mounted skeleton of 
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Antrodemus (pl. 16), in the American Museum of Natural History, New York, and 
also of Ceratosaurus in the National Museum, to be in error in several particulars. 
Specimen No. 8367, U.S.N.M., has the proximal portions 
of all the cervical ribs of the right side present (see fig. 
18) and a few of the left side. Those of cervicals 4, 5, 
and 6 are firmly anchylosed to the vertebrae. 

The rib of the third cervical of No. 4734 is preserved 
entire and is remarkable on account of its extreme 
slenderness and great length. Its distal fourth bends 
downward, as shown in figure 33, A. From tip to tip it 
measures 268 mm. in length. When articulated, if 
brought straight back along the vertebrae its posterior 
extremity reaches the posterior border of the centrum — 
of the fifth cervical. The capitular portion of the rib is 
short and heavy, with an angular, obtuse, roughened 
articular face (fig. 33, B), that unites closely with the 

cupped capitular facet on the vertebra. In aged indivi- 
duals it doubtless becomesfully coalesced. The tubercular 
process rises from the antero-external side and slightly pos- 
terior to the capitularprocess. Thearticular endisslightly 

: FIG. 32.—ANTERIOR CHEVRON OF AN- 
expanded, cupped, and fits closely with the outerand under — yRoppmus vatens Lemy. No. 8367, 

side of the diapophyses. On the anterior side and near U:S:N.M. 4 Nat. size. A, SIDE 
the base of the tubercular process the bone is continued Sea ee 
forward and downward forming a slender tapering anterior extension that is curved 
in toward the centrum, resembling the cervical ribs of the Sauropod dinosaurs in 

this respect, as in many 
others. On the inner 
side at the base of the 
tubercular process a 
small circular opening 
gives entrance to 
chambers within the 
heavier portions of the 
rib. This opening be- 
comes larger and more 
elongate in the pos- 
teriorribs. The above 
description of the rib 

Fic. 33.—CERVICAL RIB OF THE RIGHT SIDE OF THE THIRD CERVICAL, ANTRODEMUS VALENS of the third cervical 

Leipy. No. 4734, U.S.N.M. A, 4 NAT. SIZE. B, HEAD OF SAME, 3 NAT. SIZE. vertebra would apply 

C. CAPITULUM, ¢, TUBERCULUM. 
almost equally as well 

to the succeeding ribs with the exception that the capitular processes become 
heavier, the tubercular processes longer and the ribs as a whole more robust. 
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Whether they increase or decrease in length posteriorly can not be determined 
from the present specimens, as all except the one described above lack their distal 
extremities. 

The changes that take place in the cervical ribs from first to last are well shown 
in figure 18. The rib of the sixth cervical was found articulated withit. The others, 
though disarticulated, were not far removed from their respective vertebrae in the 
matrix. 

The right rib of the eighth cervical, which may be considered typical of the 
more posterior cervical ribs, as regards their general shape, is shown in figure 34. 

The tuberculum is not lengthened, being braced on the inner side by a thin 
vertical plate of bone that rises from the top of the short capitular process. Ante- 
riorly this rib is broad at the base, but narrows rapidly backward. It is thin 
throughout; the anterior half, concave above, and convex below. The process 
extending in front of the tuberculum is incomplete, but it was probably roundly 
pointed. It extends more directly forward and not downward, as in the more 

anterior ribs. ‘The 
capitulum is short but 
exceedingly heavy, 
with a subcircular, 

roughened articular 
obtuse face that fits 
closely into the deep 
cup-like parapophysis 
of the vertebra. 
When articulated the 
general direction of 

+ the rib is backward 
and downward with 

Fic. 34.—CERVICAL RIB OF THE RIGHT SIDE OF THE EIGHTH CERVICAL OF ANTRODEMUS the head in advance 

L : BCT. . 4734, U.S.N.M. 4 . SIZE. b VALENS Lyripy. INNER ASPECT. NO 34, N 4 NAT. SIZ c, CAPITULUM; of th e tub er cle. 

t, TUBERCULUM. 
The rib of the ninth 

cervical, No. 8367, U.S.N.M. (fig. 18), differs principally in its larger size and the 
more rapid diminution of its posteriorly directed process. 

Thoracic ribs.—In Antrodemus there are fourteen ribs in the complete thoracic 
series on each side. With specimen No. 8367, U.S.N.M., there are eleven ribs from 

the right side, most of which are nearly complete, though all lack their extreme 
distal ends. They appear to represent a continuous series from the first back to 

the twentieth presacral. 
The changes that take place in their form from front to back are well shown 

in figure 36. 
In figure 35 is shown the inner view of what I regard as the first dorsal rib, 

though it might with almost equal propriety be considered as belonging to the 
cervical series. Certainly it is transitional in character, and the distal end in all 
probability was not attached to the sternum. The head of this rib takes on the 
general form of the succeeding thoracic ribs in so much as the tuberculum and capi- 
tulum are wide apart and lie in the same plane with articular surfaces of about equal 
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dimensions. The capitular process is the heavier of the two, and when articulated 
is directed downward and forward instead of inward almost at right angles to the 
main part of the bone, as in the preceeding cervical ribs. The vertical supporting 
lamina of the bone described as strengthening the tubercular process on the rib of 
cervical eight, on the inner side is here the thin connecting plate of bone that forms 
the median part of the anterior end between the tuberculum and capitulum. The 
lateral process (fig. 36, A. l. p.) has almost disappeared, and that part remaining 
is well posterior to the articular processes, where as in the cervical ribs it extends 
anterior to them. On the internal side the heaviest part of the bone is lightened 
by deep cavities, as shown in figure 35. The tapering distal extremity is directed 
backward—a feature that persists in the next three or four ribs of the series. 

Fic. 35.—FIRST THORACIC RIB, ANTRODEMUS VALENS LEIDY, No. 4734, U.S.N.M. INNER ASPECT. 4NAT.SIZE. C, CAPITULUM; 

t, TUBERCULUM. 

The next rib back, here considered the second, is of the true thoracic type. 

The heaviest and strongest part of the rib is in the neighborhood of the tubercle. 
The process bearing the capitulum is the shortest of any of those present except the 
first. The processes gradually lengthen in the posterior members reaching their 
maximum development in the ninth and tenth, which are about subequal. Pos- 
teriorly they again gradually shorten. They also become progressively more slender | 
from the fifth rib, with a change in direction in relation to the shaft. On the second 
rib this process is given off at nearly right angles to the main axis of the shaft, but 
posteriorly it gradually assumes a more upward direction until in the eleventh it 
reaches an angle of nearly 45° above the horizontal. : 

The change in direction of this process is accompanied by a change in the curva- 
ture of the shaft of the rib; so that while the first of the series, when articulated, 
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Fic. 36.—THORACIC RIBS OF ANTRODEMUS VALENS LEIDY. No. 

8367 U.S.N.M. 1 NAT. SIZE. VIEWED FROM THE FRONT. 

ALL OF THE RIGHT SIDE. A, FIRST (?) THORACIC RIB. B, 

FOURTH THORACIC RIB; C, SEVENTH THORACIC RIB; D, NINTH 

THORACIC RIB. J. p. LATERAL PROCESS. 
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extend nearly straight downward, the median and posterior ribs form a more barrel- 
like thoracic cavity. These progressive changes from first to last, may be observed 
in the ribs illustrated in figure 36. 

The external surface of the second rib is narrow and bladelike proximally, but 

on the third this blade is produced posteriorly, thus presenting a broader aspect 
to the outer face, which becomes more pronounced in the succeeding ribs. In 
cross section it would be the form of an inverted L. With an increasing slender- 
ness downward they become subtriangular, then subcircular, and finally narrowly 

oval. Some of the ends in the mid-thoracic region as shown by ribs of the opposite 
side are slightly enlarged. 

_ The longest ribs of the series appear to be in the mid-dorsal region, probably 
the sixth, posterior of which they commence to shorten. The most posterior rib is 

beneath the anterior crest of the iltum asin Ceratosaurus. The length of the ribs can 
not be given because of the missing distal ends. 

Abdominal ribs.—The presence of abdominal ribs in Antrodemus was first made 
known by Osborn! in 1906. In plate 15 is shown the abdominal ribs belonging to 
to specimen No. 4734, U.S.N.M., as they were found in the rock. Unfortunately 
these are so disarranged and 
their state of preservation so 
incomplete as to make it im- 

possible to determine the total 
number of these ribs, or the 

shape of the cuirass which they 
formed. Lambe? has recently 
given a most interesting and Fic. 37.—DOUBLE ABDOMINAL RIB OF ANTRODEMUS VALENS Lripy, No. 4734, 

instructive detailed account Ca ee ane 

of the abdominal ribs in Gorgosaurus libratus. A comparison of the abdominal 
ribs before me with Lambe’s excellent illustrations and descriptions appears to 
indicate only a general resemblance in the structure of these bones. They 
occur in a longitudinal series, of which parts of 14 from one side, probably 
the right, are in sequence in the rock as shown in plate 15. In Gorgosaurus, 
Lambe provisionally regards the full series of one side to consist of 19 ribs. In 
that genus each rib consists of two parts, an elongated bone with an enlarged and 
flattened inner end for overlap with the rib at the opposite side at the center, and a 
shorter, slender, tapering, rodlike bone, the greater portion of which is applied along 
the side of the outer end of the large bone. Portions of similar paired bones are 

clearly shown in the photograph of these elements as found in the sandstone, see 
plate 15. Only one (fig. 37) of the double abdominal ribs, such as are present in 
Gorgosaurus and Tryannosaurus, was found with this specimen. 

Associated in the rock with the bones described above are a number of short 
rodlike pieces of bone, varying in length from 80 to 110 mm. with slightly expanded 
ends that I will presently attempt to show are additional segments of the abdominal 
ribs. 

1 Osborn, Henry Fairfield, Bull. Amer. Mus. Nat. Hist., vol. 22, p. 283, 1906. 

2Lambe, L. M. Memoir 100, Canadian Geol. Surv., No. 83, Geol. ser., 1917, pp. 37-44. 

8 Osborn, H. F., Bull. Amer. Mus. Nat. Hist., vol. 22, p. 295, fig. 12. 

144035°—20: 5 
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With specimen No. 8367, U.S.N.M., are a considerable number of parts of the 
abdominal ribs, several of which are in a beautiful state of preservation, as shown 
in figure 38. While these were found disassociated, a study of them in conjunction , 
with those of specimen No. 4734, U.S.N.M., enables me to determine with some de- 
gree of certainty several points hitherto obscure. The more characteristic of these 
segments are shown in figure 38. F 

The long slender bone shown in A, (fig. 38) is unquestionably the outer or most 
lateral segment of an abdominal rib. Its outer half is rounded in section and sinu- 

ous in its curvature, with a tapering ex- 
tremity. The inner or proximal half is 
flattened on one side, probably the an- 
terior, along which a similar, though 
oppositely flattened side of the second 
segment laps (fig. 39 and pl. 15), where 
they are shown articulated as found in 
place. 

The second segment (D and E, fig. 38) 
is a regularly curved bone deeper than 
‘wide, with a tapering outer extremity, 
and a slightly enlarged proximal articu- 
lating end, the face of which is oblique 
to the longer axis of the bone. ‘The 
posterior face of this end of the bone is 
flat, but gradually changes to a longi- 
tudinal groove as the outer end is ap- 
proached. The articular end articu- 
lates with the third segment as shown 

in H, figure 38. 

The third segment (B, and lower 
part of H, fig. 38) is short with a very 

Fic. 38.—SEGMENTS OF ABDOMINAL RIBS OF ANTRODEMUS VA- much way anded distal end having er se 
Lens Lewy, No. 8367, U.S.N.M. 4, Lateran sequent; B, ped articular surface that is oblique to 
THIRD SEGMENT WITH ARTICULAR PROXIMAL END; C, SHORT the longer axis of the bone. It is this 
SEGMENT POSITION UNDETERMINED; D, SECOND SEGMENT SHOW- 4 
ING THE EXPANDED DISTAL ARTICULAR END; EH, SECOND SEG- expanded, cupped end that articulates 

MENT, SAME AS D, BUT COOSSIFIED BY OBLIQUE TRANSVERSE with the proximal end of the. second 

JOINT WITH THIRD SEGMENT. ALL FIGURES 4 NAT. SIZE. 4 5 

segment as illustrated in H, figure 38. 

The opposite end, as rather unsatisfactorily shown by two bones, appears to be grooved 

on the superior side for the articulation of a fourth segment, and in specimen No. 4734, 

U.S.N.M. (pl. 15) a series of four segments are to be observed in the third rib from the 

bottom of the block. It may be that the unidentified segment shown in C, figure 38, 

represents the fourth of the series. Whether this fourth segment joined the one of the 

opposite side at the median line, or whether there was a median bone that jomed 

the two series, no explanation is afforded by the materials now before me. There 

is no evidence of a bilateral median segment among the many abdominal parts 

preserved with the two specimens except the one shown in figure 37, and this appears 
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to represent one of the double ribs such as found by Lambe at the posterior end of 
the cuirass in Gorgosaurus. 

»  <Astudy of these rather meager Gamaierials therefore, shows that in Antrodemus 
some of the abdominal ribs of the cuirass were sale composed of three and 
probably four segments on each side of the median line, so that a complete section 
across the abdomen would consist of either six or eight distinct ossifications, with 
every probability of there being a single median bone connecting the two lateral 
series, thus making either seven or nine in all (fig. 39). 

FORE LIMB AND FOOT. 

. Plates 5-7, fig. 3. 

The fore limb of Antrodemus as compared with the hind limb is relatively 
small, but the large size of the processes and the rough nature of their surfaces 
imply a powerful musculature. The great size of the terminal phalanges and the 
general structure of the foot indicate that it was used exclusively for seizing, holding, 
and tearing and that it had long ago lost its functions as an organ of progression. 

Fic. 39.—TRANSVERSE SECTION OF ABDOMINAL BASKET OF ANTRODEMUS, SHOWING A TENTATIVE DETERMINATION OF THE SEG- 

MENATION OF THE ABDOMINAL RIBS. ABOUT 2 NAT. SIZE. 

The hand is relatively of enormous size, being slightly longer that the humerus and 
nearly one and one-half times as long as the forearm. In general it resembles the 
foot of Ornitholestes, but the bones are more robust, and there is no trace with 

either foot of metacarpal IV. 
The carpus is ossified, being made up of two transverse rows, but the precise 

number of elements composing it yet remains to be determined. These are three 
digits, which have the phalangial formula of 2, 3, and 4. Digit 1 is the heaviest 
of the series, and digit 3 is somewhat reduced (fig. 40). 

In a previous article I have given a detailed description of a forelimb and 
foot of Antrodemus, at that time referred to Allosaurus fragilis, but in order to make 
the present account of the osteological structure of the genus complete it is here 
repeated with some few omissions and emendations. 

The fore limb figured by Marsh in the Dinosaurs of North America,” plate 11, 
figure 1, as being that of Allosaurus fragilis Marsh, is a composite drawing, and is 
not ~eumheuie re of the genus Antrodemus (Allosauris), but is largely that of 
Ceratosaurus. 

1 Proc. U. S. Nat. Mus., vol. 49, No. 2120, 1915, pp. 501-513. 2 Sixteenth Ann. Rept. U.S. Geol. Survey, 1896, pt. 1. 
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In going over a lot of tracings and drawings of Theropodous dinosaur bones. 
made for Professor Marsh, a slip of paper in Marsh’s handwriting was found, on 
which he had written instructions to the draftsman for the composition of the Antro~ 
demus Sone dae fore limb (fig. 58) which reads as follows: 

Fore limb Allosaurus. 

. Enlarged scapula (1933 as 83.5 is to 100). 

. Make coracoid to correspond (See Phillips, p. 208). 
Draw humerus (1894 nat. size). 

. Make radius 93-inches long. 

. Make ulna 94-inches long ++ olecranon. 

. Enlarged foot as 83.5 is to 100. 

The number 1933 is the cataloote: ulualees of the Peabody Museum oie 

maar whd 

given to the type-specimen of Ceratosaurus nasicornis Marsh before its transfer to 
the United States National Museum. The coracoid, which is not present with the 
Ceratosaurus skeleton, was evidently modified from a figure of that bone in Phillips 
Geology. The limes 3 is from another specimen, and the radius, ulna, and foot 
were evidently drawn from those bones pertaining to the type-specimen of Cerato- 
saurus nasicornis Marsh, shown in figure 60, and plate 27, figure 3. 

From this brief review it becomes’at once evident that this figure is not to be 
relied upon as being of the genus Antrodemus, and it may therefore be Boe 
from further consideration in that connection. 

In the American Museum of Natural History in New York is a beautifully 
mounted skelton of Antrodemus (Allosaurus), (pl. 16, fig. 1) the fore limbs and feet of 
which are partially restored. In a letter, bearing the date 1909, Mr. Walter Granger 
of the American Museum’ staff wrote me Pegtndilie their composition as follows: 

In reconstructing our own fore limb of Allosaurus we had scapula and coracoid, ulna and one claw. 
The humerus we got from a cast of one in Kansas University; the remainder of the limb and foot was 
modeled from the Ceratosaurus gee (Type, No. 4735, U.S.N.M.), which was borrowed from your 

Museum. 4 

Following the Ceratosaurus as a pattern the foot was given four digits, whereas 
the specimen before me shows quite conclusively that Antrodemus had but three 
digits, with a reduced metacarpal III. The phalangial formula in the New York 
specimen is correct, and the relative proportions of the various segments of the © 
limbs are entirely in accord with the associated material forming the basis of the 
present discussion. In view of the limited fore limb and foot material available at 
the time of reconstruction this limb and foot of Antrodemus, those in charge of 
this work are to be congratulated upon their close approximation to the facts as re- 
vealed by this more recent material. 

Remove the fourth digit, replace metacarpal ra by metacarpal IV sila insert 
the carpal bones and the limb would be quite in accord with the fossil specimen 
before me. This change has now been made. 

Hay ‘ in 1908 in commenting upon this New York specimen concluded that 
it had been wrongly identified as Allosaurus, because of the great size of the hand 
in relation to the other segments of the Ean. being led into this error” by relying — 
on the authenticity of the figure of the limb and foot published by Marsh. 

1 Proc. U. S. Nat. Mus., vol. 35, 1908, p. 355. 2Science, vol. 30, No. 759, 1909, p. 93. 
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Williston 1 in 1901 in describing some limb material secured by him in Wyo- 

ming, refers to the so-called Allosaurus fore limb figured by Marsh in the following: 
There were two scapulae obtained that certainly show a generic distinction from Allosaurus, as I 

have convinced myself from inspection of the scapula referred by Marsh to that genus, and figured by 

him in various places. It remains to be seen, 
however, whether this scapula of Marsh indu- 
bitably belongs with the bones first referred by 
him to Allosaurus. I do not think there is 
conclusive evidence of this. 

The facts regarding this scapula as 
presented on a preceding page bears 
out Doctor Williston’s contention. 

The limb described and figured by 
Williston undoubtedly belongs to the 
genus Antrodemus. Its close resem- 
blance may be clearly seen by com- 
paring his illustration with figure 40. 

Scapula (Sc.)—Both scapulae are 
preserved with the present specimen, 
the right being perfect, as shown in 
plate 5, figure 2, with the exception 
of a small portion of the upper ante- 
rior corner of the blade, which is 

missing. The left scapula was in- 
jured in life, and subsequent healing 
produced the deformation shown in 
plate 5, figure 1. This pathologic 
condition caused a widening of the 
blade that would be entirely mislead- 
ing as to its true form had not the 
opposite scapula been present. The 
scapula of Antrodemus is distinctive 
on account of its bird like form as has 
previously been pointed out by Wil- 
liston.? The shaft is exceptionally 
long and slender, being nearly of equal 
width throughout, except the upper- 
most or distal extremity which is per- 
ceptibly widened. ‘This expansion 
is about equal in fore and aft direc- 
tion. The upper third is flattened 
and thin, while more proximally the 
shaft is trihedral in cross section, the 

Fie, 40.—RIGHT FORE LIMB AND FOOT OF ANTRODEMUS VALENS 

Lripy. Cart. No. 4734, U.S.N.M. 4 NAT. SIZE. LATERAL VIEW. 

C, CARPALE TWO; Cor, CORACOID; h, HUMERUS; in, INTERMEDIUM; 

T, RADIUS; 7@, RADIALE; Sc, SCAPULA; u, ULNA; I, II, AND III, 

DIGITS ONE, TWO, AND THREE. THE POSITION OF THE MISSING 

ULNARE IS INDICATED BY DOTTED LINES, : 

anterior border being sharp, the posterior one rounded. Longitudinally the exter- 
nal surface is convex, though nearly straight in its middle portion, a shape that 
probably conformed closely with the convex curve of the body cavity. The inner 

so Ammer. Journ. Sei., Vol. 11, 1901. p. 112. 2Idem, p. 113. 
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surface of the greater part of the blade is flattened antero-posteriorly. while the 
outer surface, excepting the upper fourth is rounded in this direction. The articular 
end being expanded both antero-posteriorly and transversely is heavy, especially 
on the posterior half, which has a maximum thickness immediately above the 
glenoid fossa of 58 mm. ‘The scapula unites with the coracoid by a straight 
suture that bisects the glenoid fossa and is terminated above by a deep notch 
between the scapula and coracoid on the anterior border. In this individual 
both scapulae are firmly coossified with their respective coracoids. The scapula 
of this specimen appears to agree in all particulars with the one found with the 
mounted skeleton of Antrodemus in the American Museum. of Natural History, 
and it also shows that the limb described by Williston should be referred to 
this genus. In this connection it is of interest to know that the Ceratosaurus scap- 
ula which formed the basis for the illustration of this bone in the so-called fore limb 
of Allosaurus is now in the United States National Museum collections (pl. 26, fig. 
1). I have recently examined the bone and find that its upper extremity is 
incomplete, so that it is not positively known whether this blade has a nonexpanded 
end as represented by Marsh or whether it was expanded as in Antrodemus. It 
differs, however, from Antrodemus in having a thinner and wider shaft, and a more - 
abrupt backward curve of the heavy posterior border just above the glenoid fossa. 
Both inner and outer surfaces of the lower three-fourths of the shaft in Antrodemus 
are rounded. Both of these specimens came from the famous ‘‘Quarry No. 1,” near 

Canon City, Fremont County, Colorado. 

Measurements of scapula of Antrodemus valens. 
mm 

Greatest length right scapula and coracoid, measured along curve of outside..--..-.-------------- 795 
Greatest length of rightiscap lla speek eee eee a ea rene este oes ve Peet iay ope ee ere 652 
Greatest breadth of right scapula........-- oR nee alas icc aie Cela GET Sec ih Eanes nee e 175 

Greatest breadth of blade impypen em dl es saa ee eer rel ei alee espana ee et tee ey verve 145e 
Least breadth of bladewo2 oi. 208.5 ee ek ee Bee a ene eee aes Peep etre Pat Nay fee ae 52 

Greatest expanse of glenoid fossaz 222292255. 5 55 = ee haere ete ater ge etter relate 71 

Coracoid (Cor.).—The coracoid in Antrodemus is quadrangular in outline, this 
measurement exceeding the antero-posterior diameter. The outer surface is convex 
in all directions, the inner decidedly concave antero-posteriorly. There is a broad 
notch on the inferior border. 

The coracoid is pierced by the usual foramen, which runs diagonally through 
the bone, the external exit being larger than the internal. . This foramen is entirely 
inclosed (fig. 40), not a notch as shown in Marsh’s figure of the coracoid (pl. 11, fig. 
1. Dinosaurs of North America). The superior border presents a thin flattened 
edge, the anterior edge gradually thickening toward the inferior border. 

Measurements of coracoid of Antrodemus valens. 

Greatest length'at center s)2 0... Pe Pe eo a Se ae i hee es eee teeter 120 
Greatest depth at:center. 6.0.2 /321 70225221 2 cece eyes ae ciel tS nr eer eee gen enor 170 

Humerus (h).—Comparatively the humerus of Antrodemus is short and some- 
what sigmoid in form. The shaft is hollow, as are all of the limb and foot bones 
of this genus. Planes passed through the greatest diameter of the articular ends 
would cut one another at an angle of 50°.° This unusual angulation throws the 
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articulated radius and ulna well out away from the body. The deltoid or radial 

crest is strongly developed, as a short but high thin plate of bone, that is situated 
on the anterior-external border immediately above the middle of the shaft. Viewed 
from the front it renders the anterior surface deeply concave transversely (fig. 41). 
Below this crest the shaft is constricted and angularly rounded in cross section. 
The head is situated in about the middle of the proximal end with the articular 
portion overhanging the posterior surface of the shaft. The radial and ulnar con- 
dyles are well defined. Posteriorly they are separated by an unusually broad but 
shallow depression which continues somewhat upward on the shaft of the bone. 
The articular ends of the humerus are rugosely roughened. A prominent rough- 
ened oval shaped area on the postero- 
external surface at the lower border of 
the radial crest, probably represents the 
point of insertion for the humero-radi- 
alis muscle (pl. 6, figs. 2 and 4). The 

measurements given. below were made 
from the humerus of the right side, which 
is the better preserved of the two: 

Measurements of humerus of Antrodemus valens. 

mm. 

Greaitestilensthipas: tase. ae neem ee 525 Bil) 

Greatest width of proximal end............-.-- 118 
Greatest width of distal end ...............-.-. 100 

Ibeast diameter otishait) 145. s26 = eases. 425 38 

Ulna (u).—The ulna is expanded and 
heavy proximally with a less expanded: 
distal end. It exceeds the radius in 
length but is shorter than the humerus. 
The proportion being as 1: :1.17. 

There is a heavy olecranon process (0. 

fig. 42) that extends considerably above 

the articular surface for the humerus. Fic. 41.—RIGHT HUMERUS OF ANTRODEMUS VALENS LEIDY. 

The surface of this process is roughened Car. No. 4734, U.S.N.M. } NAT. size. A, POSTERIOR VIEW; 
fogenusemar msenione. Miner olecranon 2) aie caac 
process is less well developed in Ceratosau- 
rus nasicorms and appears to be entirely wanting on the ulna of Ornitholestes her- 
manni, though robust in Ornithomimus. 

The articular surface for the humerus is comparatively narrow transversely, 
with a shallow concave surface antero-posteriorly. The concavity on the proximal 
end for the reception of the head of the radius is shallow. The shaft of the ulna is 
slender, suboval in cross section, and in a distal direction, gradually expanding 
into a moderately large end, the greatest diameter being antero-posteriorly. The 
distal end is oblique to the longer axis of the bone, the surface of which looks down- 
ward and forward in the articulated limb. On the inner anterior face of the distal 
end, a prominent roughened protubrance presents a surface for union with the 
radius. : 
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Measurements of ulna of Antrodemus valens. 
mm. 

Greatest lepoth 2 2... oe olay 28 uo spetche pet ie nisl oo oom Saye epotetoke eter e = eee et ay a Pe 263 

Greatest diameter/ofproximal end Saes0 2.2) 28 - eta eee ese: eee eee eee ene 90 
Greatestidiameter/ol distallemdin shee «sete eee ke eee a ee ee Beaty Bist 55 

least-diameter ot. shatts 42 Aqjcios Sas ere peas neon ts eee eee Se Be ey ood DR ae 24 

Radius (r.).—The radius is more slender and somewhat shorter than the ulna. 

The proximal and distal ends are expanded, more especially the former (fig. 43). 
In cross section the shaft is angularly rounded throughout the greater part of its 
length. The proximal end is shallowly concave in its greatest diameter. Viewed 
from above this end is subovalin outline. The distal end is subtriangular in outline, 

with an oblique surface that looks downward and outward. It 
articulates exclusively with the radiale of the carpus. The inner 
surface where the-radius meets the ulna is slightly roughened. 

Measurements of radius of Antrodemus valens. 
mm. 

Greatest: Jengthh Soe mNNe ns ON aM SRG) 5 RCI CEE a Lie ne a Dy 

Greatest diameter of proximal end .................-------.----+---------- 56 

Greatest idiameterioidistalend=:-ss-aseere ss cee eee eee eee eres -. 40 
Least idiameter’otishait.). 535 056 Cathe ees 2 As eee oe 20 

Carpus.—The ossified carpus in Anirodemus consists of at least 
five elements, with a possibility of there being one more. Three 
disarticulated elements were found with the bones of the left foot 
and three with the right, but since there is an element with each 
foot that is not present in the other, and the ulnare is lacking in 
both, the presence in the complete.carpus of five ossified carpals 
is quite conclusively demonstrated. Fortunately two of those 
pertaining to the right foot (figs. 40 and 45, wm. and c,), the 

my intermedium and a carpale, probably c,, were found in position, 
Fic. 42.Lurt uina or firmly attached to metacarpals I and II, and these give the first 
Lape Caw Nowa definite knowledge we have of the exact manner of their artic- 
URN a NAS ulation. Without such evidence it would be almost impossible 
otecranon procyss, 0 Place them properly. I was also able to determine the proper 

‘ articulation of the radiale by its position as found in the matrix 
and also by its close articulation with the grooved surface of the intermedium. 

The radiale is a flattened discoidal element, irregularly oval in outline (fig. 
44,a). "The upper articular surface is shallowly concave, while the distal surface is 
angularly convex. ‘This surface in the articulated foot articulates for more than 
half its area with the intermedium, and slightly, if at all, with the outer anterior 
corner of metacarpal IJ. Its greatest transverse diameter is 41 mm.; greatest 
thickness, 15 mm. 

The intermedium, as shown in figure 44, b, is an irregularly quadrangular 
bone. Articulated, it rests about equally upon the proximal ends of metacarpals 
I and II (fig. 45 in. and ra.). The upper surface presents a broadly grooved surface 
for the radiale, with a projecting spur on the anterior face that continues to the outer 
border of metacarpal I, so that when viewed from the front it appears to completely 
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cover the metacarpal. On the posterior external side a somewhat similar projection 

overlaps a beveled surface on the outer proximal end of metacarpal II. The outer 
end of this is separated by a notch from a smaller process on the anterior border 
that also rests upon a beveled articular facet on the end of 
metacarpal II. The intermedium has a greatest transverse 
diameter of 51 mm; greatest antero-posterior diameter is 40 mm. 

The ulnare is not known. Carpale 2 is apparently repre- 
sented by the small flattened ossicle that was found attached 
to the proximal end of metacarpal II (fig. 45 c,) of the right 
foot, which is in close apposition to the outer anterior border of 
the intermedium. A detached bone found near the left manus 
is regarded doubtfully as representing (;. It is elongated in 

one diameter with angularly rounded surface. There is no clew 
as to the position it occupied on the foot, if indeed it repre- 
sents such an element. Its longest diameter is 31 mm., with a 
least diameter of 11 mm. 

Metacarpus.—The complete metacarpus in Anitrodemus 
apparently consists of three elements, there being no trace 
in either foot of metacarpal IV, which is present in the manus ! 
of Ornitholestes hermanni Osborn. Fic. 43.—RIGHT RADIUS OF 

Metacarpal I is a short heavy bone with a deeply grooved {ee Ae 
distal end that is turned inward away from the central axis } Nav. swe. INTERNAL 
of the foot. Resembling Ornithomimus (Struthiomimus) and Mier ee Fane 
Ornitholestes in this respect. The articular facets extend well 
upward on both front and back aspects (fig. 45, d.), rising about equally above these 
surfaces of the shaft. The lateral pits are moderately shallow, the outer one being 
the better defined. Viewed from above, the proximal end is subtriangular in outline 
with a shallow concave articular end. ‘This surface is opposed in the articulated 

foot by the radiale and intermedium, the former 
only touching slightly the hinder internal corner, 
the remaining surface being closely applied to the 

' intermedium, as shown in the right foot, where 
these bones were found articulated. Metacarpal 
I articulates closely on its upper half with meta- 

3 = carpal II (fig. 40), resting in a broad shallow de- 

Fig. 44—CARPAL BONES oF ANTROpEmus Pression on the side of that bone. Metacarpal II 
valENs Letpy. Cat. No. 4734, US.N.M. is an elongate bone, having an expanded sub- 
4 NAT. SIZE. VIEWED DISTALLY. @, RADIALE 5 

OF THE RIGHT FORE Foor; b, INTERMEDUM QUadrangular proximal end, rather a slender, angu- 
Or THE LEFT FORE Foot, I, surFacE armicu- larly rounded shaft, and a less expanded but broad- 
LATING WITH METACARPAL; I, SURFACE ARTICU- . . . 

LATING WITH METACARPAL Il. ly grooved distal extremity. The articular surfaces 

of the distal end of this bone are continued back- 
ward in the form of two lateral condylarlike facets, which are separated by a deep 
and moderately broad notch. The external one is the larger of the two. The inner 
border of the proximal end is beveled off, forming two facets of unequal size for the 

1 Osborn, H. F., Bull. Amer. Nat. Hist., vol. 19, 1903, pp. 462, 463, figs. 2 and 3; also vol. 35, 1917, pp. 735-738, figs. 2-36. 
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articulation of the intermedium. The remaining proximal surface is smooth, though 
sloping toward the outside of the foot. Metacarpal III is reduced, being the weakest 
element of the metacarpus. Although present with both feet, it was detached in each 
instance. The character of the surfaces appears to indicate, however, that in 
position it has a weak articulation with metacarpal II on the postero-external angle, 
as shown in figure 40. Unlike the other metacarpals the distal articular end is 
not grooved, but is smoothly rounded (fig. 45, a). The posteriorly directed facets 
are weakly developed, but are separated by a shallow groove, as in metacarpals 
I and II. ; 

Phalanges.—The phalangial formula is 2, 3, 4. All of the digits, as shown in 
figure 45, are terminated with latterly compressed, sharply pointed claws, the 

first being especially robust, 
the third much reduced in 
size. The proximal phalanx 
of digit one is the longest of 
the series. The proximal 

articular surface is concave 
supero-inferiorly, with a 
strongly developed vertical 
keel, which articulates with 

the deep groove on the dis- 
tal end of metacarpal J. This 
keel, as shown in figure 45, 

c, divides this articular end 
into two unequal concave 
surfaces, the larger one be- 
ing toward the outer side of 
the foot. [tis inclined to the 

Fig. 45.—DIGITs OF THE RIGHT FORE FOOT OF ANTRODEMUS VALENS LEIDY. CAT. vertical axis of the bone and 

No. 4734, U.S.N.M. } NAT. SIZE. LATERAL VIEW. @,PROXIMAL ARTICULAR END s 

OF THE PROXIMAL PHALANX OF DIGIT III; b, PROXIMAL ARTICULAR END OF when articulated rotates the 

UNGUAL OF DIGIT I; c, PROXIMAL ARTICULAR END OF PROXIMAL PHALANX OF THE distal end SO that the ungual 

LEFT FOOT; C2, CARPALE TWO; d, DISTAL ARTICULAR END OF METACARPAL J; in, ph al anx i gs turne d inwar d 

INTERMEDIUM; I, II, III, DIGITS ONE, TWO, AND THREE. 

from the vertical, as shown 

in figure 40. The articular surface for the claw is broadly grooved, and this 

surface extends well backward on the underside, thus throwing the: articulated 
ungual downward at nearly a right angle to the longer. axis of the first pha- 
lanx. The lateral pits are comparatively shallow, the one on the external 
side being the better defined. Viewed from above the shaft is quite evenly 
rounded transversely, while the ventral surface presents a flattened aspect. The 

ungual of digit 1 is especially robust, with a regularly curved and sharply pointed 
extremity. Well-defined lateral grooves run back from the tip on both sides, but 
as they approach the proximal end curve downward, passing into a broad, smooth 
surface on the posterior ventral surface. ‘The proximal articular surface is keeled 
as shown in figure 45, 6. The proximal phalanx of digit 2 is shorter than the second 
of that toe. ‘The proximal end of the former is expanded, especially in the vertical 
direction. ‘The proximal end as compared with the same phalanx of digit 1 is only 



OSTEOLOGY OF CARNIVOROUS DINOSAURS. 63 

‘slightly concave supero-inferiorly, with a comparatively low obtuse keel, placed 
more toward the inside of this end. Like the keel on the proximal phalanx of 
digit 1 it is placed at an angle to the vertical axis of the bone. The concave lateral 
depressions on either side near the distal extremity are so shallow and illy defined 
they could hardly be designated as pits. The second phalanx of this digit is slightly 
longer than the first, with a sharply keeled proximal end and broadly grooved 
distal articulating surface. The lateral pits are small but well defined. The ungual 
phalanx is intermediate in size between those of the first and third toes. 

The proximal phalanx of digit 3 can be distinguished from all others in the foot 
by the keelless but cupped articular surface of the proximal end (fig. 45, a). It is 
relatively short, 4s is the second, the third being more elongate. The proximal 
ends of the other phalanges of this toe are keeled, and the distal ends are grooved. 
The ungual, except for its small size, is very similar to the ungual of digit 2. These 
two unguals are distinguishable from the ungual of digit 1, not only by difference 
in size, but also by the difference in the direction of the heavy portion below the 
articulating surfaces. In the two former in the articulated foot it looks almost 
directly backward, whereas in the first it is directed downward and backward. In 
all associated fore feet of Theropodous dinosaurs, as shown in the accompanying 
table, there are two phalanges on the first digit, with a progressive increase to the 
point where some of the lateral toes have begun to degenerate. The lengthening 
of the penultimate phalanges appears peculiar to nearly all Theropodous dinosaurs, 
and is a mechanical development for the more perfect use of the talons of the fore 
feet. The principal measurements of the bones of the manus are shown in the 
following table: 

Measurements of fore-foot elements of Antrodemus valens. 

METACARPALS. 

I II Ill 

R L R L R L 

mm. mm. mm. mm. mm. mm. 

Greatestilengthes seni aims: Sowa een asc lele ce Sa Tax seas 8 125 | 122) 106 | 97 
Greatest transverse diameter proximal end ............------- BD |sasecc 56 63 29 | 28 
Greatest transverse diameter distal end...............-..-..- onisecass 46 46 23 | 22 
Least transverse diameter, shaft ...............-..-....------ BND) eee 22 22 11 10 

PHALANGES. 

Ciremiiess ered ol, WWE, HOY cegasadscnetececuossusnecessnonneces| UxXa |) YS 94 94 50 42 
Greatestilength second row --42544.822)..°22--2.22.2--2--- | WIS TAO |) WOR No ceees 41 43 
Greatestilensthmthindtrow,:4-54-pee yeaa at sees ey pe Ac 222 OB leas ose 52 55 
Greatest length, fourth row......-...-..---- SP Fae eae tN si SS SP are al era Tao ats 61 59 



64. BULLETIN 110, UNITED STATES NATIONAL MUSEUM. 

Phalangial formulae of various Theropod dinosaurs. 

4 

Digits. 

Name. aan RN a ee | onma tons Remarks. 

J | IL | 111) Iv| Vv 

Gorgosaurus libratus Lambe...-| 2] 3} 0] 0} O| Belly River...) Skeleton in Museum Geol. 
Surv. of Canada, No. 2120. 

Ceratosaurus nasicorms Marsh..| 2} 3] 3) 1{ O |} Morrison....... Mounted skeleton in U.S.N. 
M. Cat. No. 4735 Marsh’s 
fig. Pl. XI, D. of N. A. 
(Allosaurus fragilis). 

Ormitholestes hermanni Osborn.-| 2} 3| 4)| 0} O|..... Glo saae sae Mounted skeleton in A.M.N. 
- No. 587. 

Antrodemus valens Leidy.....- Mes MN TON OA oe 8 2 done aes Mounted skeleton in A.M. 
N.H. 

Antrodemus valens Leidy...... BN BN A NOM Or hee os WOsca acs -...| Skeleton in U.S.N.M. No. 
4734. 

Hallopus victor Marsh.......-- A 8) || 4 ei Ol} dimass@s-o4 sue 4 Evidence for formula un- 
; ' known. Specimenin Yale 

? : University. 
Compsognathus longipes Wag-| 2| 3] 3] 0| O}|..... doen ees From Marsh’s restoration of 

ner. the skeleton. 
Anchisaurus polyzeius Marsh...| 2] 3] 4 | 2] 1| Triassic.._...- Formula that of restoration 

by Marsh. D.N. of Amer. 
Skeleton in Yale Museum. 

Anchisaurus colurus Marsh. .. - - PON ay cl eee essed Papal oe ete donee oe Skeleton in Yale Museum. 
Ormthomimus (Struthiomimus) | 2| 3} 4] 0} 0O| Belly River...) Mounted skeleton in A.M. 

altus Lambe. [ N.M. No. 5339. 

The more important progressive changes that have taken place in the 
specialization of the fore limb and foot in the carnivorous dinosauria during 
successive geological periods appears to be: (1) Reduction in the number of digits, 
(2) elongation of the penultimate phalanges, (3) lengthening of the scapula, 
(4) shortening of the forearm, (5) relative reduction in size of the entire fore limb. 

With the exception of COeratosaurus which has both inner and outer fingers 
reauced, all of the other known carnivores show that the reduction in the number 

of digits takes place on the outside of the foot. Beginning with the oldest known 
Theropods from the Triassic all are found to possess the full complement of five digits, 
though the fifth is often rudimentary. In the Jurassic we find in Ornitholestes that 
the fifth digit has entirely disappeared, and the fourth is only represented by a 
vestigal metacarpal. Antrodemus appears to have gone still farther, and apparently 
the fourth has been lost and the third is somewhat reduced, and approximately 
the same condition obtains in the hand of Compsognathus from the Upper Jurassic 
of Bavaria. 

Our knowledge of the manus in the Cretaceous Theropodous dinosaurs is rather 
meager at this time, but a specimen recently described by Lambe! (Gorgosaurus 
libravus) from Upper Cretaceous (Belly River) shows a still further reduction, there 
being only two functional digits, the third being represented by the vestigal metacar- 
pal only. 

1 Ottawa Naturalist, vol. 28, 1914, pp. 13-17; Memoir 100, Geol. Sury. Canada, 1917, pp. 52-57, figs. 33-36. 
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PELVIS. 

Plate 13. 

The pelvis of Antrodemus comprises the ilium, ischium, and pubis. These 
articulate to form the acetabulum. In very old individuals these bones are some- 
times found coéssified, especially the ilium and pubis, a condition that also obtains 
in certain members of the Sauropoda. The most striking feature of the pelvis is 
the union of the distal ends of the pubes to form a triangular foot-like end, on 
which it is thought the animal rested its weight when assuming a squatting posture. 

Ilium (al.).—In general form the ilium resembles that of other members of the 
Theropoda. In the present skeleton the right ilium was found attached to the 
sacrum. The left ilium was 
detached but notfar removed 
from the sacrum and the other 
pelvic elements, and is the 
most perfect of the pair. In 
figure 2, plate 10, is shown a 

which for the first time gives 
the correct contour of the 
anterior end. Upon investi- 
gation it is found that all of 
the figures previously pub- 
lished of this bone are in- 
correct. The greatest dis- 
crepancy observed is in the 
contour of the anterior end, 
compare figure 2, plate 10, 

having a convex border from 
above downward, it presents 
an irregular but truncated 
end, resembling somewhat the 
ilium of Tyrannosaurus. Fic. 46.—PELVIS OF ANTRODEMUS VALENS Lerpy, No. 4734, U.S.N.M. 

In the Dinosaurs of North NAT. SIZE. LATERAL VIEW. @, ACETABULUM; il, ILIUM; is, ISCHIUM; :, PUBIS 

3 ANTERIOR END OF ILIUM INCORRECTLY RESTORED. (AFTER MARSH.) 
America (pls. 10 and 11) 
Marsh figures the left side of the pelvis of this same individual, but since the left 
ilium was only recently removed from its sandstone bed it is to be inferred that 

! } MN) DD 

the reversed figure of the right was used in making the illustration. A recent 
examination of this bone shows that the anterior border is incomplete, though it 
is not so indicated in the figures, and this fact will account for the inaccuracy of 
previously published illustrations, one of which is shown in figure 46. 

The iium has the same elongate form, with a general contour similar to the 
ilia of Ceratosaurus and Tyrannosaurus. The superior border is gently convex 
toward the anterior end, and but little expanded transversely. Above the pubic 
peduncle this border is 15 mm. wide, but near the posterior end it increases to 30 
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mm., its maximum thickness. The truncated anterior end of the blade presents a 
thin, sharp edge. The anterior portion of this blade particularly the lower border, 
from where it joins the peduncle flares outward, at an angle of nearly 45° from the 

_ main axis of the bone (see fig. 1, pl. 10), but the posterior extremities are parallel, 
while in the middle, especially superiorly, the ilia of opposite sides closely approach 
each other along the upper median border, being very bird-like in this respect. 
Viewed laterally when articulated with the sacrum, the superior borders of the ilia 
extend above the tops of the spinous processes of the three anterior sacrals, as 
shown in plate 8, whereas in Ceratosaurus the opposite condition prevails. 

On both the inner and outer surfaces and at right angles to the superior border 
are prominent striations evidently for the better insertion of the muscles which 
attach there. 

Measurements of Ilia of Antrodemus valens. No. 4784, U.S.N.M. 

Left. Right. 

mm, mm. 

Greatest lengths... o raat | Ae etenn ceeneta Sao SE Se Lec hs ee See ae 672 720 
Height above middle of acetabulum..........--.---..--.---.--------------------- 283 335 
Fleightiabove pubic pedumeles 2s sss5-.2 sone eee tesco eee =e eee eee i BO Iecnonce= 
Length of acetabulumrs. =: 5422s. Ae eee = ojo ois ce ene = ne Soe See eee 180 222 
Length ofpubic articulation.:2% 32-aeeeae Jn oe eee eee eee ee eee WUT | eR lee 
Width jofaschiac articulation=s 25. Sos vseae ie reese one icine ee elereiae ia ers oe manana 78° eae Biseee 

Pubis (p.).—In specimen No. 4734, U.S.N.M., both pubes are present although 
their form has been somewhat altered by transverse crushing. Fortunately others 
in the collection enable me to determine the amount of this distortion. 

In Antrodemus the pubis is relatively long, with a heavy expanded proximal 
end and an elongate, triangular, massive foot-like distal end. ‘The articular sur- 
face for the iliac peduncle is rugosely roughened, and shallowly concave antero- 
posteriorly, and articulates closely with the peduncle. In aged individuals it . 
would no doubt become coossified with the ilium, as it has in the type of Cera- 
tosaurus nasicornis, (pl. 23), and as is occasionally found in members of the Sauro- 
poda. Posterior to the iliac articulating surface this end presents a short beveled 
surface that looks upward and backward, forming the pubic contribution to the 
boundary of the acetabulum. Posterior to this surface a vertical face, with rough- 
ened surface, articulates with an anterior branch from the ischium, thus completing 
the lower boundary of the acetabulum. There is no true pubic foramen, though 
a notch on the inferior side below the acetabular portion, probably functions in 
that capacity. Below the proximal end the shaft of the pubis rapidly diminishes 
in size, the greatest diameter changing from an antero-posterior direction to a 
transverse one. The shaft is very thin and sharp along its internal margin but 
much thickened and rounded externally, very similar in this respect to the pubes 
in the Sauropoda. 

The distal end expands into an elongate, triangular foot, pointed behind and 
wide in front, or shown in figure 47, B.; the greatest extension being in a posterior 
direction, whereas in Tyrannosaurus this condition is reversed. The inferior sur- 
face is flat but roughly rugose, as for the attachment of a heavy pad of cartilage. 
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In discussing the use of the large foot on the pubis Marsh! says: The only probable use is that it 

served to support the body in sitting down. That some Triassic dinosaurs sat down on their ischia is 
proved conclusively by the impressions found in the Connecticut River sandstone. In such cases the 
leg was bent so as to bring the heel to the ground. 

the foot of the pubes to the ground, nearly or quite 
under the center of gravity of the animal. The 

legs and ischia would then naturally aid in keep- 

ing the body balanced. Possibly this position 
was assumed habitually by these ferocious biped 

reptiles while lying in wait for prey. 

When in position (pl. 13) the pubes 
project forward and downward. Seen 
from the front they form a Y-shaped 
figure (pl. 11, fig.1). Their distal ex- 
tremities are usually found firmly coos- 
sified though occasionally immature in- 
dividuals have them separate. Above 
this point of contact they were separat- 
ed by an elongate aperture 120 mm. in 
length in 4734, U.S.N.M., while above 
this aperture they meet again forming 
a strong pubic symphysis. Where the 
anterior ends of the distal portion pro- 
ject forward there is a deep notch be- 
tween the pubes of opposite sides on the 
median line as shown in figure 1, 
plate 11. 

Measurements of pubes of Antrodemus valens Leidy. 

No. 4734, No. 8367, 
U.S.N.M. | U.S.N.M. 

Greatest length.-............ 680 740 
Greatest length of foot......- 370 465 
Greatest width of foot........ 185 240 
Greatest diameter proximal 

Onl disry soeene ee es he rite 210 280 
Greatest diameter at center A 

of combined shafts......_.- 165 180 

Ischvum (is.).—In the United States 
National Museum collections there are 
three pairs of ischia that pertain to the 
species. Antrodemus valens, all in a good 
state of preservation. Except for dif- 

The same action in the present group would bring 

Fic. 47.—RIGHT PUBIS OF ANTRODEMUS VALENS LEIDY. No. 

8367, U.S.N.M. 4NAT.SIZE. A,SIDE VIEW. B, DISTAL VIEW 

OF COALESCED PUBES. @, ACETABULAR BORDER; is, ISCHIAC 

ARTICULATION; ).p, ARTICULATION FOR PUBIC PEDUNCLE OF 

THEILIUM; $s, SUTURE BETWEEN DISTAL ENDS OF COALESCED 
PUBES. 

ferences in size, all of these bones closely resemble one another in their more 
important features. 

5 1 Dinosaurs of North America. 1896, p. 161. 
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The ischia in Antrodemus as compared with the pubes are slender. Proximally 
they are expanded, forming a Y-shaped extremity haying two distinct articulating 
processes (fig. 1, pl. 12), the posterior one articulates with the ischiac peduncle of 
the ilium, the anterior one with a posterior extension of the pubis, the superior 
concave surface between forming the ischiac contribution to the inferior boundary 
of the acetabulum. Below this head the bone rapidly contracts on the anterior and 
posterior borders more especially the latter, but again is widened by the develop- 
ment on the antero-internal side of a wide obturator process (0b. pr. fig. 3, pl. 12). 
A slight notch marks the distal extension of this process; a sharp ridge passes 
obliquely downward from this notch to the center of the inner surface of the shaft, 
where it gradually merges into the shaft below the middle of the bone shown in 
figure 4, plate 12. The distal end is slightly expanded antero-posteriorly, with a 
broadly convex rugose distal end. The inner side of the distal half of the ischium 
is flattened; the outer rounded throughout nearly the entire length of the shaft. 

Where articulated the ischia are in contact along the median line from the 
proximal border of the obturator process to the distal end, except for a very small 
aperture formed by the notches on the side of the obturator process, as is shown in 
figure 1, plate 12. This median union of the ischia and pubes renders the pelvic 
opening very small when the large size of the animal is taken into consideration. 
The greatest transverse width of this opening in specimen No. 8367, U.S.N.M., a 
very large individual, is only 140 mm. wide. All aspects of the ischia are well 
illustrated in plate 12, which was drawn, under the direction of Prof. O. C. Marsh, 
from specimens in the Yale University Museum. They agree closely in every 
particular with the ischia of Antrodemus valens in the United States National Mu- 
seum collections. 

; Measurements of ischia of Antrodemus valens Leidy. 

No. 8367, | No. 4734, | No. 2323, 
-N.M. .N.M. U.S.N.M. | U.S.N U.S 

mm. mm. mm, 

Length of ischium from middle of acetabular border to distal. end....... 650 575 490 
Greatestiasame tenon proximal lem clea sees eee eee 225¢ 260 177 
Greatest diameter of distal ends.........-:--...--.-+:--+------------ Latte 135 115+ 93 
Leastidiameteriotishatt.-22 5505.3 se meee ey senile ee er otate 38 35 27 

e=estimated. 

HIND LIMB AND FOOT. 

Femur (f.).—The femur of Antrodemus is longer than the tibia, with a curved 

shaft, the arctuation being forward (fig. 1 and 4, pl. 14). Although somewhat 
larger than that of Ceratosaurus they closely resemble one another in form and in 
the position of the areas for muscular attachment. Both femora are present in 
specimen No. 4734, U.S.N.M., as shown in plate 13, and both are in an excellent 

state of preservation. The bone is remarkably light for its size. The middle portion 
of the shaft is angularly rounded in cross section with a hollow marrow cavity (fig. 6, 
pl. 14). The articular head is clearly defined, and when articulated extends well 
within the acetabulum. The fourth trochanter is an elongate ridge on the posterior 
internal Side and entirely upon the proximal half of the shaft. This trochanter in 
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Tyrannosaurus and Gorgosaurus is nearer the top and has a stronger development 
posteriorly. The lesser trochanter is a wide transversely compressed blade, that is 
separated on its inner side from the head by a wide cleft (a, figs. 1, 2, 4, and 5, pl. 14). 

The relatively larger size and more proximal extension of this trochanter will serves 
to distinguish the femur of Antrodemus from its contempory Ceratosaurus, as is 
indicated by a comparison of figure 64 with plate 14. Viewed from above (fig. 5, 
pl. 14) the articular portion of the head is roughly rectangular in outline, the greatest 
diameter being transverse. This articular surface is comparatively smooth, gently 
rounded antero-posteriorly and extends downward on both anterior and posterior 
aspects more especially the latter. The distal end has the usual condylar develop- 
ment, the two condyles being separated by a deep intercondylar groove (fig. 7, pl. 14). 
The anterior intercondylar groove is relatively narrow and extends at some distance 
up on the anterior surface of the shaft. On the inner anterior side of this aspect of 

- the femur is an oblong oval depression having a roughened surface representing the 
point of attachment of the femoro-tibialis muscle. External to the outer condyle 
is the usual guidon groove, though this shelf appears to be relatively wider than 
found in the Predentate dinosauria. 

Measurements of femora of Antrodemus valens Leidy. 

No. 4734, | No. 8423, | No. 2323, 
U.S.N.M. | U.S.N.M. | U.S.N.M. 

Greatestalem eile yeeros ae omtepenriey sy enrs ye eles neva aisha Sia auae wal ohae Sle ets 850 805 645 
Greatestidrameteniot head: A ouac sae we eae d Sor Area ella 195 190 | 160 
Greatest diameter acrossicondvles.-.-...-.....2:-2252-2-2+--+-+-+-22+-+-- 182 180 | 145 
Mirdediamretergotis iia hte ss yn were ears 20-5 eet Se Vo oleters 95 75 | 72 

Tibia (¢.)—Both tibiae are present with specimen No. 4734, U.S.N.M. The 
left, having been found articulated with the fibula, astragalus, and calcaneum, was 
selected for illustration and description here. 

As in Ceratosaurus, the tibia is shorter than the femur. It has expanded 
ends distally, in a transverse direction, and proximally in a fore and aft direction. 
In lateral aspect the shaft is straight, though the upper third is inclined forward on 
the anterior side. The shaft is flattened on the front side, but the remaining sur- 
faces are evenly rounded. 

Viewed proximally the outline is roughly triangular, the apex being directed 
anteriorly (A. fig. 48). Onthe posterior face are two relatively small overhanging 
condyles, separated by a comparatively shallow and narrow intercondylar groove. 

_ An especially large and prominent process extends forward and upward from the 
inner half of the front face (fig. 48). It rises above the level of the articular surface 

of the proximal end, and extends forward with a curve outward, thus greatly in- 
creasing the antero-posterior diameter of this end of the bone. The outer side of 
this process is concave, the inner convex, the convexity being continued on around 
the inner side of the end. 

Below the process described above, the antero-external border is a very large 
cnemial process, which is directed outward and slightly forward. This process is 

144035 °—20——_6 



70 BULLETIN 110, UNITED STATHS NATIONAL MUSEUM. 

much more prominently developed in Antrodemus than in Ceratosaurus. It pro- 
trudes conspicuously and comes to an irregular, blunt edge. Continuing downward 
from this crest there is a decided angulation, which defines a narrow external flat- 
etening of the shaft, marking the surface for the contact of the fibula. 
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Fig. 48.LEFT TIBIA, FIBULA, ASTRAGALUS, AND CALCANEUM OF ANTRODEMUS VALENS Leipy. No. 4734, U.S.N.M” 

1 NAT. SIZE. A,FRONT; B, OUTER; AND C, BACK VIEWS. as, ASTRAGALUS; cd, CALCANEUM; /, FIBULA; ¢, TIBIA. 

Distally, the anterior face of the tibia is transversely concave in its contact 
with the ascending process of the astragalus, becoming flat where it articulates 
with the fibula and calcaneum. The breadth of the distal end of the tibin in 
Antrodemus, asin Gorgosaurus aud Dryptosaurus, is equal to the combined breadths 

of the astragalus and calcaneum. 
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Measurements of the tibia of Antrodemus valens Leidy. No. 4734, US.N.M. 
mm. 

Grentesh longin. J .ccecusaegasndee s-Sceksbosks saeedn wee ee OS COs eee Or ODED Se udenorner Anuar onocae 690 
(Greatesinduametentoisproxima lem clap ete ee ree isa) flee oie ee ere ee ole lctossteyetsie ele 210 
Greatest diameter of distal end.......------- eee cee Ge ec ee es SAPS ah Mee ts beads 185 

Fibula (f.).—The left fibula of No. 4734, U.S.N.M., has suffered injury in life 
on the distal fourth, and exostosial growth of the bone has greatly enlarged and 
distorted this portion of the shaft, as shown in figure 48. The normal fibula is a 
long, slender bone with a much expanded, antero-posteriorly proximal end and a 
little enlarged distal extremity. Its length is slightly less than that of the tibia. 

The proximal end is 
subcrescentic in outline, MA 
with the concave side 
toward the tibia. The 
distal end is concave 
from front to back with 
an upward turned lip 
on the anterior face. 
This end articulates ex- 
clusively with the cal- 
caneum, though the 

internal side is in con- 
tact with the ascending 
process of the astrag- 

ONS 

Vy) 

\ 

C= SSX 
S44 WTS 

: ; ; FIG. 49.— PROXIMAL AND DISTAL ENDS OF ARTICULATED LEFT TIBIA, FIBULA, ASTRAGALUS, 
alus, which it slightly — axp carcaweum or ANTRoDEMUS VALENS Ley. No. 4734, U.S.N.M. 3 NAT. SIZE. 
overlaps. The inner 4» PROXIMAL AND B, DISTAL ENDS. as, ASTRAGALUS; ca, CALCANEUM; f, FIBULA; 

face of the fibulaonthe ”" 

lower two-thirds is flattened, the flattened area becoming wider as the distal end 

is approached. ‘This flattened side is closely applied to the tibia, especially the 
lower third, as shown in figure 48. 

Measurements of fibula of Antrodemus valens Leidy. No. 4734, U.S.N. M. 

Gireaites tl em ola o fetallo ill yep eevee te tyme pec aye nino, PAE 212A ee at ft ease pe Ra EAE aol J Songs aby 623 

Greatestidiametersproximalyen disses errata Ws yee) \sr2 SE igre ae pe 9 SS GE ay ee oad 145 
Diameter distal end (antero-posterior).......--------- Nh pre ime MTS aS 5 aun Mae iy Us Ng's ed 59 
Drametercdistalwends (transverse) esse ees oan eee 2 2 see See ie ee ee neta eee tees Sees 49 

Least diameter shaft 

Tarsus.—The tarsus in Antrodemus is composed of four bony elements, the 
proximal row formed by the astragalus and calcaneum, the distal row by two dis- 
coidal bones, probably tarsalia three and four (fig. 49). 

Calcaneum (Ca.).—The left caleaneum of No. 4734, U.S.N.M., in position is 

closely applied to the outer side of the astragalus and in advance of the tibia. It is 
narrow transversely, with the antero-posterior diameter exceeding the vertical. 
The upper articular surface is markedly concave fram front to back, being deepest 
toward the front. It is rounded below and in front in an irregular semicircular 
curve. 

The outer free surface is concave, with a raised anterior border. The inner 

surface appears to be concave in its contact with the tibia; the portion in contact 
with the outer face of the astragalus appears to present an angular convex face. 
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Measurements of calcaneum of Antrodemus valens Leidy. No. 4734, U.S.N.M. 
mm, 

Greatest length (antero-posterior)........----.----------++-++++-++-+------ +--+ 2-222 eee eee eee 65 

Greatest heiehit. 2-522 ees eee cee rlee tere eee ear eee teeter 53 

Greatestybreadithes 22 = somes seca seme peter: 9 ate ieee ater eet ee erce) Peo Heee ae dic 40 

Astragalus (As.).—In specimen No. 4734, U.S.N.M., the left astragalus is 

firmly conjoined, if not actually coossified, with the tibia. A detached left astrag- 

alus, No. 7336, U.S.N.M., from ‘(Quarry No. 1,” Canon City, Colorado, which 

dials shows all of the Sn pal features of this element, is the basis for the de- 

tailed description given below. 

Viewed from the front, the astragalus consists of a heavy rectangular lower 

portion from which rises 
on its outer half a wide, A 
thin ascending process. we ‘ca ee 
At the base it is slightly - A 

f > 

ho, i a ae 

\\WSS eat AO 

more than half as wide 
as the lower portion 
from which it springs. 
In outline this process is 
angular, narrowing 

rapidly toward the top. 
The anterior face is set B 
back from the heavier 
articular portion below 
and is further defined by 
a wide groove traversing 
its base from side to side. 
Thelimitedextentof this  {j 

ere. ee 
Upper Cretaceous thero- 
pods, where it reaches 

1ts Maximum develop- Fic. 50.—LEFT ASTRAGALUS OF ANTRODEMUS VALENS Leipy. No. 7336, U.S.N.M. 4 NAT. 
ment. and the Triassic ‘125. A, ANTERIOR VIEW; B, DORSAL VIEW; C, EXTERNAL VIEW. Ca, ARTICULAR 

¢ SURFACE FOR CALCANEUM. 
theropods, where it is 
entirely absent, shows a progressive development of this process during successive 
geological periods. 

The main lower portion of the astragalus at about its center on the anterior 
face is traversed by a shallow transverse groove, which deepens toward the inner 
margin, and which turns downward slightly toward the external border when it ends 
at the base of a deep notch. 

Viewed from above the surface on which the tibia rests is broadly concave 
antero-posteriorly on the inner half, but on the outer half rapidly narrows becoming 
V-shaped, At the base of the ascending process on the posterior side is a large 
circular depression in the bone that at first glance gives the impression of being a 
foramen. The inner end is heavy and obliquely truncated to the longer transverse 
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axis of the bone. On the fibular side two heavy blunt processes extend outward 
from the main body of the astragalus to articulate with the calcaneum. The 
upper, which is also the heavier of the two processes, shows an articular surface on 
the lower half of its posterior side for articulation with the caleaneum. The upper 
half apparently extends free, and thus with the upper articular surface of the 
calcaneum forms a cup-like socket for the distal end of the fibula. The lower 
process, which is separated from the upper by a notch (fig. 50, B), embraces a portion 
of the ventral surface of the articulated calcaneum. 

_ The distal surface is subconvex antero-posteriorly, having a broad shallow 
depression near the middle, which makes it concave transversely. — 

Measurements of Asiragalae of Antrodemus valens Leidy. 

mm. mm. 

Greatestiuetetraboulee sess aero eee hn mc cle atic e smc joe ate yee ets hele eS eek 125 115+ 
Greatestinansyerse;diameters moe ees ee ee eee ee ak ie: 155 132+ 
Greateshantero-posterion diameters sae. scan se we tie c cies seis sie slat vicki oeiee 88 | 90 

Metatarsus.—The metatarsus of Antrodemus consists of four bones of which 
three are large, and support strong functional toes, and one, the first, is in the 
process of reduction. 

The first digit or hallux was first recognized and described by Osborn! as 
follows: 

Of greatest interest is the first digit or halluz, not before described. Proximally [fig. 51] its meta- 
tarsal fits in a shallow groove of the upper portion (on the postero-external side) of the large metatarsal 
II. The shaft is entirely interrupted or composed of cartilage in the middle portion. Distally it is 
fitted to the rounded posterior shaft of metetarsal IJ, demonstrating that this digit was directed inwards 
like the small hallux of Apferyx. [In metatarsal II of both specimens Nos. 4734 and 8423, U.S.N.M., 

the point of contact with the lower portion of metatarsal I is indicated by a flattened rugose area]. 1t 
possesses, however, a complete and functional phalanx and claw, which undoubtedly were of service 
In grasping. 

Specimen No. 4734, U.S.N.M., has the lower half of the first metatarsal of the 
right side preserved, but in none of the specimens in the United States National 
Museum collections is the upper half of this bone present. The proximal portion 
of metatarsal I is well shown in figure 2, plate 7, reproduced from a photograph 
kindly furnished me by Mr. Walter Granger, of the American Museum of Natural 
History. 

Metatarsals II, III, and IV are elongate elements, the median one being the 
longest of the three. Their proxmal ends are closely apposed to one another, as 
shown in figure 51. Metatarsals II and IV are subequal in length, the former hav- 
ing a straight shaft that throws the distal end outward from the median metatarsal. 
All three of these metatarsals have cupped proximal ends. The face of metatarsal 
II which is applied to metatarsal III is plane, while the opposite side is angularly 
convex with a notch on the posterior outer margin for the reception of the proximal 

10sborn, H. F. Bull, Amer. Mus. Nat. History, vol. 12, 1899, p. 163. 
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portion of metatarsal I. On the posterior side, at a point about midway, a flat- 
tened rugose area appears to represent the point of attachment for the distal por- 
tion of metatarsal I. 

The distal articular surface is rounded and produced well up in front and back. 
Posteriorly, this end is deeply excavated by a wide groove that passes upward from 
the articular surface. The lateral pits of this end are well defined, the one on the 
side nearest metatarsal III being the deepest. - 

Metatarsal III is the longest bone of the foot. Its proximal end is compressed 
transversally, but is long antero-posteriorly, widest in front, with a plane lateral 
surface for union with metatarsal I. These two bones are in the closest apposition 
throughout the upper three-fourths of their length. The lower fourth of metatarsal 
III when viewed from the front swings outward. The distal end is pulley shaped, 
the rounded articular surface extending well up on the front and back. The pits 

f for the attachment of 
the lateral ligaments are 
of large size and of 
moderate depth. The 
front of the shaft is 
flattened on the back 
and external side quite 
evenly rounded but on 
the internal side bey- 
eled off from the heavy 
obtuse longitudinal edge 
along the antero-inter- 
nal border, which over- 
laps to some extent the 
shaft of metatarsal II 

Fic. 51.—PROXIMAL ENDS OF THE ARTICULATED LEFT METATARSALS OF ANTRODEMUS when these bones are 

VALENS LEIDY. No. 8423, U.S.N.M. 4NAT. SIZE. II, III, AND IV METATARSALS TWO, : 
3 articulated. The upper 

THREE, AND FOUR RESPECTIVELY. 

end of metatarsal IV is 
roughly surtriangular in outline, the apex being directed inward and backward, the 
antero-internal side of this end being widely excavated for the articulation of an 

- outward projection from the head of metatarsal III. This bone, when viewed from 
the front, is bowed from end to end, which throws the lower half of this bone out- 
ward from the median or third metatarsal. The distal articular end is triangular in 

outline, the apex of the triangle extending well up on the front of the bone. The 
posterior face is bisected by a wide shallow groove. The lateral pit is wanting on 
the external side, while the internal one is not well defined. In section, at the 

center, this bone is triangular. § 
Phalanges.—The digits of Antrodemus have the usual number of phalanges, 

that is, two, three, four, and five, as in nearly all other bipedal dinosaurs. 
The proximal phalanges of each digit are the most elongate of the digital 

series. Those of digits II and III are the longest and most robust, being subequal 
in length, though the former ts compressed transversally, the latter depressed 
vertically. All proximal phalanges articulate with their respective metatarsals 
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by smooth but vertically concave ends. With the exception of the joint between 
the first and second phalanx of digit III, all of the other joints in the pes are keeled. 
Those of the median or third digit are broad and illy defined, but the remaining artic- 
ulations have a pronounced median keel on the proximal ends and a corresponding 
median vertical depression on the distal é 
ends, thus forming strong joints that 
would be difficult of lateral dislocation. 

Deep lateral pits are present on both 
sides in all of the phalanges. The ter- 
minal phalanges are moderately curved 
bones, sharply pointed in front, deeply 
grooved on the side for the external 
claw, which in life would have con- 
siderably increased the size of these 
appendages. The unguals of digits I 
and III are about subequal in size, while 
those of digits I and IV are considerably 
reduced. 

The ungual phalanges of the pes are 
readily distinguished from those of the 
manus, by the greater curvature of the 

latter, and the inferior development of 
the bone below the articulating surface 
for the preceding phalanx, also those of 
the manus are more compressed trans- 
versely. The shape of these clawed 
unguals, appear to indicate that these 
feet were better adapted for locomotion : i 

E Fic. 52.—LEFT HIND FOOT OF ANTRODEMUS VALENS LEIDy. No. 

than for grasping purposes. 4734, U.S.N.M. RESTORED. } NAT. SIZE. (AFTER MARSH.) ’ 

Measurements of left hind feet of Antrodemus valens Leidy. 

DIGITS. 

No. 4734, U.S.N.M. No. 8423, U.S.N.M. 

It Ii. Iii. IV. iL, | II. Ii. IV. 

Greatest length*of metatarsals..............---- 5) 270) B27) 2d llscoes- | 320') 353 324 
_ Greatest transverse diameter, proximal end...-.|....-- 60 64 GO ljs--s2e | 67 67 92 
Greatest transverse diameter,fdistal end........ 38 TSO Gone sees | 7 80 57 
Least transverse,diameter of shaft..........-.--|.-.--- 42 40 5 Gales aS 38 36 

PHALANGIALS. < 

| : 
Greatest length: | | | | | 

Prox imalbrongsses seit. 02") 55 eames ae 65) [GOP 2 2 aE | eee | 12) “SHG eee 
SEAGIG! MOijoo> occas esbsoeeosoboc=dsouosaan 270 | 80 | 790 DOME. usa Sooeee | 94 72 
Pro wee cee ey, 1 ee AT: IS igi aie 6GrlmeaOseee es Pers Veena ete 
Mourthyro we sos hese meee sant Mee PASE Beet leap & {area oe QUE We ace sle a. 2 lees eee 
i STAGH ARO ie Os rey ie eas i 3: i te ane ee eee (es eee es persed esses eres | ares per 75 

1 First digit measurements are from the right foot. 2 Estimated. 
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Family CERATOSAURIDAE 

In 18841 at the time of creating the genus and species, Ceratosaurus nasicornis 
Prof. O. C. Marsh proposed the new family Ceratosauridae which was defined as 
follows: 

Horn on skull, Cervical vertebrae plano-concave, remaining vertebrae biconcave. . Pubes 

slender. Pelvic bones coossified. Osseous dermal plates, Astragalus with ascending process. 

The standing of the family Ceratosauridae was consistently maintained by 
Marsh in his later writings, though the distinctness of this family was not generally 
accepted by other authorities. Liydekker, in 1888? included it under the Megalo- 
sauridae, a view adopted in succeeding years by other paleontologists. The genus 
Ceratosaurus, however, so far as I am able to discover, has been accepted by everyone 

except Cope,? who in 1892 referred the species to Megalosaurus. 
The general nonacceptance of Marsh’s family I now believe was largely due 

to the inadequateness of his definition, for, as originally stated and subsequently 
amended on at least two occasions, there were only one or two characters enumerated 
that would not apply to any of the large Theropod dinosaurs. The presence of a 
horn on the skull is the one distinctive character, and that may prove to be a sexual 
feature. 

Although in many respects Ceratosaurus approaches the megalosauroid forms, 
several generalized features of the skeleton, as the presence of four digits in the 
manus; a closed obturator pubic foramen; the long quadrate and the closer 
resemblance of the presacral vertebrae to the earlier Triassic forms, in my opinion, 
makes it the most conservative Theropod known above the Triassic. 

After a thorough study of the genotype as compared with Antrodemus, Tyran- 
nosaurus, Gorgosaurus, and other American carnivorous dinosaurs, convinces me of 

the family distinctness of this genus as originally classified by Marsh. 
The family I would now define as follows: 

FAMILY CHARACTERS—Horn on skull; pubes meeting on median line at proximal end. 

Manus with four digits, lateral digits reduced. 

The genus Ceratosaurus I would define as follows: 

GENERIC CHARACTERS: Premaxillaries with three teeth; maxillaries with 15 teeth; dentary 

with 15 teeth; 9 cervical vertebrae plano-concave; dorsal vertebrae biconcave; 5 sacrals; distal caudals | 

_ without special lengthening of prezygapophyses; pelvis coossified; pubis with closed obturator 

foramen; 4 digits in manus, first and fourth reduced; probably 3 digits in pes; dermal ossifications; 

abdominal ribs present. 

Genus CERATOSAURUS Marsh, 1884. 

CERATOSAURUS NASICORNIS Marsh, 1884. 

Ceratosaurus nasicornis Marsu, Amer. Journ. Sci., ser. 3, vol. 27, 1884, pp. 300-337, pls. 8, 9, figs. 1, 10, 

11; vol. 28, 1884, p. 161, fig. 1;*Bull. du Musee Royal d’Hist. Nat. de Belgique, vol. 4, 1884, 

pp. 136, 140, 145, 146, pl. 6, figs. 6, 16.—Murnzpinr, M., Bull. Soc. Imp. Natur. Moscou (new ser.), 
vol. 2, 1887, p. 5383.—LyprKxegr, R., Cat. of Fossil Reptilia and Amphibia in the British Museum, 

pt. 1, 1888, p. 157, fig. 26.—Zirrnr, K. A., Handbuch der Palaeontologie, vol. 3, 1890, p. 727, figs. 

629-635.—Marsu, Amer. Journ. Sci., ser. 3, vol. 44, 1892, p. 347, pl. 7—Corn, Trans. Amer. Philos. 

1 Amer. Journ. Sci., vol. 27, 1884, p. 330. 

2 Cat. of Fossil Reptilia and Amphibia in the British Museum, pt. 1, 1888, p. 157. 

3 Proc. Amer. Philos. Soc., vol. 30, 1892, p. 241. 
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Soc., vol. 17, 1892, p. 18.—Marsu, Geol. Mag., London, vol. 10, 1893, p. 153, pl. 6 —LyprxK«er, R., 

Nature, July 27, 1893, p. 48.—Hurcuinson, H. N., Extinct Monsters, April, 1893, pp. 83, 84, 
text figs. 17, 18.—Marsu, Amer. Journ. Sci., ser. 3, vol: 50, 1895, p. 487, pl. 10, fig. 5, text figs. 9 

and 10; Sixteenth Ann. Rept. U. 8. Geol. Sury. for 1894-5, pt. 1, 1896, pp. 156-162, pls. 8-10, fig. 
1, pl. 14, text figs, 1, 4, 5, 64, 65; Comptes rendus des seances du Troisieme Congress, International 

de Zoologie, Leyden, 1895, p. 202, pl. 1, fig. 5, text figs. 9, 10; Monog. U. S. Geol. Surv., vol. 27, 

1897, p. 503, pl. 25, text fig. 60.—Woopwarp, A. §., Outlines of Vertebrate Paleontology, 1898, p. 

200, fic. 120.—Watcort, C. D., Science, ser. 2, vol. 11, 1900, p. 23.—Hay, O. P., Bull. No. 179, U. 8. 

Geol. Sury., 1901, pp. 493, 494.—Norcsa, Féldtani Kézlony, Budapest, vol. 31, 1901, p. 199.— 

Lucas, F. A., Animals of the Past, 1901, p. 106, figs. 23, 25; Animals Before Man in North America, 

1902, pp. 149, 165, 166, 2 text figs —Zirrer, Text-Book of Paleontology, Eng. ed., vol. 2, 1902, pp. 
228, 229, figs. 328, 329.—_LamBr, L. M., Contribution to Canadian Paleontology, vol. 3, 1904, pp. 

5, 8, 9, 15, 18, 22, 24.—Norcsa, Geol. Mag., vol. 2, 1905, p. 290.—Merrrit, G. P., Cat. Fossil Verte- 
brates, U. S. Nat. Mus., pt. 2, 1907, p. 65.—Hay, O. P., Proc. U. S. Nat. Mus., vol. 35, 1908, pp. 
359-366, figs. 1, 2, 3, 4Hunwnn, F. von, Geol. und Palaeont. abhand. Sup., vol. 1, 1907-1908, pp. 

326, 335.—Lut, Amer. Journ. Sci., vol. 29, 1910, p. 15, figs., 1, 4-Hutcuinson, H. N., Extinct 

Monsters and Creatures of Other Days, 1911, p. 136, text figs. 45, 46.—Z1rrer, Grundziige der Paleon- 

tologie, vol. 2, 1911, p. 281, text figs. 424, 425.—Gimorg, C. W., Bull. No. 89, 1914, p.25._SHuretpr, 

R. W., Scientific American Supplement, No. 2089, Jan. 15, 1916, p. 41, fig. 5; No. 2098, Mar. 18, - 

1916, p. 187.—Lamsz, L. M., Memoir 100, Canada Geol. Survey, No. 83, Geol. Series, p. 15, 1917. 

Megalosaurus nasicornis Corr, Proc. Amer. Philos. Soc., vol. 30, 1892, p. 241. 

Ceratosaurus Corn, Amer. Nat., 1885, Jan., pp. 67-68. 

Genotype.—Cat. No. 4735, U.S.N.M., consists of a fairly complete articulated 
skeleton. The bones preserved are listed below: 

Skull. Four metacarpals, 3 phalanges (left fore foot). 

Lower jaws. Three metacarpals, 1 phalanx (right fore foot). 
Atlas. Two ilia. 

Axis. Two pubes (lacking distal extremities). 

Seven cervical vertebrae. Two ischia (lacking distal extremities). 
Twelve dorsal vertebrae (all fragmentary). Two femora. 
Sacrum complete. Tibia (right). 
Fifty caudal vertebrae. Fibula (right). 
Twenty chevrons. ; Astragalus (right). 

Last thoracic rib. _ Calcaneum (rignt). 
Cervical ribs (all fragmentary). One tarsal bone of distal row (left). 
Scapula (left). Three coossified metatarsals (left). 
Ulna (left). One terminal phalanx, digit LV (left). 
Radius (left). Several skin ossicles. 

Collected by Mr. M. P. Felch, 1883-1884. 
Type locality —Quarry No. 1,1 Garden Park, near Canon City, Colorado, Fre- 

mont County, Colorado. 
Horizon.—Morrison, Upper Jurassic. 

1 A letter to the writer from Mr. Charles E. Felch, a brother of the late M. P. Felch, who collected the Ceratosaurus skeleton 
and other fossil remains, gives some interesting first-hand knowledge of the discovery of fossils at Canon City, Colorado. With 

his kind permission I quote the following from his letter of February, 1915: 

“JT visited Colorado in 1876-77, spending most of the time at my brother’s ranch. During this time we discovered, quite 

near the ranch, and at the foot of one of the high cliffs of sandstone so common in this vicinity, what we supposed at the time 

to be a section ofa petrified tree, but on exhuming it from the disintegrated sandstone, we found that instead of being vegetable 

origin, it was a portion ofa thigh bone of some gigantic prehistoric animal. Quite unaware ofits scientific value, and viewing it 

only as a curiosity, we took it to the office of the local newspaper in Canyon City, where it attracted the attention ofa visiting 

scientist, Prof. Mudge, State geologist of Kansas, and through his instrumentality it was sent to Prof. Marsh, of Yale, who, being 

greatly impressed by the importance of the discovery, visited the locality in person, and at once put Prof. Mudge in charge of 

excavation work, which he pursued until his death about a year later, after which my brother, who had been working with Prof. 

Mudge, was given charge of the work, and continued at it for eight years, shipping the fossils as quarried to New Haven. It was 

only very recently that I learned that the bones had been removed to Washington.” 



/ 

78 BULLETIN 110, UNITED STATES NATIONAL MUSEUM. 

OSTEOLOGY OF CERATOSAURUS. 

Since the osteology of Antrodemus has been described in considerable detail in 
the preceding pages, it is only necessary to treat briefly the various elements com- 
prising the bony structure of the present Morrison genus. The chief similarities 
and dissimilarities as compared with the homologous parts of other members of 
the Theropoda are pointed out and correction of such erroneous statements and 
incorrect restoration as is now rendered possible by the more complete preparation 
of the known material, and also on account of our greatly increased knowledge 
of the skeletal structure of Theropodous dinosaurs in general. 

These observations are based entirely on the type specimen of Ceratosaurus 
nasicornis. Prof. O. C. Marsh and Dr. O. P. Hay have been the chief contributors 
to our knowledge of the skeletal anatomy of this animal, and I have made free use 
of their various contributions, although all of their work has been verified by per- 
sonal examination of the specimen. 

y SKULL. 

The skull of Ceratosaurus nasicornis, although constituting the most complete 
cranium of a Morrison Theropod dinosaur yet found, is greatly distorted by pressure 
(fig. 53). 

This compression is largely from side to side, so that its present thickness is 
only a little over 100 mm. The first restorations of the skull (pl. 7, Dinosaurs of 

North America), were drawn under the supervision of Professor Marsh, and present 
a somewhat restored view, and so far as representing the exact transverse propor- 
tions, they must remain somewhat in doubt. It would appear, after a comparison 
with the well-preserved articulated skull of Tyrannosaurus, and with the skull of 
Antrodemus No. 4734 U.S.N.M. that the posterior portion is not wide enough as 
restored. The restorations of the Ceratosaurus skull presented here (figs. 1 and 2, 
pl. 18) are based upon the type specimen No. 4735, U.S.N.M., and although many 
of the inaccuracies detected in the earlier restoration by Marsh have been eliminated, 
it is anticipated that future discoveries will show the present restoration to be in 
error in other particulars. The badly crushed condition of the skull (figs. 1 and 2, 
pl. 17) makes it most difficult to determine the exact proportions of some parts, and 
especially many of the minor details. This restudy, however, in conjunction with 
the beautifully preserved Antrodemus skull No. 4734, U.S.N.M., has cleared up many 
apparent discrepancies, and has resulted, I trust, in giving a more correct concep- 
tion of the skull of Ceratosaurus than could be obtained from the earlier repre- 
sentations. 

In general, the skull of Ceratosaurus is light and open in its structure, excelling 
in this respect all other of the larger members of the Theropodous Dinosauria. . 

Its closest resemblances are with the skull of Antrodemus, though on comparison 
many important structural differences are found. One especial distinctive feature 
of the skull and one which distinguishes it from all known Theropoda is the elevated, 
trenchent horncore situated medially on the nasals. Other features are the elon- 
gated quadrate, the relatively large size of the lateral openings, reduced dentition, 
and the slenderness of the posterior half of the lower jaw. 

1 Osborn, H. F., Memoir American Museum Natural History, vol. 1, new ser., 1912, pt. 1, pl. 2. 
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The principal differences found by a comparison of the skulls of Ceratosaurus 
and Antrodemus are contrasted in the two parallel columns below. 

CERATOSAURUS. ANTRODEMUS. 

1. Prominent median horn-core on the nasals. 1. None present. 

2. Lateral borders of nasals smooth and rounded. 2. Lateral borders of nasals roughened and sharp. 
3. Skull, relatively narrower, dorso-ventrally 3. Skull, relatively wider, dorso-ventrally than 

than in Antrodemus. in Ceratosaurus. 

4. Quadrate, long. ’ 4. Quadrate relatively short. 

5. Premaxillary with 3 teeth. 5. Premaxillary with 5 teeth. 

6. Upper dental series, 18 teeth. 6. Upper dental series, 20-22 teeth. 

7. Second antiorbital fenestra appears to be 7. Second antiorbital fenestra present. 

wauting. 8. Infratemporal fenestra relatively narrow at 
8. Infratemporal fenestra wide (anteroposteriorly) | bottom. 

at bottom. 9. External nares elongated. 
9. External nares oval. 10. Nasals without pit. 

10. Pit on posterior median junction of nasals. 11. Nasals gradually narrowing. 

11. Nasals, posterior to external nares swollen. 

Basioccipital (bo.).—The occipital condyle is hemispherical in general form, and 
is inclined downwards, making an obtuse angle with the long axis of the skull. The, 
basioccipital processes are short and stout, as compared with the narrower and more 
ventrally elongated processes in Antrodemus. 

On account of the crushed condition of this region of the skull, the relationships 
of the basioccipital with adjacent bones can not be accurately determined, though 
I am inclined to believe they are somewhat different than in Antrodemus. 

Exoceipital (ex. oc.).—The exoccipitals contribute to the upper articular surface 
of the occipital condyle, meeting on the median line and entirely excluding that 
element from the boundary of the foramen magnum. It can not be determined 
whether these bones bridge over the foramen magnum, and thus exclude the supra- 
occipital from its boundary as they do in Tyrannosaurus. Latterly they coalesce 
with the paraoccipital processes. These processes are more widely expanded 
vertically toward their outer ends than in Antrodemus, and with a heavier more 
rugose outer extremity. In the skulls here compared the paraoccipital processes 
of Ceratosaurus extend more obliquely backward, but this difference may be entirely 
due to crushing, a point that can not be determined. Otherwise they are very 
similar. 

Paraoccipital (p. oc.).—The paraoccipital processes are present, but they are 
so badly crushed that contrasting them with others of the Theropoda would be of 
doubtful value. From what can be observed of their form and relationships they 
appear to be very similar to those of Antrodemus, except that vertically their outer 
ends are more widely expanded and more rugose than in that genus. 

Supraoccrpital (so.)—On account of the crushed condition of this portion of 
the occipital region and the coalescence of the sutures the boundaries of the supra- 
occipital can not be determined. 

Alisphenoid (al. sp.)—The distorted condition of the alisphenoids and the 
coalescence of the sutures in the Ceratosaurus skull render the comparison of this 
element with those of other Theropod reptiles of little value. 
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Basisphenoid (b. s.).—The basipterygoid processes are more strongly developed 
than in Antrodemus. The cavity on the median ventral side of the basisphenoid, 
which probably leads up to the foramen for the median Eustachian canal is not so 
large as in the latter genus, and on account of being filled with matrix its upward 
extent can not be determined. | 

Parasphenoid (p. sp.).—The parasphenoid in Ceratosaurus was first recognized 
by Hay,' and as shown in figure 54, (21), is a vertical plate of bone with a pointed 
anterior extremity that extends forward from the front of the basisphenoid. Crush- 
ing and adhering matrix render its relationship with the orbitosphenoids obscure. 
Above, it supports what appears from its position to be the ethmoid. 

Fic. 53.—SKULL OF CERATOSAURUS NASICORNIS MARSH. SIDE VIEW. No. 4735, U.S.N.M. 4 NAT. SIZE. an, ANGULAR; a7, 

ARTICULAR; d, DENTARY; /’ FIRST ANTIORBITAL FENESTRA; j, JUGAL; Ja, LACHRYMAL; lat.t.fen, LATERAL TEMPORAL 

FENESTRA; 7, NASAL; 7./, NASAL HORN CORE; 0, ORBIT; p, PARIETAL; p.d7, PREARTICULAR; p.f, PREFRONTAL; pmqd, 

PREMAXILLARY; po.f, POSTFRONTAL+POSTORBITAL; .0C, PARAOCCIPITAL; pl, PTERYGOID; g, QUADRATE; gj, QUADRATO- 

JUGAL; S@, SURANGULAR; sq, SQUAMOSAL. 

Parietal (p.).—The sutures defining the boundaries of the parietals are largely 
obliterated. Between the supratemporal fossae, the parietal surfaces appear more 
rounded transversely than in Antrodemus. The thin plate-like transverse exten- 
sions of the parietal has been represented by Marsh in his figure of the superior 
view of the skull of Ceratosaurus nasicornis as having the dorsal border continuing 
outward to unite strongly with the postorbital and the squamosal bones. In this 
he was in error, for with the articulated skull of Antrodemus as a guide it. is plainly 
evident the relations of these bones are very similar. There is a deep notch between 
the parietal and squamosal at the back of the supratemporal fossa, as in both 
Antrodemus and Tyrannosaurus. At the bottom of this notch, as shown in figure 1, 
plate 18, the parietal has a weak union with the squamosal. Moreover the articu- 

1 Proc. U.S. Nat. Mus., vol. 35, 1908, p. 360, figs. 1 and 2 (21). 
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lation of the parietal with the postorbital, postfrontal complex, posterior to the 
supratemporal fossa, is not known so far as I can determine in any reptilian skull 

either living or extinct. 
Frontal (f.).—The frontal bones are moderately broad with a convexly rounded 

superior surface as compared with the slightly concave surface of Antrodemus. 
The suture between the frontals and nasals is more strongly toothed than was rep- 
resented in Marsh’s superior view of the skull. The median suture between the 
frontals of the two sides, as well as the suture between frontals and parietals is 
obliterated. The frontal as in Antrodemus contributes slightly to the superior 
border of the orbit, in a notch between the prefrontal and postfrontal + postorbital. 
In the restoration of the skull by Marsh it has been incorrectly restored showing 
the frontal as extending outward to complete the lateral boundary above the orbit 
on a line with the two elements just mentioned. 

Prefrontal (pf.).—Interposed between the lachrymal and the frontal on the 
right side of the skull of Ceratosaurus there appears to be a small triangular element, 
identified as the prefrontal. The outlines of this bone are obscure, but if what 
are interpretated as sutures are such, the hinder end of the dorsal surface of this 
bone is relatively wider transversely and considerably shorter antero-posteriorly 
than in Antrodemus. It appears to reach the nasals although in Antrodemus the 
inner anterior border is in contact with that element for some distance. In Ty- 
rannosaurus the anterior ends of the prefrontal just reach the nasals though they 

are entirely excluded from the lateral border by the lachrymals. In Ceratosaurus 
their posterior end forms the greater portion of the anterior boundary of the notch 
above the orbit (fig. 1, pl. 18). The lower or descending branch of the prefrontal 
is entirely covered by matrix on the right side and its extent and relationships 
are not to be observed, and on the left which has been more thoroughly prepared 
1 am unable to differentiate it. Marsh and Hay did not recognize this bone, but 
called prefrontal the element here designated lachrymal. 

. Postfrontal + postorbital (po. f.)—The postfrontal postorbital complex is of the 
usual triradiate form, its relation to the other elements of the skull is so similar 

to Antrodemus that a detailed description is considered unnecessary here. 
This bone is well shown in two of its aspects in figures 1 and 2, plate 18. There 

is no “‘rugosity” such as found by Osborn in Tyrannosaurus, and as mentioned 
previously the union of this bone with the squamosal is not by a transverse suture 
as represented by Marsh in his restoration of the skull, but a posteriorly directed 
process laps along the outer surfaces of the squamosal uniting by a long squamous 
suture. 

Lachrymal (la.).—The element here identified as lachrymal was designated by 
Marsh as prefrontal, and hy Hay, the lower part was called lachrymal and the upper 
prefrontal, the two being separated by a diagonal suture. Osborn in Allosaurus 
considered it a complex of prefrontal and lachrymal. This suture as represented 
by Hay (fig. 54) is certainly a fracture of the bone, and a critical examination of 
these elements fails to disclose any indication of there being a suture at this point. 

The lachrymal as in Antrodemus and Tyrannosaurus has a descending process 
which unites the jugal and maxillary above the large antiorbital fenestra. The 
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processes at their junction are surmounted by a stout tuberous projection that rises 
above the general level of the superior surface of the skull. In life this tuberosity 
no doubt had a horny covering. This process is missing on the left side, but on 
the right side it is largely intact. The upper borders have suffered some loss, and 
it is not altogether certain that this process as shown in the restored skull represents 
its true outlines. It appears quite probable that the tip was more sharply pointed 
as in Antrodemus and not obtusely rounded as here represented. As in the latter 
genus this bone is lightened by pneumatic cavities. 

Nasals (n.).—The nasal bones are elongate and they differ principally from 
those of known carnivorous dinosaurs in giving support to a largé transversally 
compressed horn core on the median line. The upper two-thirds of the lateral sur- 
face of this horn core is very rugose and furrowed with vascular grooves. The 
smooth portion near the base of the horn has a greatest transverse width of 12 mm., 
which is rapidly increased to 20 mm. at the point where the roughening by the vas- 
cular grooves begins. The horn has a greatest length antero-posteriorly at its base 
of 130 mm. and an extreme height above the nasals of 70 mm., the greatest vertical 
diameter being posteriorly to its middle. It evidently supported a high, trenchant 
horn, which formed a useful weapon for offense and defense. Additional material 
is required before it can be ascertained whether this feature pertained to all individ- 
uals of this genus or was only a sexual character. 

Immediately posterior to the nasal horn core there is a deep elongate depression 
on the median line, as shown in figure 1, plate 18. The lateral borders above the 
antiorbital fenestrae are notched as in Antrodemus for the reception of the anterior 
process of the lachrymal, as may be seen in plate 18. In front of this notch the 
outer border is shghtly roughened and rounded over, not presenting a sharply raised 
edge, as in Antrodemus. It overhangs the upper branch of the maxillary as in the 
latter genus, and is perforated likewise by a number of pneumatic cavities. The 
anterior ends of the nasals where they join the premaxillaries above the external 
narial opening are missing. Posterior to the nares the nasals widen out and arch 
over the nasal passages. In Antrodemus the lateral borders of the nasals converge 
from the anterior border of the lachrymals to their anterior extremities, whereas in 
Ceratosaurus they converge for a short distance and then become divergent. 

Premaxillary (pmx.).—The premaxillaries in the type of Ceratosaurus nasicornis 
contain fewer teeth than in any other known member of the Theropoda, excepting 
Struthiomimus. Each premaxillary has alveoli for three functional teeth. Marsh 
has pointed out that in ‘‘the genera Compsognathus and Megalosaurus of this order, 
each premaxillary contained four teeth, the same number found in the Sauropoda. 
In the genus Creosaurus from the American Jurassic the premaxillaries each contain 

five teeth.” Antrodemus also has five, while Ornitholestes from the Morrison, Gor- 
gosaurus from the Belly River, and 1 from the Lance have four teeth 
each. 

In this specimen the superior processes which curve upward and backward to 
meet the nasals are missing, although indicated in Marsh’s restoration of the skull 
as being present. 
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This bone in Ceratosqurus is relatively shorter than in Antrodemus, in this 
respect approaching Tyrannosaurus. Its greatest length anteroposteriorly is about 
68 mm.; its greatest depth from the nasal to the dental border is 72 mm. 

There is present, especially on the left side, a small maxillo-premaxillary 
fenestra as found in both Antrodemus and Tyrannosaurus. Its position, however, is 
more ventral than in either of those genera. Marsh failed to indicate this opening 

in his restoration of the skull. 
Maxillary (mz.).—The maxillary bones of both sides, except for shght distortion 

from transverse crushing, are almost perfectly preserved. The maxillary in Cera- 
tosaurus differs from Antrodemus in the same way as most of the other elements 
forming the lateral view of the skull, in being relatively longer and more slender 
in their construction. There are alveolifor 15 teeth, whereas Antrodemus has from 

16 to 17. The width anteroposteriorly of the superior process of the maxillary in 
Ceratosaurus nasicorms, which fills the space between the antiorbital fenestra and 
the anterior nasal opening, is 105 mm. wide. In the great width of this part of the 
maxillary Ceratosaurus resembles T’yrannosaurus. 

It can not be surely determined whether there was a second antiorbital fenestra 
in the maxillary as in Antrodemus and Tyrannosaurus. In his restoration of the 
skull Marsh did not indicate any. Hay comments on it as follows: 

It will be observed that there is a large uneven depression in front of and partly above the antiorbital 

vacuity [fig. 54, numeral 14]. This is not well shown in Marsh’s figure. This depression probably 
corresponds to the postnartial vacuity figured by Lambe as belonging to Creosaurus and Allosaurus 

[Antrodemus]. There is a similarly placed vacuity in the skull of Diplodocus, whose nasal openings 
are located far toward the rear of the skull. Inasmuch as this vacuity in the Theropoda and in Diplodocus 

appears to be wholly in the maxillary bone, it might be well called the maxillary vacuity. On the left 

side of the skull of our specimen of Ceratosaurus no actual opening is seen through the bone, but on the 

right side, near the front of the depression, 47 mm. behind the nostril, there seems to be a foramen. 

I would quite agree with the latter observation, though if it does represent 
the second antiorbital fenestra it is very much smailer than in Antrodemus. 

Quadratojugal (qj.).—Viewed lateraliy the quadratojugal of Ceratosaurus 
nasicornis at the angle formed by the junction of the vertical and horizontal branches 
is considerably narrower than in Antrodemus. The horizontal branch also is much 
longer than in that genus, its forward termination stopping slightly short of the 
postorbital bar, whereas in Antrodemus it ends more posteriorly. The inner median 
surface forms the outer boundary of the quadrate foramen. Its other relations 
with surrounding bones are similar to Antrodemus. The greatest length of the 
inferior part of the quadratojugal is 124 mm.; greatest length dorsoventrally is 
131 mm. 

Jugal (7.).—The jugal is much more slender than in Antrodemus. In the 
restored Ceratosawrus skull, as published by Marsh, he erred in his interpretation 

of the anterior extent of the jugal as extending forward of the lachrymal and con- 
tributing to the formation of the boundary of the large antiorbital fenestra. It is 
excluded from this fenestra by the lachrymal and maxillary, as may be clearly seen 
upon examination of the original specimen. (pl. 17.) Hay correctly identified its 
forward extent. It does not appear to be perforated by a foramen such as is 

1 Proc. U. 8. Nat. Mus., vol. 35, 1908, p. 360, fig. 1. 
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present in Antrodemus and Tyrannosaurus. The right jugal measures 242 mm. 
antero posteriorly and vertically at the center 130 mm. 

Quadrate (q.).—The quadrate in Ceratosaurus is relatively long, an in the 
articulated skull rises much higher on the side of the head than in either Antrodemus 
or Tyrannosaurus. Marsh says + of the quadrate in Ceratosaurus: 

One peculiar feature of the quadrate is a strong hook on the upper half of the outer surface. Into 
this hook a peculiar process of the quadratojugal is inserted. 

A comparison of these bones with those of Antrodemus shows them to be very 
similar and that the peculiar features noted by Marsh were due to post-mortem 
distortion and not to any great structural differences. 

The so-called hook is that part of the quadrate that forms the upper boundary 
of the foramen between the quadrate and quadratojugal. Crushing has disarticu- 
lated the quadratojugal and forced it in beneath this hook on the quadrate, whereas 
normally it would have been in contact with the rough sutural surface on the external 
border of the hook, as shown-in figure 2, plate 18, its mner side then forming the 
outer boundary of the foramen, as in the Antrodemus skull before me. 

Bauer ? noted the presence of this foramen, but Hay*® thought it absent, not 
recognizing the outlines of the border of the foramen or the partial dislocation of 
the quadratojugal. This interpretation of the relationships of these elements, 
therefore, renders the laterai view of these bones in the skull as restored by Marsh 
incorrect. The greatest length of this bone in Ceratosaurus nasicornis is 212 mm., 
whereas in Antrodemus, representing a larger individual, it measures only 192 mm. 
Except in minor deals, other than the differences discussed above, the quadrate 
closely resembles the same element in Antrodemus valens. 

Squamosal (sq.).—The squamosal is considerably weaker than in Antrodemus, 
though its relations with adjacent bones appears to be almost identical. The bar 
extending downward in front ef the quadrate to unite with the quadratojugal is 
exceedingly narrow anteroposteriorly, as compared with the same element in Antro- 
demus. The process forming the back of the cotylus for the head of the quadrate 
is much more slender than in the latter genus. The union of the squamosal with 
the postorbital is not by a vertical suture, as indicated in the restoration of the 
skull by Marsh (fig. 1, pl. 8, Dinosaurs of North America), but is by a long squamous 
suture (ftg. 2, pl. 18). 

Bala he palate of the type skullof Ceratosaurus nasicornis has been described 
by Dr. O. P. Hay,‘ and with the exception of interpolated notes, his description is 
given in its entirety: 

Figure 1 [fig. 54] represents a view of the left side of the skull, that which best shows the bones of 

the palate. In the fossil the bones of the palate stand nearly perpendicalar, but without doubt this is 
to a great extent due to crushing. They probably sloped upward and inward at an angle of 45°, or more 

probably they formed a vaulted roof for the mouth. 

The postero-interior process of the pterygoid (fig. 2, numeral 28) joins the inner border of the 
quadrate at a point 55 mm, above the articulation of the latter bone with the lower jaw. The posterior 
superior process rose to the upper end of the quadrate. [Evidently Hay had the idea that the pterygoid 

extended posteriorly far enough to join the heavy vertical portion of the quadrate, whereas this bone in 

1 Dinosaurs of North America, 1896, p. 159. 3 Proc. U.S. Nat. Mus., vol. 35, 1908, p. 362. 
2 American Naturalist, vol. 25, 1891, p. 446. 4Tdem., pp. 363, 366. 
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Antrodemus sends forward and inward a thin vertical sheet-like process to meet the pterygoid, and 

there is every reason to believe that the same condition prevails in the present specimen. The squamous 

union of these two bones, although somewhat obscure can be traced in the specimen by an irregular 

vertical line that passes in front of numeral 28 in figure 54. So that this numeral, as the relation of these 
bones are now interpretated, does not represent the pterygoid but is the inner and forwardly directed 
process from the quadrate.] Whether or not the pterygoid articulated with the quadrate the whole 
distance between the two points mentioned is somewhat uncertain. On the left side of the skull a 

considerable part of the pterygoid from the quadrate forward is broken away. [The missing bone is 
largely from the quadrate.] Marsh neither mentions any vacuity here nor does he represent it in his 

figure. On the right side there is a gap between the two bones, extending about 55 mm. along the 
border of the quadrate and forward from it lessthan15mm. Itseems probable that in life this gap was 
filled in with bone. [Itisin Antrodemus.] This region is represented in the figure as it appears on the 

right side. In Sphenodon the quadrate sends forward a broad process between the upper and lower 
processes of the pterygoid. Itis quite certain that this was not the case in Ceratosaurus. [In Antro- 
demus the union of the pterygoid with the quadrate is almost identical with that in Sphenodon and 
there is no reason to expect it to be greatly different in Ceratosaurus.] | 

Marsh informs us that there is a very short, thin epipterygoid closely articulated by suture with the 
pterygoid. The position of the suture is obscure, but it was doubtless present. Marsh was probably 

mistaken when he affirmed that the upper end of the epipterygoid articulated with the postfrontal. Its 

connection must have been with the border of the parietal. The epipterygoid of the left side has its 
upper end missing [fig. 54, numeral 8]. On the right side this bone is uninjured. Its upper end is 
moved well outward toward the postfrontal, but it is probably joined to the parietal. The suture be- 

tween the latter bone and the postirontal is obscure. Just behind the base of the epipterygoid the 
width of the pterygoid is 64 mm. 

The inner and anterior end of the transverse bone [fig. 54, numeral 36] overlaps the outer border of 
the pterygoid, as ifit had been pressed somewhat out of its natural relations; but in both Sphenodon and 
Cyclura the transverse bone overlaps the pterygoid. From the outer border of the pterygoid and of the 

transverse bones a strong process, 29, descends to a point a little below the upper border of the lower jaw. 
Marsh indicates that this process belonged wholly to the transverse, but the suture between the two 
bones is distinct. The transverse measures 160 mm. from its inner end to the extremity of the process 
mentioned. Just in front of the inner end of the transverse the pterygoid is 45 mm. wide. 

The sutures separating the pterygoid, the palatine, and the vomer are not as distinct as could be 

desired. Nevertheless their courses may be made out more or less satisfactorily. The bones of the right 

and left sides did not articulate on the midline. Doubtless there was, at least posteriorly, a considerable 

interval between them. In the skull, as preserved, the rounded inner, or upper, border of the bones 
of the right side rise several millimeters above those of the left side. 

Mostly hidden by the lachrymal and the jugal, in a side view of the skull, is a considerable vacuity 

in the bones of the roof of the mouth. Its fore and aft extent is 90 mm. This is called by Lambe the 
suborbital vacuity. It seems to correspond to the postpalatine foramen of lizards, turtles, and spheno- 

don. Itis bounded behind by the transverse and mesially, in part, by the pterygoid. In figure 54 the 

vacuity is mostly hidden by the lachrymal. A part of it, with light shading, appears between the two 
numerals 20; the hinder part is shaded dark and is in front of numeral 36. 

Another fissure in the roof of the mouth is seen through the antorbital vacuity and issituated just 
above the border of the maxilla. This is the internal nasal passage [fig. 54, numeral 16]. It extends 
forward to the anterior end of the antorbital vacuity and backward to a bar of bone that bounds the 

postpalatine vacuity in front. The whole extent of the internal nasal passage, as seen, is85mm, Pos- 
sibly it extended forward some distance beyond the front of the antorbital vacuity. 

The bone that lies between the postpalatine vacuity and the nasal passage is undoubtedly the 
palatine [fig. 54, numeral 20]. A branch of this bone runs backward against the inner face of the max- 
illa, its hinder extremity being hidden by the maxilla, the front end of the jugal, and the base of the 
lachrymal. The hinder border of the bone sweeps around and bounds in part the postpalatine vacuity 
mesially. The suture between the palatine and the pterygoid appears to be where drawn in figure 

54, B, running first directly forward from the inner side of the postpalatine vacuity to a distinct ridge, 

then following upward and inward thig ridge about 25mm. Behind this ridge the fibers of the bone are 

144035°—20—_7 
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directed fore and aft; on the ridge and in front of it they are directed upward. There can be little doubt 

that the surface behind the ridge belongs to the pterygoid; that in front of it. to the palatine. 
When carefully examined the ascending suture appears to end about 20 mm. below the upper bor- 

der of the plate of bone of this left side. From this point there appears to be a suture that runs forward 

some distance. Above this supposed suture the bone fibers are directed forward; below it, near the 

ridge, they are directed upward; more anteriorly they run upward and forward. The part of the bone 

with ascending fibers is quite certainly the upper and anterior portion of the palatine. One can not be 
certain how far forward this bone extends; it seems to reach almost to the front of the antorbital vacuity 

Fic. 54.—(A). SKULL OF CERATOSAURUS NASICORNIS Marsu. Type No. 4735. U.S.N.M. SEEN FROM THE LEFT SIDE. 

' ABOUT 3 NAT. SIZE. (B), DIAGRAM OF THE SAME. BOTH FIGURES AFTER HAY. 6. CLEFT BETWEEN PTERYGOIDS; 7. DEN- 

TARY; 8. EPIPTERYGOID; 9. FRONTAL; 11. JUGAL; 12. LOWER PART OF LACHRYMAL; 13. MAXILLA; 14. MAXILLARY DEPRESSION; 

15. NARES, EXTERNAL; 16. NARES, INTERNAL; 17. NASAL HORN; 18. OCCIPITAL CDS DiS 20. PALATINE; 21. PARASPHENOID; 

22. PARIETAL; 24. POSTFRONTAL + POSTORBITAL; 25. LACHRYMAL; 26. PREMAXILLA; 28. PTERYGOID; 29. PTERYGOID PROCESS; 

30. QUADRATE; 31. QUADRATOJUGAL; 33. SQUAMOSAL; 36. TRANSVERSE BONE; 37. VOMER. : 

ending there in a point. It is possible, however, that it ends on the border of the nasal passage about 
35 mm. behind the front of the antorbital vacuity. 

The bone lying above the palatine and at the front of the antorbital vacuity is undoubtedly the 
left vomer (fig. 54, numeral 37). This appears to extend backward to meet the pterygoid above the 
palatine, as drawn in the figure. If this is the case, the palatines did not meet at the midline of the 
palate. Lambe concluded that in the skull of his Dryptosaurus incrassatus (Albertosaurus. sarcophagus 

Osborn) the palatines were in contact posteriorly. i 
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If the conclusions arrived at here are correct, [it should be mentioned that the conclusions reached 

here by Hay, coincide almost exactly with the conditions found by Osborn in a well preserved skull of 
Tyrannosaurus] the internal narial passage was bounded inwardly almost wholly by the palatine; only 

slightly by the vomer. In any case, the vomer takes a less important part in the border of the internal 

nostril than it does in either Sphenodon or Cyclura. In Cyclura, perhaps in lizards generally, the pala- 

tines meet in the midline, thus shutting off the pterygoids from the vomers. In Sphenodon the ptery- 

goids join the vomers. In the broad union of the pterygoid with the quadrate and the union of the 

pterygoid with the vomer, Ceratosaurus appears to show closer relationship with Sphenodon than with 
the lizards and crocodiles. In the crocodiles access to the supratemporal fossa from behind is cut off 

above the paroccipital process, but not from below. 

To what extent the internal nasal passage was bounded exterlorly by the palatine in Ceratosaurus 

can not be determined. Possibly a process of the bone extended forward outside of the passage against 

the inner face of the maxilla. 

A comparison of the palate of Ceratosaurus with that of Diplodocus, as represented by Marsh ! brings 

to light both differences and resemblances that are interesting. In describing the palate of Diplodocus 

it will be convenient to regard it as divided into anterior, second, third, and posterior fourths. In this 
genus, asin Ceratosaurus, the pterygoids extend far forward, to come into contact with the small vomers. 

Along the midline they are applied to each other backward nearly to a line joining the articular ends of 

the quadrates at the hinder end of the third quarter of the length. In the lizard Cyclura they diverge 

about the middle of the length of the skull. In Diplodocus the postero-inferior process of the pterygoid 

is very short on account of the forward swing of the quadrate. Thus the basipterygoid processes join 

the pterygoids but little in front of the articular ends of the quadrates. 

The anterior position of the articular ends of the quadrates has not been acquired at the expense 

of the posterior processes of the pterygoids alone. There seems to have occurred in Diplodocus a remark- 

able shoving forward of structures that in Ceratosaurus lie across the second and third quarters of the 
length of the base of the skull. On examining Marsh’s figure of Diplodocus it will be observed -that 

there are four vacuities lying in a row across the palate in the second quarter length. The two of these 

which are nearer the midline are the internal nasal passages; those lying farther outward, right and leit, 

the postpalatine vacuities. In Ceratosaurus, as in Cyclura, the latter are behind the nasal passages, 

being separated therefrom by the palatine bones. In Diplodocus the postpalatine vacuities seem to 

have been crowded forward alongside and outside of the nasal openings. 

Each postpalatine vacuity 1s mostly inclosed by the maxilla and its processes, only a little of its 
hinder end being inclosed by the palatine and the transverse bone. The hinder end of the nasal passage 
lies between the forks of the small palatine. The rest of its inner border is formed by the slender vomer, 

while it is bounded in front and outwardly by processes of the maxilla. 

Several of the measurements given in the table below can not be considered 
altogether exact, for in the case of the Ceratosaurus skull, crushing has undoubtedly 
altered the true dimensions, while some allowance must be nants for restoration 
and inexact articulation of the elements comprising the Antrodemus skull. 

1 Dinosaurs of North America, p. 177, fig. 27. 
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Comparative Measurements of Antrodemus and Ceratosaurus Skulls. 

A ntrode- Cerato- 
Mus SAUTUS 

No. 4734 | No. 4735 
U.S.N.M. | U.S.N.M 

mm. mm, 

Greatest length of skull, taken at center................--....-.----------------- 610 500 
Greatest length of skull, taken at side..--......--.--22---2-2s22---5seses-seese- 642 620 
Least transverse diameter above center of orbits...........-...-----.-----+-------- 128 140. 
Greatest expanse of nasals at center, across rugosities...-.-..--..--.- EINE ATES 9 110 63 
Greatest width of skull across quadratojugal wal 3 nine Sie beje/ Ste MEME 2 ol te, x ons SPN PERT 300: |e eee 
Distance from anterior border of orbit to anterior extremity of premaxillae......... 400 395 
Distance from distal end of quadrate to top of skull......-....---.....--..-.----- 340 280 
Height of skull at center of lachrymal?—-2. 22-22-2222 ee = 2 ee 300 235 
Height of skull at center of maxillary. -2--22--2 220222222 22222 2 237 210 
Height of skull taken at center of anterior nasal opening.............-..---.----- 130" death eee 
Height of skull with lower jaw, measurement taken at posterior border of orbit..... 444 310 
Antero-posterior diameter of orbit at center.............-.-.---------.----------- 90 70 
Vertical diameter of orbit at center....................-....- Pee mie immniete A 5 steel 210 130 
Antero-posterior diameter of anterior nares........-.----.----------++++.----2--- 118 |. 82 
Length of dental series, left maxillary..........---.- a eaceerceyek ia Mise wre! haere et 284 350 
Lengthiot dental series; might premarxalllamy= = 22s. ee se ee eee see 110 61 

LOWER JAW. 

Plates 17, 18, and 26, fig. 2. 

Both rami of the lower mandible are present. The left, having been removed 
from the rock, permits examination of all aspects, while the right ramus remains 
in the matrix articulated with the skull, as shown in figure 1, plate 17, and presents 
only the outer surfaces. The left ramus has been slightly restored and many of 
the sutures are indistinct. The right ramus as seen in figure 1, plate 17, shows plainly 
the displacement of the elements of the hinder portion, ae taken together these 
rami enable one to work out quite accurately the extent and relationship of the 
various bones composing the jaws. Hay' has described the ramus of Ceratosaurus, 
but I propose to supplement his brief account with a more detailed description ah 
the several elements. 

Dentary (d.).—The dentary is long, Piatigely slender, compressed trans- 
versely, and contains alveoli for 15 teeth. The depth of” ite dentary increases 
gradually in a posterior direction, reaching its maximum vertical diameter imme- 
diately anterior to the external mandibular foramen. This measurement at the 
fifth tooth from the front is 63 mm. and at its deepest diameter 103 mm.; at the 
former point it has a transverse width of 21 mm. 

The anterior end of the dentary is rounded and not so truncate as in Antro- 
demus. The union of opposite rami was probably membranous, there being no 
indication of symphysial contact. The alveoli are separated by thin alveolar septa, 
which internally expand into intermediate “rugosae” (fig. 55). These are not 
so well differentiated as in Tyrannosaurus. A longitudinal groove at the base of 
these rugosae for the dental artery gives off side branches to the lower portion of 
each tooth, though small foramina. 

1 Proc. U.S. Nat. Mus., vol. 35, 1908, pp. 362-363, fig. 4. 
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On the internal side the dentary is overlain by the splenial and supradentary. 
Posteriorly the dentary sends back a thin pointed process on the lower border, 

which laps along the outer side of the angular, ending anterior about the middle 
of the external mandibular foramen. 

The complete coalescence of the dentary and surangular renders the point 
of their union undetermined, though on the external surface above the external 
mandibular foramen there is indication of a second lapping process of the dentary 
upon the surangular, but of this one can not be sure. 

On the external surface of the dentary are the usual foramina, which doubt- 
less served for the transmission of nerves and nutrient blood vessels to the lips. 

Supradentary: (d.p.).—The supradentary in Ceratosaurus, recognized in this 
genus for the first time, is a long, thin bone, that extends along the upper, inner 
side of the dentary (fig. 55). It extends nearly the entire length of the dental series 
and hides from an internal view the greater portion of the dental “rugosae.”” The 
upper border of the anterior half of this bone is slightly below the tops of the 
rugosae, but on the posterior half it rises above them to form the inner parapet of 

Fic. 55.—INTERNAL VIEW OF LEFTRAMUS OF CERATOSAURUS NASICORNIS MARSH. NoO.4735,U.S.N.M. 1NAT.SIZE.an, ANGULAR) 

ar, ARTICULAR; d, DENATRY; @.p, SUPRADENTARY; er.m.f, EXTERNAL MANDIBULAR FORAMEN; par, PREARTICULAR; Sp, 

SPLENIAL; SUr, SURANGULAR; 10, ROOT OF TENTH TOOTH; 15, INDICATES POSITION OF LAST ALVEOLUS. 

the alveoli, and in that way it contributes somewhat to the support of the teeth. 
The anterior end is missing, but apparently it was pointed and ended just posterior 
to the most anterior tooth, as shown in figure 55. 

Hay? regarded this element as being the anterior portion of the splenial, but in 
this he certainly was mistaken, for on examination of the specimen the splenial 
is plainly seen to overlie this element. 

In Tyrannosaurus Osborn* concludes that the supradentary is ‘apparently 
of splenial origin, but suturally separated from it.” I fail to find any evidence 
to bear out this assertion in the material now at hand. 

Angular (an.).—In the first restoration of the Ceratosaurus skull by Marsh 
(pl. 8, fig. 1, Dinosaurs of North America), no attempt was made to differentiate 
the elements of the posterior half of'the jaw. Hay was the first to recognize these 
bones, though his description of them is very brief. The angular, somewhat dis- 
placed, is plainly shown on the right ramus (fig. 1, pl.17). Itis a thin, flattened ele- 
ment that articulates by squamous union with the lower median portion of the 

1 Name proposed by Osborn in 1912 (Mem. Amer. Nat. Hist., vol.1, p. 5). Lambe in 1904 recognized this same element in 

Albertosaurus but failed to give a distinctive name, designating it as the ‘‘inner alveolar plate of dentary.’’ (Contrib. to Canadian 
Paleontology, vol. 3, pt. 3, 1904, pt. 11.) - 

2 Proc. U.S. Nat. Mus., vol. 35, 1908, fig. 4. 

3 Mem. Amer. Mus. Nat. Hist., vol. 1, pt. 1, 1912, p. 24. 

= 
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surangular. It would appear that some of the posterior end of the right element 
in this individual is missing, for its homologue of the opposite ramus extends more 
posteriorly and laps underneath the prearticular, but ends considerably short of 
the posterior end of the ramus, asin Tyrannosaurus. It extends forward of the man- 
dibular foramen, being overlapped on the external side by the dentary. On the 
internal side, as Hay has pomted out, a posterior process of the splenial ‘‘presses 
itself between two processes of the angular.”’ The angular has a limited exposure 
on the inner side of the jaw where it passes beneath the prearticular below the 
mandibular foramen. 

Surangular (sa.).—The relationship of the surangular to contiguous elements 
so far as they can be determined is very similar to those conditions observed in 
the Antrodemus ramus. Vertically it is considerably narrower than in Antrodemus, 
but, as in that genus, when the jaws are closed its upper border passes up inside the 
quadratojugal bar, as shown in figure 2, plate 17. 

Splenial (sp.).—The splenial is a deep lamellar bone that is applied to the 
inner side of the dentary and supradentary. It is perforated near its inferior 
margin on the anterior half by a foramen, as shown in figure 55. This foramen 
probably functions the same as the large oval foramina present in the splenial of 
both Tyrannosaurus and Albertosaurus. In the present specimen the splenial is 
only to be observed in the ramus of the left side, and its damaged condition renders 
an accurate description of the bone impossible at this time. Its posterior limits 
are only traceable on the lower posterior side, where it sends backward a finger- 
like process to articulate with the angular. Its lower margin is here visible for a 
short distance on the external side. 

Nowhere does the splenial form the inner parapet of the alveoli as would be 
inferred from the outline figure of the Ceratosaurus ramus as figured by Hay. 

At a point slightly posterior to the last alveolus the upper margin of the 
splenial sweeps downward bélow the border of the supradentary, much as the 
splenial sweeps downward below the border of the supradentary as in Tyrannosaurus, 
though the ventral deflection of this margin is more gradual than in the latter 
genus. The anterior end of the splenial is missing but in all probability it termi- 
nates in a tapering process as in the other Theropods, and it has so been indicated 
in figure 3. 

Ooronoid.—The coronoid though undoubtedly present in Ceratosaurus has 
not as yet been recognized as a distinct element. 

Articular (ar.).—The articular is small and compact, and forms the greater 

part of the cotylus, which is obliquely transverse and bifossate. It is overlapped 
on its inner and under sides by the prearticular, and on the outer side by the 
surangular. Unfortunately the posterior extremities of both articulars in this 
individual are missing, and in the restored skull, shown in figure 33, this portion 
of the articular has been restored after Antrodemus. 

Prearticular (p. ar.).—The prearticular is only to be observed in the left ramus, 

and this-one lacks its anterior end. In so far as one may judge from the parts 
preserved it is very similar to that of Antrodemus. Hay’ discusses this bone as 
follows: i 

1 Proc. U. S. Nat. Mus., vol. 35, 1908, fig. 4, p. 362. 2 Loe. cit., p. 363. 
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What he [Lambe] regards as the angularis almost certainly a long process of the articular, such as 

occurs in the lizards. If in Lambe’s specimen there is really a suture between the articular and the 

bone called by him the angular the latter is a distinct prearticular. Quite certainly in Ceratosaurus 
the suture does not exist. Here the process reaches the foramen and a little below it. 

This more recent examination confirms Doctor Hay’s conclusion regarding a 
suture between. the articular and prearticular, at this point. Osborn was unable 
to detect it in the ramus of Tyrannosaurus studied by him although its probable 
course is indicated by a dotted line. In the Antrodemus specimen No. 4734, U.S. 
N.M., the prearticular is shown to extend to the angle of the jaw, underneath the 
articular (see figure 15), and a close examination of the present specimen shows 

a very similar condition. In advance of the posterior broken end of the left ramus 
on the internal side is the broken end of the prearticular plainly shown as under- 
lapping the articular. The rather indistinct suture can be traced forward for a 
short distance where it appears to rise on the front of the articular, but its further 
course can not be traced, except that in front of the articular it appears to unite 
by a vertical suture with an inwardly directed process from the surangular. 
Ventrally the prearticular is underlapped by the angular. The anterior portion is 
missing in this specimen, but in all probability it curved upward, the anterior end 
being received between the coronoid and splenial as in Antrodemus and as indi- 
cated in figure 55. 

The prearticular extends posteriorly nearly to the end of the articular, but 
the surangular is slightly shorter and allows the articular to appear in a lateral 
view. The posterior sutures between articular and surangular are very distinct, 
but more anteriorly, especially those on the inner side, are coalesced and can no 
longer be traced. Viewed from above the suture between the surangular and 
articular runs diagonally across the outer fossa of the cotylus, but can not be 

traced further than a deep pit between the inner fossa of the cotylus and the pre- 
articular. All of the evidence appears to indicate the presence of the prearticular 
as a distinct element as found in Tyrannosaurus and some other dinosaurs. Hay 
considered this part of the lower jaw in Ceratosaurus as being a forward prolongation 
of the articular, but I believe when a younger individual is known it will be found to 
be a distinct element as in other Theropodous dinosaurs. The deep pit mentioned 
above is bounded on the inner side by a thin sheet of bone, but how much of it is 
articular I am unable to determine because of the complete coalescence of the 
sutures. The articular has a greatest transverse diameter of 73 mm; and an antero- 
posterior diameter of 69 mm. 

Comparative measurements of Antrodemus and Ceratosaurus jaws. 

Antrode- | Ceratosau- 

Greatestgleme tiie wees aa temas Hae pala Ter dey geen lA cee Lay we BU oe 690 650 
Height of ramus below center of orbit.....................-..---------------+--- 140 119 
Height of ramus center of dentary..............--.-.---2-----------2- 2-2 eee ee 66 64 
Ihengthiotdentaliseriese ec. enn uae MeN Ee es 1 295 280 

1 No. 8335 U.S.N.M. 
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Hyoid:—Marsh says: The hyoid bones appear to be four in number. They 
are elongate, rod-hke bones, somewhat curved, and in the present specimen were 
found nearly in their original positions. 

The only evidence I find of the presence of bones of the hyoid arch is a small 
section of a rounded rod-like bone attached by the matrix in an oblique position 
from the vertical to the inner side of the right ramus, slightly in advance of the 
articular. Both ends show fractured surfaces. There is a second and longer 
flattened element held in the matrix parallel with and internal to the dentary of 
the right side. Both of these bones may Heese hyoid elements, but as to this 
one can not be certain. 

TEETH. 

In the type skull of Ceratosawrus nasicornis the dental formula is as follows: 

Upper jaw: Premaxillary, 3; maxillary, 15; total, 18. 
Lower jaw: Dentary, 15. 

Counting backward from the front of the jaws the following teeth are present 
in the specimen: Right maxillary, the second complete (displaced), and the root 
of the fifteenth. Left maxillary, the second, fourth, sixth, eighth, ninth, tenth, 
eleventh, twelfth, and thirteenth, roots of the iountiernieh and fifteenth. Right 
dentary, the sixth, twelfth, and thirteenth. Left dentary, the seventh, root of 
the eighth, ninth, and tenth complete roots of the eleventh to the fifteenth inclusive. 

There are three detached teeth lying in the matrix between the jaws, as shown in 
figure 1, plate 17. All of the premaxillary teeth are missing. 

| The maxillary series are compressed, recurved, teeth of robust size in front, 
but from the ninth posteriorly gradually dieomeaeiine in size; the fourteenth and 
fifteenth are both of relatively diminutive size. All display the serrate edges on 
the anterior and posterior borders so characteristic of nearly all Theropoda. The 
carinations are minutely serrated, there being about 10 denticulations in a space of 
5mm. The anterior carina passes gradually to the inner side of the crowns of the 
anterior half of the series, while the posterior carina follows a straight course well 
toward the outer side of the crown. 

The great irregularity in size of contiguous teeth, to some extent, is due to the 
different degrees of extrusion brought about by the loss of functional teeth at dif- 
ferent times and their subsequent replacement by the growing germ teeth. Whether 
the functional teeth are forced out at intervals by the continued development of 
the germ teeth, or whether they are lost through accident, has not yet been de- 
termined. It may be that both conditions prevail. 

The largest tooth preserved in this specimen is the fourth of the left maxillary, 
which extends 70 mm. below the border of the socket, and is 27 mm. wide antero- 
posteriorly at the base of the crown. 

The anterior maxillary teeth of Ceratosawrus appear to be more robust in their 
proportions than in any individual of Antrodemus available for comparison at this 
time, some of which apparently represent larger individuals. Except possibly this 
difference in size, I have been unable to find characters that would enable one to 

1 Dinosaurs of North America, 1896, p. 157. 
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distinguish detached teeth of Ceratosaurus from those of Antrodemus. So far as 
the material at hand will admit of comparison, no essential differences were detected. 
They have the same number of denticulations within a given space, the same irregu- 
larity of size, same curvature of tooth, the same placing of the carina, and apparently 
the same method of replacement of lost or worn out teeth by younger germ teeth. 

BRAIN. 

The superior and lateral views of the cast of the brain cavity of Ceratosaurus 
nasicornis shown in figures 1 and 2, on plate 36, were made under the direction of Pro- 
fessor Marsh, and in all probability at the time the skull was being prepared. Sincethe 
investing bones of the brain case have been again securely cemented together it 
was not deemed expedient to attempt their separation for fear of doing damage to 
this rare specimen, so at this time there is no way of verifying their accuracy. 

The cast shows but few of the exits of the cranial nerves that lead from the brain 
to the outer surface of the cranium, but it gives a good idea of the general shape 
and extent of the dura mater envelope. Hither the cranial openings for the exit 
of the nerves were closed by the crushing to which the skull has been subjected or 
else they were not properly developed at the time of clearing the matrix from the 
brain cavity. The present condition of the skull is such that none of the nerve exits 
can be positively recognized. 

As Marsh has pointed out, the brain in Ceratosaurus is ‘‘comparatively much 
larger than in herbivorous dinosaurs.” When compared with the superior aspect 
of the brain cast of Tyrannosaurus rez, there is a striking similarity between them, 

though they differ somewhat in proportion. The protrusions observed in the 
superior and lateral views of the Tyrannosaurus cast are not present in the Cerato- 
saurus brain, but again their absence may be due to lack of preparation. 

The transverse swelling of the cerebral portion of the brain is relatively greater, 
the constriction of the olfactory region is more decided and the olfactory nerves are - 
more widely separated than in Tyrannosaurus, and the pituitary body appears more 
robustly developed. 

VERTEBRAL COLUMN. 

Plates 19-22. 

Although parts of nearly all of the vertebrae of the backbone of Ceratosaurus 
nasicornis are preserved, there were at least three breaks in the articulated series, 
which renders somewhat uncertain a precise determination of the vertebral formula. 

The mounted skeleton has the following vertebral formula. C, 9; D, 15;S, 5; 
C 51+. It was the intention at the time of mounting the skeleton to make the 
presacral series correspond in number with a complete articulated series of Antrode- 
mus (No. 666) in the American Museum of Natural History, New York, which has 
twenty-three presacral vertebrae,' for there is every reason to expect the vertebral 

~ formula of Antrodemus and Ceratosaurus to be the same. 
There are no true lumbars. The first restoration of the skeleton of Ceratosau- 

rus? shows 29 presacral vertebrae, the back being made too long by the unwarranted 

1 Regarding this specimen Dr. W. D. Matthew writes me as follows: “It is positively known (auct. Granger) in one of our 

skeletons No. 666 from Bone Cabin Quarry, in which allthe presacrals were in series with the skull, except the last, which was a 

little displaced. Thereissome uncertainty as to the number of dorsals and cervicals, but noneas to their combined number.” 

2 Marsh, Amer. Journ. Sci., ser. 3, vol. 44, pl. 7. 
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insertion of several dorsal vertebrae, which obviously throws the animal out of 
balance (see upper figure pl. 27). A preliminary sketch restoration of Ceratosaurus 
found among some drawings made for Professor Marsh, shows fewer presacrals 
which made a better proportioned animal than was his final restoration which has 
been so widely published. sit 

In order to place on record all of the evidence relating to the primary association 
of the various elements of the vertebral column of the type specimen of Ceratosaurus 
nasicornis, a complete list of the free and articulated vertebrae is given below: 

Atlas, axis, third to ninth vertebrae, inclusive, found articulated with the 
skull. The tenth is entirely restored in the mounted skeleton. The eleventh to 
the sixteenth, inclusive, were articulated. The remaining presacrals, that is, from 

the nineteenth to the twenty-third, were articulated with the sacrals, they in turn 
with the first sixteen caudals. The seventeenth to the twenty-sixth caudal, inclu- 
sive, were articulated. The twenty-seventh is restored. The twenty-eighth was 
found separated from the matrix, so there is no clue as to its original association. 
The twenty-ninth to the fifty-first were articulated. 

Atlas (at.).—The atlas in Ceratosaurus consists of the usual four elements, the 
intercentrum, two neurapophyses, and odontoid process. The intercentrum viewed 
from the front, (fig. 5, pl. 19), is a subquadrangular block-like bone, the median 
anterior face being hollowed out for the reception of the occipital condyle of the 
skull. The superior median surface is deeply concave, especially on the posterior 
side which receives the forward end of the odontoid in the articulated neck. On 
either side of the median depression, beveled surfaces that look upward and outward 
receive the pedicels of the neuracentra. 

‘The posterior view (fig. 3, pl. 19), presents a nearly vertical face for articulation 
with the hypocentrum of the axis. The median ventral surface is shallowly con- 
cave transversely, on either side of which are facets for the articulation of the 
cervical ribs. 

The neurapophyses articulate with expanded pedicals upon either side of the 
neuracentrum. ‘These articular ends have three faces that meet at obtuse angles. 
The posterior face looks downward and articulates with the neuracentrum as does 
a smaller posterior face which looks backward and downward and is partially 
apposed by an upwardly projecting spur of the intercentrum, while the largest face 
looks downward and forward and contributes to the formation of the cup for the 
condyle (figs. 3, 4, and 5, pl. 19). Just above the neck-like constriction of the 
pedicel the neurapophyses gives off two processes, a short thin curved portion directed - 
inward which with a similar process of the opposite side forms the subcircular 
openings for the passage of the spinal cord. The neurapophyses did not meet on 
the median line. The postzygapophysial processes extend well backward, their 
posterior ends being directed away from the median line (figs. 1, and 2, pl. 19). 
On their interior surfaces at a point about midway between the two ends well devel- 
oped postzygapophyses are present for articulation with the axis. The odontoid 
is firmly coossified with the axis, (fig, 10, pl. 19), m this individual though ‘doubtless 
it will be found to remain free in younger specimens. It is a small bone with the 
upper surface slightly concave, having a rounded and bluntly pointed anterior end 
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which articulates with the upper concave surface of the intercentrum. The greatest 
length of the intercentrum is 37 mm.; the greatest transverse width is 54 mm. 

Axis (ax.).—The axis of Ceratosaurus is so fully illustrated in all aspects in 
plate 19 as to make it unnecessary to enter into a detailed description of it here. 
This bone may be distinguished at once from the axis of Antrodemus by the well 

developed longitudinal keel on the ventral surface of the centrum; the better defined 
and more ventral position of the parapophysis; the more plate-like shape of 
the neural spine; the absence of notches between spine and. postzygapophyses 
and the oblique posterior end of the centrum. The second hypocentrum and 
the odontoid are so thoroughly fused with the centrum that all traces of the 

sutures have been entirely obliterated. 
The axes of both Ceratosaurus and Antrodemus are to be distinguished from the 

homologous element in Tyrannosaurus by the relatively longer centra and the more 

plate-like development of the neural spines. 

Measurements of axis of Ceratosaurus nasicornis Marsh. . 
/ mm 
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Oervicals posterior to the axis.—The total number of cervical vertebrae in Cera- 
tosaurus is somewhat uncertain though it appears to be nine the same as in Antro- 
demus. The five vertebrae suceeding the axis in the type specimen are in a fair 
state of preservation. 

The eighth, however, now consists of the neural spine, anterior zygapophyses 
and_a small portion of the centrum; the ninth by only a median section of the neural 

spine, as shown in plate 30. Excepting the atlas and axis, which had been entirely 
_ freed from the matrix, the remaining cervicals, when they came into my hands, 

were retained in the rock in their relative positions as shown in the skeleton. All of 
the centra are strongly cupped on the posterior end, and as Marsh! first pointed out, 
‘in place of an equally developed ball on the anterior end there is a perfectly flat 
surface. The size of the latter is such that it can be inserted only a short distance 
in the adjoining cup, and this distance is accurately marked on the centrum by a 
narrow articular border, just back of the flat anterior face. This peculiar articula- 
tion leaves more than three-fourths of the ‘cup unoccupied by the succeeding verte- 
bra, forming apparently a weak joint.”’ In Antrodemus there is a well-developed 
ball at the cup preceding it, and a flattening of this ball is only to be observed in the 
transitional vertebrae at the base of the neck. 

The third cervical, which may be considered typical of the anterior part of the 
series, is shown in all aspects in plate 20, figures 1 to 4. It differs principally from 
the third of Antrodemus by the presence of a more decided ventral keel. The top of 
the neural spine is capped with an irregular shaped bony ossification evidently of 
dermal origin. 

1 Dinosaurs of North America, 1896, pp. 159, 160. 
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Compared with Antrodemus, the neural spines of the cervical vertebrae are 
relatively longer, especially in the posterior half of the series, though they go through 
much the same change of fore and aft dimensions; that is, narrow to wide, be- . 
coming narrow again in the posterior members. 

The sixth cervical shown in plate 20, figure 5, when compared with the corre- 
sponding vertebra of Antrodemus, shows striking differences in the structure of 
the neural arch, especially in the shape and downward development of the diapo- 
physes, the articular extremity reaching nearly to the lower median border of the 
centrum, whereas in Antrodemus this end is but little below the level of the neuo- 
central suture. This feature has perhaps been somewhat exaggerated by crushing. 

Though none of the cervical ribs are present in Ceratosaurus the closeness of the 
diapophysial and parapophysial facets indicates quite a different style of cervical 
rib than is found in Antrodemus. The anterior and posterior zygapophyses also 
occupy a lower position on the neural arch in relation to the centrum, especially 

the former. There are well-developed spurlike processes 
extending upward and backward from the tops of the 
postzygapophyses of the cervicals, as in Antrodemus, but 
these are not shown in the illustrations of the cervicals on 
plate 20, which were prepared under the direction of Marsh. 
Since they were drawn from the left side, which is now 
hidden from view in the mounted skeleton, it is presumed. 
they were missing from that side. The cervicals posterior 
to the sixth have suffered to such an extent, either by crush- 
ing or loss of parts, as to render them of little value for 
comparison or descriptive purposes. 

Fic. 56. TweLrrm presacrat or Dorsal vertebrae.—In all of the thoracic region there are 
THIRD DORSAL VERTEBRA ORCER- narts present of 12 dorsal vertebrae in the type specimen. 
ATOSAURUS NASICORNIS MARSH. a, 

No. 4735, U.8.N.M.tvex. zxat. All except the last of the series (dorsal 14 or presacral 23) 

Bed ees ee eae ae, eave mney omanoe iy processes missing, and a comparison of 
sO MucH As THe Transverse the outline drawing of the mounted skeleton (pl. 30) with 
PROCESS IS NOT INDICATED. the first skeletal restoration of this animal by Marsh (pl. 
(AFTER MARSH.) c : 

27, upper figure), indicates that some portions of these 
bones have been lost during the considerable interval of time that has elapsed 
since Marsh’s restoration was made. This observation applies particularly to the 
vertebrae of the anterior dorsal region. 

While there is reason to believe the number of presacral vertebrae in Ceratosaurus 
to be 23, as in Antrodemus, Tyrannosaurus, and Gorgosaurus, the determination 
of this point must await the discovery of a more perfect specimen. _ 

The dorsal centra, according to Marsh, have the articular ends moderately 
biconcave. The sides and lower surfaces are concave, but are not so deeply 
excavated as in Antrodemus, as may be seen by comparing the posterior dorsals 
shown in plate 30, with text figures 25, 26, and 27. The centra are relatively 
longer than in Antrodemus and none exhibit the expanded flangelike ends of that 
genus. 

In the anterior dorsals the centra are short, the pleuropophyses is on the side 
of the centrum as shown in figure 56, and on the fourteenth presacral (fifth dorsal) 
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it reaches its maximum height on the side of the arch—a position that is maintained 
throughout the rest of the series. This facet stands out prominently from the 
side of the arch on a pedestallike projection. The narrow spine of the third dorsal 
is succeeded by a slightly wider one on the fourth, and it in turn by a much wider 
platelike spine that apparently continues throughout the rest of the series. These 
vertebrae show the zygosphene articulation found in Antrodemus and in the Sauro- 
podous dinosaurs. 

Presacrals 21 and 22 both bear ribs, though the latter is within the anterior 
wings of the articulated iia. Presacral 23, however, I am inclined to believe, did 
not have a rib, but was in contact with the ilium through its transverse processes. 

The broad, flattened neural spine extends well above the superior border of the 
ilium (see pl. 30) and. was, evidently firmly coossified with the succeeding spine 
of sacral 1. Measurements of the presacrals are given in the table below. 

Measurements of presacral vertebrae of Ceratosaurus nasicornis Marsh. No. 4735, U.S.N.M. 

Greatest Greatest 
Greatest height Greatest | height 

Number of vertebra in series. length of | over all Number of vertebra in series. length of | over ali 
centra. at center centra. | at center 

of centra. of centra. 

mm. mm. mm mm 
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AGAGHS CRS pe Gi oe eae ape me aie 66 PPA | USS ae or eeceh ey a Na Sey epee ee Gees VSO Maen et 
SE eo na rele co cieidletoe ae 60 SS yy NEO Ese te oe eater ie cn ee tots at Se, TOS hileieeas ess 
APG es ee Nas aye l8;= ae aie joie = ek 60 NEV PAD Sos cle See Meda 2 a senha Som bees 
ee ee OE ota dnc fovran s oee 64 WSO MT Zi Mere set gs e He US ee ue EH ks eee Sill} Bee ees 
Coos pak Mie oA a ae ee ae on 68 MULES E22 ee Says se eld ase ee at Oe $21 Ohl seas 
HE OE ACD Ge tee tw et No, dary ae 68 GAG Zo wer esa: aere eerste Gets coon e Ce Sor ne eee er 
Tie ie Wk Bia OE pat rae ee 62 DUAN. | AR AS ee Ce ieee ieh hr ey oe ae eR 82 295 
Ree epee eer idee (ames ie 246 

vl | 

1 Estimated. 2 Rim of centrum restored. 

Sacral vertebrae—The lateral view of the sacral vertebrae is almost entirely 
hidden by the attached ilia; only. the tops of the coalesced spinous processes and 
the ventral portions of the centra show where they project above and below the 
ilium, as shown in plates 27 and 30. The ventral aspect, however, is beautifully 
illustrated in figure 1 of plate 21—an unpublished drawing made many years ago 
under the direction of Professor Marsh. 

There are five vertebrae in the complete sacral arcade. The centra of the 
sacrals are very much reduced in size and all are firmly coossified, not only with 
one another but with the ilia as well, the fusion being so complete as to almost 
obliterate the line of suture. This great reduction in size of the sacral centra and 
their close coalescence is one of the striking dissimilarities between Ceratosaurus 
and Antrodemus, as may be clearly seen by comparing figure 1, plate 21, with figure 
2, plate 9. 

The transverse processes are short, all except those on S, being supported by 
two vertebrae. An examination of the specimen appears to indicate that their 
outer ends do not meet, and in this respect the drawing appears to be misleading. 
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The pubic and ischiac peduncles of the attached ilia comcide with S, and Sa 
respectively, as they do in Antrodemus, Tyrannosaurus, and Gorgosaurus. 

Only the spinous processes of the two posterior sacrals are preserved intact 
(see pl. 30); but from the fact that they are fused throughout their length it is 
inferred that all were probably fused to form a continuous plate, the upper end of 
which extended somewhat above the superior borders of the ilia, and it has so 
been restored in the mounted skeleton. Whether this plate was perforated by | 
fenestrations, as in Tyrannosaurus,' remains yet to be determined. 

The greatest length of the coalesced sacral vertebrae is 380 mm. 

Measurements of sacral vertebrae of Ceratosaurus nasicornis Marsh. 
Length of centrum: ‘ mm. 
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Caudal vertebrae.—There are 50 caudal vertebrae present in the type specimen. 
In the mounted skeleton (see pl. 30) there are 51 vertebrae, the twenty-seventh 
being entirely restored. There is at least one vertebra missing from the distal 
end of the tail, and in all probability two or more, so that in the complete caudal 
series of Ceratosaurus there would be at least 53 vertebrae. 

The first 16 anterior caudal vertebrae were found articulated with the sacrum. 

The seventeenth to the twenty-sixth, inclusive, formed a second articulated series, 
and though no contact could be found connecting this series with the one anterior 
to it, the structure and relative size of these vertebrae was such as to indicate that 
none were lacking between. In the original quarry map the collector indicated 
two slightly displaced vertebrae between the second and third series. Only one 
of these (the twenty-eighth in the mounted skeleton) was located in the collec- 
tions, and it was largely on this evidence that the restored vertebrae (the twenty- 
seventh) was introduced to take the place of the missmg one. The twenty- 
ninth to the fifty-first, inclusive, formed the third and final series and are shown 
in the mounted skeleton (pl. 30), as found articulated. 

The tail is more than one-half the total length of the animal, measuring 9 feet 
6 inches along the vertebrae, whereas the anterior half is 8 feet 10 inches to the 
tip of the nose. It must have served asan efficient organ for maintaining the creature’s 
balance during locomotion. Although all of the caudals have interlocking zyga- 
pophyses, even down to the extremely small ones near the tip, the tail was capable, 
I think, of considerable flexion, as is indicated by the original and apparently 
natural curves which are retinined | in the mounted skeleton. 

The caudal vertebrae are.slightly procoelous relatively slender and light in ~ 
their construction, especially when compared with those of such forms as Antro- 
denies, CONGEST, and LE OOS. The centra of the anterior vertebrae are 

fotos H. F. Bull. Amer. iV Nat. Hist., vol. 22, 1906, p. 289, text fig. 5, 
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longer than high, whereas in the upper Cretaceous genera mentioned above the 
anterior centra are as high as long. 

In passing backward from the sacrum there is a gradual shortening of the centra, 
and they become more and more cylindrical in form, though all except the terminal 
ones have flattened sides. The vertebral centra are deeply concave on both sides 
and below, the anterior ones being shallowly grooved longitudinally on the ventral 
side as shown in figure 2, plate 22. 

The neural spines are unusually high, relatively narrow antero-posteriorly, 
with flattened sides and ending above in a slightly expanded rugose end. The 
expansion is not only slight in transverse diameter, but expands pronouncedly fore 
and aft. Proceeding posteriorly the shaft of the spinous processes narrows more 
rapidly than they shorten in length, thus making them tall and slender. Their 
point of origin also shifts from the middle 
of the centrum to a point entirely above - 
the posterior half. They rapidly de- 
crease in height on the median part 
of the series, the last distinct spine 
being on the thirty-first caudal. On 
account of their crushed condition the 
spines posterior to the twenty-eighth do 
not show in the lateral view in plate 30. 

The transverse processes on caudal 
1 are directed backward at an acute 
angle to the centrum, but do not unite 
with the ilia, as apparently indicated 
in figure 1, plate 21. These proc- 
esses on the succeeding vertebrae are 
long, broad, thin vertically, and termi- 
nated by straight ends without any 
especial expansion. On the second 

caudal they are directed backward we. 57rsra cavpaL yERTEBRA AND CHEVRON OF CERATO- 
_at an angle of 45°, but they eradually SAURUS NASICORNIS MARSH. TYPE. NO. 4735, U.S.N.M. % 

E on NAT. SIZE. VIEWED FROM THE LEFT SIDE. (AFTER MARSH.) 
assume a more direct outward position 
at the same time; diminishing in size, they end abruptly, the last one appearing 
as a thin pointed process on the thirty-third vertebra, whereas in Gorgosaurus 
libratus Lambe they end with the fourteenth caudal from the sacrum. In fact, 
I know of no other carnivorous, or, for that matter, herbivorous dinosaur, where 
the transverse processes persist so far back on the tail. On the anterior portion of 
the caudal series the transverse processes have their origin on the neural process, 
and above the neural canal, but passing backward they gradually shift their 
position downward, so that somewhere between the twenty-second and the twenty- 
sixth it has changed its position to the center of the side of the centrum. 

The prezygapophyses are relatively short throughout the anterior two-thirds of 
the tail, but on the distal third they rapidly lengthen, extending well beyond the 
end of the centrum as two slender finger-like processes, which clasp between them 
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the postzygapophyses of the preceding vertebra, as shown in the drawing of the 
skeleton (plate 30). The postzygapophyses slightly overhang the centrum in the 
distal caudal region.. Most of the caudals have well-defined oblique chevron facets, 
as shown in figure 1, plate 22. These become less and less well defined as the distal 
end of the tail is approached. 

The tall neural spines and long slender chevrons of the anterior half of the 
series would indicate a high thin tail for this part, but it becomes more and more 
cylindrical toward the end. The whole apparently indicates, in life, a tail capable 
of great transverse flexibility for the proximal portion, with a more sinuous move- 
ment possible for the distal half. 

Measurements of caudal vertebrae of Ceratosaurus nasicornis Marsh. 
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1 Chevron placed. 2 Vertebra restored. 8 Vertebra placed. 

CHEVRONS. 

The chevron bones present in the type are the second to the ninth, and the distal — 
series of 12 from the twenty-ninth to the fortieth. All were found articulated 
excepting the fifteenth, which was placed as shown in plate 30. It was found 
detached, but in a block of sandstone containing other bones of the skeleton, and 
on the basis of this association was considered as belonging to the type. The 
anterior cheyrons have suffered loss of parts since the drawing was made for Marsh, 
as may be seen at once by comparing figure 1, plate 22, with upper figure, plate 27. 
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The anterior chevrons of |\Ceratosaurus are especially long, slender, and with but 

slight backward curve. They articulate intervertebrally with beveled articular 

facets on the ends ofjthe?centra. 
They begin between the first and 
second vertebrae and continue 

to the forty-first caudal. The 
second, the longest one of the 
series, measures 254 mm. in 

length. The haemal opening 
between the branches forming 
the Y-shaped proximal ends are 
very much constricted trans- 
versely. The proximal end is 

_very slightly expanded, but it 
forms a bridge across the upper 
boundary of the haemal open- 
ing. These chevron bones of 
Ceratosaurus can be readily dis- 
tinguished from the homolo- 
gous elements of other American 

Theropodous dinosaurs by 

their greater relative length and 
‘slenderness, and by the very 
slight expansion of their proxi- 
mal and distal ends. 

The distal series are short, 
with expanded free ends that 
curve decidedly backward. 
Chevrons 29 to 34, viewed from 
the side, show a spur-like pro- 
longation that extends well up- 
ward between the two centra. 
In a lesser degree the anterior 
chevrons of Tyrannosaurus } 
have a somewhat similar devel- 
opment, as they do also in Gor- 
gosaurus libratus Lambe.’ 

Fic. 58.—LEFT FORE LIMB AND FOOT OF CERATOSAURUS NASICORNIS MARSH. 

RIBS. Cat. No. 4735, U.S.N.M. Type. ABOUT 4 NAT. SIZE. VIEWED 

FROM THE FRONT. GREATER PART OF THE CORACOID, DISTAL END OF 
Thoracic ribs —The thoracic SCAPULA, HUMERUS, CARPUS, AND TERMINAL PHALANGES OF CERATOSAU- 

“ih £ OC RUS UNKNOWN. THESE ARE RESTORED HERE FROM ALLIED FORMS. 
ribs oO eratosaurus are un- THIS FIGURE WAS FIRST PUBLISHED BY MARSH AS THE FORE LIMB OF 
known at this time, except the ALLOSAURUS FRAGILIS. (AFTER MARSH.) 

right articulating with presacral No. 21, shown as found in position in plate 21, 
figures 1 and 2. 

1Qsborn, H. F. Bull. Amer. Mus. Nat. Hist., vol. 35, 1917, pl. 27. : 
2Lambe, L.M. Mem .100 Geol. Surv. Canada, 1917, fig. 49. 

144035 —20—_8 
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In the mounted skeleton they have been restored, but have been made much 
too heavy, especially their distal portions, which are probably attenuated as found 
in Antrodemus. 

Abdominal ribs.—That a cuirass of abdominal “fie was present in the complete 
Ceratosaurus skeleton is indicated by a few fragmentary rod-like pieces of bone 
found preserved in a block of sandstone which accompanied the other parts of the 
type specimen. The determination of the character of these ribs must await the 
discovery of more complete materials. 

SHOULDER GIRDLE. 

Plates 26 and 30. 

The incomplete left scapula and the fragmentary proximal border of the coossi- 
fied coracoid is all that is known of the pectoral girdle in Ceratosaurus nasicornis at 
this time. These bones have suffered considerable crushing, so that a true concept 
of their original shape and proportions is somewhat difficult of determination. 
No traces of the sternal elements have been found. : 

Elsewhere I have pointed out that this scapula formed the basis for the drawing 
of the shoulder blade in the so-called fore limb of Allosaurus fragilis as published by 
Marsh (see fig. 58). The coracoid illustrated in the same fore limb was made from 

a drawing in Phillips Geology, reduced to the proper proportions, as explained on 
page 56 of the present paper. 

Scapula.—The scapula as now preserved (fig. 1, pl. 26) is lacking the distal 
extremity, so that it is not positively known whether the blade was nonexpanded, 
as represented by Marsh, or whether it was expanded as in Antrodemus valens. I 
am inclined to the opinion that it was expanded somewhat, as shown in the mounted 
skeleton, plate 30, though as represented there the scapula is probably too short. 

The shaft is relatively thin with a sharp upper and thickened lower border. 
The part of the shaft preserved is quite uniform in width, and although pertamimg 

to a considerably smaller individual than the scapula of Antrodemus valens Leidy, 
No. 4734, U.S.N.M., with which I have compared it, the shaft is very much wider, 
as shown in the comparative measurements given below. 

Ceratosaurus | Antrodemus 
nasicornis valens 
No. 4735, No. 4734, 
U.S.N.M. U.S.N.M. 

Greatest width of shaft near proximal end 25s a eine. i502 eer € 86 "52 
Greatest width of shaft near middle end....................---..----.----.---- 78 57 
Greatest width of shaft near distal end...................-.----------0------e- 89 64. 

a e Kstimated. 

_ Longitudinally the scapula is concave on its inner aspect, though doubtless 
much straightened by crushing. The expanded proximal end, though poorly pre- 
served, shows this extremity to be much wider (vertically) than the vorresponding 
part of the Antrodemus scapula. The thickened ventral border above the glenoid 
fossa turns downward with a more decided sweep than it does in the latter genus. 
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FORE LIMB AND FOOT. 

The fore limb of Cerutosaurus is relatively of small size, with a very short foot 
as compared with the greatly lengthened hand in Antrodemus. There were four 
digits im the manus, of which the two median ones are the more robust. The 
phalangial formula is unknown, though it has been restored (largely following 
Marsh) on the mounted skeleton (pl. 30), as 2, 3, 3 1. From the evidence of 

known Theropod fore feet it would appear more in accord 
if given 2, 3, 4, 2 or 3. “The humerus and ossified carpus 

of Ceratosaurus are unknown. 
Ulna (u.y.—The ulna and radius were found in place as 

shown in figure 60, nearly in articulated position as related 
to one another and also in reference to the accompanying 
metacarpals. 

The ulna lacks a considerable section of the shaft but 
the total length may he considered correctly determined since 
the proximal and distal ends were found retained in rock. 

The proximal end is widely expanded and roughly trian- 
gular in cross section. The anterior face is hollowed out 
for the close approximation of the head of the radius. 
There is a prominent olecranon process (fig. 59), which in- 

creases the length of the bone posteriorly. It is also robust 
and shorter than in Antrodemus. The distal end is only Fig. 59—Lerr urna or Crra- 

slightly expanded, the articulating surface being convex, 740%US NasicoRNis Marsu. ae TypE—No. 4735, U.S.N.M. 4 
while the whole end lacks the great obliquity of the Antro- waz. swe. Vmwep rrom THE 
demus ulna BACK. 0, OLECRANON. 

Comparative measurements of ulnae of Ceratosaurus and Antrodemus. 

Ceratosaurus | Antrodemus 
nasicornis, valens, 
No. 4735, No. 4734, 

# U.S.N.M. | U.S.N.M. 

Greatest length of ulna............- SOB OE boa Oe SSE eee eres = cleats aS a SS? 177 263 
Greatest transverse diameter of proximal TCA eee OD 8 ae age no er aati NE, 79 90 
Greatest transverse diameter of distal end_......................-......-..!... 38 55 

Radwus (r.).—The shaft of the radius of Ceratosaurus has been so flattened bv 

crushing that its transverse diameters are greatly exaggerated. The proximal end 
is elongated transversely (fig. 61), the articular surface shallowly conéave in the 
same direction. The less expanded distal end is subcircular in outline and shallowly 
cupped. On the ulna side of this end is a flattened area that in life was probably 
closely opposed by the ulna. The distal end in relation to the longer axis of the 
bone is squarely truncated, there being no indication of the obliquity found in the 
radius of Antrodemus.. 

The radius of Antrodemus is nearly half again as long as that of Ceratosaurus, 
the proportion being as 1:: 1.48, but the relative proportions of length of radius to 
length of ulna is exactly the same in both genera. 
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Fig. 60.—LEFT RADIUS, ULNA AND FORE FOOT OF CERA- 

TOSAURUS NASICORNIS MARSH. No. 4735, U.S.N.M. 

TYPE—} NAT. SIZE. FR, RADIUS; U, ULNA, I, II, III, 

and IV, METACARPALS ONE To FOUR. SHOWN aS 

FOUNDIN THE MATRIX, SEVERAL OF THE BONES NOT 

ENTIRELY UNCOVERED. 

Comparative measurements of radii, Ceratosaurus and 
| Antrodemus. 

‘| Ceratosaurus Antrodemus 
masicornis, | /valens, 
No. 4735, No. 4734, 
U.S.N.M. U.S.N.M. 

Greatest length of radius......... 150 222 
Greatest transverse diameter of 

Proxima Wendhee see seEee ee 48 56 
Greatest transverse diameter of 

distaliendtete 80:3 canes pees 36 40 

Fore foot.—As mentioned above a complete 
fore foot of Ceratosaurus is as yet unknown, 
though the articulated left manus gives a fairly 
good idea of its structure. The phalangial 
formula, however, remains to be definitely 
determined. With the type the following 
bones of the fore feet. are preserved: Meta- 
carpals I, IT, III, IV, and proximal phalanges 
of digits 2, 3, and 4 of the left manus; meta- 
carpals [V, distal halves of metacarpals I and 
II, and proximal phalanx of digit 2 of the 
right foot. 

Carpus.—Ossified carpal bones are unknown 
in Ceratosaurus, and although the articulated 
foot mentioned above was found in position 
in relation to the distal ends of the radius 
and ulna (fig. 60), no carpal ossifications 

were found in the intervening matrix. This 
would appear to indicate an unossified carpus, 
for this specimen is an old individual, as 
clearly demonstrated by the coossified pelvic 
and metatarsal bones. 

Metacarpus.—The metacarpus consists of 
four bones, as shown by the foot found in 
place as depicted in figure 60. The two me- 
dian metacarpals are moderately robust ele- 
ments, but I and IV are much reduced. 

Metacarpal I is a short bone with slightly 
expanded proximal and distal ends. The dis- 

tal end is deeply grooved and turns inward away from the central axis of the 
foot as in most other Theropod dinosaurs. This diversion is due to the unequal 
development of the articulating facets, the outer one being the larger and extending 

farther forward, as in Gorgosaurus. It is unlike Antrodemus in this respect, where 
a bend in the shaft diverts it inward. Both facets on this end curve down and 
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back on the lower surface of the bone. It articulates as shown in figure 62, with 
metacarpal II, with a flattened facet on the internal side of the proximal end. 
Metacarpal II, the most robust element in the foot of 

Ceratosaurus, has widely expanded ends, with a somewhat 
slender, rounded shaft. The distal end, viewed from the 

front, looks downward and slightly outward, and is shal- 
lowly grooved. On the front near the distal articular end 
there is a prominent depression or pit, in which a posterior 
median projection of the proximal phalanx appears to rest 
when the foot is strongly flexed. ‘The upper articular end 
is squarely truncated with a slightly rugose articular sur- 
face. Except for being relatively shorter this bone re- 
sembles the second metacarpal of Antrodemus. Metacarpal 
III is the longest element of the metacarpus. The proxi- 
mal end is widely expanded, and triangular in outline when 
viewed from the end. The distal end is quadrangular in 
outline, grooved but rather shallowly so, with a pit on the 
anterior face near the distal extremity as in metacarpal II. 
The distal articular end as in metacarpal II is slightly 
oblique to the longer axis of the bone, and looks inward. 

Fig. 61.—LEFT RADIUS OF CERATO- 

SAURUS NASICORNIS MARSH. 

TyPE—No. 4735, U.S.N.M. 4 

NAT. SIZE. VIEWED FROM THE 

BACK. 

The whole end is rounded antero-posteriorly much as in metacarpal II. Meta- 
carpal IV is the smallest element 

I 

Fic. 62.—LEFT FORE FOOT OF CERATOSAURUS 

NASICORNIS MARSH. NO, 47385, U.S.N.M. 

TYPE. 4 NAT. SIZE. FRONT VIEW, I, II, III, 

AND IY, DIGITS ONE TO FOUR. SHOWN AS RE- 

STORED ON MOUNTED SKELETON. 

of the metacarpus, and apparently is fast becom- 
ing functionless. It has a weak articulation with 
metacarpal III on the posterior external side of 
the proximal end. The proximal end is consid- 
erably expanded antero-posteriorly, but little so 
transversely. On the inner side the bone is hol- 
lowed out for articulation with metacarpal II. 
The distal end is little expanded, presenting a 
rounded articular end without grooving. 

Metacarpals II and IIT form the main support 
of the foot. 

Phalanges.—In the left fore foot the proximal 
phalanges of digits II, III, and IV were found in 
place, so that their position in the manus may 
be considered absolutely. determined. 

The fore foot of Cerateftturus also differs from 

other known’ Theropods in having the proximal 
phalanges of digits two and three of about equal 
length. Proximal phalanx of digit II is ex- 
ceptionally short andstout. The proximal end is 
especially expanded antero-posteriorly, the ex- 
pansion being largely on the palmar side, so that 
its diameter (29 mm.) is equal to the length of 

the bone. This end is keeled to fit the groove of the metacarpal. ‘The distal end 
is grooved, dividing the end unequally, the outer articulating facet or condyle 
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extending farther forward than the inner which is broadest transversely. The 
dorsoventral expansion of this end is only one-half that of the proximal end. 

The proximal phalanx of digit III closely resembles the one described above, 
except that the dorsoventral expansion of the proximal end is much less, measuring’ 
only 20 mm. The distal end is also narrower transversely, though it has the same 
unequal development of the articular facets. These would appear to indicate a 
turning in toward the body of the extremities of the three first digits of the hand, 
instead of extending straightforward, as shown in figure 62. 

The proximal phalanx of digit IV has a slightly expanded proximal end that 
articulates with a cupped end with metacarpal IV. ‘The distal end is nonexpanded, 
‘presenting a truncated end that may support a terminal phalanx, but probably noth- 
ing more than a pointed bony ossicle. I doubt the presence of three phalanges on 
this digit as restored by Marsh (fig. 58). . 

Measurements of the left fore foot elements of Ceratosaurus nasicornis Marsh. No. 4735, U.S.N.M. 

METACARPALS. 

I II Ill. | IV. 

Greatest lemgthyss 2:33 3 Secs See aS ee ene tte nSe e e e e 66 49 
Greatest transverse diameter, proximal end 28 13 
Greatest transverse diameter, distal end...................-------------- 25 = alt 
east transwerserdiametenion sh aiip =e eer ee eee ee il 7 

PHALANGES—FIRST ROW. 

Greatest lenoth 3.25). cheese eRe ee Born | Ao ee 28 27 17 
Greatest width, sroxamaliend=s. 225 eer meee cee. ene te ee eon ee eee 21: 22 12 
Greatest width, distalvende) (2.5525 eee ce eee ces See ce Saat eee | Wes ie 20 16 7 

PELVIS. 

Plates 21 and 23. 

The pelvis of Ceratosawrus nasicornis Marsh, is one of the most perfectly pre- 
served among the Theropoda. ‘The ilia, ischia, and pubes are firmly coossified, so 
that their relative positions have never been called into question. The ilia were 
securely attached to the sacrum, which was found in its natural place in the skeleton. 
The extremely small size of the pelvic orifice is one of the marked features of the 
carnivorous group as contrasted with the large opening in the herbivorous dino- 
saurs found with them. If the Theropoda were viviparous, as some facts seem to 
indicate, one difficulty naturally suggested in the case of a reptile is removed. 

The coossification of these pelvic bones does not appear important as a diag- 
nostic character; far more probable that it represents an individual characteristic 
due to advanced age, such asis occasionally found in the Sauropoda; as, for example, 
a specimen of Diplodocus in the Carnegie Museum, Pittsburgh, has the pubes 
coossified with the pubic peduncle of the ilium. 
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Tlium (il.)—The ilium of Ceratosaurus, though of nearly the length of the 
much larger Antrodemus ilium, is nearly a third narrower dorso-ventrally above 
the acetabulum. It differs also in having a much narrower preacetabular notch. 
The exact contours of the anterior and posterior ends of the ilium are unknown 
at this time, both having been restored by Marsh as shown in figure 63.. I am of 
the opinion that the anterior end, instead of being rounded from above downward, 

had a straight truncated outline following the lines of the Antrodemus ilium shown 
in figure 2, plate 10. 

Both ilia are present and firmly auinehed to ie sacrum, the right element 
being the more complete. The bone as a whole has an inclination ‘anand | in its 
upper part, this inclination being most pronounced Devenir to the acetabulum. 
The tops of the ilia do not rest against 
the spinous processes of the sacrum, as 
in Ornithomimus along the center, but 
more closely resemble Tyrannosaurus, 
in being parallel to but removed from 
them by 50 to 60 mm. of space, though 
flaring outward both front and back, 

_ and thus rendering a considerable area 

of the bone concave from front to back. 
The superior border when viewed from 
the side (pl. 30) is considerably below 
the tops of all the sacral spines, where- 
as in Antrodemus, Ornitholestes, Gor- 
gosaurus, and Ornithomimus only the 
posterior sacral processes project above. 
The postacetabular portion is 
strengthened on the inside by a strong, 
inwardly turned flange, running ob- 

liquely upward and backward from the FIG. 63.—PELVis OF CERATOSAURU NASICORNIS MARSH. TYPE. 

ischiac peduncle, which articulates with No. 4735, U.S.N.M. } Nar. size, ViEWsD FROM THB LEFT 
the posterior sacral vertebrae as shown ees ACETABULUM; 11, ILIUM; is, ISCHIUM; p, PUBIS. (AFTER 

in figure 1, plate 21. 
The iliac surface of the acetabulum is especially wide transversely, the outward 

part being a thin shelf-like extension that comes to a sharp projecting edge. 

Measurements of the right ilium of Ceratosaurus nasicornis Marsh. 
mm, 

Greaves emote (strate cl) peevepea sem arcane ae a apsuey vs ninth yy her sae Let AL, lial te Sc clay El a 650 

Heiehtabovemiddilesotiacetaloubumal ss see) os se eas Se Rou Se ce ts 210 

Height above pubic peduncle...........- peacoat VER "Bah BAMA ere ae On PCR re ace al ag 274 

NWildihmongacetaloil ars sumiaceteeenmre ents emia nedMe Ga orcs NA ad a) CR Beis Se oS ane 95 

TLeraveA Toy OME FO AUT] OI FEAETETK CE EICON ONS ese alm Sin as SA Nee wa Ne eC SR pt ie ee 85 

WadithtotischiactaniiciMlaivoneeeenae eer sese henna yee nase NCA Saye on Le SAS eee classe clas cme ~ 45 

Pubis (p.).—The pubes in Ceratosaurus are distinguished from those of all other 
known Morrison and Upper Cretaceous Theropod dinosaurs by the presence of an 
inclosed obturator foramen, such as is found in the Sauropodous dinosaurs and in 
some of the Triassic Theropoda. The plate-like expansion of the ischial process of 
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the pubes is also unusual, as is the inward curvature of these processes where they 
are in contact on the median line, as shown in figure 2, plate 21. 

* Seen from the front the cojoined pubes form a V-shaped orifice instead of the 
Y-shaped opening of most other carnivorous forms. The union of the shafts of the 
pubes may have extended more proximally than is shown in figure 2, plate 21, for 
the damaged condition of this portion of these bones makes the exact condition 
somewhat uncertain. | 

There appears to be no median aperture between these bones above the distal 
triangular foot-like extremity as found in Antrodemus, but again crushing has 
somewhat obscured the precise condition. 

The distal extremity is missing, but in the restored skeleton has been modeled 
after Antrodemus. Whether this portion of these bones was present when the 
drawing of the pelvis (see fig. 63, also pl. 23) was made under Professor Marsh’s 
direction is not known. | 

Measurements of pubis of Ceratosaurus nasicornis Marsh. 
mm. 

Greatest Teme tht 25) 056 PM SL A Ia Se TA 2 ae eT 2) 1 Pd ee 670 
Greatest transverse diameter, proximal end (right),-.....-.....--.------------------------------ 130 

Greatest transverse diameter at center of combined shafts.....-...-.-.-....-----.---------------- 120 

Greatest width of pubic orifice: usps ote ee cee erates a cans SUG EMR a 160 ~ 

Ischium- (is.).—The ischia of Ceratosaurus are comparatively slender, project: 
downward, and well backward in the articulated pelvis. The distal three-fourths of 
their lene are in close apposition and firmly coossified. There is no distinct 
obturator process present, as in Antrodemus. The pubic process of the ischium is 
much wider dorsoventrally than the corresponding process in Antrodemus. The 
ventral part of this process, like the ischiac process of the pubes, turns inward and 
meets its fellow on the median line, thus completing the boundary of the posterior 
part of the U-shaped pelvic orifice. 

The distal ends of the ischia are missing, ‘and as with the pubes one can not be 
certain that Marsh had them when drawings for figure 63 and plate 23 were prepared. 
The bone, however, does show that there was an abrupt forward expansion of the 

enlarged distal end but as to its extent or shape there 1s no clue in the type specimen. 

Measurements of ischium of Ceratosaurus nasicornis Marsh. 
ig mm. 

Greatest length of ischia, from middle of acetabular border to distal end, estimated.............. 505 

Greatest diameter of proximal end..............-.---...--------- coe as Srhepe ea aes aa ee gc 160 
Least. diameter of shaft )s22i\soio 8 S02! ig gS a2 A oe 27 

HIND LIMB AND FOOT. 

Femur.—The femur of Ceratosaurus is so like that of Antrodemus as to be 
almost indistinguishable. It is longer than the tibia, has the same curvature of the 
shaft, and practically the same position of the irochanters and roughened areas for 
anaciorll a attachment. Crushing has somewhat altered certain portions of the bone, 
so that in comparing it certain differences observed disappear when this factor is 
taken into consideration. Its smaller size relatively smaller fourth trochanter and 
shorter lesser trochanter constitute the chief features for distinguishing it from, the 
femur of Antrodemus. 

{ 

} 
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The head is set almost at right angles to the shaft, with a slight inclination 
upward and forward. There is but slight indication of a neck, as the proximal 

SS 

Sz 
—SS 

——SS== 
‘ 

Fic. 64.—RIGHT FEMUR OF CERATOSAURUS NASICORNIS MarsH. Cat. No. 4735, U.S.N.M. TyPE. 4NAT, size. A, ANTERIOR 

ASPECT; B, INTERNAL ASPECT; C, POSTERIOR ASPECT; h, HEAD; /.{r, LESSER TROCHANTER; 7,t7, INNER OR FOURTH TRO- 
CHANTER, ig 

surface of the head runs into the great trochanter without appreciable constriction. 
The lesser trochanter does not extend so high proximally as in Antrodemus, but as in 
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that genus it is separated from the greater trochanter by a wide diagonal intero-. 
external groove. The inner or fourth trochanter is shorter n its longitudinal length 
and occurs slightly higher proximally on the shaft than in Antrodemus. The princi- 
pal features of this bone are well shown in figure 64, where it is illustrated in three 
aspects. 

Measurements of femur of Ceratosaurus nasicornis Marsh. No. 4735, U.S.N.M. 
mm. 

Greatestleppth ose o eee ea 2 2 Ne ae RN SOI AIO 8 aN ea ee 620 
Greatest diameter of dead = 528520 see eee ts ae EY UE) 210) ta al ve 150 

Greatest. diameter/across condyles: 2. )- ape ere EN ee ae ee a eee 135 

Mid diameterot shat... 225 he 2125 ie eee py ET OME eG ge een Na) ON a ea Lae aaae 52 

Tibia (t.).—The right tibia, and fibula of Ceratosawrus, articulated with the 
astragalus and calcaneum, all completely preserved, are shown in figure 65. 

As in Antrodemus the tibia is shorter than the femur and with quite similar 
contours and similar attachments. The greatest observable difference between 
these two bones is in the greatly reduced size of the cnemial process in the Cera- 
tosaurus tibia and its relatively narrower shaft when viewed from the front. Com- 
pare figure 65A with 48A. 

The anteriorly directed process on.the proximal end is also longer and extends 
more directly forward than in Antrodemus, though the latter peculiarity may be 
partly due to crushing to which this part of the bone has been subjected. The 
area covered by the ascending process of the astragalus is also restricted as compared 
with Antrodemus. 

The principal features of this bone are well shown in three aspects in figure 65. 

Measurements of tibia, Ceratosaurus nasicornis Marsh. No. 4735, U.S.N.M. 
i mm. 

Greatest length......-....--..- Sc He NER RSI EM Se LEM as eR RAILS 550 

Greatest diameter ofsprosetaicl ie ricl ees eee ete ee as nt a 180 
Greatesti diameter of distal’end #2 3.2 Reese. ge Rk eee es ae nee 140 

Fibula (f.).—Like the tibia, the fibula of Ceratosaurus bears a close resemblance 

to that of Antrodemus. The greatest dissimilarity is found in the form of the proxi- 
mal end. When viewed from the side—compare B, figure 65 and B, figure 48—it 
will be seen in Ceratosawrus the fore and aft expansion of this end begins much 
lower down on the shaft, whereas in Antrodemus there is no widening until close to 
the upper articular end. This end is subcresentic in outline. The distal end when 
viewed from the side is squarely truncated as compared with the evenly rounded 
end in Antrodemus. } 

Measurements of fibula of Ceratosaurus nasicornis Marsh. No. 4785, U.S.N.M. 
mm. 

Greatest. length of froulacs .. 3.2 225 sa RA yee rc Se ITS I ee pee ea a 502 

Greatest diameter’ of proximal end sic. foe Sa oe ee oe se ee a eee eee ies te ee 125 

Greatest: diameter of distal end: 22 2055 ee ee ne eee eae 53 

Least, diameter of shaft. 2. 22 cece oe eee errr est eee os 10 am sn ea ma AN 28 

Tarsus.—The tarsus of Ceratosaurus so far as known at this time consists of 
three bony elements; the astragalus and caleaneum forming a proximal row, and 
a single disk-like tarsale found attached by matrix to the proximal end of meta- 
tarsal III. There was probably a second tarsale above metatarsal IV, as in Antro- 

demus, these two forming the distal row of the tarsus. 
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Astragalus and calcaneum (as. and ca.).—The right astragalus and caleaneum, 
firmly fused with one another and closely adjoined with the distal ends of the tibia 
and fibula, were found as shown in figure 65. These bones have been carefully 
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Fic. 65.—RIGHT TIBIA, FIBULA, ASTRAGALUS, AND CALCANEUM OF CERATOSAURUS NASICORNIS MARSH. No. 4735, U.S.N.M . 

% NAT. SIZE. A, FRONT; B, OUTER; C, BACK VIEWS; AS, ASTRAGALUS; Ca, CALCANEUM; Ff’, FIBULA; JT’, TIBIA. 3 

compared with the homologous elements of Antrodemus, and I fail to find any very 
distinctive differences, except their smaller size. The astragalus has a prominent 

_ascending process, which appears to be of about the same relative proportions as 
in Antrodemus, except that the ascending process is shorter. 
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Viewed from in front the superior border internal to the ascending process 
extends downward the ventral until it reaches the inner margin, whereas in Antro- 
demus this border extends inward about parallel with the ventral border. Were 
the astragalus of Ceratosawrus detached, other differences might be observed.: 

The gallenmnstn | is so completely fase with the astragalus that the line of union 
is quite obliterated. This bone appears to be wider than high, with a concave 
proximal surface for articulation with the fibula, with which it is also closely ar- 
ticulated. The outer surface is deeply concave. 

Measurements of the combined astragalus and calcaneum. Ceratosaurus nasicornis Marsh. No. 4735, 

USN. M. 
F mm, 

Greatest; transverse: diameter .( 20)))).).).)5/2) TIN ares Ae ey L001) 8 A re coe an aaa 130 

Greatest antero-posterior diameter of inner end........---.-.....--------:--:---------+-+--+++-+:- 65 

Greatest antero-posterior diameter of outer end..................--..-------+----------- rags Ao 53 
Greatest hereltioiastracalluis| allo out yycisae ce erercone ec eens are oe el 2a ee 82 

Greatest hetghtiot/caleamewmi 2/3!) Seyi ee Papers cece, eo Sree eae cea eae SU a 37 

Metatarsals.—The metatarsals of Ceratosaurus nasicorns are described’? by 
Marsh as follows: 

The most interesting feature in the extremities of this dinosaur is seen in the metatarsal bones, 

which are completely ankylosed, as were the bones of the pelvis. There are only three metatarsal ele- 

ments in each foot, the first and fifth having apparently disappeared entirely. The three metatarsals 

remaining, which are the second, third and fourth, are proportionally shorter and more robust than in 

the other known members of the order Theropoda, ind, being firmly Teenie. to each other, they furnish 

the basis for a very strong hind foot. 

In figure [1, pl. 24], these coossified metatarsals of Ceratosaurus are represented, and for comparison 

the corresponding bone of a penguin is given in figure 0. In comparing these two figures it will be seen 

that the three metatarsal elements of the dinosaur are quite as closely united as those of the bird. To 
the anatomist familiar with the tarso-metatarsal bones of existing birds, the specimen represented in 

figure 1 [pl. 24] will appear even more like this part in the typical birds than the one shown in figure 2. 

The position of the foramen, as seen in figure 1 [pl. 24], is especially characteristic of recent birds, 

and, as a whole, the hind foot of this Jurassic dinosaur was evidently similar to that of a typical bird. 

All known birds, living and extinct, with possibly the single exception of Archaeopteryx have the 

tarsal bones firmly united, while all the Dinosauria, except Ceratosaurus, have these bones separate. 

The exception in each case brings the two classes near together at this point, and their close affinity has 

now been clearly demonstrated. 

It has been suggested? that, the uniting of the metatarsals in Ceratosaurus was 
due to a pathologic condition, but since there appears to be but little evidence of 
exostosial growth on the bones I am inclined to believe it to be a normal but rather 
unusual condition. That there is a tendency toward the fusion of the metatarsal 
bones in some of the carnivorous dinosaurs is shown in several known specimens, 
especially those of Tyrannosaurus, as pointed out by Osborn.’ - He says they 
exhibited a ‘‘less mobile arrangement of the metatarsals, because they show sutural 

attachments but not actual coalescence in the middle portion of the shaft.” 
An exceedingly aged individual would probably show coalescence, as they do 

in Ceratosaurus. Marsh considered the first digit as having entirely disappeared, 

but a roughened area on the posterior side of the shaft of metatarsal IT (1, fig. 1, pl. 25) 
apparently indicates the point of attachment of the retroverted digit as thes been 

lL Amer. haunt Sci., vol. 28, 1884, pp. 161-162, figs. il aBull. pene nee Nat. Hiss., vol. 22, 1906, p. 294. 

2Bauer, G., Amer. Naturalist, vol. 24, 1890, p. 301. 
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found in Antrodemus,! and in the mounted skeleton this digit has been restored as 
shown in plate 30. The metatarsals are so fully illustrated in all aspects in plates 
24 and 25 that a detailed description appears unnecessary. 

Measurements of metatarsals of Ceratosaurus nasicornis Marsh. Cat. No. 4735, U.S.N.M. 
mm. 

Greatestilenctitoismetatarca ii lemeee a= wate toe Wee oe geet ak Souls etare ale getne ols '230 

Gremestslencthnommetabarsa allman men wee cee se he ote TTI BOG Race oe 254 

GreatestalencthvotmaecabarsalalVieeere sans eee aaeeee sk A ot el. ek sale cade cei 220 

Greatest width’ of coalesced metatarsal, proximal ends----..-.---:------2--:--5-----+++----+05-=- 120 

Greatest width ot coalesced metatarsal; distal!ends.- 2.522202: 2222-242.-2h.0- +222 sles beeen ce see 18 

The metatarsals of Ceratosaurus are nearly a third shorter than the correspond- 
ing elements of a fully adult Antrodemus specimen, though the relative lengths of 
of the metatarsals to one another in the respective feet are very similar. 

The most pronounced differences observed are found in comparing the proximal 
ends to the metatarsals of these two genera. This end of metatarsal III in Antro- 
demus is elongated anteroposteriorly, wide in front, and rapidly narrowing poste- 
riorly, whereas in Ceratosaurus‘it is wider behind than in front. Viewed from above 
metatarsal III of Ceratosaurus is subrectangular in outline as compared with the 
elongated triangular end of the Antrodemus metatarsal. Viewed from the poste- 
rior side metatarsal IIT of the Ceratosaurus foot forms the greater part of this view, 
whereas in Antrodemus the fourth has the greatest expanse. These and other 
differences can be clearly seen by comparing figure 51 with figure 4, plate 24. 

DERMAL ARMOR. 

Plates 22 and 29-30. 

Several dermal ossifications were found with the type specimen of Ceratosaurus 
nasicornis, and some of these were so retained in the matrix as to indicate their 

exact position in relation to the internal skeleton of the living animal. Reference 
is made here to the row of elongate, irregularly shaped, bony ossicles present above 
the spinous processes of caudals (fig. 1, pl. 22) 4 to 10 inclusive, and above cervicals 
4and 5 (0. pls. 29 and 30). The position of these ossicles would appear to indicate 
a continuous row of dermal ossifications, extending along the median line of the 
back from the base of the skull well down on the tail, if not the greater part of its 
length. In the life restoration of this animal by Knight and Gleeson (pl. 28, upper 
figure) such an external ornamentation has been indicated, though the size of the 
plates is somewhat exaggerated. 

The ossifications above the tail are from 25 to 38 mm. above the tops of 
_ the spinous processes of the vertebrae, evidently indicating the thickness of skin and 
‘muscles between them and the tops of the spines. Those on the neck are much 
closer to the vertebrae, and in one instance appears to rest on the spine (figs. 1, 2, 
and 3, pl. 20). . 

That there were other dermal ossifications is shown by the presence of a small 
skin plate found with the bones of this skeleton. It had been freed from the matrix 
when it came into my hands, so there is no evidence as to its probable position in 

1 Osborn, H. F. Bull. Amer. Mus. Nat. Hist., vol. 12, 1899, p. 163, fig. 3. 
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the skin. It is a relatively small subquadrangular plate of bone, 58 by 70 mm., 
with a comparatively smooth ventral and a roughened dorsal surface. The under 
surface is gently concave in the direction of its shortest diameter, with a low longi- 
tudinal swelling extending through the middle of its longest diameter. The rough- 
ening of the external surface is without definite pattern. 

THE MOUNTED SKELETON OF CERATOSAURUS NASICORNIS MARSH. 

Plates 29-30. 

In plate 30 is a drawing of the mounted skeleton of Ceratosaurus nasicornis 
which clearly shows the original and restored parts, the latter beimg indicated in 
outline only. A comparison of this illustration with the first skeletal restoration 
(pl. 27, upper figure) would indicate that the skeleton was more perfect at the time 
Marsh made his reconstruction than it is now, for during the period of 18 years, 
from 1892 to 1910, the skeleton worked out in relief in blocks of sandstone suffered 

some breakage and loss of pieces due to packing and shipping from New Haven to 
Washington and one or two subsequent moves since its arrival in the United 
States National Museum; but, on the other hand, many of the bones shaded in full 

in the first drawing of this animal were never present and have been drawn from 
the opposite element when a paired bone, or from bones of an allied form like Antro- 
demus. The small bones of the pes and many of the manus, together with the 
humerus and coracoid, are examples of the latter, while the loss of parts of the 
caudal vertebrae, chevrons, and cervical vertebrae illustrate the former reason. 

I doubt very much that Marsh ever had the distal ends of the pubes and ischia and 
the portions missing from the ends of the ilia. 

This specimen was collected in 1883 and 1884 by the late M. P. Felch from 
quarry No. 1, a quarry made classic by the successful researches; there by Mudge 
in 1876; Williston and Lakes in 1877; Felch from 1883 to 1888; and Hatcher and 

Utterback in 1901 and 1902. Quarry No. 1 is situated on the west side of Oil 
Creek (Four Mile Creek) at the entrance to ‘‘Garden Park,’’ and some 9 or 10 miles 

east by north of Canon City, Fremont County, Colorado. 
Quarry maps made at the time the skeleton was disinterred show the position 

in which all of the bones of the skeleton were found. It was inclosed in a very 
hard sandstone, with the skull and axial part of the skeleton very much compressed. 
This lateral crushing to a great extent determined the bas-relief method of mount- 
ing as being the best adapted to this particular specimen. Upon assembling the 
blocks containing the skeleton preparatory to mounting it was found that some 
had been cleaned on the right side and others on the left, and a few of the more 
important elements, as the skull, atlas, axis, and limb bones, had been entirely 
removed from the matrix. It was finally decided that the right would make the 
best exhibition side, and this is well shown in the reproduced photograph of the 
specimen shown in plate 29. 

The pose of the specimen was largely determined by the position of the bones 
as originally found. This applies particularly to the left femur, which was held by 
the rock in its true position with respect to the pelvis. It is directed backward at 
such an angle as to demand a walking stride for bipedal locomotion. An attempt 
was therefore made to carry out the idea of a rapid walking motion and to make 
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the other parts of the skeleton contribute to that effect. The long tail being raised 
clear of the ground and acting as a counterpoise to balance the weight and compen- 
sate for the swaying of the body and fore legs. 

The backbone stands largely in relief to the original sandstone matrix, but the 
greater part of the background is covered with a mixture of sand and cement that 
when chiseled gives so close an imitation of the original sandstone as to make it 
difficult to distinguish one from the other. 

The entire length of the animal measured from the tip of the nose to the end 
of the tail is 17 feet 6 inches; the tail measures 9 feet 4 inches; the height of the 

head above the base is 6 feet 10 inches; the top of the hips above the base is 5 feet 
5 inches. 

RESTORATIONS OF CERATOSAURUS. 

Plates 27-31. 

During the years that have elapsed since Professor Marsh described Cera- 
tosurus nasicornis in 1884, there have appeared from time to time various pictorial 
illustrations depicting the life appearance of this animal. These are of interest 
as showing the diversity of opinions held as to its probable life appearance. 

Arranged in chronological order in plates 27 to 30 are the more striking of 
these restorations. The history of each, so far as it is known, and comments on 

the more important structural differences to be observed, are given below. 
In plate 27, upper figure, is shown the first restoration of the articulated skel- 

eton, made under Professor Marsh’s direction and first published by him in 1892.* 
It was based on the type specimen (No. 4735, U.S.N.M.) described in the preced- 
ing pages. From the study of allied forms it appears pretty certain that the dorsal 
region was made too long by the insertion of at least six too many vertebrae, which 
obyiously throws the animal out of balance. A preliminary sketch restoration of 
Ceratosaurus found among some drawings made for Marsh shows fewer presacrals 
and thus makes a much better proportioned animal than the final draft, which has 
been so widely copied in scientific publications of this country and abroad. It 
would also appear that at the time of making this restoration many of the bones, 
such as certain presacrals, pelvic bones, etc., were more completely preserved than 
they are to-day, as may be observed by comparing this figure with the line drawing 

of thé mounted skeleton shown in plate 30. | 
The first life restoration to be made of Ceratosaurus, so far as I am aware, and 

until now unpublished, is shown in plate 27, lower figure. It was drawn by Mr. 
Frank Bond, in 1899, under the direction of the late Prof. W. C. Knight, of the Uni- 

versity of Wyoming. The drawing was based on the earlier skeletal restoration by 
Marsh, and in it are incorporated the faults of proportion of that restoration. 

In 1901 Lucas ? published the restoration shown in plate 28, upper figure, a 
drawing by J. M. Gleeson, done under the direction of Charles R. Knight. This 
is the best and most artistic portrayal of the probable life appearance of Cerato- 
saurus that has yet appeared. 

1 Amer. Journ. Sci., vol. 44, 1892, pl. 7. 2 Lucas, F. A. Animals of the Past, 1911, fig. 23. 
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In 1911* the Rev. H. N. Hutchinson presented the restoration by T. Smit 
shown in plate 28 (lower figure). The basis of the main figure in this picture is at 
once indicated by a comparison of this restoration with the skeletal restoration by 
Marsh. It has practically the same pose and also the incorrect lengthing of the 
dorsal region commented on above. 

In 1910 and 1911 the type specimen of Ceratosaurus nasicornis was mounted in 
bas-relief for exhibition in the United States National Museum as shown in plate 
29. The interest in this reconstruction lies not only in its being the first and to this 
day the only skeleton of Ceratosaurus thus exhibited, but also that corrections 
made in the length of the back brings about a truer conception of the general pro- 
portions of the animal than had hitherto been obtained. The mounted skeleton 
is composed entirely of the bones of the type individual and only such parts as were 
missing have been restored in plaster. These are given a conventional color, which 
at once distinguishes the restored from the fossil parts. 

The pose of the specimen was largely determined by the position of the arti- 
culated bones as found. The skeleton was mounted by the writer, assisted by Mr. 
N. H. Boss; but the author must alone be held responsible for whatever discre- 
pancies are detected! 

In plate 31 is shown a model restoration by the author of Ceratosaurus, done i in 
1915 and depicting his conception of this reptile. It is based on the mounted 
skeleton shown in the previous plate. In order to depict graphically the flesh- 
eating habits of Ceratosaurus, the animal is shown completing the kill of a small 
Camptosaurus nanus, a herbivorous contemporary and one which could well have 

been the prey of this carnivorous brute. 

REVIEW AND REVISION OF TYPE AND OTHER THEROPOD SPECIMENS. 

Family MEGALOSAURIDAE Huxley. 1870. 

DRYPTOSAURUS? POTENS (Lull), 1911. 

Plate 32. 

Creosaurus Boles Lui, R. S., Maryland Geol. Survey, Lower Cretaceous, 1911, pp. 186, 187, pl. 
14, fig. 4. 

Type specumen.—No. 3049, U.S.N.M. A vertebral centrum from the anterior 
caudal series. Collected by J. K. Murphy. 

Type locality.—F Street between First and Second Streets, Southeast, Wash- 

ington, District of Columbia. ‘From big 40 feet sewer, 45 feet below surface and 
above high tide level; light clays below ferruginous conglomerate.” 

Horvzon.—Arundel formation, Lower Cretaceous. 
The original description by Lull, is as follows: 

The type specimen is a vertebral centrum (No. 3049, U. S. National Museum) from the ferruginous 

conglomerate of Washington, D. C., which seems to represent a theropod dinosaur otherwise unrecog- 

nized in the Arundel formation. 

1 Extinct Monsters and Creatures of Other Days, 1911 (new edition) plate 14. 
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The vertebra (fig. 3), [66] evidently a posterior presacral, is of peculiar proportions; nearly as deep as 

long and strongly compressed laterally, the lower surface forming a distinct keel, which is nearly straight 
in profile. The neural canal is broad, though somewhat constricted in the middle of the centrum. . 

The vertebra differs materially ftom those of Allosawrusin lacking the decided constriction in the 
middle and in the presence of the keel. It resembles most nearly the vertebra belonging to the type 

of Creosaurus atroz (No. 1890, Yale Museum), not however, the one figured by Marsh as Creosaurus.* 

The vertebra in question is much larger than those of the type of C. atroz, but the latter show the 

same compressed form, though with a less straight ventral outline. 

The present vertebra is slightly opisthocoelous and its dimensions are as follows: 
mm. 
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This vertebra represents by far the largest carnivore known from the Arundel formation. 

The vertebral centrum described above as “‘evi- 
dently a posterior presacral’ is most certainly a 
proximal caudal, as is clearly shown by a compari- 
son with the anterior caudals belonging to Antro- 
demus valens Leidy, No. 8367, U.S.N.M. (see pl. 
32), and also with the caudal centra of Tyrannosaurus 
as figured by Osborn. 

The absence of a decided transverse constriction 
of the middle of the centrum, the beveled chevron 
border on the postero-ventral end, and the cancel- 
lous internal structure of the bone, are all features 

indicating its caudal affinities. The posterior dorsal | |. 
i Ae IG. 66.—ANTERIOR CAUDAL VERTEBRA OF 

centra of Antrodemus, as shown by two individuals _ pryprosaurus? eorens (Luu). TYPE. 

now before me, have a decided transverse constric- ee ae 2 REE 
tion at their middle, with flaring flange-like ends, — 
and with the internal structure made up of large pneumatic cells. 

The nearly straight ventral border, as Lull has pointed out, forms ‘“‘a distinct 
keel, which is nearly straight in profile,” and is one of the characters cited for dis- 
tinguishing it from Antrodemus (Allosaurus). When compared with a proximal 
caudal of Antrodemus (see pl. 32), it will be seen that this difference exists between 

them,—a difference that seriously reflects on its assignment to the genus Creosaurus, 
here considered a synonym of Antrodemus, as will be discussed below. 

In Marsh’s original description,’ as well as in later discussions * of the genus, 
but few characters were given for Creosaurus, and apparently Marsh was not able 

to satisfactorily distinguish it from Antrodemus. Williston‘ in 1901 and Hay ° 
in 1908 both question the validity of the genus Creosaurus, though both were misled 

1 Marsh, 16th Ann. Rept. U. S. Geol. Survey, pt. 1, 1896, pl. 12, figs. 5, 6. 

2 Marsh, O. C., Amer. Journ. Sci., vol. 15, 1878, p. 243. 

3 Marsh, O. C., Idem, vol. 17, 1879, pp. 90, 91, pl. 10, figs. 1 and 2; vol 27, 1884, pp. 334, 337, pl. 9, figs. 3, 3a, and 3b and pl. 14; 

Dinosaurs of North America, 1896, pp. 163-239, pl. 13. 

4 Williston, S.W. Amer. Journ. Sci., vol. 11, 1901, pp. 111-114. 

5 Hay, O. P. Proc. U.S.Nat. Mus, vol. 35, 1908, pp. 353-356. 

144035°—20—_9 
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in their final conclusions through the inaccuracy of the fore limb and foot assigned 
to Antrodemus by Marsh. Fortunately the true structure of the Antrodemus fore 
limb is now known,! and differences which the above authors were unable to reconcile 
now disappear. Both Williston and Hay were of the opinion that Creosaurus atroz, 
type species of the genus, was based chiefly if not entirely on the left ilium. In 
reply to my inquiry as to the material in the Yale Museum comprising the type | 
specimen of C. atrox Marsh., Prof. R. S. Lull, very kindly wrote me under date of 

April 14, 1916, as follows: 

Skull-jugal and premaxillary containing teeth, ? hyoid: two sacral vertebrae without the neural 
arches, a proximal caudal without neural arch, and a small distal caudal. Apparently the caudal (lum- 

bar) figured by Marsh does not belong to the original type specimen and its characteristics are some- 

what different. There is, in addition, a sternal bone, an ilium complete, an astragalus with two and 

a half proximal phalanges of the foot, and two unguals, one a powerful grasping claw. 

Hay,’ after a careful and detailed comparison of the published figure of the 
Creosaurus iltam, with the ilium of No. 4734, U.S.N.M., says: 

Whatever may be true of other parts of the skeleton of Creosaurus, there do not appear to be any 

characters in the ilium that distinguish it generically from AJlosaurus. 

The premaxillary carries five teeth, as in Antrodemus. When the figures of 

this bone as given by Marsh are compared with the actual specimen in Antrodemus, 
No. 4734, U.S.N.M. (see figs. 10 and 11), its proportions and chief characteristics 

are found to be identical. 
Williston 's * summing up of the few characters given for Creosaurus by Marsh 

is as follows: 

The ilium, it is true, is of somewhat different shape, as figured, but even this difference may be due 

to imperfect preservation, as Marsh himself suspected. The only other things mentioned by Marsh are 

the number of vertebrae (two) in the sacrum, of very little value as already demonstrated in other genera 

of the Wealden dinosaurs; the position of the transverse processes, which I am confident will not prove 

distinctive. 

Hay also states in the publication cited above: 
The metapodial whose measurement was given by Marsh has the same length relative to the length 

of the ilium that the fourth metapodial of Allosaurus fragilis has to its ilium, being about 40 per cent. 

From the above review it will be observed that none of the more important 
bones constituting the type specimen of Creosaurus atrox show generic differences 

from Antrodemus, and I believe therefore that the genus should be abandoned, to 
become a synonym of Antrodemus. As to the validity of the species A. atroz, a care- 
ful study of the specimen itself will be necessary before a decision can be reached, 
and that is a question outside the scope of the present study. 

While the brief review of Creosaurus, given above, seems to indicate its being 

a synonym of Antrodemus, a comparison of the type of Creosaurus potens Lull 
with an anterior caudal of Antrodemus (see pl. 32, figs. 1 and 2) shows such dis- 
similarities as to render its assignment to that genus out of the question. Further- 
more, none of the known Morrison Theropod genera have the straight inferior 
profile of the anterior caudals as seen in this Arundel specimen. 

1 Gilmore, Charles W., Proc. U. S. Nat. Mus., vol. 49, 1915, pp. 501-513. 
2 Proc. U. S. Nat. Mus., vol. 35, 1898, p. 355. 
3 Amer. Journ. Sci., vol. 11, 1901, p. 112. 
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In Tyrannosaurus and Gorgosaurus, however, from the western Upper Creta- 
ceous, the concavity of this lower surface of the anterior caudals is markedly 
straighter, and in Dryptosaurus aquilunguis (Cope) from the Upper Cretaceous of 
New Jersey is found the nearest approach to the straight ventral border of the 
specimen under consideration. After a careful comparison of the type of C. potens 
with the description, measurements, and illustration of the anterior caudals of 
the type of Dryptosaurus aquilunguis. (Cope),' and after taking into account the 
morphological resemblances and the geographical distribution of these specimens, 

I believe that, tentatively, it may be best referred to the genus Dryptosaurus. 
Thus this species becomes Dryptosaurus? potens (Lull) until such time as the dis- 
covery of adequate materials will permit the determination of its true affinities. 

The median portion of a very large ungual (No. 8505 U.S.N.M.) collected 
by Arthur Bibbins from the Arundel formation near Contee, Maryland, is, on 
account of its great size, provisionally referred to the present species. This bone 
lacks both its proximal and distal ends, but its slightly curved contours with lateral 
longitudinal grooves indicate the terminal phalanx of digit I of the fore foot. <A 
large medullary cavity is to be seen on the broken proximal end. In size it 
considerably exceeds any unguals in the collection. 

DRYPTOSAURUS? MEDIUS (Marsh), 1888. 

Plate 34, figs. 1-3. 

Aliosaurus medius Marsu, O. C., Amer. Journ. Sci., ser. 3, vol. 35, 1888, p. 93.—Hay, O. P., Proc. 

U.S. Nat. Mus., 1908, vol. 35, p. 353.—Merrit, G.P., Bull. U.S. Nat. Mus., 53, pt. 2, p. 63, 

1907.—ScHucHERT, CHARLES, Bull. Geol. Soc. Amer., vol. 20, p. 586, 1910.—Lutt, R. 8S. Mary- 

land Geol. Sury., Lower Cretaceous, 1911, pp. 183-186, pl. 14, figs. 1-3. 
Antrodemus medius Hay, O. P., Bull. No. 179, U.S. Geol. Surv., 1902, p. 489. 

Type specumen.—No. 4972, U.S.N.M. Consists of a single broken tooth. Col- 
lected by J. B. Hatcher in 1887. 

Type locality—Near Muirkirk, Prince Georges County, Maryland. 
Horizon.—Arundel formation, Lower Cretaceous. 

The original description by Marsh is as follows: 
Besides the herbivorous Dinosaurs described above, remains of two carnivorous forms were secured 

from the same horizon ‘The larger of these, which may be provisionally referred to the genus Allosaurus, 

is represented by various specimens, the most characteristic of which are teeth and bones of the limbs 

and feet. The teeth are remarkably flat and trenchant, with the edges finely serrated and the surfaces 

very smooth. The limb bones and even the phalanges are unusually hollow, and the latter have the 

articulation finely finished. The principal dimensions of some of the parts preserved are as follows: 

One tooth has the crown 30 mm. in heighth; its antero-posterior diameter at base 75 mm. ; and its trans- 

verse diameter 7mm. [See fig. 2, pl. 34.]. 

The astragalus is 55 mm. in width, and 50 mm. in fore and aft diameter. A first phalanx of the kind 

foot is 90 mm. in length. These specimens would indicate an animal 10 or 12 feet in length. 

In 1911 Lull reached the conclusion that the tooth alone constituted the 
type of this species, the other material mentioned by Marsh being removed to the 
genus Dryosaurus. I have examined the cotypes thus referred and concur in 
the conclusion reached by Lull that these bones do not pertain to a Megalosauroid 
dinosaur. . 

1 Trans. Amer. Philos. Soc., 1869, pp. 100-118, fig. 30. 
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The type tooth has been carefully compared with teeth of Antrodemus and 
Ceratosaurus, and with those of Upper Cretaceous Theropods; but I have failed to find 
characters that would distinguish it from any of those genera. In fact on the basis of 
a single tooth I believe it is impossible to determine the genus to which it pertains, 
and certainly there are not diagnostic characters available for generic or specific 
differentiation. In so far as the type specimen is concerned it will always remain a 
form of doubtful affinities. For the present, however, it would seem best to con- 
tinue the use of the species in order to have a name for those scanty Theropod 
remains that are found from time to time in the Arundel formation. The generic. 
assignment is seriously in doubt, and I here provisionally refer it to the genus 
Dryptosaurus, largely on geographic considerations. A'more definite conclusion must 
await the discovery of better and more diagnostic materials. 

In his paper on the vertebrata of the Lower Cretaceous of Maryland, Lulliden- 
tified and described a number of separate bones as belonging to this species. All 
of these specimens are now deposited in the United States National Museum and in 
order to assemble here all available information relating to Dryptosaurus? medius, 
Lull’s remarks are given in full as follows: 

There are several larger, better preserved teeth! among the material, one of which (No. 5685, 

Goucher College)? shows decided wear. The most perfect is one in possession of the Hon. Charles E. 
Coffin, Muirkirk, Maryland, [pl. 34, fig. 1]. It is about 3 inches (76 mm.) in length and 14 inches ; 

(28.7-mm.) in the antero-posterior diameter. The crenulations of the margin cease about midway 
toward the root on the anterior convex border, but extend the length of the crown on the posterior edge. — 

There is a slight variation in the size of the crenulationsas they are somewhat coarser in the larger teeth. 

The two vertebrae which are here referred to this species indicate an animal of the same approximate 

size as the teeth and phalanges. One (No. 2534, G. C.) which seems to be a posterior presacral* has a 
form quite similar to the type of Allosaurus frayilis, but relatively somewhat less constricted in the 

middle. It agrees in having the same somewhat flattened inferior surface. Anteriorly, the centrum 
has a shallow concavity, while posteriorly it is nearly plane.- The pedicels of the neural arch are stout, 

and the neural canal seems to be broader than in the type of A. fragilis, possibly owing to the fact that 
the vertebra is a more posterior one. The two agree in the depression on either side, which however, 

is somewhat less marked in the present species. 

Dimensions. 
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The anterior caudal vertebra (No. 2614, a, G. ©.) is that of a young individual, as the neural arch 

had not coossified with the centrum. Internally it seems to have been composed of rather coarse, 
cancellous tissue, with no trace of an internal cavity, asin the type of Antrodemus, as figured by Leidy.® 

The anterior face is slightly concave, the posterior one nearly plane, and while the centrum is 
decidedly constricted in the middle there is no trace oi the lateral depressions seen in the presacrals. 

1 Other teeth in the U. S. National Museum Collections are Nos. 5693, 3446, and 8447. 

2 Wrongly attributed to Goucher College as this is the Catalogue number of the U. S. National Museum. 

3 Now Cat. No. 8502 U.S.N.M. ' 

4 Tregard this vertebra as being the anterior vertebra of the sacral series and the plane end (which appears to be sutural) as 

being posterior. That it is a sacral is indicated not only by comparison with the articulated sacral series of No. 4734 U.S.N.M. 

(Antrodemus valens), but also by the character of the plane articular end for close articulation with the centrum which followed 

it and the rapid widening of the anterior half of the neural canal. 

5 Now Cat. No. 8503, U.S.N.M. 
6 Leidy, Report of U. S. Geological Survey of Tennessee, vol. 1, 1873, pl. 15, fig. 18. 
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Dimensions. 
mm 
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MiaAmMeCrerL Posteri oula cen a Melee se epee Ma ee eee See has paiclMals Beets ed cpaicte 93 
IEIGHe a OR COTTA ADIN Se oee oe 6 HAY din Berne Naat serge Chase eee aes Sere ee cae ne Oreo 92 

The first phalanx of the second digit is represented by the proximal half (No. 2536, G. C.),’ and is 
peculiar for its height as compared with its width and the two very prominent ridges on the inferior face. 

The articulation is a smooth cylindrical concavity with no trace of ridges to limit lateral motion. It is 

probable that it was formerly somewhat cuplike, as the preparator has slightly altered the shape of the 
bone. The articular end is full of a cancellous tissue, nevertheless there was a well-defined medullary 

cavity in the shaft. The portion preserved measures in height 73 mm.; in width 58 mm. 

The first phalanx of the third digit (No. 2521, G. C.)? (fig. 2) [pl. 34, fig. 3] is entire, most excellently 
preserved, and presents a decided similarity to the type of Allosaurus fragilis, differing therefrom in 

being more depressed proximally, especially in the broader, flatter under surface. Distally, the present 

type is not so broad relatively as that of A. fragilis and the articular face 1 is more concave transversely . 
Altogether the two bones are quite distinct in conformation. 

Dimensions. 
mm 

ILGINEGWO oc, C346 acoddadue Babage Uabren lsc CUGE See eee BeHCr AE Ese meet parian Piret h tena en Ena e trait 110. 0 

ransyversesdiam eter distal faces ems) 2 se doa se ee tise Qe eela Saiarete edie tiee'e eeicinsis nee nee 55. 0 

Wertienladiamleterdistalpiace saree rar tine Sorin oer ae eer ein ens eeseieaiesbicrie kee 35.5 
Mransvierserdiaime ten proximal (ace asnee eos ot ey joe oe etna aoe aelmecla-smiee tees sacle eee 70. 5 

Wenticaladiamietersproscim alta cabs stenees one ie aces hele Ney cree idles -ciiers cele azine salt eis 50. 0 

Least transverse diameter, shaft............----...-.--------. USE ee Raene Aer MERE LL. Le UIA Lees iy eat 41.0 

‘All of the remains which Lull referred to Allosaurus medius are from the Arundel 
formation in the vicinity of Muirkirk, Prince Georges County, Maryland. 

The two distal caudal vertebrae described by Lull in the article quoted above 
undoubtedly pertain to an Ornithomimid dinosaur and are here referred to the new 
species Ornithomimus affinis (see p. 141). 

While there may be two large carnivorous dinosaurs (Dryptosaurus? potens 
(Lull) and D. medius (Marsh) present in the Arundel fauna, I can see no good 

reason at the present time for believing there is more than one, even though, as a 
matter of expediency, both species are retained in the present paper. Certainly 
the scattered teeth and other bones assigned to D. mediws indicate an individual or: 
individuals of sufficient size to have had an anterior caudal of the dimensions of 
the type of Creosaurus potens, here referred to the genus Dryptosaurus. 

TYRANNOSAURUS REX Osborn, 1905. 

Tyrannosaurus rec OsBoRN, Bull. Amer. Mus. Nat. Hist., vol. 21, pp. 262-263; vol. 22, pp. 281-296, 
1906; Mem. Amer. Mus. Nat. Hist., vol. 1, pt. 1, pp. 3-30, 1912, pls. 14, 27 text figures; Bull. 

Amer. Mus. Nat. Hist., vol. 32, pp. 91-92, 1913; vol. 35, pp. 761-771, 1917. 

Ormithomimus grandis iWtameee, O. C. ul ecigoudh Ann. Rept., U. S. Geol. Surv., pt. 1, 1896, p. 206. 
' (Not O. grandis of 1890.) ~ 

In the United States National Museum collection there are a number of isolated 
bones which are here regarded as pertaining to the genus Tyrannosaurus, and in all 
probability to the species 7’. rex Osborn. 

1 Now Cat. No. 8504, U.S.N.M. This bone belongs to the right hind foot. 

2 When the Goucher College collection was deposited in the U. S. National Museum this specimen was missing. 
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The best specimen (No. 6183, U.S.N.M.) consists of an excellently preserved 
femur, tibia, and fibula of the left side (the latter lacking its distal half), from Alkali 
Creek, Niobrara County, Wyoming. Collected by J. B. Hatcher in 1891. 

This specimen was referred by Marsh in 1896 to Ornithomimus grandis (p. 206, 

Dinosaurs of North America). The large size of these bones and their very close 

resemblance to the same elements in Tyrannosaurus as described and figured by 
Osborn clearly indicate their generic affinities, which are more in accord with their 
geological occurrence, as Tyrannosaurus remains at the present time are known 
only from the Lance formation or its equivalent, whereas the genotype of Orn- 
thomamus grandts was found in the much more ancient Eagle formation. 

The principal dimensions of these bones as compared with the genotype of 
Tyrannosaurus are given below. 

No. 6183, | No. 973, 
U.S.N.M. | A.M.N.H. 

mm. mm. 
Greatest length of femurs. 3 saves 5a ie ah tes eae ee tk eye ee ace, yy Re epee 1, 040 1, 300 
Mididiamveteriofishart Gees 22 oak Sa ee ana aan Ac ae nn me 120 180 
Greatest transverse diameter of condyles..................-------------------- 290 340 
Greatestleneth! of tibia oo. 3h Aesop aie ee eae eae at ea et ee ae 910 1, 140 

A second specimen (No. 2110, U.S.N.M.), represented by metatarsal IV of the 
right hind foot and lacking the proximal end, has about the same dimensions as 
given by Osborn for metatarsal IV of the genotype of Tyrannosaurus. It is esti- 
mated that the complete length of this bone would be about 590 mm., and the 
greatest diameter anteroposteriorly is 100 mm. This is probably the same bone 
mentioned by Marsh?! as Ornithomimus grandis. He says: 

In the other specimen the second metatarsal is in fair preservation and shows the same form asin 
the type of the genus. 

This specimen was collected by J. B. Hatcher from the Lance formation on 
Lance Creek, Niobrara County, Wyoming, in 1890. 

A third specimen (No. 8064, U.S.N.M.) is provisionally referred to this genus. 
It consists of a right ilium, collected by J. B. Hatcher and A. EH. Sullins, October 
16, 1891, on Alkali Creek, Niobrara County, Wyoming. This specimen, except for 
its smaller size, closely resembles the ilia of Tyrannosaurus as described by Pro- 
fessor Osborn. 

DEINODON? GRANDIS (Marsh), 1890. 

Ornithomimus grandis Marsa, Amer. Journ. Sci., ser. 3, vol. 34, p. 85, 1890; Sixteenth Ann. 

Rept. U. S. Geol. Surv., pt. 1, p. 296, 1896.—Hay, O. P., Bull. No. 179, U. S. Geol. Surv., p. 
494, 1901.—Norcosa, F. Baron, Foldtani Kézlony, Budapest, vol. 31, p. 201, 1901.—OsBorn, 
H. F., Contr. Canadian Paleont., vol. 3, pt. 2, p. 13, 1902.—HatcuHEr, J. B., Bull. U. S. Geol. 

Surv., No. 257, pp. 12, 41, 87, 1905.—Bowen, C. F., Prof. Paper U. S. Geol. Surv., 901, p. 134, 
1915.—Ossorn, H. F., Bull. Amer. Mus. Nat. Hist., vol. 35, art. 43, pp. 470, 741, 1917. 

Type materral.—Location of type unknown. Marsh in his original description 
mentions only the third metatarsal, but Hatcher states? that it. consists of ‘“frag- 

1 Dinosaurs of North America, p. 206, 1896. 2 Bull. U.S. Geol. Surv. No. 257, p. 87, 1905. 
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ments representing a considerable portion of a skeleton.’’ Collected by J. B. 
Hatcher, 1888. : 

Type locality.—Near the mouth and on the east side of Cow Creek, Fergus 
County, Montana. 

Horizon.—Kagle sandstone, Upper Cretaceous. 
The brief original description by Marsh is as follows: 

A third species much larger may be called Ormthomimus grandis. The third metatarsal was about 

600 mm. in length, and its distal end 90 mm. in transverse diameter, and 80 mm. in antero-posterior. 

diameter. 

It would appear that the type specimen should be in the United States National 
Museum collections, but after a search extending over a period of several years 
I have been unable to locate it. Portions of two other individuals referred to this 

‘genus and species by Marsh are Nos. 2110 and 6183, U.S.N.M., both from the 
Lance formation of Niobrara County, Wyoming. Of these Marsh says: 

Portions of two other skeletons have since been obtained, which apparently pertain to this species. 

In one [No. 6183, U.S.N.M.] of these the femur, tibia, and fibula are in good preservation, and they 

clearly demonstrate that this reptile was one of the largest of the Theropoda. The femur and tibia have 

each a very large cavity in the shaft, with well-defined walls. Even the fibula has a cavity in its upper 

portion. In the other specimen [No. 2110, U.S.N.M.] the second metatarsal is in fair preservation 

’ and shows the same form as in the type of the genus. 

Both of these specimens are here referred to the genus Tyrannosaurus, and 
in all probability the type of O. grandis when found will also be referable to a genus 
distinct from Ornithomamus. Osborn’ has suggested ‘‘it may belong to the genus 
Deinodon Leidy, but until the type is located, it must remain of doubtful position 
as regards its generic affinities.” 

DEINODON, species. 

Deinodon? GitmoreE, C. W., Prof. Paper, U. S. Geol. Surv., 98-Q, 1916, pp. 287-288, pl. 73, figs. 

1 and 4. 

The following specimens in the United States National Museum are provision- 
ally identified as pertaining to the genus Deinodon. 

Specimen No. 8346, U.S.N.M., consisting of the greater portion of a left dentary,’ 
collected by J. B. Reeside, jr., “28 miles south of San Juan River and about 12 
miles east of the Navajo Reservation line at the head of Hunter, Wash,’ from the 
upper part of the Kirkland Shale, in 1915. 

In this bone there are alveoli for 13 large teeth, but excepting a germ tooth 
in the ninth alveolus from the front all the others have been lost. This germ tooth 
is compressed laterally, lenticular in section in the upper portion and serrate on 
both borders. The 13 alveoli occupy a space about 354 millimeters long. At 
the third alveolus the dentary on the external side has a depth of 93 millimeters; 
at the eleventh alveolus it is 110 millimeters deep. As in other Cretaceous Thero- 
poda, the alveolar partitions expand internally into interdental rugosae. In the 
number of tooth sockets this jaw agrees with Dynamosaurus imperosus Osborn, 
but in the general form of the dentary, particularly the contour of the anterior 

1 Bull. Amer. Mus. Nat. Hist., vol. 35, p. 740, 1917. 
2 Prof. Paper 98 Q, U.S. Geol. Surv., p. 288, pl. 73, fig. 1, 1916. 
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end, it approaches Albertosaurus (Dryptosaurus) most nearly; but as the dentary 
of Albertosaurus has sockets for 15 teeth the presence of 13 in this individual would 
appear to show its distinctness. 

Is is quite possible that this dentary pertains to the genus Deinodon, but that 
can not be absolutely determined because the dentary of that genus is unknown. 
The positive identification of this specimen must therefore await the discovery 
of additional material. 

Specimen No. 8355, U.S.N.M., consisting of a single tooth,’ resembling in nearly 
every detail the D-shaped tooth figured by Leidy ? and which he attributed to 
Deinodon horridus, was collected by C. F. Bauer, ‘30 miles south of Farmington, 
New Mexico, 1 mile east of reservation line from the lower part of the Kirtland 
formation in 1915. 

LABROSAURUS FEROX Marsh. 

Plate 33, figs. 1, 2, and 3. 

Labrosaurus ferox Marsu, O. C., Amer. Journ. Sci., ser. 3, vol. 27, 1884, p. 333, pl. 9; Sixteenth 
Ann. Rep. U.S. Geol. Surv., pt. 1, 1896, p. 163, “se 13, figs. 2-4.—Watcort, C.D. “Seen ser. 2, 

1900, vol. 11, p. 23. Tiara, G. P., Cat. Fossil Vertebrates U. S. Nat. Mus., pt. 2, 1907, 
p. 73.—GitmorE, C. W., Bull. No. 89, U. S. Nat. Mus., 1914, p. 25. 

Antrodemus valens Hay, O. P., Bull; No. 179, U. 8. Geol. Surv., 1902, pp. 489-490. 

Labrosaurus ferox Hay, O. P., Proc. U. S. Nat. Mus., vol. 35, 1908, pp. 352-353. 

Type specimen.—No. 2315, U.S.N.M. Consists of a left dentary in which are 
the roots of several teeth and one or more germ teeth. Collected by M. P. Felch 
in 1883. 

Type locality. Quarry No. 1, Garden Park, near Canon City, Fremont County, ° 
Colorado. 

Horizon.—Morrison, Upper Jurassic. 
The original description ? by Marsh is as follows: 

a peculiar dentary bone, recently found, and here referred to Labrosaurus, is shown on plate 9, figure 4. 
It is edentulous in front, and the posterior portion is much decurved. The teeth are more triangular . 

than in the other genera of this order. The species it represents may be called Labrosaurus feroz. ; 

This brief description constitutes practically all that had been written regard- 
ing this species up to the year 1908, when Hay ¢ reviewed the genus. This review 
is most thoroughly done, and since the conclusions reached largely apply to-day, 
his remarks are here sproiet 4 in their entirety: 

In 1879 ® Marsh established the genus Labrosaurus, with his Allosaurus lucaris as the type. This 

species had been described:in 1878 ® and was based on materials found in the Upper Jurassic of Colorado. 
In this earliest description there was mentioned only an anterior dorsal vertebra. In the description 
of 1879 cervical and dorsal vertebrae and fore-limb bones were briefly described. So far as the writer 

knows no part representing this species has ever been figured. 
In 18847 Marsh added a second species to the genus, Labrosaurus ferox. The only part of this 

animal that was mentioned is the left dentary. Marsh here made the statement that in Labrosaurus the 

1 Prof. Paper 98 Q, p. 288, pl. 78, fig. 4, 1916. 

2 Leidy, Joseph, Amer. Philos. Soc., Trans., vol. 11, 1859, pl. 9, figs. 41, 42. 

3 Amer. Journ. Sci., ser. 3, vol. 27, 1884, p. 333, pl. 9, figs. 4-6. 

4 Proc. U.S. Nat. Mus., vol. 35, 1908, pp. 352-353. 

5 Amer. Journ. Sci., vol. 17, p. 91. 

6 Idem, vol. 15, p. 248. 

7 Idem, vol. 27, p. 333, pl. 9, figs. 4-6. 
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teeth are more triangular than in the other genera of the order; but whether or not this statement had 

its basis in this specimen is doubtful, inasmuch as the crowns of all the teeth are missing and the roots 

almost wholly concealed by matrix. This dentary bone (Cat. No. 2315, U.S.N.M.) probably came from 

the same locality and level as the type of L. lucaris Marsh. 
In 1896 ! Marsh again mentioned this species and presented the same figures. In a footnote on 

page 163 he remarked that the skull of Allosaurus ferox had an aperture in the maxillary in front of 

the antorbital opening. The context appears to indicate that ‘‘Allosaurus ferox” is a slip of the pen 
for Allosaurus fragilis, just as Labrosaurus ferox seems to be called Labrosaurus fragilis on page 270. 

At any rate, this is the only mention that Marsh made of the skull of either L. ferox or A. fragilis. In 

the definition of the family Labrosauridae ? he mentioned no part of the skull but the lower jaw. 

On page 270 of the work cited Marsh referred a third species to Labrosawrus—namely, L. sulcatus. 

This is done in the explanation of plate 13, figure 1; and, so far as the writer is aware, Marsh nowhere 
else mentioned this species. Three views of a single tooth are given, but there is no description and 

no statement as to the origin of the specimen. ‘ : 
Inasmuch as no teeth or parts of the skull were, so far as Marsh informs us, present with the type 

of L. lucaris, and only teeth or parts of the lower jaw appear to have been represented in the types of 

the other species, one is at a loss to understand on what grounds the second and third species were 
referred to Labrosaurus. Furthermore, it may be worth while to inquire whether L. ferox and L. sulcatus 

are congeneric. 
The type of L. sulcatus is a tooth which, judging from Marsh’s figures, represents a crown 30mm. 

high, with a base whose antero-posterior diameter is 12.5 mm. and whose transverse diameter is 12 m. 

There is a posterior face which appears to have been somewhat concave, its outer boundary being formed 

by a crenulated, its inner by a smooth, carina. The outer face of the tooth is ornamented at the base 

by about eight ridges, of which only three remain at the apex. The inner and the posterior faces are 

represented as being smooth. 
As already stated, the jaw of L. feror presented to Marsh little or nothing of the teeth. The crowns 

of all the functional teeth are missing and the roots were almost wholly concealed by matrix. A section 

of the base of the crown furthest in front showed above the enveloping sandstone. Of this matrix the 
writer has removed enough to expose a part of the outer and front faces of the tooth. The inner face 

had been almost wholly absorbed by the successional tooth, of whose apex about 9 mm. are now laid 

bare. The functional tooth had an antero-posterior diameter of 15 mm. and a transverse diameter 

of 9mm. The later diameter was near the front of the tooth—a fact which indicates that the anterior 

cutting edge had subsided iar above the base of the crown. ‘The hinder edge seems to gave reached 

the base. The outer and anterior faces and the little that remains of the inner face are wholly smooth. 

The inner face, too, of the successional tooth is perfectly smooth and both the anterior and posterior 

cutting edges are crenulated. 

The writer has likewise exposed the tooth which was displacing the sixth functional tooth, the 
outer wall of whose base still remains. The apex of the successional tooth is broken off. The long 

diameter at the section thus furnished is 8.5 m.; the short diameter, 55m. The inner and outer 

faces are equally convex, both are smooth, and both cutting edges are crenulated. 
Such being the structure of the teeth of the types of Labrosaurus ferox and L. sulcatus, it becomes 

evident that the two species belong to quite distinct genera and almost certainly to different families; 

but which of them belongs to Labrosaurus, if either, can be determined only by future discoveries. 

In the lower jaw of L. ferox there were plainly 12 teeth. The first was placed 63 mm. behind the 
tip of the jaw, between which and the tooth there is a deep notch. The posterior part of the dentary is 

bent downward in an extraordinary way, somewhat like that of a fringilline bird. These peculiarities 

show that this species belongs to a family entirely distinct from that typified by Allosaurus. 

Although I have not had the opportunity of examining the type of Labrosaurus 
sulcatus Marsh the illustrations lead me to believe that it is a premaxillary tooth. 
In the event of this suggestion proving correct, the differences noted by Hay between 
it and a tooth of the dentary of Labrosaurus ferox would form no basis for the con- 

1 Dinosaurs of North America, pp. 163, 270, pl. 13, figs. 2-4. 

2 Amer. Journ. Sci., vol. 50, 1895, p. 498; Dinosaurs of North America, p. 239. 
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clusion reached by him that they pertain to distinct genera, for teeth of both the 
styles discussed are to be found in the jaws of a single individual. As stated else- 
where in this paper, I do not believe that the teeth alone furnish diagnostic char- 
acters that will serve to distinguish species or in most cases even genera of the — 
Theropoda. 

Now, a suggestion regarding the type of Labrosaurus feror. The deep notch 
in the edentulous part of the dentary and the decided bending down of the pos- 
terior portion of the bone are features.so entirely peculiar to anything known 
among the Theropodous dinosauria, as to suggest that this dentary is abnormal 
in these respects, and that 1t may have been produced through injury, though, to 
be sure, the bone as now preserved shows no evidence of such malformation. 

Family COELURIDAE Marsh 1881. 

COELURUS? GRACILIS Marsh. 

- Plate 36, fig. 4. 

Coelurus gracilis Marsu, Amer. Journ. Sci., ser. 3, vol. 35, 1888, p. 94.—Zirrpt, Handbuch der 

Palaeontologie, Abt. 1, vol. 3,1890, p. 732.—Hiay, Bull. No. 179, U. S. Geol. Survey, p. 493.— 

Lut, Maryland Geological Survey, Lower Cretaceous, p. 1911, pp. 187, 188, pl. 15, fig. 1. 

Type specimen.—No. 4973, U.S.N.M., consists of an ungual phalanx, lacking 
the tip. Collected by J. B. Hatcher in 1887. 

Type locality—Near Muirkirk, Prince Georges County, Maryland. 
Horizon.—Arundel formation, Lower Cretaceous. 

The original description is as follows: 

The smallest dinosaur found in these deposits is a very diminutive carnivore, apparently belonging 
to the genus Coelurus. Jt was not more than one-half the size of the western species, and its proportions 

were extremely slender. The bones are very light and hollow, the metapodials being much elongated 

and their walls extremely thin. An ungual phalanx of the manus measures about 25 mm. in length, 

and 14 mm. in vertical diameter at the base. This animal could not have been more than 5 or 6 feet 

in length. 

Lull in 1911 recognized additional specimens pertaining to this. species in 
material in the Goucher College collection, Nos. 3336,! 3338, and 8176, consisting 

of three teeth, the first two coming from the same locality as the type. 

The teeth resemble very closely that of Coelurus fragilis figured by Marsh;? but differ in the 

total reduction of the crenulation of the anterior convex border, which is perfectly smooth in one of 'the 

three specimens, has serrations of almost microscopical fineness for a short distance from the tip in the 
second, while in the third specimen the border is broken away where the crenulation would occur if 

present. The curvature of the teeth is similar in each species, while the variation in size may be ac- 
counted for by a difference in the stage of growth of individual teeth; as itis, two of the Maryland ones 

are slightly larger than the tooth of Coelurus fragilis figured by Marsh. 
The type specimen as shown in figure 4 [plate 36], lacks a considerable portion of the pointed 

extremity. When compared with the unguals of the manus of Ornitholestes hermanni Osborn it 

would appear to represent the ungual of digit III of the manus. 

1 Now deposited as a loan in the United States National Museum. No. 3336 G. C.=—8444, U.S.N.M.; No. 3338 G. C.=8445 

U.S.N.M. No. 8176 not found when collection was transferred. 

2 Marsh, 16th Amer. Rept. U.S. Geol. Surv., pt. 1, 1896, pl. 7, fig. 1. Reproduced on plate 34, fig. 4. 



* OSTEOLOGY OF CARNIVOROUS DINOSAURS. DAT 

Since an ungual and three separate teeth apparently constitute all of the known 
material of this species, such observations as “its proportions were extremely 
slender; the bones are very light and hollow, the metapodials being much elongated 
and their walls extremely thin,” are difficult of understanding. That from such 
scanty remains it is possible to positively recognize the genus to which they belong 
seems to me exceedingly doubtful. And to use a species thus founded to swell a 
list of like genera in order to prove the synchronous age of widely separated geologi- 
cal formations is a mistaken and misleading practice. 

I have made a thorough search of the miscellaneous materials in the National 
Museum collections from the Lance and Morrison formations for small unguals with 
which to compare this type, but have failed in finding any that agree with it in 
all particulars. Recently in going over a similar collection from the Belly River 
formation of Canada, in the American Museum of Natural History, I found at 
least four unguals, that, except for their larger size, were exact counterparts of 
the type under consideration. One of these (No. 5387, A. M. N. H.) selected 
for reproduction is shown in figure 3, plate 36. None of these American 
Museum unguals have been identified as yet, but it appears highly significant 
that two bones from supposedly widely separated geological horizons should so 
closely resemble one another in every particular (see pl. 36), especially smce an 
Ornithomimid dinosaur and other dinosaurs of Upper Cretaceous affinities ap- 
pear to be present in the Arundel fauna. 

COELURUS FRAGILIS Marsh. 

Plate 34, figs. 4, 7, and 8. 

Coelurus fragilis Marsa, Amer. Journ. Sci., ser. 3, vol. 18, 1879, p. 504.—Corn, Amer. Nat., vol. 

15, 1881, p. 413 (Amphicoelias fragillissimus, a synonym).—Marsu, Amer. Journ. Sci., ser. 3, 
vol. 21, 1881, pp. 339-340, pl. 10; vol. 27, 1884, p. 340, pl. 13.—Corr, Amer. Naturalist, vol. 

21, 1887, p. 369 (=Coelophysis) —Suntey, H. G., Journ. Comp. Med. and Surg., vol. 9, 1888, 

p. 0._Zirrer, K. A., Handbuch der Palaeontologie, vol. 3, 1890, p. 731, figs. 637-340.—Marsu, 

Sixteenth Ann. Rept. U. S. Geol. Survey, 1896, pt. 1, pl. 7, p. 155.—Hay, O. P., Bull. No. 
179, U. S. Geol. Sury., 1901, p. 493.—Norcsa, F. B., Féldtani Kozlony, Budapest, vol. 31, 

1901, p. 202.—GitmorE, C. W., Proc. U. S. Nat. Mus., vol. 37, 1909, pp. 39, 40, fig. 3; Bull. 

No. 89, U.S. Nat. Mus., 1914, p. 4—Moox, C. C., Ann. New York Acad. of Sci., vol. 28, 1916, 
p. 142. 

A number of vertebrae in the United States National Museum collection are 
identified as pertaining to Coelurus fragilis. These are sacral vertebra No. 5809; 
cervical vertebra No. 5810; caudal vertebra No. 6624; caudal vertebra No. 6625; 
caudal vertebra No. 6626; distal caudal vertebra No. 6627; caudal vertebra No. 
6628. These vertebrae agree closely in dimensions and other characteristics with 
the vertebrae figured by Marsh (on pl. 10) in his Dinosaurs of North America. 

All of the United States National Museum vertebrae were collected in Quarry 9 
(rom which Morrison mammals came), Como, Albany County, Wyoming. 

The type of Coelurus fragilis Marsh is in the Yale Museum. It consists, accord- 
ing to a letter of June 28, 1915, from Prof. R. S: Lull, of a © GLa dorsal, 
figure 3 (pl. 7, figs. 3, 3a, 3b); catalogue number 1991, and is marked ‘type’ in 
Marsh’s banding. This i is the only bone of the so colled type specimen sauee 
the others being plesiotypes. ” 
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In 1903 Dr. H. F. Osborn! desétibed and figured a well-preserved skeleton from 
the famous ‘‘Bone Cabin” quarry in Wyomimg, as the type of the new genus 
and species Ormitholestes hermanni. This specimen comes from approximately the 
same geological level as the type of Coelurus fragilis Marsh, and only a few miles 
distant from where the type was found. Osborn distinguished Ormitholestes from 
Ooelurus by the “‘nonserration of the teeth, by the relatively short cervical verte- 
brae, by the less extreme hollowness of all of the vertebrae.” 

A review of the material on which Coelwrus was based renders the distinction 
made less obvious. Although the genus Ooelurus was established in 1879 no men- 
tion was made of the presence of teeth until 1896,2 when Marsh figured a tooth as- 
cribed to Coelurus fragilis (see fig. 4, pl. 34). Lull, in a letter of June 28, 1915, has 
been kind enough to furnish me with the following information concerning this 
tooth: 

The tooth, figure 1 [fig. 4, pl. 34], was entirely disassociated from the rest of the material and bears 

the accession number [1271], being collected by Reed in 1879 from Como, Wyoming; but I can not tell 

from which quarry; but, as you will see, the tooth came in some time in advance of the rest of the ma- 

terial [refers here to the figured specimens]. Hence there is no indication of the association. As the 
original description is based on the vertebrae, the association of the serrated tooth is highly conjectural. 

In this connection it is of interest to quote further from Lull’s letter regarding 
the bones figured by Marsh (on pl. 7) in his Dinosaurs of North America: ‘‘Ver- 
tebra, figure 2, is catalogue number 1993. Caudal, figure 4, is catalogue number 
1992.” Osborn’s distinction ‘‘by the relatively short cervical vertebrae” in Orm- 
tholestes can hardly be considered a good distinctive character unless found to exist 
in an articulated series. And in Ornitholestes only two cervicals were present, and 
as has been shown above the cervical figured by Marsh does nor pertain to the type 
specimen. Furthermore, it is now known that the relative length of the cervicals 
vary with the position they occupy in the cervical series. Articulated cervical 
series in Antrodemus and Ceratosaurus show the posterior members to be more 
elongated than the anterior cervicals and this is probably true also of the forms 
under discussion. 

The extreme hollowness of the vertebrae is a difference of degree and certainly 
not a character upon which to base generic distinctions. Since a comparison of 
the vertebrae of the type specimen Coelurus with those of the skeleton on which 

| Ornitholestes is based show only minor differences I do not see that their generic 
distinctness has been established. . 

* COELURUS AGILIS Marsh. 

Plate 34, figs. 5 and 6. 

Coelurus agilis Marsu, Amer. Journ. Sci., vol. 27, 1884, p. 335, pl. 10, figs. 3a, 3b; Sixteenth Ann. 

» Rept. U.S. Geol. Survey, 1896, pt. 1, pl. 10, figs. 3, 4.—Zatrmn, K. A., Handbuch der Palaeon- 

tologie, vol. 3, 1890, p. 732.—Hay, Bull. No. 179, U.S. Geol. Survey, 1901, p. 493.— Norcsa, 

F. B., Foldtani Kézlony, Budapest, vol. 31, 1901, p. 202.— Gizmorgz, Bull. 89, U.S. Nat. Mus., 

1914, p. 25.—Mookx, C. C., Ann. New York Acad. Sci., vol. 27, 1916, p. 142. 

A pair of articulated pubes (No. 5737, U.S.N.M.) from which portions of the 
proximal articular ends are missing is here provisionally referred to the present 

1 Bull. Amer. Mus. Nat. Hist., vol. 19, 1903, pp. 459-464, figs. 1, 2, 3. 

216th Ann. Rept. U.S. Geol. Surv., pt. 1, 1896, pl. 7, fig. 1. 
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species. This specimen was collected by M. P. Felch from “Quarry No. 1,” near 
Canon City, Colorado, in 1884. They are slightly shorter than those figured by 
Marsh of this species (see pl. 34, figs. 5 and 6), and it is largely on account of this 
close agreement in size that they are identified as pertaining to (C. agilis, for if 
Marsh correctly gives their relative dimensions in the type description ': ‘‘This 
animal was at least three times the bulk of the type,” meaning the genotype C. 
fragilis. 

The type of this species is in the Yale Museum and bears the No. 2010. Ina 
‘letter of June 11, 1915, Professor Lull very kindly furnished me the following infor- 
mation concerning the type specimen: ' 

' C. agilis is one specimen only, consisting of two trays of material only partly prepared. As the 
material now is, I recognize the following bones: pubes, femur, tibia, fibula, humerus, radius, ulna, 

coracoid, an ungual, several podial bones, and several vertebrae. Preparation would doubtless in- 

crease this list. 

Collected from Quarry 13, Como, Albany County, Wyoming, by W. H. Reed 
in 1881. At present the distinction of this species from C. fragilis rests on Marsh’s 
statement of its larger size. Since C. fragilis is based on vertebrae alone and there 
are no vertebrae present in the type of C. agilis I question the authenticity of this 
species. 

Family ORNITHOMIMIDAE Marsh, 1890. 

Genus ORNITHOMIMUS. 

The genus Ornithomimus was proposed by Prof. O. C. Marsh in 1890 ? where 
he described ? the genotype O. velor, based on material from the Denver formation. 
In the same article two other species, O. tenuis and O. grandis, were briefly described 
on meager materials. The new family Ornithomimidae was also proposed but 
without definition. In the same year Zittel * gave the first definition of the family 
as follows: 

Shadel unbekannt. Vorderbeine kurz. Hand dreizehig. Hinterbeine sehr lang. Astragalus 

mit langern, aufsteigendem Fortsatz. Von den drei funktionirenden metatarsalia ist der mittlere (III) 

proximal verschmalert und durch die verdickten Gelenkenden der beiden andern ganz nach hinten 
gedrangt. 

In 1892 ° Professor Marsh briefly described two more species Ornithomimus 
-sedens and O. minutus. He also correctly concludes that this genus should be 
referred ‘‘not to the Ornithopoda, but to the Theropoda.”’ 

In 1895 ° Marsh included the family Ornithomimidae under the suborder 
Ceratosauria, and here gave his first definition of the family: 

Pelvic bones coossified with each other and with sacrum; ilium expanded in front of acetabulum. 
Limb bones very hollow. Four limbs very small; digits with very long, pointed claws. Hind limbs of 
true avian type. Feet digitigrade and unguiculate. 

1 Amer. Journ. Sci., vol. 27, 1884, p. 335. 

2 Not 1892 as cited in Bull. Amer. Mus. Nat. Hist., vol. 35, p. 738, 1917. 

3 Amer. Journ. Sci., vol. 39, 1890, p. 84, pl. 1, figs. 1-3. 

4 Handbuch der Palaeontologie, pt. 1, vol. 3, p. 766, 1890. 

5 Amer. Journ. Sci., vol. 43, p. 451, 1892. 

6 Idem, vol. 50, p. 494, 1895. 
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In 1896 1 the same author gives a compilation of what has been written before 
of Ornithomimus; the plate illustrating the genotype O. velox is republished, and a 
text figure illustrating the terminal phalanx of the manus of O. sedens shows the 
character of that bone. 

In 1897 ? this same compilation was republished, with little change. In 1902 ? 
Zittel included Ornithomimus under the family Megalosauridae without definition 
or remarks for so doing. In 1902 * Lambe described the new species Ornithomumus 
altus from the Belly River formation of Red Deer River, Alberta, Canada, and 
contributed considerable to our knowledge of the skeletal anatomy. 

In 19115 Zittel, without comment, included Ornithomimus in the fon 

Compsognathidae. 
In 1917 ® Osborn gave the first adequate knowledge of the skeletal anatomy 

of a representative of this family, the description and illustrations being based on a 
beautifully preserved skeleton from the Belly River formation as exposed along 
the Red Deer River, Alberta, Canada. This specimen on inadequate characters 

is made the genotype of the new genus Struthiomimus. He also gives a most 
interesting discussion of its probable habits, accompanied by life restorations 
illustrating the views set forth. 

Professor Osborn says: 

Ornithomimus, as a geologically more recent stage, is distinguished (from Struthiomimus) by the 

loss of metatarsal V in the pes, for which no facet remains, and other characters. 

Quoting further from the above author, the principal reason for separating 
these genera is given in the following: 

It is noteworthy that only a single genus or species of dinosaur is known to pass from the Monclonius- 

Ceratops zone (Belly River, Judith River) into the Triceratops-Torosaurus zone (Hell Creek, Lance, 
Denver). This is the genus Yrachodon. The known carnivorous and herbivorous dinosaurs under- 

went profound modifications and it is not probable, therefore, that the Ornithomimidae remained 

generically unchanged. 

I do not believe the above reasons as enumerated by Osborn justify the estab- 
lishment of a new genus. That the genus Ornithomimus does range through from 
Judith River to Lance time now appears to be indicated by a recent comparison 
of the type specimen of Ornithomimus sedens of the Lance formation (consisting 
of the articulated pelvic arch, sacrum, and 12 anterior caudals) with the Belly 
River specimen (Struthiomymus). It fails to disclose differences that could by 
any possibility be construed to be of more than specific importance. In this 
connection it is also of interest to note that 14 specimens of the Ornithomimidae 
from the Triceratops- Torosaurus zone, listed by and apparently available to Osborn 
for comparison, failed to disclose generic characters beyond those quoted above. 

In the light of our present knowledge, therefore, I shall for the present consider 
Struthiomimus to be a synonym of the earlier described Ornithomumus. 

1 Dinosaurs of North America, pp. 204-206, pl. 58, text fig. 49-52, 1896. 

2 Vertebrate Fossils of the Denver Basin, p. 518, 1897. 

3 Textbook on Paleontology, English Translation, vol. 2, p. 230. 

4 Contr. Canadian Paleont., vol. 3, pt. 2, pp. 50-53, pls. 13, 14, ate 15, figs. 1-8, text fig. 11, 1903. 

5 Grundzuge du palicontolocie vol. 2, p. 283, 1911. 
6 Amer. Mus. Nat. Hist., Bull. 35, pp. 738-761, pls. 26, 29, text figs. 3-8, 11-16, 1917. 



OSTEOLOGY OF CARNIVOROUS DINOSAURS. 131 

The family Ornithomimidae may now be characterized as follows: 

Skull relatively small and edentulous. Pelvic elements coalesced; cervical 

ribs coossified to vertebrae, as in birds. 

Generic characters.—Fore limbs slender and elongate, with three digits, pro- 
vided with long, slightly recurved terminal phalanges. Femur shorter ‘ than tibia; 
pes with three digits, with or without vestigal fifth digit; distal caudals having 
an anterior rod-like elongation of the prezygapophyses. 

Below is given a list of the species assigned to the genus Ornithomimus, the 
location of the type, its catalogue number, and the geological formation from 
which the type specimen was obtained: 

Ornithomimus velox Marsh, 1890, Cat. No. 542, 548, Yale University Museum, 
Denver Formation, Upper Cretaceous. 

Ornithomimus tenuis, 1890, Cat. No. 5814, U.S.N.M. Judith River forma- 
tion, Upper Cretaceous. 

Ornithomimus grandis=Deinodon (?) grandis (Marsh), 1890. Type lost. 

Eagle formation, Upper Cretaceous. 
Ornithomimus sedens Marsh, 1892, Cat. No. 4736, U.S.N.M., Lance formation, 

Upper Cretaceous. 
Ornithomimus minutus Marsh. Type lost. Denver (?) formation, Upper 

Cretaceous. 
Ornithomimus altus Lambe, 1902, Cat. No. 930, Ottawa Museum, Belly River 

formation, Upper Cretaceous. 
Ornithomimus affinis, new species, Cat. Nos. 5704, 5684, 5453, 5652, 6108, 

5708, 8456, and 6107, U.S.N.M., Arundel formation, Lower Cretaceous. 

ORNITHOMIMUS SEDENS Marsh, 1892. 

Plate 35, fig. 1. 

Ornithomimus sedens Marsu, O. C., Amer. Journ. Sci., ser. 3, vol. 43, 1892, p. 451: Sixteenth Ann. 

Rept. U.S. Geol. Surv., pt. 1, 1896, p. 205, figs. 49-52.—Hay, O. P., Bull. No. 179, U.S. Geol. 

Surv., 1901, p. 494.—Noprcsa, F. Baron, Féldtani Kézlony, Budapest, vol. 31, 1901, p. 201.— 

Ossorn, H. F., Contrib. toCanadian Paleontology, vol.3, pt. 2, p. 13, 1902.—Mrrritt, G. P., 
Cat. of Vertebrate Fossils, U. S. Nat. Mus., pt. 2, 1907, p. 74.—Bowen, C. F., U. S. Geol. 
Survey, Professional Paper 90—I, p. 184, 1915. 

Type material.—No. 4736, U.S.N.M. Consists of the sacrum and 12 caudals 
in series, 6 chevrons, portions of both ilia and pubes, and both ischia. Collected 
by J. B. Hatcher and A. E. Sullins, 1891. 

Type locality. Alkali Creek, Niobrara County (formerly Converse County), 
Wyoming. 

Horizon.—Lance formation, Upper Cretaceous. 
The description of the type specimen of Ornithomimus sedens by Professor Marsh 

is as follows: 
The present species is based upon the nearly complete pelvis, with various vertebrae, and some 

other parts of the skeleton. The most striking feature of the pelvis is the fact that the ilium, ischium, 
and pubis are firmly coossified with each other, as in recent birds. This character has been observed 
hitherto among dinosaurs only in Ceratosaurus, described by the writer from the Jurassic of Wyoming.? 

1 Not longer, as stated by Marsh in his diagnosis of the genus, p. 240, Dinosaurs of North America. 

2 A mistake; the specimen is from Colorado. 
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[Amer. Journ. Sci., 1884, vol. 27, p. 329]. The present pelvis resembles that of Ceratosaurus in its - 

general features, but there is no foramen in the pubis. 
There are five vertebrae in the sacrum, firmly coossified with each other, as are also the sacral 

spines. The sacral vertebrae are grooved below, with the sides of the centra excavated. The caudals 
have the diplosphenal articulation, and the first caudal bears a chevron. All the bones preserved 
are very delicate, and some of them, at least, are apparently pneumatic. 

The sacrum measures 15 inches in length, and the 12 caudals following occupy a space of 31 inches. 
The known remains indicate a reptile about 8 or 10 feet in length. , 

The known remains of all the above species are from the Ceratops Beds [Lance formation] of 

Wyoming. 

The above description by Marsh constitutes practically all that has been 

written ' regarding this species, and the type specimen is here figured for the first 
time. That Ornithomimus sedens Marsh is closely related to Ornithomimus altus 
Lambe recently described by Osborn? is at once apparent upon the most casual 
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Fic. 67.—SACRUM OF ORNITHOMIMUS SEDENS MARSH. VENTRAL VIEW. TyYPE No. 4736, U.S.N.M. 4 NAT. SIZE. ac, 

ACETABULUM; Il, ILIUM; Is, COALESCED ISCHIA, SHOWN IN OUTLINE; I.p, ISCHIAC PEDUNCLE OF THE ILIUM; O, OPEN- 

ING BETWEEN COOSSIFIED ISCHIA; P, PUBIS; P.p., PUBIC PEDUNCLE OF THE ILIUM; Sj, Se, S3, S4, SACRAL VERTEBRAE 1 TO 4. 

comparison, and, as I have attempted to show, good reasons for their generic 
separation does not exist at this time. 

The sacrum of Ornithomimus sedens is unusually well preserved and is worthy 
of a detailed description, especially since this portion of the beautiful skeleton 
described by Osborn (pl. 35, fig. 2) is somewhat imperfect. 

Sacrum.—The sacral region in Ornithomimus sedens consists of five coossified 
vertebrae, but of these only four are preserved; the presence of a fifth is clearly 
indicated by the roughly rugose articular end of the most anterior vertebra for 
close union with the vertebra which preceded it. In position this missing vertebra 
corresponds to dorsal 13 in the Struthiomimus skeleton as described and figured 
by Osborn in the paper cited above. Thus in Ornithomimus sedens and in Ornith- 
omiumus altus it would appear that only four vertebrae functioned as sacrals. 

1 A terminal phalanx of the fore foot of this species was figured by Marsh (see figs. 49 to 52, p. 265, Dinosaurs of North America) 

but the basis of the identification is unknown to me. 

2 Bull. Amer. Mus. Nat. Hist., vol. 35, pp. 738-761, 1917. 
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Sacral 1 is opposite the anterior (pubic) peduncle of the ilium, while sacral 3 is 
largely posterior to the posterior (ischiac) peduncle of the ilium. The centra of 
sacrals 1, 2, and 3 are relatively broad on their ventral aspects, but their surfaces 
are concave transversely, thus forming a shallow longitudinal groove. This groove 
is only slightly indicated on the last sacral. One of the striking features of the 
genus Ornithomimus and perhaps of the family Ornithomimidae is the presence 
of deep pneumatic cavities on the sides of the centra of sacrals 1, 2, and 3. Such 
cavities are not present in Antrodemus, Ceratosaurus, and Tyrannosaurus, nor are 
they mentioned by Lambe in his description of Gorgosaurus. 

The sacral centra are joined to the ilia by short but stout sacral ribs. These 
ribs do not unite with the centra intervertebrally, but with large buttresses devel- 
oped on the sides close to the anterior ends. This buttress on the second sacral 
exténds posteriorly somewhat back of the center of the centrum, as shown in 
figure 67. The neural spines of the sacrals are all joined along the top; transverse 
thickening alone indicates the point of coalesence of these processes. Between 
sacrals 2 and 3, and 3 and 4 there are vertical apertures, though in old individuals 
doubtless these openings would also have filled across with bone to form a con- 
tinuous plate. Presumably the spinous process of dorsal 13 was also coalesced 
with the others, though all evidence on this point is missing in the present specimen. 
- In the articulated skeleton only the processes of the sacrals posterior to the first 
rise above the superior crests of the ilia, the first being on a level with the superior 
borders of the ilia, which closely lap it on either side. In the genotype of Struthiomi- 
mus the spinous process of sacral 4 is entirely separated from those preceding it, 
thus differing from Ornithomumus sedens, where it is coalesced at the top, though this 
represents a difference of degree rather than an important structural change. Ante- 
roposteriorly the spinous process of sacral 3 measures 100 mm.; sacral 4 measures 
65 mm.; while the spine of the first caudal measures only 38 mm. in this dimension. 

The length of the four sacral centra is 305 mm., divided as follows: First, 71mm. ; 
second, 71 mm.; third, 79 mm.; and fourth, 84 mm. 

Caudal vertebrae.—In sequence with the sacrals are the first twelve vertebrae of 
the caudal series. Their principal measurements are given in the accompanying 

table: 
Measurements in millimeters of the caudal vertebrae of Ornithomimus sedens. 

3 Length of | Width pos- | Height over Height of eee an Length of 
No.inseries.| Gontrum. | terior end. all. spine above) teareyel chevrons. 

1 71 46 160 94 150 155 
2 66 Al 144 82 nT fe | ates ee rer ke 
3 62 38 126 68 126 130 
4 61 36 119 62 122 121 
5 58 34 110 59 ALTING} 2 se | eee eae a 
6 57 33 102 54 114 108 
7 55 30 95 49 110 97 
8 56 29 88 45 NOG termes «oe oee os 
9 56 29 82 38 LQ 2p eremr react ee 

10 58 29 74 35 TCG) seat 1 U8 Sears 
11 58 30 68 SAS HS Pests Pin aut eee it Pe ap 
12 58 32 61 PH Na SSCS teas anak NO 

144035°—20—-10 
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Proceeding posteriorly the spinous processes of the caudals suffer a very rapid 
reduction in their height (pl. 35, fig. 1), the twelfth being about one-fourth the height 
of the first. Both the anterior and posterior borders of these processes are vertically 
grooved, the bottoms of the grooves being roughened for the attachment of ligaments 
(figs. 68 and 69). The tops of all of the processes are squarely truncated , and without 

transverse thickening ex- 
cept on the front and pos- 
terior margins, the medi- 
an portion presenting an 
acutely edged border, es- 
pecially pronounced in 
this respect, posterior to 
the eighth. , 

The transverse proc- 
esses are especially broad 
anteroposteriorly and 
placed well down on the 
sides of the neural arch. 
The first of the series are 
slightly elevated above 
the horizontal, but pro- 

FiG. 68.—FIRST CAUDAL VERTEBRA OF ORNITHOMIMUS SEDENS MARSH. TPE, No.4736 Ceedin g backward they 
U.S.N.M. 4 NAT. SIZE. A, VIEWED FROM THE RIGHT SIDE; B, VIEWED FROM THE eradually assume a hori- 

ANTERIOR END; d, DIAPOPHYSIS; 8S, NEURAL SPINE; su, SUTURE BETWEEN CENTRUM y 
AND SPINOUS PROCESS; z, ANTERIOR ZYGAPOPHYSIS; 2’, POSTERIOR ZYGAPOPHYSIS. zontal, and finally in the 

most posterior ones are 

depressed below the horizontal. Marsh has pointed out the diplosphenal 
articulation of the caudal vertebrae and also that the first caudal bears a 
chevron, the longest of the series, as in Ornithomimus altus. Osborn! describes 
the chevron of the latter as ‘‘elongate and rod-like.” The close resemblance 

Fic. 69.—CAUDAL VERTEBRAE 10, 11, AND 12 OF ORNITHOMIMUS SEDENS MARSH. TyPE, NO. 4736, U.S.N.M. 4 NAT. SIZE. A, 

VIEWED FROM THE RIGHT SIDE; B, TENTH CAUDAL VERTEBRA VIEWED FROM FRONT; d, DIAPOPHYSIS; $, NEURAL SPINE; 2, 

ANTERIOR ZYGAPOPHYSIS; 2’, POSTERIOR ZYGAPOPHYSIS. 10, 11, 12, CAUDALS 10, 11, and 12, RESPECTIVELY. 

of this chevron to the first of O. sedens would indicate the above de- 
scription not to be altogether accurate. None are especially elongate and cer- 
tainly none are ‘rod-like,’ all being flattened transversely, and cimeter-like 

in their general outline. The first, third, fourth, part of fifth, sixth, and 

Bull, Amer, Mus. Nat. Hist., vol. 35, 1917, p. 748. 
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seventh chevrons are present (pl. 35, fig. 1). The articular end bridges across the 
haemal arch in all those preserved. 

Pelws.—The pelvic bones are firmly coossified with each other, as in Ceratosau- 
rus nasicornis Marsh from the Morrison beds—a condition that also prevails in the 
Belly River Ormithomimus altus. 

The postacetabular portion is especially thin, elongated, and terminates in an 
abruptly truncated end which is without thickening of the border. On the internal 
side there is the usual shelf of bone that extends inward and backward from the 

ischiac peduncle (fig. 67) to join with the sacral ribs of sacrals 3 and 4. 
Viewed from above the articulated ilia lap closely along either side of the 

spinous processes of sacrals 1 and part way on that of sacral 2, at which point they 
begin to diverge until their upper posterior borders are 110 mm. distant from one 
another. The postacetabular portion of the ilium at the end is 115 mm. deep. 
The bone as preserved in this specimen has a greatest itength of 420mm. It is esti- 
mated that the total length would be about 520 mm. The preacetabular portion 
has a greatest vertical width at broken end of 150 mm. The acetabulum measures 

97 mm. antero-posteriorly and 81 mm. dorsoventrially. 
Pubes.—The head of the right pubis is firmly coossified with the ilium and 

ischium and is all that remains of this pair of bones. This head has a greatest 
width of 125 mm., subdivided as follows: 82 mm. represents the part joining the 
public peduncle, while 43 mm. represents its contribution to the boundary of the 
acetabulum. Viewed laterally the pubic peduncle and pubis form a much wider 
plate at their junction than in Ornithomimus altus as figured by Osborn, but I 
am inclined to think that this portion is missing in the restored skeleton, as 
suggested by the missing centra that pass back of this region, and which are indi- 
cated by dotted lines only. Compare figure 1, plate 35, with Osborn’s figures of 
the restored skeleton of Struthiomimus altus. 

Ischia.—Both ischia are present, and, with the exception of a small portion 
missing from their distal ends, are perfectly preserved. The proximal ends have 
the usually Y-shaped expansion with articular faces that articulate with the illum 
and pubis (fig 67, is.). In the articulated pelvis the ischia extend downward and 
inward to meet on the median line throughout the greater part of their length. 
This union on the upper two-thirds by their inner edges is on the lower third made 
very strong by the great anteroposterior expansion of their distal ends, which are 
closely applied on the median line. A short aperture (0, fig. 67) passes between 
the bones immediately above the expanded distal ends. 

ORNITHOMIMUS TENUIS Marsh, 1890. 

Ornithomimus tenwis MarsH, Amer. Journ. Sci., ser. 3, vol. 39, p. 85, 1890.—Hay, O. P., U. S. 

Geol. Surv. Bull. 179, p. 494, 1901.—Ossorn, H. F., Contributions to Canadian Paleontology, 

vol. 3, pt. 3, p. 13, 1901.—Harcuer, J. B., Science, new. ser., vol. 16, No. 412, p. 831, 1902; 

U.S. Geol. Surv. Bull. 257, p. 87, 1905.—Bowen, C. F., U. S. Geol. Surv., Professional Paper 

90-I, p. 132, 1915. ; 

Struthiomimus tenuis OsBorn, H. F., Amer. Mus. Nat. Hist. Bull., vol. 35, pp. 740, 741, 1917. 

Type.—No. 5814, U.S.N.M., consists of the distal half of metatarsal III, of 

the left foot. Collected by J. B. Hatcher, 1888. 
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Locality.'—Near foot of the bluffs on the south banks of the Missouri River, 
opposite Cow Island, Montana. 

Horizon.—Judith River formation,? Upper Cretaceous. 
The original description is as follows: 

One of these, which may be called Ornithomimus tenuis, was about twice the bulk of the present 
form [O. velox]. The third metatarsal was much more compressed transversely, both in the shaft and 
distal end. The bone was also much more slender medially than in the above species. The transverse 
diameter of this metatarsal at its distal end was 30 mm., and the anteroposterior diameter 35 mm. 

The above quotation gives prac- 
tically all that had been written of 
this specimen, although it has been 
in the United States National Museum 
since-the transfer of the Government 
collection from New Haven in 1899. 
Until recently it was unrecognized as 
being the type of this species. It 
was not distinctively marked, but 
that it does represent the specimen 
on which Professor Marsh established 
Ornithomimus tenuis appears to be 
indicated: First, by the exact agree- 
ment with the measurements given 
by Marsh of the distal end; second, 
it agrees with the brief description, 
especially as to the great transverse 
compression of the shaft; third, it was 
marked as being metatarsal III. In- 
quiry discloses that the type specimen 
is not in the Yale University collec- 
tions, and it is the only specimen in 
the United States National Museum 
collections that comes anywhere near 
filling all requirements. It would 

Fic. 70.—DIsTAL HALF OF METATARSAL III, ORNITHOMIMUS TENUIS cee therefore, that there can be 
MARSH, LEFT PES. TyPE, No. 5814, U.S.N.M.;4, vieweprrom little doubt that this is the original 
BACK; B, VIEWED FROM LEFT SIDE; C, VIEWED FROM THE FRONT. D = < 

D, VIEWED FROM DISTAL END; ALL FIGURES } NATURAL SIZE. S]UGIG Eankein) which Marsh had before him 

when describing the above species. 
The chief features of the specimen are clearly shown in figure 70, where the 

type specimen is illustrated for the first time. 

1 This is the precise location given by Hatcher (Science, vol. 16, p, 831, 1902), but with the specimen there was a label that 

contained the following information: ‘‘ Birch Creek, Montana, J. B. Hatcher, July 3, 1818 (1975) Box 5.”’ This label also had 

written on it the same accession and box number as was painted on the type specimen, and this led me to believeit was written 

for this particular specimen, and I so wrote Professor Osborn prior to the appearance of his bulletin on Struthiomimus, Ornitho- 

lestes, and Tyrannosaurus. 

2 Hatcher estimates the geological position of this specimen to be as follows (see Osborn, H. F., Science, vol: 16, p. 675, 

1902): ‘From 1,500 to 1,600 feet below the summit of the Judith River beds and 500 to 600 feet below the level of Marsh’s 

type of Ceratops montanus.’’ 
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In size the type of Ornithomimus tenuis is intermediate between O. velox Marsh 
and O. altus Lambe. Resembling the latter more nearly in the more sudden con- 
traction of the median portion of the shaft, but except for its very much smaller 
size (being one-third smaller), this bone resembles the corresponding element in 
Gorgosaurus more closely than it does any of the Ornithomimus metatarsals which 
have been figured or with which it has been compared. When viewed from the 
front the shaft is seen to have very little expansion toward the outer side, and the 
presence of a decided transverse excavation just above the distal articulating sur- 
face on the front are both features in which it differs from Ornithomimus and Stru- 
thiomimus and in which it resembles Gorgosaurus. 

IT am of the opinion that there is reason for considerable doubt to be cast on 
the present generic assignment, and that eventually it will be found to pertain to 
some other Upper Cretaceous theropod genus. 

ORNITHOMIMUS AFFINIS, new species. 

Allosaurus medius Marsu (part), Amer. Journ. Sci., ser. 3, vol. 35, 1888, p. 93. 

Dryosaurus grandis Lutz, Md. Geol. Surv., Lower Cretaceous, 1911, pp. 204-206, pl. 19. figs. 6, 7; 
pl. 20, figs. 1-4. 

Cotypes.—No. 5704, U.S.N.M., distal extremity of metatarsal II, right foot; 
Cat. No. 5684, U.S.N.M., distal extremity of metatarsal III, right foot; Cat. No. 
5453, U.S.N.M., and 6108, proximal phalanges, digit II, both pertain to left feet; 
Cat. No. 5703, U.S.N.M., second phalanx, digit III, right foot; Cat. No. 8456, 
U.S.N.M., second phalanx, digitIV, left foot; 6107, U.S.N.M., ungual ee right 
hind foo, astragalus, No. 5652, U.S.N.M. 

Type localities.—All of the cotypes, excepting No. 8456, U.S. N. M., collected 
near Muirkirk, Prince Georges County, Maryland, by J. B, Paneer in 1888. The 
latter from Contee, Maryland, was collected by Arthur Bibbins. 

Horizon.—Arundel formation, Lower Cretaceous. 
In 1888 Marsh established the species Allosaurus medius on a number of sep- 

arate bones, all of which, excepting a tooth, were subsequently referred by Lull to 
the genus Dryosaurus. 

I now propose to remove all of the material mentioned by Lull, in his original 
description of Dryosaurus grandis to the genus Ornithomimus, These to become the 
cotypes of the new species Ornithomimus affinis. 

I have compared these cotypes with the homologous elements of the Ornith- 
omimus skeleton, and with other Ornithomimid specimens in the American Museum 
of Natural History from the Edmonton and Belly River formations, and find such 
close resemblances as to leave no doubt of their generic identity. Mr. Barnum 
Brown examined the typical specimens, and he concurs in my determination that 
they represent an Ornithomimid dinosaur. 

The recognition of an Ornithomimid dinosaur in the Arundel fauna of Mary- 
land comes naturally as a surprise, for prior to this time remains of the Ornitho- 
mimidae have only been found in the Judith River, Belly River, Edmonton, Denver 
and Lance formations of the Rocky Mountain region, all Upper Cretaceous, while 

the Arundel has, on the best authority, been considered Lower Cretaceous in age. 
This discovery, therefore, greatly extends the known geographical and geological 
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range of this dinosaurian family. It also raises a serious question as to the correct- 
ness of the accepted conclusions that the Arundel fauna is to be correlated with that 
of the Morrison; but that question is beyond the scope of the present study and 
will be treated elsewhere. — 

In describing these bones Lull has contrasted them with the hind feet of Dryo- 
saurus altus Marsh and Laosaurus consors Marsh, especially the former, and the 
differences pointed out are invariably those which exist between Ornithopod and 
Theropod hind feet, as clearly shown by a comparison with a foot of Camptosaurus 
dispar Marsh (No. 5473, U.S.N.M.) and with a foot of Antrodemus valens Leidy 

(No. 8423, U.S.N.M.), which are now before me. | 

The left astragalus when viewed from below is somewhat hourglass shaped, 

narrowing toward the calcaneal facet. That it pertains to a member of the 
Theropoda is clearly shown by the presence of 

a b an ascending process and its narrowness fore and 
aft as compared with its width. The ascending 
process as preserved does not show its full extent, © 
having been much worn down by abrasion. Lull . 
gives the following dimensions of this bone: 

mm. 

Transverse diameter: 25:4. )s sachsen eae toes 78 

Greatest fore and aft diameter.......................---..-- 50 

east lone andvattydirame ter. eee area aa 26 

Height)! 70020 Jae A pl tae ee ee ee 56 

i Metatarsal II, No. 5704, U.S.N.M., pertains to 
ae NeW cones Gown to oma, the right foot, and consists only of the distal artic- 
END OF RIGHT METATARSAL III, No. 5684, ular end, as shown in figure 726. I have compared 
U.S.N.M., VIEWED FROM FRONT. (0) DiIs- -: . : 
TAL END OF RIGHT METATARSAL II, No. 5704, 1 (as well as all the other cotypes of Ornithomimus 
U.S.N.M. VIEWED FRoM FRonT. Boma affinis) with the same bone in the Ornithomimus 
SE ORE alee altus foot No. 5339, A. M. N. History, and, except 

for being slightly heavier, is identical in all other respects. ‘‘The greater roundness 
of the articular face, lesser prominence of the other outer keel,’’ and the more pro- 
nounced depressions upon the lateral faces of this metatarsal, as pointed out by 
Lull in comparing it with D. altus, are all Theropod characteristics as mentioned 
above. Its principal dimensions are as follows: 

mm 

Width’ of articular extremly: /2 5 2/./.(02, perp eases ele tes ate ao een eee ea 33 

Diameter,. antero-posteriorly.\s Y55 ee Rea er rc a a Ee et SASe Oa 

Greatest length’ of bomeias preserved tok2 5: yeas el ae tee 2S ee ee eee 54 

Width.of shaft‘aboye/anticulan ends J. Veep eee sepsis, SS aes ats oo ar ae a ee eee 29 

Metatarsal III, No. 5684, U.S.N.M., also pertaining to the right foot, consists 
of the complete distal articular end and a considerable portion of the lower third 
of the shaft as shown in figure 72. Since Lull figured this bone ' the working up 
of the fragments has more than doubled its original length. 

It is identical in shape but slightly smaller in size than metatarsal III of the 
Ornithomimus foot, with the exception that the transverse depression on the ante- 

1 Maryland Geol. Sury., Lower Cretaceous, 1911, pl. 19, figure 7, right, here shown as figure 73 A. 



OSTEOLOGY OF CARNIVOROUS DINOSAURS. 139 

rior face above the articular end is more pronounced. Lull observes: ‘It in turn 
differs from that of ‘D. altus’ in having no median fore and aft depression over its 
articular face except a very slight one in front,’’ 
which is exactly the difference to be observed 
between the Camptosaurus and Antrodemus meta- 
tarsals. Furthermore, the articular face does not 

extend as high up on the posterior as on the anterior 
side—another Theropod characteristic—whereas in 
Camptosaurus Trachodon, Thescelosaurus, and pre- 
sumably also in Dryosaurus the two aspects are 
about subequal. 

The principal measurements of metacarpal ITI 
are as follows: 

mm. 

Wadthyoftarticulartextremity.. see seecsss-2--- 22 -=-5 43 

Diameter, antero posteriorly........-----..------....:- 35.5 

Width of shaft 75 mm. above end.....-.----------- en 29 
Greatest length of bone as preserved........--.----.---- 139.5 

The proximal phalanx of digit II‘ is represented 
by two bones, one slightly smaller than the other. 
The larger of these, No. 5453, U.S.N.M., is prac- 
tically the same size as the proximal phalanx of ,. .. pier meratansar IIT oF ORNITHO- 
digit II in the foot of Ornithomamus altus, which it mus AFFINIS, NEW SPECIES. CoTyPE. No. 

closelyresembles in all details. Bothof these bones, 2% VSAM. > Le aay ie 
Nos. 5453 and 6108, pertain to left feet. Theformer ss. Sams sown as 4, me. 71, sHowiNG 

Guiustctecein twovaspects am gure 73.) heir oe ee 
ei i DRAWING WAS MADE. 

principal dimensions are as follows: 

US U.S.N 

mm. mm. 

Length, taken at center......- 82 79 
Width of proximal end.-.-..... 34 32 
Width of distal end.........- Sie ie SA 
Least transverse diameter of 

(SOG HARING ase sei eRee te tala ena aa 21 20 

No. 5453, U.S.N.M., is one of the 
cotypes of Allosaurus medius (fig. 73). 

The second phalanx (No. 5703, 

J  U.S.N.M.) of digit III of the right hind 

FIG. 73.—PROXIMAL PHALANX OF DiGit, I, LEFT, OF ORNITH- foot is shown in figure 74. This bone was 
OMIMUS AFFINIS. CoTypE. No. 5453, U.S.N.M. (aq) incorrectly identified by Lull as the 

san (ArreR LiL) ee proximal phalanxtof diet INE Tt is 
slightly longer than the second phalanx 

of Ornithomvmus No. 5339, A. M. N. H. but otherwise resembles it in all partic- 
ulars. This bone is to be distinguished at once from the proximal phalanx of digit III 

1 Not digit IV as identified by Lull, in Maryland Report, p. 206. 
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by the decidedly deeper and more curved dorso-ventral concavity of the proximal 
end, whether it is compared with Camptosaurus or Antrodemus. From the Orni- 

- thopod foot it is further distinguished by the absence of 
a deep median groove on the distal end and the presence 
of well-defined lateral pits, as in Antrodemus and Ornitho- 
mimus and probably all other Theropod foot bones. In 
all Ornithopod feet these pits on the phalanges are either 
illy defined or wanting. Its dimensions are as follows: 

mm. 

lensth;, taken‘at: the centers 59s=- ck eee eee ee eee eee 69 
Width of proximal end .........-----.- SS 8 os 5 See Se 32 

Wadth ‘of distalemd:? se e22 2 Gat ees eS eee ee a ee Se Pal 

wy) ! Least transverse diameter of shaft..................-- 535) Ate ps 19 

Fig. 74,—SECOND PHALANX DIGI? I, The second phalanx, No. 8456, U.S.N.M., of digit IV 
RIGHT, OF ORNITHOMIMUS AFFINIS, o D s = NEW spromss. Corves No. 5703, Nght hind foot is shown in figure 75. It has the usual 
U.S.N.M. (A) ANTERIOR view, proximal ridge and distal groove, the deep lateral pits near 
sus. the distal end which clearly indicates the Theropod affini- 

ties of this bone. 
This bone has a greatest length over all of 38 mm.; greatest width of proximal 

end of 24 mm.; greatest width of distal end of 24 mm. 
The ungual, No. 6107, U.S.N.M. (fig. 76), Lull describes as follows: 

The ungual, which is here referred to this species [Dryosaurus grandis] is compressed, triangular in 
section, the upper face bearing a rather sharp ridge, which separates it from those of Laosaurus consors 

those of Dryosaurus altus beg unknown. It has a gentle curve with the characteristic slightly hollowed 

under surface of Laosaurus and the smaller Camptosaurus species. 

Dimensions. 
mm. 

Tremethy io). 502 hee TER he seep at ati SP fy a J eg 59. 5 

Height. 2c 2 3 SR 2 SNE A eee Gael foe 26.0 
Widths oe ok cok OI 8 US Re es eae Leena rl 2s OS eat 17.0 

That this ungual phalanx pertains to a member of the Theropoda is at once 
indicated by its compressed shape, for among the dinosauria all 

of the herbivorous forms, with the exception of the Sauropoda, 
such as Laosaurus, Camptosaurus, Hypsilophodon, Thescelosaurus, 
Trachodon, Corthyosaurus, Iguanodon, Scelodosaurus Stegosaurus, 

Triceratops, etc., have depressed unguals. 
This bone is the same size as the ungual of- digit I of the 

Ormithomimus foot, but I do not feel certain that it pertains to 5... 75 suconp puatanx 
that digit. With the exception of being narrower transversely _ vicrr IV, ricu7 or ORNE 
at the proximal end, it agrees closely in all other particulars. Fenced SCeee ee 

In addition to the type material enumerated above there 8456, U.S.N.M. ANTERIOR 
are two caudal vertebrae in the collection (Nos. 5701 and 6116, Je tury 
U.S.N.M.) which are referred to this species, as is also the distal 

end of a proximal phalanx No. 6115, U.S.N.M. These vertebrae are referred by 
Lull to Allosaurus medius Marsh, but their close resemblance to the caudals of 

Ornithomimus appears to indicate their Ornithomimid affinities. One of these is 
illustrated in figure 77. 
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These caudals were compared with Ornithomimid vertebrae in the American 

Museum of Natural History, and so far as as comparison is possible, because of their 

incomplete preservation, they showed a very close resemblance in all essential 

features, especially in the prolongation of the anterior zygapophyses, the flattened 

ventral aspect, and in the much enlarged proximal end as contrasted with the 

smaller distal extremity. The centrum of No. 5701 has a 

greatest length of 68.7 mm.; No. 6116, a length of 67.5 mm- 

Judging from the size of some of the foot bones in- 

dividuals of Ornithomimus affinis must have attained a size 

slightly in excess of the skeleton of Ornithommus altus 

shown in plate 35, figure 2. 
A single centrum, No. 8454, U.S.N.M. (fig. 78), was 

provisionally referred by Lull to Priconodon, but after 5,4 1 uneuan PHALANX RIGHT 

comparing it with the type of Ornithomimus sedens Marsh, Foor or Ornmrnomrmus ar- 
38 : ° s FINIS, NEW SPECIES. COTYPE, 

I now provisionally refer it to the genus Ornithomimus xo. 6107, U.S.N.M. ANTERIOR 

and tentatively to O. affinis. Lull’s original description and — anv tarerat views, } Nat. size. 
. 5 . . ‘ A ik; 3 

discussion of this bone is as follows: Sunn aie 
From the Arundel blue charcoal clay of Contee, Maryland, comes specimen No. 3101 [8454 U.S.N.M.] 

of the Goucher College collection, the centrum of a dorsal vertebra, unlike anything else in the 

entire mass of Arundel material. It represents a young animal, since the neural arch had not yet coos- 

sified with the centrum. The centrum is opisthocoelous, the anterior articular face being plane; the 
posterior a moderately deep concavity. The bone tapers decidedly, as the anterior face is less than 

four-fifths of the transverse diameter of the posterior. The sides are decidedly concave and meet in a 

slight keel-like angle inferiorly. The neural canal is extremely narrow, especially at a point just in 

front of the mid-length of the centrum. There are several tiny irreg- 

ularly placed foramina, which enter the centrum from the bottom of 
the canal, the two anterior ones being separated by a slight ridge. 

The irregular ridges on the articular face for the pedicels of the neural 

arch are approximately parallel, only radiating at the anterior end of 

the centrum. The bone appears to be solid, of fine cancellous char- 

acter, with no trace of lateral depressions, such as one finds in Pleu- 

rocoelus. This vertebra, which evidently came from the mid-dorsal 

region, compares very closely with a vertebra of Stegosaurus ungula- 

tus (cotype No. 1858, Yale Museum), except for size. The two ver- 
tebrae differ in the much less relative depth of the posterior con- 

cavity in Stegosaurus, and in the fact that the anterior and pos- 

terior concavity in Stegosaurus, and in the fact that the anterior 
Fic. 77.—DISTAL CAUDAL VERTEBRA OF s ; 5 

ORNITHOMIMUS AFFINIS, NEw species. 20d posterior faces are the same diameter in Stegosaurus; but there 

No. 5701, U.S.N.M.(A) suprrior view is a similar, though not quite so marked, tapering of the pedicel 
SLIGHTLY RESTORED; (B), LATERAL facets. The groove of the neural canal is wider in Stegosaurus, and 

view. BOTH FIGURES 3 NAT. SIZE. seems to lack the constriction; but it is quite probable that the neural 
THE RESTORATION OF THE ZYGAPOPH- 5 5 a a : _ 

ery AietReEN canal widened perceptibly vertically before narrowing again in the 
neural arch of Priconodon. ‘There is no trace of a keel-like ridge on 

the lower side of the centrum of Stegosaurus, though the curve of the section is sharper here than on 

the sides. In neither case is there a trace of the capitular rib facet on the centrum, which in Stegosau- 
rus is high on the greatly elevated neural arch. 

In Plate 17 of the forthcoming monograph of the Stegosauria this bone is figured, together with a lon- 

gitudinal section, showing its extremely dense cancellous tissue comparable to that of the centrum under- 

discussion. From this comparison it seems reasonably sure that we have here the centrum of a stegosau- 
rian dinosaur which will be provisionally referred to Priconodon. Whether it may be referred to P. crassus 

or not is an open question, for the vertebra is much smaller than that of the adult Stegosaurus ungulatus, 
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while, on the other hand, the teeth of Priconodon are much larger than those. of the stegosaur. Leidy ~ 

says, however, that ‘“we observe no necessary relation to the length of animals in proportion with the size 
of their teeth.” 

The dimensions of the centrum are as follows: mm: 
Tenet heres ed a Sp I UE ESR Se Win cl nO NEC ete: meee OM) 

Depth’ of anterior face !a2s se. IS 2 ep PNR AL SL RN RE UES, MAA oer cpap pe te 49.0 

Depth of posterior faces ).5:) aes eee ees ee pbs pod Sey bose hed epegia le ay ed 60. 0 

Width of anterior face... -... as alas ASE een Bere aS ON Fie een cro Sree aoe Eb sei SE 37.3 
Width of posterior face............. Path pbc hert ae iia hye) fag blag te OE Ae OA ole a ee ee a 49.5 
Depth*ol posteriorrconcawity 2s - sae ae neces oe ieee eet 1 ee TRS e eee 9.5 

east width oiarch facet (ant))ao-. seas nee ee eee ee REO NLS Mui oe eta 17.0 

Greatest width oh arch facet (P08 LIEN MCs er eeey Ca PAM Vea me ssn eee om ees wel sehen a 33. 2 
* * * * * ae * 

The vertebra is nearest to Stegosaurus, but the equivalent vertebra of Paloeoscincus is unknown, . 
and the association of vertebrae and teeth is in each case conjectural. 

_ The tapering centrum with flattened articular end, with a surface, although 
badly worn, highly suggestive of sutural roughening, 
apparently indicates it. to belong either to the sacrum 
or in contact with it. Certainly it does not belong to 
‘the mid-dorsal region as determined by Lull. 

a Compared with the sacral centra of Ormthomimus 
sedens, figure 67 suggests it to belong to the vertebra 
immediately preceding sacral 1 of that specimen, for 
the reason that sacral 1 has a flattened, rugose, anterior 

articular end, and from the fact that the present 
centrum can be readily distinguished from the other 

7 centra of this ‘sacral series. Unfortunately, the cen- 
trum preceding the first sacral in the type of O. sedens 
is missing, as it is also in the Ornithomimus skeleton 

« {Mpl35, fies 2) in the American Museum of Natural 

FiG.78-_VERTEBRAL cenTRuM. ‘of Orn.’ Lustory,so:that a-direct comparison can not be made 
THOMIMUS? AFFINIS. No. 8454, U.S.N.M. gt this’ time. 

EE LU) * Compared’ with the posterior dorsal vertebra of 
. Ormthomimus altus, figured by Lambe’ (fig. 1, pl. 13, 

Contrib. to Canadian Paleontology, vol. 3, pt. 2, 1902), such general resemblances 
were found in the outlines of the centra as to apparently show the correctness of the 
present provisional pr emeak of this specimen to the genus Ormithomamus. 

ORNITHOMIMUS MINUTUS Marsh, 1892. 

Ornithomimus minutus Marsu; Amer: Journ. Sci-, ser 3, vol. 43, 1892, p. 452; Sixteenth ann. Rept. 

U: S. Geol. Survey,’ 1896, pt. 1, p. 206.—Hay, Bull. 179, U. S. Geol. Survey, 1901, p. 494.-- 

Norcsa, F. Baron, Foldtani Kozlony, Budapest, vol. 31, 1901, p. 201.—OsxBorn, H. F., Contrib. 

to Canadian Paleontology, vol. '3, pt. 2; 1: 12, 1902. SpowEN, C.F. , U.S. Geol. Sumer, Prof. 

Paper 90-I, p. 134, 1915. 

Type.—Various portions of metatarsals II, III, and IV now appear to be lost. 
Type locality—Denver Basin, Colorado. 
Horvzon.—Denver (?), Upper Cretaceous. » 
The oiginal description is as follows: 

In the same horizon occur the remains of a very minute species, which agrees in all its characters, 

so far as determined, with the members of this genus. The most characteristic portions secured are the 
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metatarsal bones, and these show the same features exhibited in the type species of the genus O. velox. 

They are, however, so much smaller as to suggest that they may pertain toa bird. Various portions of 

the second, third, and fourth metatarsals are known, and the distinctive feature is seen in the third 

which has the upper part of the shaft so attenuated that it may not reach to the tarsus. The second and 
fourth metatarsals are very long and slender. This unique animal was about the size of the common 

fowl. The species has been called Ornithomimus minutus. 

The type of this species appears now to be lost. In reply to my inquiry if 
the type specimen was not in the Yale University Museum, Dr. R. S. Lull, under 
date of February 7, 1908, wrote me as follows. 

The type of Ornithomimus minutus is apparently in Washington. It evidently belonged to a lot 

of material bearing the diamond number received at this museum in 1887.! Other than that 

we have no record of it whatever. 

In my search of the paleontological collections of the United States National 
Museum for the missing type I found a small box, containing a glass vial in which 
were portions of three small foot bones. On the top of the box was the following 
information, apparently in Marsh’s handwriting: “Ornithomi- 
mus minutus Metatarsal (new) (Bird or Ornithomimus), P. 

Qu. August 1-16, 1889-D. 2050.”’ In all of the collection 
these were the only specimens found which could possibly 
represent the species Ornithomimus minutus. These bones, 
however, do not agree with the brief description given of the 
type by Marsh. He mentions having parts of metatarsals II, 
III, and IV, whereas there was only a considerable portion 
of one of the Jateral metatarsals (fig. 79), and the distal 

portions of two phalangials found in this lot. There are a 
number of significant things in this connection, however; Mya Rabat been tel 
the word (‘new’) and above it printed on the box with a Mars. No. 2909, U.S.N.M. 

pen and probably at another time, the name “Ornithomimus “*™™*"S7® 
minutus’ indicating that the Lammas were once recognized as representing a new 

form, and that later it was referred to by name. ap. Qu.” was Marsh’s abbre- 
viation for Peterson’s Quarry, and from the records we know that it was one of 

the places where Cretaceous mammal teeth were found in the Lance formation, 
in Niobrara County, Wyoming. The very fact that drawings were made of these 
bones would indicate that Marsh regarded them of considerable importance. 

While it does not appear possible that these specimens represent the type of 
the species, I have gone into this matter in considerable detail, in order to place 
on record all of the information and its possibilities. 

For the present this species must rest on the brief description cited above, 
and specimen No. 2909, U.S.N.M., here figured and which was identified by Pro- 
fessor Marsh as pertaining to this sree. 

The metatarsal of 2909, U.S.N.M., lacks the proximal aud but otherwise it is 
perfectly preserved, as shown in fore 79. It appears to represent the second 
metatarsal of the left pes, though of this I can not be absolutely certain. That it 
is one of the lateral elements of the foot is elearly indicated by the decided deflec- 

1 Records in the United States National Museum show that fossil specimens bearing the accession number were 

r:e2ived at the Yale Museum during February, March, and April of the year 1887, all from the Cretaceous of Colorado. 
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tion of the distal portion. ‘This distal end is slightly grooved—a feature that is 
not found in the other species of the genus. The bone is hollow and with thin 
walls. The inner side is flattened all along the shaft for contact with metatarsal 
Ill. It measures 32 mm. in length; a greatest transverse diameter of the distal 
end of 5 mm., and a greatest fore and aft diameter of 4 mm. 

The phalangials consist of the distal halves only. Their slightly expanded 
articular ends are grooved, the grooves and the rounded articular ridges on either 
side extending far up on the back of the bone. There are pronounced lateral pits 
on the sides, as in the larger species of the genus. 

“CARNIVOROUS DINOSAURIAN” Cope. 

Carnivorous Dinosaurian Corn, EH. D., Rept. U. 8S. Geol. Surv. W. 100th Merid., vol. 4, pt. 2, p- 

28, 1877, pl. 22, fig. 15. Noman G. P., Bull. No. 53, pt. 2, U. S. National iMtngrenann. 1907, 

p. 65. 

Specimen.—No. 2592, U.S.N.M. Consists of a wstingls tooth. 
Locality. —Gallinas Creek, New Mexico. 
Horvzon.—Triassic. 

The above specimen Cope regarded as the tooth of a Theropod dinosaur of 
“the general character of Laelaps’”’; does not pertain to the dinosauria, at all, 
but to the Crocodylia to the family Phytosauridae. 

OBSERVATIONS ON THE PROGRESSIVE STRUCTURAL MODIFICATIONS OF THE 
THEROPOD SKELETON. 

In the course of this detailed study and comparison of the Antrodemus and 
Ceratosaurus skeletons with Theropod specimens from other geological formations, 
certain modifications were observed which appear to me to represent some of the 
progressive structural changes that the Theropod skeleton has undergone during 
successive geological aaredle, 

Geologically the Theropoda have the greatest range of all the Chosen and 
should therefore furnish the most complete story of their development and speciali- 
zation, but unfortunately many of the described genera and species have been 
founded on such scanty materials that our knowledge of the complete structure 
is too inadequate on which to make deductions or draw conclusions. 

The work of recent years, however, is gradually correcting this condition 
through the recovery of more perfect skeletons, and it may be predicted with some 
degree of assurance that before many decades have passed our knowledge of the 
structural changes in the Theropod dinosaur skeleton will enable a paleontologist 
to determine from the stage of development its proper position in the geological 
column although this knowledge will probably never reach the degree of refinement 
attained in the mammalian structures, . 

Osborn! was the first among American paleontologists to call attention to some 
of the progressive changes in the development of the Theropod skull. The more 
important of these, relating especially to members of the Megalosauridae, may be 

summarized as follows: 

1Osborn, Henry F. Mem. Amer. Mus. Nat. Hist., vol. 1, pt. 1, 1912, p.29. 
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1. Known change of slender, openly constructed skull of earlier forms to shortened: 
reduced fenestration with correspondingly expanded bony structures, which reaches 
its culmination in the Upper Cretaceous Tyrannosaurus. 

2. Numerical reduction of the premaxillo-maxillary dental series. 
3. A reduction in size of the prefrontals. 
To these may now be added: 
4. A change from the lengthened movably articulated quadrate in the Triassic 

and Jurassic Theropods to the much shortened and fixed quadrate of the Upper 
Cretaceous forms. 

The specialization of the fore limb and foot in the carnivorous dinosauria during 

successive geological periods now appears to be (1) a relative diminution in the size 

of the entire fore limb; (2) a reduction of the number of digits; (3) the elongation of 

the penultimate phalanges; (4) lengthening of the scapula. 
Beginning with the Triassic Theropods all are found to possess the full comple- 

ment of five digits, though the fifth, as in Anchisaurus and the European Plateosaurus 

is usually reduced. In the Jurassic we find in Ornitholestes that the fifth digit has 
entirely disappeared and the fourth is represented by a vestigal metacarpal. An- 
trodemus has gone still farther, and apparently the fourth has entirely disappeared, 
with a considerable reduction of the third, and approximately the same condition 
obtains in the hand of Compsognathus from the Upper Jurassic of Bavaria. Cera- 
tosaurus is exceptional in having four digits, with both the first and fourth digits 
undergoing reduction. In the Upper Cretaceous we have in Gorgosaurus from the 
Belly River formation a still further reduction, there being only two functional 
digits, the third being represented by the vestigal metacarpal. The hand of Tyran- 
nosaurus from the Lance is not yet known, but it appears quite probable that it will 
be found to be functionally didactyle. 

In the hind feet we find that the Triassic carnivores all have five digits, the first 
and fifth undergoing reduction. So far as known at this time all of the Jurassic forms 
with the exception of Compsognathus have lost the fifth digit, with a further reduction 
of the hallux. While in the Upper Cretaceous genera the first digit has become 
relatively smaller and in Ornithomimus to have disappeared altogether, there is still a 
vestigal fifth present, as there is in Gorgosaurus. In Tyrannosaurus the fifth appears 
to have disappeared, though the first is still present and apparently not reduced much 
beyond the condition found in the Morrison Theropods. 

The presence of the vestigal fifth in the Upper Cretaceous Theropods suggests 
that perhaps it is also present in such Morrison forms as Antrodemus and Ceratosaurus 
but has not yet been discovered. It is also to be noted that the rather loosely 
articulated metatarsals of Anchisawrus and Plateosaurus of the Triassic progressively 
become more and more compactly united, thus exhibiting a more powerful and less 
mobile arrangement of the metatarsals, which in this respect attains the highest 

degree of specialization in the Upper Cretaceous genera. 
The astragalus also exhibits a progressive development of the ascending process, 

as shown by its absence, or, at the most, an incipient stage in the Triassic Theropoda, 
the intermediate stage in the Morrison forms, and its maximum development in the 
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Upper Gremerons genera, where it covers almost the entire anterior face of the distal 
end of the tibia. 

Earlier in the present paper I have attempted to show that a complete section 
across the abdominal curiass of Antrodemus consists of at least seven and probably 
eight or nine distinct ossifications. 

In this connection it is of interest to know that in the adult Sphenodon a complete 
section of the abdominal basket is usually composed of three parts—a median and two 
lateral bones—one at either end, but it has also been shown! that in the embryo 
Sphenodon each of these three sections of the adult have a compound origin for all 
of the parts, median and paired alike. This fact explains the presence here and there 
of transverse joints, as observed by Giinther and as are to be seen in a skeleton o 
Sphenodon punctatum (No. 29516, U.S.N.M.) now before me. 

Howes and Swinnerton ? in the paper cited above point out that one of the most 
distinctive characters of Credner’s Palaeohatteria of the Permian is the multiseg- 
mentated condition of its ‘abdominal ribs,”’ which, on careful examination of the 
originals, he has shown to be also the condition in Von Meyer’s famous Proterosaurus 
and other genera to which he refers. In view of the obvious similarity of the embryo 
Sphenodon, it suggests to the above authorities ‘‘that the ‘plastron’ may be under- 
going reduction in the living genus. * * * Moreover, the multisegmented con- 
dition of the ‘plastron’ segments is nothing short of a Stegocephalian character.” 

Applying the above conclusions to the known American Theropods we find 
the very interesting suggestion that perhaps one of the progressive changes in the 
skeletal structure of the carnivorous dinosauria of successive geological formations is 
a reduction in number of the segments going to make up the abdominal ribs, for we 
find in Antrodemus, from the Morrison formation of the Jurassic, that each section 

of the curiass is composed of seven or more distinct ossifications, that Gorgosaurus, 
from the Belly River formation, of the Upper Cretaceous, has four, and that Tyran- 
nosaurus, of the Lance formation, the latest of the Upper Cretaceous series, have 
been reduced to two. 

Our knowledge of the abdominal structures of the Theropod dinosauria at 
this time is too deficient to determine the merit of\ the above suggestion; but there 
is, it appears to me, enough evidence to justify one in such an assumption. 

In the pelvis and sacrum the progressive modifications noted at this time are: 
an increase in the number of coossified vertebrae in the sacrum from three to five, 
a lengthening of the ilium, and the development of a triangular foot-like enlarge- 
ment of the distal ends of the pubes. The modifications noted above were largely 
developed during the early part of the Mesozoic, for the Upper Cretaceous carnivores 
show no especial change since Morrison time in the above respects. 

In the pubes we also find that the Triassic forms had a closed obturator fora- 
men, while in the Jurassic, with the exception of Ceratosaurus and possibly Megalo- 
saurus, all others, including the Upper Cretaceous Theropods, have a notch which 
probably functioned in the same capacity. 

In this brief review of the observed structural modifications of the Theropod 
skeleton I feel that only a small number of the changes to be found have been 

1 Howes and Swinnerton, Trans. Zool. Soc. London, vol. 16, 1901, pp. 35-86, pl. 2, figs. 8, 9, 10. 

2Tdem., p. 36. 
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touched upon. The discovery of more and better preserved materials and the 
description of specimens already in the collections of our museums will undoubtedly 
add much to our knowledge of the skeletal modifications that have taken place 
during successive geological periods. 

Such mechanical progression as has here been recorded is in the direction or 
adaptation of the skeleton from the generalized to the specialized, thus producing a 
more efficient mechanism for the particular purpose of speed and destructive power 
so necessary for the maintenance of life itself. 
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EXPLANATION OF PLATES. 

PLATE 1. 

Type of Antrodemus valens Leidy, compared. Anterior half of an anterior caudal centrum. 

No. 218, U.S.N.M. 
Fies. 1, 2, and 3. Posterior, lateral and sectional views of the type of Antrodemus valens Leidy. 

4, 5, and 6. Same views of No. 8367, U.S.N.M. Sixth caudal vertebra of Antrodemus valens 

Leidy, previously identified as Allosaurus fragilis Marsh to show the close resemblances of these 

bones in two different individuals. All figures slightly more than two-thirds nat. size. 

: : (See p. 3.) 

PLATE 2. 

Type of Allosaurus fragilis Marsh. 

Fie. 1. Proximal phalanx of digit III, right-hind foot. No. 1930, Yale University Museum, superior 

view. 
2. Posterior dorsal centrum, same specimen. Inferior view. 

3. Posterior sacral? centrum, same specimen. Inferior view. Reproduced from photographs of 

casts of the type specimen. All figures about three-quarters nat. size. (See p. 4.) 

PuaTE 3. 

Skull of Antrodemus Leidy. 

Fia. 1. Top view of the skull of Antrodemus valens Leidy. No. 4734, U.S.N.M. (See p. 14.) 
2. Skulland lower jaws Antrodemns valens Leidy. Viewed fromthe right side. No. 4734, U.S.N.M. 

Both figures about one-quarter nat. size. Reproduced from photographs. The light-colored 
portions represent the restored bones. (See p. 7.) 

Puate 4. 

Skull of Antrodemus. 

Fic. 1. Top view of the skull of Antrodemus valens Leidy. No. 4734, U.S.N.M. (See p. 14.) 
2. Skull of Antrodemus valens Leidy. Viewed from the right side. No. 4734, U.S.N.M., 

alsp., alisphenoid; an., angular; ar., articular; d., dentary; ec.pt., ectopterygoid; 
ex.mf., external mandibular foramen; /f., frontal; /’., first antiorbital fenestra; /.’”, second 

antiorbital fenestra; 7., jugal; Ja., lachrymal; Jlat.t. jfen., lateral temporal fenestra; 

me., maxillary; n., nasal; 0., orbit; p., parietal; par., prearticular; pf., prefrontal; pmz., 

premaxillary; p.oc., paraoccipital; po.f., postfrontal; pt., pterygoid; q., quadrate; q7., 

quadratojugal; sa., surangular, sg., squamosal; s.t.f., supratemporal fossa. Both figures, 

one-quarter nat. size. (See p. 7.) 

PLATE 5. 

Scapulae of Antrodemus. 

Fie. 1. Left scapula and coracoid of Antrodemus valens Leidy. No. 4734, U.S.N.M. The blade of 
this scapula has suffered injury in life, as evidenced by the bifurcated and greatly widened 

end, as compared with the opposite normal bone of the same individual, see fig.2. (See p. 57.) 
2. Right scapula and coracoid of same. Both figures about one-third nat. size. (See p. 58.) 

PLATE 6. 

Humerus of Antrodemus. 

Fies. 1-7. Left humerus of Antrodemus valens Leidy. Yale University Museum. a, anterior side; 
d., deltoid ridge; i. c., internal condyle; o.c., outer condyle; p., posterior side. Fig. 1, 

internal view; 2, posterior view; 3, anterior view; 4, external view; 5, proximal view; 

6, distal view; 7 crosssection of shaft. All of the figures are one-half natural size. 

Drawn under the direction of Prof. O. C. Marsh. (See p. 58.) 

144035°—20-———11 
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PLATE 7, 

Fore and hind feet of Antrodemus. 

Fie. 1. Right hind foot of Antrodemus valens Leidy. No. 324, A.M.N.H. About one-sixth natural 
size. Viewed from the front. (After Osborn.) 

2. Same foot. Oblique internal view to show the complete hallux. (After Osborn.) (See p. 73.) 

3. Right fore foot of Antrodemus valens Leidy, No. 4734, U.S.N.M. Less than one-half natural _ 

size. Shows the radius, ulna, and complete foot just as it was found in the sandstone. 
(See p. 60.) 

PLATE 8. 

Sacrum of Antrodemus. 

“1g. 1. Sacrum of Antrodemus valens Leidy. No. 4734, U.S.N.M. Viewed from the left side; one- 

fourth natural size. ac., acetabulum; d., diapophyses of sacral vertebrae; 2., right ilium; 

1. p., ischiac peduncle; p. p., pubic peduncle; s7., sacral ribs; s,s;, sacral vertebrae one and 
five, respectively. The contour of the anterior border of the ilium is missing and is here 

incorrectly restored; compare with fig. 2, pl. 10. Drawn under the direction of Prof. O. C. 

Marsh. : (See p. 43.) 
Puate 9. 

Sacrum and ilia of Antrodemus. 

Fies. land 2. Sacrum with attached ilia of Antrodemus valens Leidy. No. 4734, U.S.N.M. ac., 

acetabulum; 2., ilium; 7.p., ischiac peduncle; p.p., pubic peduncle; s., spinous proc- 

esses; S,S;, sacral vertebrae one and five, respectively; z’, posterior zygapophyses. 1. Pos- 

terior view of sacrum with articulated ilia. 2. Ventral view of same. Both figures one- 
fourth natural size. Drawn under the direction of Prof. O. C. Marsh. (See p. 53.) 

Piate 10. 

Sacrum and ilia of Antrodemus. 

Fics. 1 and 2. Sacrum and ilia of Antrodewmsvalens Leidy. No. 4734, U.S.N.M. p. p., pubic pe- 
duncle; s., spinous processes; S,, first sacral vertebra; z., anterior zygapophyses. 1. Ante- 

rior view of sacrum with articulated ilia. 2. Lateral view of detached left ilium of same. 

Both figures are about one-fourth natural size. Fig. 1. drawn under the direction of Prof. 

O. C. Marsh. : (See p. 43.) 
Puate 11. 

Pubes of Antrodemus. : ° 

Fies. 1-3. Pubes of Antrodemus valens Marsh. In Yale University Museum. Young individual. d., 
distal end of foot; i., surface for articulation with pubic peduncle of ilium; 7s., process for 

articulation with pubis; sw., sutural surface for union with opposite pubis on median 

line. 1, anterior view of articulated pubes; 2, external view of right pubis; 3, internal view 

of right pubis. All figures one-fourth natural size. Drawn under the direction of Prof. 
O. C. Marsh. (See p. 67.) 

Puate 12. 

Ischia of Antrodemus. 

Fras. 1-8. Ischia of Antrodemus valens Leidy. In Yale University Museum. 1l., surface for articula- 

tion with ischiac pedungle of ilium; ob. pr., obturator process; ., process for articula- 

tion with the pubis; s. s., flattened sutural surface for union of the two ischia on the median 

line. 1, posterior view of articulated ischia; 2, anterior view of articulated ischia; 3, external 

view of left ischium; 4, internal view of left ischium; 5, top view of articulated ischia; 6, top 

view of leftischium; 7, distal ends of articulated ischia; 8, crosssection of shafts of ischia. All 

of the figures one-fourth natural size. Drawn under the direction of Prof. O. C. Marsh. 

(See p. 68.) 
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Prats 13. 

Hind limbs, pelvis and sacrum of Antrodemus valens Leidy. No. 4734, U.S.N.M. About 
one-thirteenth nat. size. Viewed from theright side. Shown as mounted and exhibited 

in the U. S. National Museum. The anterior end of the ilium has been incorrectly 
restored as may be seen by comparing it with the left element shown in fig. 2, pl. 10, which 
is complete. (See p. 67.) : 

Puatr 14. 

Femur of Antrodemus. 

Fies. 1-7. Left femur of Antrodemus valens Leidy. In Yale University Museum. a., anterior tro- 

chanter; 6., area for attachment of large muscle; h., head; ic., internal condyle; m.c., 
medullary cavity; oc., outer or external condyle; tr., fourth trochanter. 1, external 

view; 2, anterior view; 3, posterior view; 4, internal view; 5, proximal view; 6, 

cross section of shaft; 7, distal view. All of the figures are one-fourth nat. size. Drawn 

under the direction of Prof. O. C. Marsh. (See p. 68.) 

Puate 15. 

Abdominal ribs of Antrodemus valens Leidy. No. 4734, U.S.N.M. Viewed from the 

ventral side as found in the matrix. Less than one-half nat. size. (See p. 53.) 

Prare 16. . 

Restorations of Antrodemus. 

Upper figure. Mounted skeleton of Antrodemus in the American Museum of Natural His- 

tory, New York. No. 5753, about one-thirtieth natural size. This is the only mounted 

skeleton of this animal. (See p. 56.) 

Lower figure. Restoration of Antrodemus (Allosaurus) hy Chas. R. Knight. Based on the 

mounted skeleton shown in figure above. Both figures after H. F. Osborn. Reproduced 

here through the courtesy of the American Museum of Natural History. (See p. 56.) 

Puate 17. 

Skull of Ceratosaurus. 

Fie. 1. Skull and lower jaws of Ceratosaurus nasicornis Marsh, viewed from the right side. Type. No. 

4735, U.S.N.M. About one-fourth nat.size. 1, angular; 2, first antiorbital fenestra; 3, articu- 

lar; 7, dentary; 10, hyoid? bone; 11, jugal; 13 maxillary; 14, maxillary depression; 15, ex- 

ternal nares; 17, nasal horn; 19, orbit; 22, parietal; 24, postfrontal; 25, lachrymal; 26, pre- 

maxillary; 27, postnarial foramen; 28, pterygoid + portion of quadrate; 30, quadrate; 

31, quadratojugal; 33, squamosal; 34, surangular; (after Hay). (See p. 78.) 

2. Left side of same skull and lower jaws. About one-fourth nat. size. (See p. 78.) 

PuaTeE 18. 

Restored skull of Ceratosaurus. 

Fig. 1. Top view ofskull Ceratosaurus nasicornis Marsh. Type. Cat. No. 4735,U.S.N.M. (See p. 80.) 

2. Skull and lower jaw of Ceratosaurus nasicornis Marsh. Type. Viewed from the right side. 

No. 4735, U.S.N.M. an., angular; ar., articular; bo., occipital condyle; d., dentary; ex. 
oc., exoccipital; f., frontal; /’., first antiorbital fenestra; j., jugal; la., lachrymal; Jat. t. fen., 

lateral temporal fenestra; mz., maxillary; n., nasal; n.h., nasal honcore; o., orbit: p., parie- 

tal; p.ar., prearticular; pf., prefrontal; pmz.,- premaxillary; p.oc., paroccipital; po.f., 
postfrontal+-postorbital; pt., pterygoid; qg., quadrate; qj., quadratojugal; sa., surangular; 

sq., squamosal; s.t.f., supratemporal fossa. Both figures one-fourth nat. size. (See p. 78.) 
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PrLate 19. 

Atlas and axis of Ceratosaurus. 

Fias. 1-5.-Atlas of Ceratosaurus nasicornis Marsh. Type. No. 4735, U.S.N.M. 1, inferior view; 2, top 

view; 3, posterior view; 4, lateral view; 5, anterior view. (See p. 94.) 

6-10. Axis of Ceratosaurus nasicornis Marsh. Type. No. 4735, U.S.N.M. 6, inferior view; 7, top 

view; 8, posterior view; 9, lateral view; 10, anterior view. d., diapophysis; im., inter- 

centrum of atlas; n., neurapophysis; n. p., neurapophysial processes; 0., odortoid; p., 

parapophysis; z., anterior zygapophyses; z’., posterior zygapophyses. All the figures 

are one-half nat. size. All except figure 2 are after Marsh. All drawn under the direc- 
tion of Prof. O. C. Marsh. (See p. 95.) 

PLate 20. 

Cervical vertebrae of Ceratosaurus. 

Fies. 1-4. Third cervical vertebra of Ceratosauwrus nasicornis Marsh. Type. No. 4735, U.S.N.M. Fig. 

1. Anterior view; 2, posterior view; 3, ventral view; 4, lateral view. All the figures are 

one-half nat. size. (After Marsh.) (See p. 95.) 
5. Sixth cervical vertebra of Ceratosaurus nasicornis Marsh. Type. No. 4735, U.S.N.M. Lateral 

view. One-half nat. size. d., diapophysis; o.s., dermal ossifications; p., parapophysis; 

s., neural spine; z., anterior zygapophyses; z’., posterior zygapophyses; (After Marsh.) All 

drawn under direction of Prof. O. C. Marsh. - (See p.'96.) 

PuatE 21. 

Sacrum and pelvis of Ceratosaurus. | 

Fra. 1. Sacrum and pelvis of Ceratosaurus nasicornis Marsh. Type. Cat. No. 4735, U.S.N.M. Ventral 
view. 2. Same viewed from the front.. ac., acetabulum; c¢,c,, caudal vertebrae 1 and 2; ii., 

ilium; 7.p., ischiac peduncle; is., ischium; p., pubes; p. f., pubic foramen; pp., pubic 

peduncle; p.s. 21, presacral 21; p.s. 23, presacral 23; r., posterior thoracic rib crushed back- 

ward out of position; s., spinous process of dorsal vertebra; s,,s;, sacrals one and five. Both 

figures drawn under the direction of Prof. O. C. Marsh but certain features as explained in the 
text are misleading. Both figures are one-fourth nat. size. (See p. 97.) 

PLATE 22. 

’ Caudal vertebrae of Ceratosaurus. 

Fig. 1. Articulated caudal vertebrae 2 to 12, inclusive, of Ceratosawrus nasicornis Marsh. Type. No. 

4735, U.S.N.M. Viewed from the left side. os., row of dermal ossifications as found in position 

in the matrix, 2, 3, 4, 5, 6, 7, 8,9, 10, 11; 12; caudal vetebrae 2 to 12. © (See p. 98.) 

2. Ventral view of same. Both figures are one-fourth nat. size. Drawn under the direction of 

Prof. O. C. Marsh. (See p. 98.) 
PLatTE 23. 

Pelvis of Ceratosaurus. 

Pelvis and sacrum of Ceratosaurus nasicornis Marsh. Type. No. 4735, U.S.N.M. Viewed 

from the left side, ac., acetabulum; 1s., ischium; p., pubis; p.f., pubic foramen; p.s., 22, 

presacral vertebra 22; s., suture between pubis and ischium; s,;, sacral five. One-fourth 

nat. size. Drawn under direction of Prof. O. C. Marsh. (See p. 106.) 

PLATE 24. 

Metatarsals of Ceratosaurus. 

Fies. 1-4. Metatarsals of left hind foot of Ceratosaurus nasicornis Marsh. Type. No. 4735, U.S.N.M, 

1, anterior view; 2, lateral view, external side; 3, lateral view, internal side; 4, superior 

view. II, III, IV, metatarsals 2, 3, and 4. All the figures are one-half nat. size. Drawn 

under the direction of Prof. O. C. Marsh. | (See p. 112.) 
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° PLATE 25. 

Metatarsals of Ceratosaurus. 

Fics. 1-2. Metatarsals of left hind foot of Ceratosaurus nasicornis Marsh. Type. Cat. No. 4735, U.S.N.M. 

1, posterior view; 2, distal view; I, roughened surface for articulation of hallux, II, III, IV, 

metatarsals 2, 3, and 4. Both the figures are one-half size. Drawn under the direction of 

Prof. O.C. Marsh. - (See p. 112.) 
PLATE 26. 

Left ramus and scapula of Ceratosaurus. 

1. Left scapula of Ceratosaurus nasicornis Marsh. Type. No. 4735, U.S.N.M. External view. 

About one-third nat. size. Distal end missing. _ (See p. 102.) 
2. Left ramus of Ceratosaurus nasicornis Marsh. Type. No. 4735, U.S.N.M. Internal view. 

About one-third nat. size. (See p. 88.) 

PLATE 27. 

Restorations of Ceratosaurus. 

Upper figure. Restoration of Ceratosawrus nasicornis Marsh. 1892. One-thirtieth nat. size. 
There are five too many restored dorsal vertebrae in the middle of the back bone. (After 
Marsh.) (See p. 115.) 

Lower figure. Life restoration of Ceratosawrus nasicornis Marsh. By Frank Bond, 1889. Drawn 

under the direction of Professor W. C. Knight. (See p. 115.) 

PLATE 28. 

Restorations of Ceratosaurus. 

Upper figure. Life restoration of Ceratosaurus nasicornis Marsh, by J. M. Gleeson, 1901. Drawn 
under the direction of Charles R. Knight. (After F. A. Lucas.) (See p. 115.) 

Lower figure.’ Life restoration of Ceratosaurus nasicornis Marsh. By J. Smit, 1911. (After Rev. 

H..N: Hutchinson.) (See p. 116.) 

Puate 29. 
Skeleton of Ceratosaurus. 

Mounted skeleton of Ceratosaurus nasicornis Marsh. No. 4733, U.S.N.M. About one- 

thirtieth nat. size. Shown as exhibited in the U. S. National Museum. (See p. 114.) 

PLATE 30. 

‘Restoration of Ceratosaurus. 

Drawing of the mounted skeleton of Ceratosaurus nasicornis Marsh, shown in the preceding 
plate. The original parts present in the skeleton are represented by line shading and the 

restored parts in outline. The ribs have been restored too heavy, their distal ends espe- 
cially should be more slender and tapering. There is also one too many presacral vertebrae 

in the backbone. About one-fifteenth nat. size. 1, first caudal vertebra; 9, ninth 

cervical vertebra; 23, twenty-third presacral or last dorsal vertebra. _ (See p. 114.) 

PLATE 31. 

} Restoration of Ceratosaurus. 

Model restoration of Ceratosaurus nasicornis Marsh. Modeled by Charles W. Gilmore, 

1915. Based on the type and mounted skeleton shown in plate 29. In order to depict the 
flesh-eating habits of Ceratosaurus, it is shown here as completing the kill of Camptosaurus 

nanus, a small herbivorous contemporary. About one twenty-fourth nat.size. (See p. 116.) 
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PLatTE 32. 

Caudal vertebrae of Dryptosaurus and Antrodemus. 

Fic. 1. Anterior caudal vertebra of Dryptosaurus ? potens (Lull). Type No. 3049, U.S.N.M. Viewed 

from the leit side. About two-thirds nat. size. (See p. 117.) 
2. Anterior caudal vertebra of Antrodemus valens Leidy, No. 8367, U.S.N.M. Viewed from the 

left side. About two-thirds nat. size. Compare views to show difference in outline, 

especially of the ventral borders. (See p. 117.) 

PLATE 33., 

Lower jaw of Labrosaurus. 

Left dentary of Labrosaurus feror Marsh. No. 2315, U.S.N.M. Type. One-half nat. size. 

(After Marsh.)’ 1, lateral view; 2, internal view; 3, superior view. (See p. 124.) 

PLatE 34, 

Bones of Dryptosaurus and Coelurus. 

Fie. 1. Tooth of Dryptosaurus ? medius (Marsh). No. 3121, Goucher College. Side and front views, 

nat. size. (After Lull.) ; (See p. 120.) 
2. Tooth of Dryptosaurus ? medius (Marsh). Type No. 4972, U,S.N.M. Twice nat. size. 

(See p. 120.) 

3. Proximal phalanx of hind foot of Dryptosaurus? medius lar: Superior view, three-eighths 

nat. size. (After Lull.) -(See p. 121.) 
4, Tooth of Coelurus ? gracilis Marsh. No. 4973, U.S.N.M. Sideview. Nat.size. (After Lull.) 

(See. p. 126.) 
Figs. 5 and 6. Pubes of Coelurus agilis Marsh. Yale University Museum. 5, side view; 6, front view. 

One-fourth nat. size. a, proximal end; 6, articular ends of pubes; c, distal ends. 

(After Marsh.) (See p. 128.) 

7 and 8. Dorsal vertebra of Coelurus fragilis Marsh. Type No. 1991, Yale Museum, nat. size. 

7, front view; 8, side view. 4a, anteriorend; d, dhegow alysis: nc, neural canal; p, pos- 

terior end; s, ee of neural spine; 4, anterior zygapophysis; 2’, posterior zygapo- 

physis. (After Marsh.) (See p. 127.) 

PLATE 36. 

Skeletons of Ornithomimus. 

Fic. 1. Articulated sacrum, caudal vertebrae and pelvis of Ornithomimus sedens Marsh. Type No. 
4736, U.S.N.M. Viewed from right side. About one-sixth nat. size. (See p. 183.) 

2. Skeleton of Ormthomimus altus Lambe. No. 5339, Amer. Museum of Natural History. Shown 

in the attitude as found and as now exhibited. About one-fifth nat. size. (After Osborn.) 

(See p. 130.) 

PLATE 36. 

Bones of Coelurus and brain of Ceratosaurus. 

Fies. 1-2. Cast of brain cavity of Ceratosaurus nasicornis Marsh. Made from skull shown in plate 17. 
(1) Viewed from top; (2) Viewed from left side. cer., cerebral hemispheres; med., medulla 

oblongata; olf,, olfactory lobe; I, II, Ill, V, cranial nerves one, two, three and five. Both 

figures one-half nat. size. (After Marsh. ) (See p. 93.) 
3. Ungual phalanx of an unidentified dinosaur from the Belly River formation (Upper Cretaceous), 

No. 5387, Amer. Mus. Nat. Hist. Lateral view. Twice nat. size. (See p. 127.) 

4. Ungual phalanx of Coelurus? gracilis Marsh. Type. No. 4973,U.S.N.M. Lateral view. 

Twice nat. size. With the exception of size note the close resemblance of this bone to 

fig. 3. (See p. 127.) 
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SKULL OF ANTRODEMUS VALENS LEIDY, SIDE AND TOP VIEWS. 

FOR EXPLANATION OF PLATE SEE PAGE 149. 
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SCAPULAE OF ANTRODEMUS VALENS LEIDY. 

FOR EXPLANATION OF PLATE SEE PAGE 149, 
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HUMERUS OF ANTRODEMUS VALENS LEIDY. 

FOR EXPLANATION QF PLATE SEE PAGE 149, 
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RADIUS, ULNA, FORE AND HIND FEET OF ANTRODEMUS VALENS LEIDY. 

FOR EXPLANATION OF PLATE SEE PAGE 150. 
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SACRUM AND ILIA OF ANTRODEMUS VALENS LEIDY, BACK AND LOWER VIEWS. 

FOR EXPLANATION OF PLATE SEE PAGE 160. 



U. S. NATIONAL MUSEUM 
BULLETIN I10 PL. 10 

SACRUM AND ILIA OF ANTRODEMUS VALENS EEIDY, FRONT AND SIDE VIEWS. 

FOR EXPLANATION OF PLATE SEE PAGE 160, 
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PUBES OF ANTRODEMUS, FRONT AND SIDE VIEWS. 

FOR EXPLANATION OF PLATE SEE PAGE 160. 
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ISCHIA OF ANTRODEMUS VALENS LEIDY, ALL ASPECTS. 

FOR EXPLANATION OF PLATE SEE PAGE 160- 
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Hinp LimBs, PELVIS, AND SACRUM OF ANTRODEMUS VALENS LEIDY, LATERAL VIEW. 

FOR EXPLANATION OF PLATE SEE PAGE I61. 
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FEMUR OF ANTRODEMUS VALENS LEIDY, ALL ASPECTS. 

FOR EXPLANATION OF PLATE SEE PAGE I6I, 
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ABDOMINAL RIBS OF ANTRODEMUS VALENS LEIDY. 

FOR EXPLANATION OF PLATE SEE PAGE I6I. 
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Anderson 
Photo 

ARTICULATED SKELETON AND RESTORATION OF ANTRODEMUS VALENS LEIDY. 

FOR EXPLANATION OF PLATE SEE PAGE I61, 
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SKULL OF CERATOSAURUS NASICORNIS MARSH, SIDE VIEWS. 

FOR EXPLANATION OF PLATE SEE PAGE I5I. 
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SKULL OF CERATOSAURUS NASICORNIS MARSH, SIDE AND TOP VIEWS. 

FOR EXPLANATION OF PLATE SEE PAGE 161 
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ATLAS AND AXIS OF CERATOSAURUS NASICORNIS MARSH, ALL ASPECTS. 

FOR EXPLANATION OF PLATE SEE PAGE 162. 
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CERVICAL VERTEBRAE OF CERATOSAURUS NASICORNIS MARSH 

FOR EXPLANATION OF PLATE SEE PAGE 162, 
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15.23 

SACRUM AND PELVIS OF CERATOSAURUS NASICORNIS MARSH, VENTRAL AND FRONT VIEWS. 

For EXPLANATION OF PLATE SEE PAGE 152. 
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SIDE AND VENTRAL VIEWS. CAUDAL VERTEBRAE OF CERATOSAURUS NASICORNIS MARSH 

152, FOR EXPLANATION OF PLATE SEE PAGE 
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METATARSALS OF CERATOSAURUS NASICORNIS MARSH, FRONT, SIDES, AND TOP, 

FOR EXPLANATION OF PLATE SEE PAGE 162, 
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METATARSALS OF CERATOSAURUS NASICORNIS MARSH, BACK AND END VIEWS. 

FOR EXPLANATION OF PLATE SEE PAGE 163. 
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RESTORATIONS OF CERATOSAURUS NASICORNIS MARSH. 

FOR EXPLANATION OF PLATE SEE PAGE 153. 
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RESTORATIONS OF CERATOSAURUS NASICORNIS MARSH. 

FOR EXPLANATION OF PLATE SEE PAGE 163 
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SKELETON OF CERATOSAURUS NASICORNIS MARSH. * 

FOR EXPLANATION OF PLATE SEE PAGE 163. 
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154. 

FOR EXPLANATION OF PLATE SEE PAGE 

CAUDAL VERTEBRAE OF DRYPTOSAURUS POTENS (LULL) AND ANTRODEMUS VALENS LEIDY. 
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BONES OF DRYPTOSAURUS MEDIUS (MARSH), COELURUS AGILIS AND C. FRAGILIS MARSH. 

FoR EXPLANATION OF PLATE SEE PAGE 164, 
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PELVIS AND CAUDALS OF ORNITHOMIMUS SEDENS MARSH. 

SKELETON OF ORNITHOMIMUS ALTUS LAMBE. 

FOR EXPLANATION OF PLATE SEE PAGE 164, 
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BRAIN OF CERATOSAURUS NASICORNIS; UNGUALS OF COELURUS GRACILIS MARSH AND UNIDENTIFIED DINOSAUR. 

FOR EXPLANATION OF PLATE SEE PAGE 164. 
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