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THE DINOSAURS OF NORTH AMERICA.

By O. C. MARsH.

INTRODUCTION.

Among the many extinet animals that lived in this country in past
ages, none were more remarkable than the dinosaurian reptiles which
were so abundant during Mesozoic time. This group was then repre-
sented by many and various forms, including among them the largest
land animzls known, and some, also, very diminutive. In shape and
structure, moreover, they showed great variety, and in many other

T nq?nr‘f‘u fhnv ware among the most wonderful ereatnres vet diseoverad
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The true place of these reptiles in the animal kingdom has been a
matter of much discussion among anatomists, but the best authorities
now regard them as constituting a distinct subclass of the Reptilia.
Some of the large, eatlier forms are apparently related to the Croco-
diha, while some of the later, small, specialized ones have various
ponts of resemblance to birds. These diversified characters make 1t
difficult to classify the dinosaurs among themselves, and have led some
writers to assert that these reptiles do not form a natural group, but
belong to divisions remotely connected and not derived from a commmon
ancestry.

It is not within the province of the present article to discuss in
detail the classification of this group, nor to treat fully the various
questions relating to the genealogy of dinosaurs, about which little is
really known. It may, however, be stated 1 few words that three
great divisions of the Dinosauria are now generally recognized, which
may be properly regarded as distinct orders. For these groups the
writer has proposed the names Theropoda, for the one wmcluding the
carnivorous forms, and Saurepoda and Predentata, for the two herbiv-
orous groups, the last order being made up of three separate suborders;
namely, the Stegosauria, the Ceratopsia, and the typical Ornithopoda.
The first of these suborders contains large dinosaurs more or less pro-
tected by a dermal covering of bony plates; the second group inclndes
the huge horned dinosaurs; and the third is made up of the forms that
in shape and structure most nearly resemble birds.
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The nearer relations of these groups to one another and to alhed
forms will be treated more fully m the concluding portion of this article.

The geological range of the Dinosauria, so far as at present known,
1s confined entirely to the Mesozoic, or the Age of Reptiles. The first
mdications of the group are found in the lower Triassic, and during
this period these reptiles increased 1 number and size. In Jurassic
time they were especially abundant, and 1n size and diversity of form
far surpassed all other forms of vertebrate life then existing. During
the cntire Cretaceons they were represented by many strange and
bighly specialized types, and at the close of this period all apparently
became extinct.

The wade geographical extent of these reptiles is also of interest.
While North America seems to have contained the greatest number of
different types, some of the larger species are now known tohave lived n
the southern half of this continent. Europe stands next to America in
variety and nuinber of these reptiles, large and small, In Asia, Africa,
and Australia, also, characteristic remains have been discovered, and
doubtless many more will be found at no distant day. The geological
horizous 1n which the dinosaurian remains of the Old World occur are
essentially the same as those 1n which the corresponding types have
been found 1in America.

The introduction and succession of the Dinosauria in North America
form a most 1nteresting chapter in the hife-history of this continent, and
one that has an important bearing on geology as well. As these rep-
tiles were the dominant types of land ammals during the whole of
Mesozoic time, and the circumstances under which they Iived were
especially favorable to the preservation of their remams, the latter
mark definite geological horizons, which have proved of great serv-
ice 1w ascertaiming the age of large series of strata containing few
other characteristic fossils., In this way one important horizon in the
Jurassic and another 1 the Cretaceous have been accurately
determined by the remains of the gigauntic dimosaurs entombed in
them, while still other lines have been approximately drawn by less
characteristic fossils from the same group of reptiles.

In describing briefly the various dinosaurs now known to have lived
in North America, it will be most 1mstructive to begin with the oldest,
1 the Triassie, and then treat of their successors as they left their
remains in subsequent deposits of Jurassic and Cretaceous age. To
make this succession clear to the reader, the diagram on page 145 (fig. 1)
has been prepared. This diagram represents the principal geological
borizons of vertebrate fossils in North America, as determined by the
writer, and if carefully examined will be found in reality to be a synop-
s1s of the whole subject. The first appearance, so far as known, of
each important group of vertebrate animals may be ascertained,
approximately, from the data given. Some of the more recent genera of
each group are also recorded, with the period in which they lived.
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PART 1.

TRIASSIC DINOSAURS.
THEROPODA.

The remains of dinosaurs first discovered in this country were found
in the Triassic sandstone of the Counecticut Valley, so famous for its
fossil footprints, many of which were long supposed to have been made
by birds. It is a remarkable fact that the first discovery in this sand-
stone was that of the skeleton of a true dinosaur, found in East Wind-
sor, Conn., in 1818, many years before the first footprints were recorded.
This discovery was announced in the American Journal of Seience for
November, 1820, and later numbers coutain descriptions of the remains,
some of which are now preserved in the museum of Yale University.

Fui. 2.—8lab of C ticut River detone; showing footprmts of two dinosaurs on a surface
marked by raindrop impressions. One-tenth natural size. Triassic, M husetis

When the footprints in the Connecticut sandstone first attracted
attention, in 1835, many of these impressions resembled so closely
those made by birds that they were from the first attributed to that
class, and for many years it was not seriously questioned that all the
three-toed impressions, even the most gigantic, were really the foot-
prints of birds. The literature on this subject is very extensive, but
its value to science has beeu seriously impaired by the discovery of
dinosaurian remains in various parts of the world, which prove that
many of these reptiles were remarkably bird-like and that their tracks
could not be distinguished from those of birds.
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It was also found that some of the most bird-like footprints of the
Connecticut Valley were not made by birds, but by quadrupeds which
usually walked on thewr hind feet, yet sometimes put their fore feet
to the ground. Others occasionally sat down, and left an impression
which proved that they, too, were not birds. Still others showed rep-
tilian affinities 1 various ways; so that to day it may be stated that
there is no evidence that any of these impressions 1 the Connecticut
sandstone were made by irds. This 1s true, also, of sirmlar bird-hike
footprints from strata of the same age in different portions of this
country, and will likewise hold good for similar impressions from other
parts of the world. It is quite probable that birds existed during the
Triassic period, but at present there 1s no proof of 1it.

ANCHISAURID.E

A few bones of a dmosanr were found at Upper Milford, Lehigh

Clonnty Pa  in 1847 1y atrata racardad ag Triacsie Mhe animal waa
vounty, £a., i 1547, 1M SUrata regaract as iriassic. 1n¢ anima: was

named Clepsysanrus pennsylvanicus by Dr. Isaac Lea, in the Proceed
ings of the Academy of Natural Sciences of Phaladelphia, 1n 1851, and
he subseqnently described and figured the remains in the Journal of
the Academy in 1853. They are now preserved in the museum of that
society.

The next, discovery of importance 1n this formation was reported
from Prince Edward Island. Canada. The specimen was an upper jaw
with teeth, m good preservation, indicating a true dinosaur of consid-
erable size. This specimen was figured and described under the name
Bathygnathus borealis by Dr. Leidy in the Journal of the Academy of
Natural Sciences of Philadelphia for 1854, and 18 now in the museum
of that institution.

The next important discovery of a Triassic dinosaur 1n this country
was made 1n the Conuecticut sandstone about 1856, at Springfield,
Mass., and portions of the skeleton are now preserved at Amherst
College. This animal was a true carnivorous dinosaur, very simlar to
the first one described, and from essentially the same horizon. This
discovery was announced by Prof. Edward Hitchcock in 1858, in his
Ichnology of New England, and the remains were described and fig-
ured by Edward Hitchcock, jr., 1n 1865, 1n a supplement to the above
volume. The animal was then nawmed Megadactylus polyzelus, and
1ts affinities have since been discussed by various authors.

ANCHISAURUS.

A discovery of greater interest was made in 1884, near Manchester,
Conn. The skeleton of another carnivorous dinosaur of larger size, but
nearly allied to the onelast mentioned, was found 1n a coarse conglom-
erate, in essentially the same horizon of the Connecticut River sand-
stone. This skeleton was probably complete and in position when
discovered, but as 1ts 1mportance was not recognized at the time the
posterior portion only was saved, which was secured later by the writer
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for the Yale University museum. This part consisted of the nearly
entire pelvic arch, with both hind limbs essentially complete and n the
.position they were when the animal died. The remams preserved
indicate an animal about 6 or 8 feet in length, which was named Anche-
saurus major by the writer, .n the American Jonrnal of Science for
April, 1889.1 This generic title replaced Megadactylus, which was pre-
occupied. Subsequently, in 1891, this specimen was made the type of
the genus Ammosanrus.

A still more important discovery of another small dinosaur was made
later at the same locality, only a few feet distant from the spot where
the fossil last mentioned was entombed. This reptile, named Anchisau-
rus colurus by the writer, is one of the most perfect dinosaurs yet dis-
covered in the Triassic. The skull and limbs and most of the skeleton
were in fair preservation, and i natural position, so that nearly all
the important points of the osseous structure can be determined with
certainty. Some of these are here placed on record as typical of the

gronn
LeRhd s o]

TIIE SKULL

The skull was somewhat crushed and distorted, but its mamn featuires
are preserved. In PL TI, fig. 1, a side view of this sknll is given, one-
half natural size. One prominent feature shown 1n this view 1s the
bird-like character of the skull. The nasal aperture i1s small and well
forward. There 18 an antorbital opening and a very large orbit. The
latter is elongated-oval in outline. It1s bounded in frout by the pre-
frontal, above by the same bone and a small extent of the frontal, and
further back by the postfrontal. The postorbital completes the orbit
behind and the jugal closes 1t below. The supratemporal fossa islarge
and somewhat triangular iu outline. The infratemporal fossa is quite
large and is bounded below by a slender quadratojugal. The quadrate is
much inclined forward. The teeth are remarkable for the great number
in use at one time. Those of the upper Jaw are inclined forward, while
those below are nearly vertical. The lower jaw has the same general
features as this part 1 the typical Theropoda.

In Pl III, figs. 1 and 2, the same skull 18 shown, also one-half
natural size. The top of the skull, represented in fig. 1, 1s consid-
erably broken, and this has made 1t difficult to trace the sutures, but
the general form and proportions of the upper surface are fairly repre-
sented. In fig. 2 ouly the back portion of the cranium is shown. The
foramen magnum is remarkably large, and the ocecipital condyle 1s
small and oblique. The basipterygoid processes are unusually short.

The neck vertebrae of this skeleton are long and slender and very
hollow. Their articular ends appear to be all plane or slightly con-
cave. The trunk vertebrae are more robust, but their centra are quite
long. The sacrals appear to be three 1n number.

1The original deseriptions of nearly all the other fosgils discussed 1n the present paper may be found
1n the same journal
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THE FORE LIMBS

The scapular arch is well preserved. The scapula, shown in P1. {1,
fig, 2, s, is very long, with its upper end obliquely truncated. The
coracold is unusually small and unperforate. The sternum was of car-
tilage, some of which 1s preserved. The humerus 1s of the same
length as the scapula and its shaft 1s very hollow. The radius and
ulna also are both hollow, and are nearly equal 1n size.

There is but one carpal bone ossified 1n this specimen, and this 1s
below the ulna. There were five digits 1n the manus, but only three
of functional 1mportance, the first, second, and third, all armed with
sharp claws. The fifth was quite rudimentary. The fore foot of the
type species of Anchisaurus 1s shown, one-half natural size, on P1. ITI,
fig. 5.

THE HIND LIMBS

The pelvic bones are shown in fig. 3 of PL. I1. The 1lmm is small,
with a slender preacetabular process. The 1scina are elongated, and
their distal ends are slender and not expanded at the extreputy. The
pubes are also long, imperforate, and unot coossified with each other.
The anterior part is a plate of moderate width.

The femur 1s much curved and longer than the tibia. The latter is
nearly straight, with a narrow shaft. The fibula when 1n position was
not close to the tibia, but curved outward from 1t. All these bones
have very thin walls. The astragalus 1s small, closely applied to the
tibia, and has no ascending process. The calcaneum 1s of moderate
size and free. There are only two tarsal bones in the second row.

The hind foot had four functional digits, all provided with claws.
The fifth was represented only by a rudiment of the metatarsal. The
first digit was so much shorter than either the second, third, or fourth,
that this foot would have made a three-toed track very much like the
supposed bird-tiacks of the Connecticut River sandstone.

ANCHISAURUS SOLUS.

A fortunate discovery has recently brought to light almost the
eutire skeleton of still another diminutive dinosaur, which may be
referred to Anchisaurus, but clearly belongs to & distinet specles. It
was fonnd 1n uearly the same horizon as the remains above described,
and 1 the immediate vienity, so there can be little doubt that 1t was
a contemporary. The skeleton 1s embedded in a very coarse matrix, so
difficult to remove that the imvestigation is only in part completed.
The portions nncovered show the animal to have been about 3 feet in
length, and of very delicate proportions The bones of the skeleton
are nearly all extremely hight and hollow, but most of them are 1n a fair
state of preservation.

The skall, so tar as it can now be observed, resembles the one just
deseribed. The teeth are numerous, and inclined forward. The orbit
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is very large. The quadrate is inclined forward, and the lower jaw is
robust. The entire skull is about 65™™ long, and the lower jaws are
of the same length.

The neck was very long and slender, the first five cervicals measur-
ing 80mm in extent. The dorsals are aiso elongated, the last six cover-
ing a space of 1356™=, The number of vertebra in the sacrum can not
yet be determined. The caudal vertebra are short, the first ten occu-
pying a space of 140mm,

The humerus has a very large radial crest, and is 66w in length,
The rest of the fore limb, so far as made ont, 1s similar to that in the
species described. The tibia is about 88™™ in length. There were five
dagits in the hind foot, but the fifth 1s represented only by the rudi-
mentary metatarsal. The animal was about as large as a small fox,

AMMOSAURTUS.

The genus Ammosaurus, represented by remaing of larger size from
the same strata, was also a typical carnivorous dinosaur, and appar-
ently a near ally of Anchisauras. So far as at present known, the
footprints of the two reptiles would be very similar, differing mainly
in size.

On Pl IIT, fig. 6, 1s shown an entire hind foot of Ammosaurns, one-
fourth natural size. In this foot the tarsus 1s more complete than in
Anchisaurus. The astragalus has no true ascending process, the cal-
caneum is closely applied to the end of the fibula, and there are three
well-developed bones in the second row. The fifth digit had only a
single phalanx. The sacrum and ilia of the type species of Ammo-
saurus are shown 1 fig. 3, and the ischia of Anchisauras 1n fig. 4.

RESTORATION OF ANCHISAURUS.

Prate IV,

The Triassic dinosaurs known from eastern North America have now
been briefly reviewed. Remains of seven mdividuals are snfficiently
well preserved to indicate the main characters of the animals to which
they pertained. These were all carnivorous forms of moderate size,
and the known remains are from essentially the same geological horizon.

The genus Anchisaurus, one of the oldest known members of the
Theropoda, 1s so well represented by parts of fonr skeletons from these
deposits that a restoration of one species can now be made with con-
siderable certainty. This has been attempted, and the result 1s given,
one-twelfth natural size, in the accompanymng P1.IV. The animal was
about 6 feet 1 length.

The skeleton chosen for this restoration is the type specimen of
Anchisaurus colurus, deseribed by the writer in the American Journal
of Science m 1891 and 1893. This skeleton when discovered was entire,
and apparently in the position 1n which the animal died. Portions of
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the neck and the tail vertebre were unfortunately lost, but the skull
and nearly all the 1est of the skeleton were saved. The parts missing
are fortunately preseived 1 a smaller specimeu of an alhed species
(Anchisaurus solus) found at the same locality, and these have been
used to complete the outline of the restoration. Portions of two other
specimens, nearly alited, and from the same horizon, were also avail-
able, and furnished some suggestions of value.

The restoration, as shown on Pl. IV, indicates that Anchisaurus
colurus was one of the most slender and dehcate dinosaurs yet dis-
covered, bemg surpassed 1n this respect only by somie of the smaller
bird-like forms of the Jurassic. The position chosen 1s one that must
have been habitnally assumed by the anunal doring life, but the com-
paratively large fore Iimbs suggest the possibility of locomotion on all
four feet. The compressed terminal digits of the fore fect, however,
must have been covered by very sharp claws, which were used mainly
for prehension, and not for walking.

The small head and bird-like neck are especially noticeable. The
Tibs of the neck and trunk are very slender. The tail apparently
differed from that of any other dinosaur hitherto deseribed, as 1t was
evidently qute slender and flexible. The short neural spines and the
diminutive chevrons, directed backward, 1mdicate a tail not compressed
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The present restoration will tend to clear up one point loug in doubt.
The so-called ¢ bird tracks” of the Connecticut River sandstone have
been a fruitful subject of discussion for half a century or more. That
some of these were not made by birds has already been demonstrated
by finding with them the 1mpressions of fore feet. Although no bones
were found near them, others have been regarded as footprints of birds
because it was snpposed that birds alone conld make such series of
bipedal, three-toed tracks and leave no impression of a tail.

It 18 now evident, however, that a dinosaurian reptile hke Anchi-
saurus and 1ts near allies wmust have made footprints very similar to, it
not 1dentical with, the “bird tracks” of this bhorizon. On a firm but
moist beach ouly three-toed 1mpressions would have been left by the
hind feet, and the tail could have been kept free from the gronnd. On
a soft, muddy shore the claw of the first digit of the hind foot would
have left its mark, and perhaps the tail also wonld have touched the
ground. Such additional impressions the writer has observed in vari-
ous series of typical ““bird tracks” m the Connecticut sandstone, and
all of them were probably made by dinosaurian reptiles. On PL V and
also p. 146, fig. 2, are shown several series of Triassic footprints, which
were probably all made by dinosaurs. No tracks of true birds are
known 1m this horizon.
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DISTRIBUTION OF TRIASSIC DINOSAURS

It 13 a remarkable fact that the seven skeletons of Triassi¢ dino-
saurs now known from the eastern part of this continent are all car-
nivorous forms and of moderate size. There 1s abundant evidence from
footprints that large herbivorons dinosanrs lived here at the same time,
but no bones nor teeth have yet been found. In the western pait of
this country a few fragments of o large dinosaur have been discovered
in strata of supposed Triassic age, but with this possible exception
osseous remains of these forms appear to be wanting 1n this horizon.

Fragmentary remains, also, of dinosaurs have been found in the Tri-
assie deposits of Pennsylvama and North Carolina, but they thiow little
light on the animals they represent. Iootprmmts, apparently made by
dinosaurs, occur m New Jersey 1n the same horizon as those of the Con-
neeticut Valley. Impressions of similar form have been discovered also
m the Triassic sandstones of New Mexico. A few bones of a large dino-

saurtan were found by Prof. J. S. Newberry, m strata apparently of
this age, 111 southe

? [Ttah. These remains were named by Pro-
fessor Cope, Dystropheeus viwmale, m 1877, but their near affinities have
not been determmed. A single vertebra, apparently belonging in this
group, had been previously found at Bathurst Island, Arctic Ameriex,
and described by Prof. Leith Adawms, mn 1875, under the generic name
Arectosauris.

The European Triassie dinosaurs, with which the American forms
may be compared, are mainly represented by the two genera Theco-
dontosaurus Riley and Stutchbury, from the upper Trias, or Rhmtie,
near Brstol, in England, and Plateosaurus (Zanelodon) von Meyer,
from nearly the same horizon i Germany. The writer has mvestigated
with care the type specimens and nearly all the other known remains
of these genera found at these localities. ’

Remains of dmosaurs bave been found m Trassie strata, also, in
India, in South Afriea, and in Australia, but the speciruens discovered
were mostly fragmentary, and apparently indicate no new types.

PART IT.
JURASSIC DINOSAURS.

During the Jurassic pertod the dinosaurs of North America attained
remarkable development, and, as a group, appear to have veached their
culmmation. The Theropoda, or ¢carnmivorous forms, which were so abun-
dant, though of moderate s1ze, in the Triassic, were represented m the
Jurassie by mauy and various forms; some were very minute, but others
were of gigantic size and dominated all living creatures during this age.
The herbivorous dinosairs, however, were the most remarkable of all,
‘some far surpassing iu bulk any known land animals; otbers, also of
huge dimensions and clad m coats of mail, assumed the most bizarre
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appearance; while others still, diminntive 1n size and of hght and grace-
ful form, were so much hke birds that only a comparative anatomst,
with well-prescrved skeletons of both before him, could tell one from
the other. In this case, at least, a single tooth or bone would not
suffice, though a Cuvier sat i judgment.

i the western part of this couniry, especiaiiy 1in the Rocky Mountain
region, vast numbers of dinosaurs lived and flourished during all Juras-
sic time. Thewr remamns are so abundant, and so perfectly preserved
i many localities, that those already obtained have furnished the basis
for a classification of the whole group. This classification, first pro-
posed by the writer 1n the American Journal of Science m 1881, and
subsequently emended, may be appropriately used here 1in considering
the American dinosaurs from this formation. 1t will be discussed more
fully m the concluding part of the present paper.

THEROPODA

Near the base of the Jurassic in the Rocky Mountain region an
interesting geological horizon has been defined as the Hallopus beds,
sinec here only remains of a remarkable dinosaurian, named by the
writer Hallopus victor, have been found. The position of this horizon
18 shown in the diagram on page 145 (fig. 1). Another reptile, Nano-
saurus, the most diminntive dinosamr known, oceurs 1 the same strata.
This horizon 18 behieved to be lower than that of the Baptanodon beds,
although the two have not been found together. The Hallopus beds
now recogmzed are 1 Colorado, below the Atlantosaurus beds, but are
apparently quite distinet from them.

IIALLOPUS.

The type specimen of Hallopus, the only one known, 1s the greater
part of the skeleton of an ammal about the size of a rabbit. This was
described by the writer 1 1877, and referred to the Dinosaura. On
further mvestigation 1t was found to be distinet from all the known
members of that group, and 1n 1881 it was made the type of a new
suborder, the Hallopoda. One of the most distinctive characters,
which separated it widely from all known dmosaurs, was seen 1n the
tarsus, which had the calcaneum much produced backward. This
feature, m connection with the greatly clongated metatarsals, suggested
the generic name Hallopus, or leaping foot.

The general structnre of the pelvis, especially of the ilium and pubs,
as well as the proportions ot the entire hind l1nb, snggested an atfinity
with Compsognathus, from the Jurassic of Bavaria, and the writer, in
his classification of the dinosaurs, in 1882, placed the Hallopoda next
to the suborder Compsognatha, which belongs m the great group of
carmvorous dinosaurs, the Theropoda.

The writer has since reexamined the type specimen and had various
parts of it uncovered, so far as the hard matnx of red sandstone would ~
permut. This has brought to light other portions of thp skeleton, so
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that now many of the more 1mportant characters of the group can be
determined with certainty.

FORE AND HIND LIMBS

In 1ts present condition the specimen shows both the fore and hind
limbs 1n good preservation, portrons of the scapular arch, and apgar-
ently the entire pelvis and sacrum, various vertebra, ribs, and other
parts of the skeleton. It 1s doubtful if any portions of the skull are
sufficiently well preserved for determination. On Pl VI are given out-
line restorations of the fore and hind hmbs of this specimen.

The scapula is of moderate length, and its upper portion broad and

thin. The humeras is slender, with a strong radial crest. The shatt is

very hollow, with thin walls, and the cavity extends almost to the distal
end. The latter 15 but little expanded transversely. The radius and
ulna are short, and were closely applied to each other. There were but
four digits 1 the manus, the first being short and stout, and the others
slender.

Fis 3 —Left leg and foot of Hallopus vctor Marsh, side view Natural size
a, astragalus, ¢, calcaneum, d, tarsal, f, femur, ¢, tibia, I7, second metatarsal, V, remnant of fifth
metatarsal

All three pelvic bones axded 1n forming the acetabulum, as 1n typical
dinosaurs. The 1ha are of the carmivorous type, and resemble in form
those of Megalosaurus. The pubes are rod-like, and projected down-
ward and forward. The distal ends are closely applied to each other,
but not materially expanded, and 1n the present specimen are not
coossified with each other. The 1schia projected downward and back-
ward, and their distal extremities are expanded, somewhat as in the
Crocodiha.

The femur is comparatively short, with the shaft curved and yery
hollow. The tibia is nearly straight, much longer than the femur, and
its shaft equally hollow. The fibula was slender and complete, but
tapered much from above downward. Its position was not m front of
the tibia, as in all known dinosaurs, but its lower extxemlty was out-
side, and apparently somewhat behlnd the tibia.

The astragalus 1s large, and covered the entire end of the tiba, but
was not coossified with 1t. The calcaneum is compressed transversely,
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and much produced backward. It was closely applied to the outside of
the astragalus, and although agreeing 1n general form with that of a
crocodile, strongly resembles the corresponding bone in some mammals.
The tarsal ot was below the astragalus and calcaneum. There
appears to be but a single bone in the second tarsal row, although this
may be composed of two or more elements,

There were but three functional digits in the hind foot, and their
metatarsals are greatly elongated. The first digit seems to be wanting,
and the fifth 1s represented only by a remnant of the metatarsal. The
posterior imbs, as a whole, were especially adapted for 1eapmg, and are
more slender than 1n almost any other known reptile.

The main characters of the posterior limb are shown n fig. 3) on the
opposite page, which represents the bones of the left leg and foot, nat-
ural size, 1n the position 1 which they lay when uncovered. All the
bones figured are still firmly embedded in the matrix.

There are but two vertebra in the sacrum. The other vertebrie pre-
served have their articular faces biconcave. The chevrons are slender
and very elongate.

Taken together, the known characters of Hallopus clearly indicate
dinosaurian affinities rather than those of any other group of reptiles,
and 1f the Dinosauria are considered a subclass the Hallopoda at pres-
ent may be regarded as a group of dinosaurs standing further apart
from typical forms than any other.

CELURUS.

In the horizon above, the Atlantosaurus beds of the upper J urassic,
the carnivorous dinosaurs are of larger size, and some of them were
among the most powerful and ferocious reptiles known. The one
nearest Hallopus 1 size and general characteristics is Ceelurus,
described by the writer 1 1879 and now known from several skeletons,
although no good skull has yet been discovered.

The skull of Cwlurus 1s known only from fragments. The teeth are
typical of the order Theropoda. Onme is shown on P1. VII, fig. 1. The
most marked feature 1n all the known remams of O(Blurus is the
extreme lightness of the bones, the excavations in them being more
extensive than m the skeleton of any other known vertebrate. In the
vertebra, for example, the cavities are proportionately larger than in
either pterodactyls or birds, the amount of osseous tissue retained being
mainly confined to their exterior walls. In PL VII cervical, dorsal,
and caudal vertebre are figured, with transverse sections of each to
illustrate this pomt. Even the ribs of Ceelurus are hollow, with well-
defined walls to their large cavities. :

THE VERTEBRA

The vertebrae of Ceelurus now known are from various parts of the
column, and most of them are i good condition. Three of these are
represented, natural size, in P1. VII. The cervicals are large and elon
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gate, and were locked together by strong zygapophyses. The first
three or four behind the axis had the front articular face of the cen-
trum somewhat convex, and the posterior one deeply coucave. All
the other cervicals were biconcave, as were also the vertebrae of the
trunk and tail. The articular faces of the cervicals are inclined, show-
ing that the neck was curved. The anterior cervical ribs were coossified
with the cenfra, as in birds. Figs.2, 2a, and 2b, P1. VIL, represent a
cervical vertebra from near the middle of the neck. The cavities 1
the cervicals are connected with the outside by comparatively large
pneumatic openings. The neural canal 1s very large, and traces of the
neurocentral suture are distinct.

The dorsal vertebra of Cwlurus are much shorter than the cer-
vicals. The centra have a deep cup 1n front and a shallow concavity
behind. These articular faces are nearly at right angles to the axis of
the trunk. The neural spine is clevated and compressed. The trans-
verse processes are elongate. The ribs preserved have undivided
heads. A posterior dorsal 1s represented in I’L. VII, figs. 3, 3a, and 3b.
The suture of the neural arch 1s distinet 1n this specimen, The foramina
leading to the cavities in the dorsal vertebrie are quite small.

The caudal vertebre are elongate and very numerous. They are all
biconcave, and all appear to have been without chevron bones. An
anterior caudal is figured in P1. VII, fig. 4, and the accompanying
section shows the 1nner structure. In most of the caudals, the neuro-
central suture has entirely disappeared.

TIIE HIND LIMBS

The Iimb bones of Ceelurus are very hollow, and some of them appear
pneumatic. The metatarsals are quite long and slender. The terminal
phalanges of the hind feet are pointed, and 1n life were evidently covered
with sharp claws. The ilium 1s of the Megalosaurus type. The pubes
are slender, strongly coossified with each other, and terminated below
by a large toot-like process, as shown in P1. X, figs. 3 and 4.

The characters of Ccelurus are so distinctive that it appears to
represent a separate family, which has been called by the writer the
Ceeluridee. Several species of the genus are known in this country, all
of moderate dimensions, varying in size from that of a fox to that of a
wolf. Nearly all are from the Atlantosaurus beds of the West, but one
small species has been found 1 the Potomac beds on the Aflantic Coast.

CERATOSAURUS.

The mostinteresting carnivorous dinosaur from the American Juras-
sic, and the one best known, is Ceratosaurus, which differs so widely
from the typical forms that 1t has been regarded as representing a dis-
tinet suborder. The type specimen of Ceratosaurus, deseribed by the
writer in 1884, presented several characters not before seen in the
Dinosauria. One of these is a horn core on the skull; anotheris a
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new type of vertebraas strange as it is unexpected; and athird is seen
in the pelvis, which has the bones all coossified, as in existing birds.
Among adult birds Archaopteryx alone has the pelvie bones separate,
.and this specimen of Ceratosaurus 1s the first dinosaur found with all
the pelvic bones anchylosed. The metatarsal bones arc also coossl- .
fied, a feature characteristic of birds, but not known hitherto in any
dinosaur.

THE SKULL.

The skull of Ceratosaurus nasicornis is verv large in proportion to
the rest of the skeleton. The posterior region is elevated, and mod-
erately expanded transversely. The facial portion 1s elongate, and
tapers gradually to the muzzle. Seen from above, the skull resembles
in general outline that of an alligator. The nasa; openings are sepa-
1ate and lateral, and are placed near the end of the snout, as shown in
Pl VIIL

Seen from the side, this skull appears lacertilian in type, the general
structure bemng light and open. From thi§ pownt of view onc special
feature of the skull 1s the elevated, trenchant horn core, situated on
the nasals (Pl. VIII, fig. 1, b). Another feature 18 the large open-
ings on the side of the skull, four 1n numbei. The first of these 1s the
anterior nasal orifice; the second, the very large triangular antorbital
foramen; the third, the large oval orbit; and the fourth, the still larger
lower temporal opening. A fifth aperture, shown in the top view of
the skull (P1. VIII, fig. 3, k), 18 the supratemporal fossa. These open-
ings are all characteristic of the Theropoda, and are found also 1n the
Sauropoda, but the antorbital foramen is not known in any other
Dinosauria.

The n]an of the occinnt, as bonnded laterally bv the n1nﬂrat33
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slopes backward The quadrates are strongly inclined backward, thus
forming a marked contrast to the corresponding bones Dlp]OdO('ﬂS
and other Sauropoda. The occipital condyle 1s hemispherical 1n gen-
eral form, and is somewhat in¢hned downward, making a shght angle
with the long axis of the skull. The basiloccipital processes are short
and stout. The paroceipital processes are elongate and flattened, and
but little expanded at their extremmties. They extend outward and
downward, to join the head of the quadrate.

The hyoid bones appear to be four mm number. They are elongate,
rod-like bones, somewhat curved, and in the present specimen were
found nearly 1 their origmal position.

The parietal bones are of moderate size, and there 1s no pineal fora-
men. The median suture between the parietals 1s obhterated, but
that between these bones and the frontals 1s distinct.

The frontal bones are of moderate length, and are closely united on
the median line, the suture bemg oblhiterated. Their union with the
nasals 18 apparent on closc mspection.
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The nasal bones are more elongate than the frontals, and the suture
uniting the two moieties 1s obsolete. These bones support entirely the
large, compressed, elevated horn core on the median line. The lateral
surface of this elevation is very rugose, and furrowed with vascular
grooves. It evidently supported a lugh, trenchant horn, which must
have formed a most powerful weapon for offense and defense. No
similar weapon is known in any of the carnivorous Dinosauria, but it
1S not certain whether this feature pertained to all the members of this
group or was only a sexual character.,

The premaxillaries are separate, and each contained only three fune-
tional teeth, In the genera Compsognathus and Megalosaurus, of this
order, each premaxillary contaimed four teeth, the same number found
in the Sauropoda. In the genus Creosaurus, fromn the American Juras-
sic, the premaxillaries each contain five teeth, as shown in PIL XII,
fig. 1.

The maxillary bones in the present specimen are large and massive,
as shown m Pl VIII, fig. 1. 'They unite in front with the premaxil-
laries by an open suture; with the nasals, laterally, by a close union;
and with the jugal behind, by squamosal suture. The maxillaries are
each provided with fifteen functional teeth, which are large, powerful,
These teeth have the same general form as those of Megalosaurus, and
the dental succession appears to be quite the same.

Above the antorbital foramen oun either side is a high elevation
composed of the prefrontal bones. These protuberances would be of
service 1 protecting the orbit, which they partially overhang.

The orbit is of moderate size, oval in outline, with the apex below.
It is bounded m front by the lachrymal, above this by the prefrontal,
and at the summit the frontal forms for a short distance the orbital
border. The posttrontal bounds the orbit behind, but the jugal com-
pletes the outline below. ’

The jugal bone is L-shaped, the upper branch jomming the postfrontal,
the anterior branch uniting with the lachrymal above and with the
maxillary below. The posterior branch passes beneath the quadrato-
jugal, and with that bone completes the lower temporal arch, which is
present in all known dinosaurs.

The qnadratojngal 1s an L-shaped bone, and 1ts anterior branch is
united with the jugal by a close suture. The vertical branch 1s closely
joined to the outer face ot the quadrate.

The quadrate 1s very long and compressed antero-posteriorly. The
head is of moderate size, and is inclosed in the squamosal. The lower
extremity of the quadrate has a double articular face, as in some birds.
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 1s inserted, as shown in Pl VIII, fig. 1.

The pterygoid bones are very large and extend well forward. The
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posterior extremnty is applied closely to the, mmner side of the quad-
rate. The middle part forms a pocket, into which the lower extremity
of the basipterygoid process is inserted. To the lower margin of the
pterygoid is united the strong, curved transverse bone which projects
downward below the border of the upper jaws, as shown in Pl VIII,
fig. 1, t. .

‘There 1s a very short, thin columella, which below 1s closely united
to the pterygoid by suture, and above fits mto a small depression of
the postfrontal.

The palatine bones are well developed, and after joiming the ptery-
goids extend forward to the umion with the vomers. The latter are
apparently of moderate size.

The parasphenoid 1s well developed and has a long, ponted, anterior
extremity.

The whole palate 1s remarkably open, and the principal bones com-
posing it stand nearly verfical, as in the Sauropoda.

THE BRAIN

The bram 1 Ceratosaurus was of medium size, but comparatively
much larger than in the herbivorous dinosaurs. It was quite elongate,
and situated somewhat obliquely 1n the craninm, the posterior end being
inclined downward. The position of the brain in the skull, and 1ts rela-
tive si1ze, are shown i PL VIII, fig.3. A side view of the brain cast 1s
shown in Pl LXXVIIL, fig, 2. i

The foramen magnum 1s small. The cerebellum was of moderate size.
The optic lobes were well developed and proportionately larger than the
hemispheres. The olfactory lobes were large and expanded. The pitu-
itary body appears to have been of good size.

THE LOWER JAWS

The lower jaws of Ceratosanrus are large and powerful, especially in
the posterior part. In front the rami are mnch compressed, and they
were joined together by cartilage only, as 1n all dinosaurs. There 1s a
large foramen in the jaw, sumilar to that in the crocodile, as shown 1n
PL VIII, fig. 1, f’. The dentary bone extends back to the middle of this
foramen. The splenial is large, extending from the foramen forward
to the symphysial surface, and forming i this region a border to the
upper margin of the dentary. There were fifteen teeth 1n each ramus,
similar in form to those of the upper jaws.

THE VERTERRM

The cervical vertebrse of Ceratosaurus differ i type from those in
all other known reptiles. With the exception of the atlas, which is
figured in P1. IX, fig. 1, all are strongly cupped on the posterior end of
each centrum. In place of an equally developed ball on the anterior
end, thereis a perfectly flat surface. The size of the latter 1s such that
it can be mserted only a short distance in the adjoining cup, and this
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distance 13 accurately marked on the centrum by a narrow articular
border, just back of the flat, anterior face. Ths peculiar articulation
leaves more than three-fourths of the cup unoccumed by the succeed-
ing vertebra, forming, apparently, a weak joint. This feature 1s shown
in PL 1X, figs. 2, 3, and 4.

The diseovery of this new form of vertebra shows that the terms
opisthoeemlian and proceelian, in general use to describe the centra of
vertebr:e, are 1nadequate, since they relate to one end only, the other
being supposed to correspond in form. The terms convexo-concave,
concavo-convex, plano-concave, ete., would be more accurate and equally
euphonions.

In Ceratosaurus, as in all the Theropoda except Ceelurus, the cervieal
ribs are articulated to the centra, not coossified with them, as in the
Sauropoda. The latter order stands almost aloue among dinosaurs in
this respeet, as all the Predentata—Stegosauria, Ceratopsia, and the
Ornithopoda—have free ribs 1 the cervical region.

The dorsal and lumbar vertebra are biconcave, with only moderate
concavities. The sides and lower surface of the eentra are deeply exca-
vated, except at the ends, as shown mn PL IX, fig. 5. These vertebra
show the diplosphenal articulation seen in Megalosaurus, and also 1n
Creosaurus, as showu in P1. X1I, fig. 5,

All the presacral vertebrae arc very hollow, and this 1s also true of
the anterior caudals.

There are five well-coossified vertebra in the sacrum in the present
specimen of Ceratosuurus masicornis. 'The transverse processes are
very short, each supported by two vertebr®, and they do not meet at
their distal ends.

The candal vertebra are biconcave. All the anterior candals, except
the first, supported very long chevrons, indicating a high, thin tail,
well adapted to swimming (PL IX, fig, 6). The tail was quite long,
and the distal caudals were very short.

THE SCATULAR ARCH

The scapular arch of Ceratosaurus is of moderate size, but the fore
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The radius and ulna are also very short, and nearly equal in size. The
carpal bones were only imperfectly ossified. There were four digits 1n
the fore foot, and all were armed with sharp claws. The second and
third digits were much larger than the first and fourth, and the fifth
was entirely wantimg,

THE PELVIC ARCH

The pelvic bones m the Theropoda have been more generally ms-
uuderstood than any other portion of the skeleton in dinosaurs. The
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tion; the ischia have been regarded as pubes; while the pubes them-
selves have not been considered as part of the pelvic arch.
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Fortunately, v the present specimen of Ceratosaurus, the i1lium,
1sclium, and pubes are firmly coossified, so that their 1dentification
and relative positions can not be called 1 question. The 1l1a, more-
over, were attached to the sacruin, which was 1n its natural place in the
skeleton, and the latter was found nearly in the position 1n which the
animal died. The pelves of Ceratosaurus and of Allosaurus are shown
m Pl X,

The ilium in Ceratosaurus has the same general form as 1n Megalo-
saurus. In most of the other Theropoda, also, this bone has essentially
the same shape, and this type may be regarded as characteristic of the
order, except 1 Trassic forms. Tn Creosanrus the anterior wing 1s
more elevated, and the emargination below 1t wider, as shown in PL
XTI, fig. 2, but this may be due 1n part to the imperfection of the border.

The 1schia 11 Ceratosaurus are comparatively slender. They project
well backward, and for the last half ot their length the two are 1n close
apposition. The distal ends are coossified and expanded, as shown 1o
PlL X.

The pubes 1n Ceratosaurus have their distal ends coossified, as m all
Jurassic Theropoda except Hallopus. They project downward and for-
ward, and their position in the pelvis is shownin PL. X, Seen from the
front, they form a Y-.shaped figure, which varies 1n form i different
genera. The upper end joms the ilmm by a large surface, and the
1schium by a smaller attachment. The united distal ends are expanded
nto an elongate, massive foot, as shown mn Pl. X, which 1s one of the
most peculiar and characteristic parts of the skeleton. The pubes of
Ccelurus are represented on the same plate.

The extreme narrowness of the pelvis is one of the most marked
features in this entire group, being in striking contrast to 1ts width
in the herbivorous forms found with them. If the Theropoda were
viviparous, which some known facts seem to indicate, one difficulty,
naturally suggested 1n the case of a reptile, is removed.

Another interesting point 1s the use of the large foot at the Jower end
of the pubes, which 1s the most massive part of the skeleton. Theonly
probable use 18 that it served to support the body in sitting down.
That some Trassic dinosaurs sat down on their ischia is proved con-
clusively by the impressions in the Connecticut River sandstoné. In
such cases the leg was bent so as to bring the heel to the ground. The
same action 1n the present group would bring the foot of the pubes to
the ground, nearly or quite under the center of gravity of the animal.
The legs aud ischia would then naturally aid in keeping the body bal-
anced. Possibly this position was assumed habitually by these fero-
cous biped reptiles while lying in wait for prey.

The femur 1s much curved, and the shaft very hollow. The tibia is
shorter than the femur, nearly straight, and has a large cnemial crest.
The astragalus 18 not coosified with the femur, and has a strong ascend-
g process. The fibula 1s well developed, and nearly straight, its distal

16 ¢EOL, PT 1—11
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end fitting into the calcaneum, The tarsals of the second row are very
thin, and united to the metatarsals below them.

THE METATARSALS.

One of the most interesting features in the extremities of Ceratosau-
rus is seen 1n the metatarsal bones, which are completely anchylosed,
as were the bones of the pelvis. There are only three metatarsal
elements in the foot, the first and fifth having apparently disappeared
entirely. The three metatarsals remaining, which are the second, third,
and fourth, are proportionately shorter and more robnst than in the
other known members of the order Theropoda, and, being firmly united
to each other. they furnish the basis for a very strong lind foot.

bii§
Fi1G. 4.—United metatarsal bones of Ceratosaurws nasicornis Marsh; left foot; front view. One-
fourth natural size.
¥ic. 5. —~United metatarsal hones of great Pengun (Aptenodytes Pennantii G. R. Gr.); left foot;
front view, MNatural size.
S foramen: £F, ITT IV, second. third, and fonrth metatarsals.

In fig. 4, above, these coosified metatarsals of Ceratosaurus are repre-
sented, and in fig. 5 the corresponding bone of a penguin is given for
COMPATISol.

In comparing these two figures, it will be seen that the three meta-
tarsal elements of the dinosaur are quite as closely united as those of
the bird. To the anatomist familiar with the tarsometatarsal bones of
existing birds the specimen represented in fig. 4 will appear even more
like this part in the typical birds than the one shown in fig. 5.

The position of the foramen, as seen in fig. 4, £, is especially charac-
teristic 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 adnlt birds, living and extinct, with possibly the single
exception of Arch@opteryx, have the metatarsal bones firmly united,
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while all the Dinosauria, except Ceratosaurus, have these bones sepa-

rato MTha avaontian 1 aach cace hrneg the two elagses near toocather
rate, | The exception 1n each case prings the two glagses near together

at this point. and their close affinity has ncw been cleaily demonstrated.

The restoration of Ceratosaurus on Pl. XIV represents the reptile one-
thirtieth natural size, and 1n a position it must have frequently assumed.

ALLOSAURUS.

Of the other carnivorous dinosaurs of the American Jurassic, three
genera, Allosaurus, Creosaurus, and Labrosaurus, are especially worthy
of notice. All were represented by species of large size, the natural
enemies of the gigantic herbivorous forms that were so abundant 1n the
same period. All had powerful jaws,sharp, cutting teeth, and a flexible
neck. The fore hmbs were quite small, and the feet were armed with
strong claws for seizing hving prey. The hind hmbs were large and
strong, and the animals used them alone 1n ordinary locomotion. These
three genera may be separated by distinctive characters, and 1t 1s proba-
blie that they were not all contemporaneous.

The genus Allosaurus contains the largest carnivorous dinosaurs
known. It may be readily distinguished from Ceratosaurus by the ver-
tebrie and the pelvis, or the feet."! The cervicals are opisthoccelian 1n-
stead of plano-concave, and the pelvic bones and metatarsals are free, as
shown 1n Pls. X and XI. In Creosaurus,asmaller allied form, the teeth
m the premaxillaries are more numerous, while the sacrum containg
fewer vertebrae (P1. XII). Labrosaurus is evidently a quite difterent
type, for the dentary bone is edentulouns 1n front, as shown 1n Pl XIIIL.

EUROPEAN THEROPODA.

From the Jurassic of Europe the best-known carmvorous form 1s
Megalosaurus, so named by Buckland, m 1824, the type specimen hav-
ing been found in England, near Oxford. Although the first genus of
dinosaurs deseribed, but little has been made out in regard to the
structure of the skull, and many portions of the skeleton remain to be
determined. Its nearest American representative 1s probably Allosau-
rus, and both genera include species of large size.

The most mteresting member of the Theropoda known in Europe1s
the diminutive specimen described by Wagner, in 1861, as Compsogna-
thus longwpes. The type specimen, the only one known, 18 from the
Iithographie slates of Solenhofen, Bavaria, and is now preserved in the
museum 1n Munich. Fortunately, the skull and nearly all the skeleton
are preserved, and as the specimen has been studied by many anato-

rata1te mora imnartant charaostare hava hoan mada ant Tt 1a ragardad
1SS 108 MOre IMPOoriant enaraciers Gave Deen maad 6ul, 17 18 régarast

as representing a distinct suborder, and no nearly related forms are
known 1mm Europe. A restoration in outline of this interesting dinosaur
has been prepared by the wiiter, and will be {ound on P1, LXXXII.

''The shull of Allogsaurus ferox Marsh has an aperture 1 the maxitlary in front ot the antorbrtal
opemng Tlis aperture 1s not present i Ceratosaurus
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SAUROFPODA.

The herbivorous dinosaurs of the American Jurassic are of special
interest. To begin with the order Sauropoda, which includes the most
primitive and gigantic forms, it is an interesting fact that the first
specimen found in this country was one of the rarest of the group, and
one of the most diminutive. A few teeth and bones only were obtained
by Prof. P.T. Tyson, about 1858, near Bladensburg, Md., The teeth
were named Astrodon by Dr. Christopber Johnston, in 1859, and in
1865 were deseribed and figured by Dr. Leidy. The type specimens are
now in the Yale museum, and one tooth is represented below in fig. 6.
The strata containing these remains are known as the Potomac beds,
but their exact age is a matter of doubt. They have been referred by
some geologists to the Jurassie, and by others to the Cretaceons.

a

Fig. 8.—Tooth of Astrodon Johnstoni Leidy. Natural size. Potomac, Maryland.
o, outer view:; b end view; ¢. inner view.

ATLANTOSAURUS BEDS.

The first known specimen of Sauropoda from the West was secured
by the writer in August, 1868, near Lake Como, in Wyoming Territory.
This fossil, an imperfect vertebra belonging to the genus since named
Morosaurus, was found in the upper Jurassie clays, in the horizon now
known as the Atlantosaurus beds, The section on page 145 will show
the position of these beds in the geological scale, and their relation to
other deposits in which Dinosauria have been found. This locality has
since become one of the most famous in the entire Rocky Mountain
region, and the writer has secured from it remaius of several hundred
dinosanrs, among which are many of the type specimens here described.

Remains of an enormous dinosaurian were found in 1877, near Morri-
son, Colo., by Prof. Arthur Lakes and Capt. H. C. Beckwith, U. 8. N,,
and this was the beginning of a series of similar discoveries. These
remains, described by the writer in the American Journal of Science
for July of that year, proved to be those of a dinosaur far surpassing
in size any previously known, and haviug characters that indicated a
new order of these reptiles.’
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‘When first found these fossils were supposed to be from the Dakota
group, but their upper Jurassic age was soon after determined by the
writer from evidence that placed the horizon beyond dispnte. The
name Titanosaurws montanus was given by the writer to this reptile
when first described, but as the generic designation proved to be preoc
cupied, Atlantosanrus was substituted.

A third Rocky Mountain locality which proved to be especially pro-
lific m dinosaurs was found the following year, by Mr, M. P, Felch, a
few miles north of Caunyon, Colo., and mm essentially the same horizon
as the last-mentioned locality. Here were found the iype specimens
of some of the mostinteresting dinosaurs yet discovered in this country,
all of them in fine preservation, and not infrequently in the exact posi-
tion in which they died. Other localities of interest have been found
the same region.

Another locahty of Sauropoda, more recently explored by the wriver,
is 1 South Dakota, on the eastern slope of the Black Hills. This 1s
the most northern limit now known of the Atlantosaurns beds, which
form a distinet horizon along the eastern flanks of the Rocky Mountaius,
marked at many points by the bones of gigantic dmosaurs, for nearly
500 miles. The strata are mainly shales or sandstones of fresh-water
or estuary origin. They usually rest unconformably upon the red Tri-
assic series, and have above them the characteristic Dakota sandstones.

On the western slope of the Rocky Monntains the Atlantosaurus beds
are also well developed, especially in Wyoming, but here they have
immediately below them a series of marine strata, which the writer has
named the Baptanodon beds, from the largest reptile found in them.
This horizon, also of Jurassic age, is shown 1 the section on page 145.
One of the best exposures of the entire Jurassic series may be seen near
Lake Como, Wyoming.

Besides the dinosaurs, which are especially abundant, the Atlanto-
saurus beds also contain numerous remains of extinet erocodiles, tor-
toises, and fishes, and with them have been found a small pterodactyl
and a single bird. Many small mammals, also, have been deseribed by
the writer from the same beds.

FAMILIES OF SAUROPODA,

The Sauropoda of the American Jurassic are worthy of special atten-
tion, and so far as now known they may be divided into fonr families:
the Atlantosauridee, which include the largest forms; the Diplodocidse
and Morosaurid, both represented by gigantic species; and the small
Pleuroccelide, which were apparently the last survivors of the order in
this country. Remains of the first three families are abundant in the
Atlantosaurus beds of the West, but 1t 1s not eertain that all were con-
temporaneons. The Pleuroceelidee are especially characteristic of the
Potomac beds on the Atlantic coast.

All the known members of these families were quadrupedal, with the
fore and hind limbs nearly equal in length. The head was very small
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and the neck long, with its vertebre opisthoccelian and lightened by
mner cavities, thus allowing free motion.

The limb bones of all were solid, and the feet plantigrade, with five
toes on each. The tail was especially long and massive. The general
form and proportions of these reptiles are indicated in P1. XLII, which
represents the skeleton of a species of Brontosaurus, one of the typical
genera of the Atlantosauridz.

ATLANTOSAURIDA

"

N ATT Tot
LUDA

ATLAN URUS.

The present family was named by the writer mn 1877, the type genus
being Atlantosaurus. The type specimen of the first species described,
Atlantosaurus montanus, is the sacrum represented in fig. 1, PL XVII,
which shows characteristic features of the sacrum of the entire group
Sauropoda, and thus distinguishes it from that of the other known
dinosaurs. A second and larger species, Atlantosaurus immanis, was
described by the writer in the followmg year, and on P1. X VI are repre-
sented two pelvic bones and a femur, which belong to the type specimen,
and give an idea of its gigantic size. The femur is over 6 feet long,
and this, with other portions of the skeleton, indicates an animal about
70 or 80 feet in length. The pubis and ischium, represented in posi-
tion m fig. 1, are especially characteristic of the family, as will be
seen by comparing them with the corresponding parts of other allied
genera, as shown in Pl. XXXVI.

At the same locality where these remains were found, portions of a
skull were discovered, one of which is figured on PL XV. This speci-
men, which is the posterior part of the skull, is of much intcrest, and
shows characters which separate it from all other corresponding remains
of dinosaurs. The most marked feature is a distinct pituitary canal
leading from the brain cavity down through the base of the skull, as
shown in fig. 2 of Pl. XV. This canal appears to be a marked char-
acter of the family Atlantosauride. Other points of interest 1n these
remains will be discussed later in the present paper.

APATOSAURUR,.

Another genus of the present family is Apatosaurus, also described
by the writer in 1877, and from the same geological horizon in Colo-
rado. The sacrum represented in fig. 2, P1l. X VII, may be regarded as
the type specimen. If has the same general features as the sacrum of
Atlantosaurus, shown on that plate, but it has only three coossified
vertebrae instead of four.

THE SACRAL CAVITY.

The neural canal wm this sacrum, and indeed 1 all the sacra of the
Sauropoda, is much enlarged, being especially expanded above each
vertebral centrum, thus leaviug a vaulted chamber in the united neural
arches of the sacral vertebre. A cast of this cavity in the type speci-
men of Apatosaurus is shown in fig. 3, Pl. XVIIL
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This enlargement of the neural cord in the sacral region exists to
some degree in reptiles and birds now living, but does not approach that
found in the Sauropoda, or especially that in the Stegosauria, where,
as will be shown later in the present article, this expansion reaches its
maximum, and its funetional importance must make it a deminant fac-
tor m the movements of the reptiles in which it is so lighly developed.
This great development has been found only in extinet reptiles in which
the brain was especially diminutive, and the relation of the twoe nervous
centers to each other offers a most interesting problem to physiologists.

THE VERTEBR./E.

In PL. XVIII, fig. 1, is shown a posterior cervical vertebra of Apato-
saurus, and in fig. 2 of the same plate a dorsal vertebra is also repre-
sented, both being typical of the family Atlantosaurida. The cervical

=1
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Fia. 7.—Cervical rib of Apatosaurus ajax Marsh; onter view.

Fi16. 8.—The same rib; inner view.

Both figures are one-eighth natural size. a. anterior extremity; i, head; v, posterior process:
t, tubercle.

vertebra, seen from behind, shows the deep, transverse cup of the poste-
rior articular end of the centrum, as well as the coossified cerviecal ribs,
both typical of the Sauropoda. A cervical rib of one species is shown
in figs. 7 and 8.

The dorsal vertebra, seen from in front, presents the convex anterior
ball of the centrum, and also the massive neural arch of the vertebra,
with its elevated metapophyses, constituting a neural spine. The
expanded diapophyses, or transverse processes, are especially note-
worthy, as they aid in supporting the massive ribs, their extremities
articulating with the tubercle of the rib, while the head is supported
at the base of the arch by a sessile facet representing the parapoph-
ysis of the cervicals. The small neural canal in each vertebra is alse
an interesting feature, especially when contrasted with the expanded
cavity in the sacrum shown in fig. 3 of the same plate.
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The scapula and coracoid of Apatosaurus, shown in Pl XIX, fig. 1,
are also characteristic features of the family they represent. The shaft
of the scapula is not expanded above in any of the genera of the Atlan-
tosauride, although this expansion is characteristic of the genus
Morosaurus and the family Morosaurids, as shown in the same plate,
fig. 2. Another important difference is mdicated on this plate, in the
coracolds, that of Apatosaurus being nearly square 1 outhne, while in
Morosaurus and 1ts allies the contour of the coracoid is subovate.

BRONTOSAURTUS,

The best-known genus of the Atlantosanridz is Brontosaurus,
described by the writer m 1879, the type specimen bemng a nearly
entire skeleton, by far the most complete of any of the Sauropoda yet
discovered. It was found in the Atlantosaurus beds, near Lake Como,
Wyoming, and the remams were nearly i the position m which they
were left at the death of the amimal. This fortunate discovery has
done much to clear np many doubtful points in the structure of the
whole group Sauropoda, and the species Brontosaurus excelsus may be
taken as a typical form, especially of the family Atlantosauride. The
animal was about 60 feet in length. A second species, equally gigantic,
has since been found in the same region

In PL XX, fig. 1. a characteristic tooth of Brontosaurus 1s shown,
which may also be regarded as typical for the family. In fig. 2 of the
same plate the dentary bone 1s shown, with the teeth m outline. This
bone is one of the most characteristic of the whole skeleton, as will be
seen by comparing 1t with the corresponding parts of other Sauropoda
represented in the following plates.

The genus Brontosaurus may be readily distinguished from all the
other Sauropoda by the sacrum, which is composed of five anchylosed
vertebr, none of the other genera 1n this group having more than four.
The sternum, moreover, consists of two separate bones, which are
parial, and were umted to each other on the median line apparently
by cartilage ouly. In several other respects the genus resembles
Morosanrug

The present spectes, aside from 1ts immense size, is distinguished by
the peculiar lightness of its vertebral column, the cervical, dorsal, and
sacral vertebrz all having very large cavities in their centra. The
first three caudals, also, are lightened by excavations in therr sides, a
feature first seen 1n this genus, and one not observed in the other
families of this group.

THE SCAPULAR ARCH.

The scapular arch in the present species 1s, fortunately, better known
than that of any other member of the present order, In Pl. XXII the
various bones are represented 1 position, and n fig. 2 of the same plate
a sternal bone is shown separately. The secapula resembles 1n general
form the corresponding bone in Apatosaurus, but the shaft is longer
and the upper end somewhat wider.
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The coracoid approaches more nearly that of Apatosaurus, which is
subquadrate in outhne. In Pl. XXII the scapnia and coracoid of the
present species are placed nearly in the same plane, and the space
between them probably represents about the amount of cartilage which
originally separated them. Both scapule were found in apposition with
their respective coracoids.

The two sternal bones 1a._y side u_y side between the two GOT‘&CO](’LS
and 1 this plate they are represented nearly as found. They are sub-
oval in outline, concave above, and convex below. They are parial,
and when in position nearly or quite meet on the median lime. Each
bone 18 considerably thickened 1n front, and shows a distinet facet for
union with the coracoid. The posterior end is thin and irregular. The
sternal ribs represented 1n figs. 12-15, p. 171, were found near the sternal
bones. The sternum of a young ostrich is shown for comparison on Pl.
XXII, fig. 3.

THE CERVICAL VERTEBRZAE

The cervical vertebree of the present species are guite numerous,
thirteen at least belonging 1n this part of the column. All are strongly
opisthocehan. The anterior cervicals are very snall in comparison
with those near the dorsal region. From the third vertebra to the md-
dle of the neck the centra increase in length and especially in bulk,
but the posterior cervicals gradually become shorter. In Pl XX, figs.
3 and 4, the s1xth cervical 1s represented, and this 1s typical for the
anterior half of the neck. All the anterior cervicals have coossified
ribs, as in birds. In the posterior cervicals the ribs oceasionally become
free (P1. XXI, fig.1). The articular facet for the head of the rib rises
gradually on the side of the centrum, the tubercular articulation remain-
ing on the diapophysis. None of the cervicals have a neural spine.
The neural canal is comparatively small. The centra of all the cervi-
cals have deep excavations mn the sides, and the transverse processes
are more or less cavernous. The posterior cervicals which bear free
nibs are remarkable for the great size of the zygapophyses, which are

+ here much larger than elsewhere in the series. The anterior cervicals
have several lateral cavities, while those farther back have only one
large foramen 1u each side of the centrum, as in the dorsals.

fHE DORSAL VERTEBRAE

The dorsal vertebrae of this species have short centra, more or Jess
opisthoceelian. There 1s a very large cavity 1n each side, which is sep-
arated from the one opposite by a thin vertical partition. The neural
eanal 1s much larger than 1 the eervicals. The anterior dorsals are
distinetly opisthoceelian. The neural spine has no prominence in this
region, but rises rapidly farther back. In P1.XXI, figs. 2 and 3, a pos-
terior dorsal is represented, which shows the pecuhar character of the
vertebra in this part of the sertes. The neural spine is greatly devel-
oped and has its summit transversely expanded. The vertebree 1n this
region, as in all the known Sauropoda, have the pecuhar diplosphenal
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articulation. This is shown in fig. 3. In the vertebra figured, at the
base of the neural spine, there is a strong anterior projection, which
was inserted into the cavity between and above the posterior zyga-
pophyses of the vertebra in front. There appear to be no true lumbar
vertebra, as those near the sacrum supported free ribs of moderate
size. The vertebrze in this region have both faces of the centrum nearly
flat or biconcave. An anterior dorsal rib is shown below.

THE SACRUDM.

The sacrum in the present species consists of five well-coossified ver-
tebrse, and in the type specimen the centrum of the last lumbar is
firmly united with it, as shown in PL XXIII. The striking feature

10
t_

Fi6. 9.—Proximal end of ribh of Bronlosawrus excelsus Marsh; front view.

Fig. 10.—The same bone ; back view.

Fi16. 11.—The same; superior view.

All the figures are one-eighth natural size. ¢, cavity; &, head; ¢, tubercle,
about this sacrum is the large general cavity it contained. This was
divided in part by a median longitudinal partition, as shown in
Pl XXI11, fig. 2. The septum, however, was not continuous the
whole length of the sacrum, so that the two lateral cavities were vir-
tually one. This extended even into the lateral processes. The trans-
verse partitions formed by the cnds of the respective centra were also
perforate, so that the sacrum proper was essentially a hollow cylinder.
The cavernous character of the sacrum is one of the peculiar features
of the snborder Sauropoda, and was described by the writer when
the first species of this group was discovered in this country. The
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statement that any of the species has the sacrum solid is evidently
based on erroneous observation.

Another peculiar character of the sacrum in the present genus is its
lofty neural spine. This is a thin, vertical plate of bone with a thick
massive summit, evidently formed by the union of the spines of several
vertebree., In front it shows rugosities for the ligament uniting it to
the adjoining vertebra, and its posterior margin likewise indicates a
similar union with the first caudal. In this genus, as iu all the Sau-
ropoda, each vertebra of the sacrum supports its own transverse proe-
esses. As shown in PL XXIII, the articulation for the ilinm is
formed by the coossification of the distal ends of the transverse
processes. The nearal canal is much enlarged in the sacrum, but less
proportionally than in Stegosaurus.

14 15

Fi1o, 12.—Bternal ribs of Brontosaurus excelsus; outer view.
Fi6. 13.~~The same specimen ; inner view.

Fi6. 14.—Sternal rib of same individnal; outer view.

Fla. 15.—The saame il ; inner view,

All the fignres ave one-sighth natural size.

THE CAUDAL VERTEERE.

In the present species the three vertebrse next behind the sacrum
have moderate-sized cavities between the base of the neural arch and
the transverse processes. These shallow pockets extend into the base
of the processes, but the centra proper are solid. All the other cau-
dals have the centra, processes, and spines composed of dense bone.
The fourth candal vertebra, represented in PL XXIV, figs. 2 and 3, is
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solid throughout, and the same is true of the chevron, figs. 4 and 5.
The neural spines of the anterior caudal vertebrze are elevated and
massive. The snmmit is cruciform in outline, due to the four strong
buttresses which unite to form it.

The median caudals all have low, weak spines, and no transverse
processes. The posterior caudals are elongate and without spines or
Zygapopiyses.

THE PELVIC ARCH.

The pelvie bones in the present species are shown in fig. 16. The
ilium represented is not quite perfect on its upper margin. Its ante-
rior process for the support of the pubis is much larger than the poste-

F16. 16.—Pelvis of Brontosaurus excelsus; seen from the left. One-sixteenth natural size,
@, acetabulum; f, foramen in pubis; i, ilium; 4, ischinm; p, pubis.

rior one which meets the ischinm. The pubis is elongate and massive.
It sends down a strong wing for union with the ischinm, and has in
front of this the usual foramen. The distal end is expanded, and has
on the inner surface a rugose facet for union with its fellow by cartilage.
The ischium is more slender than the pubis, and has its lower end
expanded for symphysial union with the one on the other side (PL
XXIYV, figs. 1 and 1a). This pelvis is more like that of Atlantosaurus
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than any other of the known genera of the Sauropoda. The three
bones shown in fig. 16 were found nearly in the position represented.

THE FORE LIMBS.

The fore linbs of Brontosaurus, as in most of the Sauropoda, were
of large size and of massive proportions, The limb bones are all solid,
and those of the feet are quite robust. There were five well-developed
digits in the manus, and the metacarpals were all moderately elongate,
A characteristic example is shown in figs. 17-20, below.

¥ie, 17, —First motacarpal of Brontosaurus amplus Marsh; front view.
Fra. 18,—The same bone; side view.

Fig. 19.—Proximal end of sgame.

Fia. 20.—Distal end of same.

All the figures are one-fonrth natural size.

THE HIND LIMBS,

The hind limbs of Brontosaurus were larger than those in front, and
the bones were all solid, thus being in remarkable contrast to the ele-
ments of the vertebral column. The hind feet were plantigrade, and
had five powerful digits. The first was very stout, and its terminal
phalanx, shown in figs, 21-23, supported a powerful claw.

RESTORATION OF BRONTOSAURUS.
Prate XLIT.

Nearly all the bones represented in this restoration belonged to a
single individual, which when alive was nearly or quite 60 feet in
length. The position here given was mainly determined by a careful
adjustment of these remains. That the animal at times assumed a posi-
tion more erect than here represented is probable, but locomotion on
the posterior limbs alone was hardly possible.
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The head was remarkably small. The neck was long and fiexible,
and, considering its proportions, was the lightest portion of the verte-
bral column. The body was short, and the abdominal cavity of mod-.
erate size. The legs and feet were massive and the bones all solid.
The feet were plantigrade, and each footprint must have been about a
square yard in extent. The tail was large and nearly all the bones
are solid.

The diminutive head will first attract attention, as it is smaller in
proportion to the body than in any vertebrate hitherto known. The
entire skull is less in diameter or actual weight than the fourth or fifth
cervical vertebra,

A careful estimate of the size of Brontosanrus, as here restored,
shows that when living the animal must have weighed more than
20 tons. The very small head and brain, and the slender neural cord,
indicate a stupid, slow-moving reptile. The beast was wholly without
offensive or defensive weapons or dermal armatnre.

[

22 23

Fi1o. 21.—Terminal phalanx of Bronfosaurus ezcelsus; outer view.
Fic. 22.—The same bone; front view.

Fic. 23.—The same; inner view.

All the figures are one-fourth natural size.

In habits Brontosaurus was more or less amphibious, and its food
was probably aquatic plants or other succulent vegetation. The
remains are usually found in localities where the animals seem to
have been mired. The type specimen was discovered by W. H. Reed,
near Lake Como, Wyoming.

BAROSAURUS,

Another genus of the Sauropuda is indicated by various remains of
a gigantic reptile described in 1890 by the writer. The most charac-
teristic portions examined are the caudal vertebrz, which in general
form resemble those of Diplodocus. They are concave below, as in the
caudals of that genus, but the sides of the centra are also deeply
excavated.

In the anterior caudals this excavation extends mearly or quite
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through the centra, a thin septum usually remaining. In the median
candals a deep cavity on each side exists, as shown in figs. 24-26, below.

On the distal candals the lateral cavity has nearly or quite disap-
peared. All the candal vertebra are proportionally shorter than in
Diplodocus, and their chevrons have no anterior projection, as in that
genus,

The remains on which the present description is based are from the
Atlantosaurus beds of South Dakota, about 200 miles farther north
than this well-marked horizon has hitherto been recognized.'

Fi16. 24.—Caudal vertebra of Burosaurus lentus Marsh; side view.
F16. 25.—The same vertebra, in section; front view.
FiG. 26.—The same vertebra; bottom view.
All the fignres are one-eighth natural size. a, anterior end; e. face for chevron; f, lateral cavity;
2, posterior end : &, rection.

DIPLODOCID A,

DIPLODOCUSR.2
THE SKULL.

The skull of Diplodocus is of moderate size. The posterior region is
elevated and nmarrow. The facial portion is elongate and the anterior
part expanded transversely. The nasal opening is at the apex of the
cranitm, which from this point slopes backward to the occiput. In
front of this aperture the elongated face slopes gradually downward to
the end of the muzzle, as represented in Pl. XXV, fig. 1.

Seen from the side the skull of Diplodoens shows five openings: a
small oval aperture in front, a large antorbital vacuity, the nasal aper-
ture, the orbit, and the lower temporal opening. The first of these has
not been seen in any other Sauropoda; the large antorbital vaecnity is
characteristic of the Theropoda also; while the other three openings
are present in all the known Dinosauria.

On the median line, directly over the cerebral cavity of the brain,
the type specimen of Diplodocus has also a fontanelle in the parietals.
This, however, may be merely an individual peculiarity.

The plane of the veciput is of moderate size, and forms an obtuse
angle with the frontoparietal surface.

The occipital condyle is hemispherical in form, and seen from behird
. is slightly subtrilobate in outline. Tt is placed nearly at right angles

18trata that may represent this horizon have been observed still farther north, especially in Mon-
tana, but have not yet been identified by characteristic fossils.
2 American Journal of Science, LBT8-1884.
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to the long axis of the skull. Itis formed almost wholly of the basi-
occipital, the exoccipitals entering but slightly or not at all mto its
composition. The basioccipital processes are large and rugose. The
paroceipital processes are stout and somewhat expanded at their .ex-
tremities, for union with the quadrates.

The parietal bones are small and composed mainly of the arched proc-
esses which join the squamosals. There is no true pmeal foramen,
but in the skull here figured (Pl. XXV) there is the small unossified
tract mentioned above. In one specimen of Morosaurus a similar
opemng has been observed, but 1 other Sauropoda the parietal bones,
even 1f thin, are complete. The snture between the paretals and
frontal bones is obliterated in the present skull, and the union 1s firm
in all the specimens observed.

The frontal bones i Diplodocus are more expanded transversely than
in the other Sauropoda. They are thin along the median portion, but
quite thick over the orbits.

The nasal bones are short and wide and the suture between them
and the frontals 1s distinet. They form the posterior boundary of the
large nasal opening, and also send forward a process to meet the
ascendmg branch of the maxillary, thus taking part in the lateral
border of the same aperture.

The nasal opening 1s very large, subcordate in outline, and 1s par-
tially divided in front by slender posterior processes of the premaxil-
laries. It 1s sitnated at the apex of the skull, between the orbits, and
very near the cavity for the olfactory lobes of the brain.

The premaxillaries are narrow below, and with the ascending proc-
esses very slender and elongate. Along the median line these processes
form an obtuse ridge, and above they project into the nasal opening.
Each premaxillary contains four functional teeth,

The maxillaries are very largely developed, more s¢ than in most
other known reptiles. The dentigerous portion 1s very high and slopes
mnward. The ascending process is very long, thin, and flattened, inclos-
ing near its base an oval foramen, and leaving a large unossified space
posteriorly. Above, it meets the nasal and prefrontal bones. Along
its inner border for nearly its whole length 1t unites with the ascending
proeess of the premaxillary. Each maxillary contains nime teeth, all
situated 1n the anterior part of the bone (Pl. XXV, fig. 1).

Aloug their upper margin, on the inner surface, the maxillaries send
- off athickened ridge, or process, which meets its fellow, thus excluding
the premaxillaries from the palate, as shown in fig. 27, opposite. Above
this, for alarge part of their length, the ascending processes of the
maxillaries underlap the ascending processes of the premaxillaries and
join each other on the median line.

The orbits are sitnated posteriorly in the skull, being nearly over the
articulation of the lower jaw. They are of mediumn size, nearly circular
in outline, their plane looking outward and slightly backward. No
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indications of sclerotic plates have been found either in Diplodocus or
in the other gemera of Sauropoda.

The supratemporal fossa is small, ovalin outline, and directed upward
and outward. The lateral temporal fossa is elongated, and oblique in
position, bounded, both above and below, by rather slender temporal
bars.

The prefrontal and lachrymal bones are both small; the suture con-
necting them, and also that uniting the latter with the jugal, can not
be determined with certainty.

The postfrontals are triradiate bones. The longest and most slender
branch is that descending downward and forward for connection with
the jugal; the shortest is the triangular projection directed backward
and fitting into & groove of the squamosal; the anterior branch, which
is thickened and rugose, forms part of the orbital border above.

The squamosal lies upon the upper border of the paroccipital process.
The lower portion is thin and closely fitted over the head of the quad-
rate bone.

Fi6. 27.—Skull of Iplodocus longus Barsh; seen from below. One-sixth natural size.

b, basioccipital process; eo, exoccipital; s, maxillary; snp, maxillary plate; o, occipital condyle;
o, palatine; pm, premaxillary; pf, pterygoid; ps, parasphenoid; ¢, quadrate; & transverse bone;
¥, VOIEr.

The quadrate is elongated and slender, with its lower end projecting
very much forward. In front it has a thin plate extending inward and
overlapping the posterior end of the pterygoid.

The quadratojugal is an elongate bone, firmly attached posteriorly to
the quadrate by its expanded portion. In front of the quadrate it forms
for a short distance a slender bar, which is the lower temporal arcade.

The palate is very high and roof-like, and composed chiefly of the
pterygoids, as shown above in fig. 27. The basipterygoid processes are
elongate, much more so than in the other genera of Sauropoda.

The pterygoids have a shallow cavity for the reception of these proc-
esses, but no distinct impression for a columella. Immediately in front
of this cavity the pterygoids begin to expand, and soon form a broad,
flat plate, which stands nearly vertical. Its upper border is thin, nearly
straight, and extends far forward. The anterior end is acute and unites
along its inferior border with the vomer. A little in front of the middle

16 ¢Geor, PT 1——12
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a process extends downward and outward. for union with the transverse
bone, In front of this process, uniting with it and with the transverse
bone, is the palatine,

The palatine is a small semioval bone fitting into the concave ante-
rior border of the pterygoid, and sending forward a slender process for
union with the small palatine process of the maxillary.

The vomer is a slender, triangular bone, united in front by its base to
a stout process of the maxillary, which underlaps the ascending proc-
ess of the premaxillary. Along its upper and inner border it unites
with the pterygoid, except at the end, where for a short distance it
joins a slender process from the palatine. Its lower border is wholly
free.

THE BRAIN.

The brain of Diplodocus was very small, as in all dinosaurs trom the
Jurassic. It differed from the brain of the other members of the
Sauropeda, and from that of all other known reptiles, in its position,
which was not parallel with the longer axis of the skull, as is usually
the case, but inclined to it, the front being much elevated, as in the
ruminant mammals (Pl. LXXVI, fig. 4). Another peculiar feature of

Fio. 28.—Dentary bone of Diplodocus longus; seen from the left. One-third natural size.

a, edentulous border; &, symphysis.
the brain of Diplodocus was its very large pituitary body, inclosed in a
capacious fossa below the main brain case. This character separates
Diplodocus at once from the Atlantosaurida, which have a wide
pituitary canal connecting the brain cavity with the throat. In the
Morosaurida the pituitary fossa is quite small.

The posterior portion of the brain of Diplodocus was diminutive.
The hemispheres were short and wide and more elevated than the
optic region. The olfactory lobes were well developed, and separated
in front by a vertical osseous septum. The very close proximity of the
external nasal opening is a new feature in dinosaurs, and appears to be
peculiar to the Sauropoda.

THE LOWER JAWS,

The lower jaws of Diplodocus are more slender than i any of the

other Sauropoda. The dentary especially lacks the massive character
seen in Morosaurus, and is much less robust than the corresponding
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bone in Brontosaurus. The short dentigerous portion in front is de-
curved (PL XXV, fig. 1), and its greatest depth is at the symphysis, as
shown in fig. 28 above. The articular, angular, and surangular bones
are well developed, but the coronary aud splenial appear to be small.

THE TEETH.

The dentition of Diplodocus is the weakest seen in any of the known
- Dinosauria, and strongly suggests the probability that some of 1the more
specialized members of this great group were edentulous. The teeth
are entirely confined to the front of the jaws (Pl XXV, fig. 1), and
those in use were inserted in such shallow sockets that they were readily
detached. Specimens in the Yale museum show that entire series of
upper or lower teeth could be separated from the bones supporting
them without losing their relative position. In Pl XXVI, fig. 1, a
uumber of these detached teeth are shown.

Fia. 20.—8ternal plate of Brontosaurus amplus; top view.

Fic. 30.—S3ternal plate of Morosawrus grandis Marsh.

Both figures are one-eighth natural size. a, bottom view; b, top view ; b’, side view; b", end view;
¢, face for coracuid ; d, margin nert to median live ; e, inner front margin; p, posterior end.

The teeth of Diplodocus are eylindrical in form and quite slender.
The crowns are more or less compressed transversely and are covered
with thin enamel, irregularly striated. The roots are long and slender
and the punlp cavity is continued nearly or quite to the crown. In the
type specimen of Diplodocus there are four teeth, the largest of the
geries, in each premaxillary; nine in each maxillary, and ten in each
dentary of the lower jaws. There are no palatine teeth.

The jaws contain only a single row of teeth in actual use. These
are rapidly replaced, as they wear out or are lost, by a series of succes-
sional teeth, more numerous than is usual in these reptiles. PL XXV],
fig. 2, represents a transverse section through the maxillary, just behind
the fourth tooth. The latter is shown in place, and below it is a series
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of five immature teeth, in various stages of development, preparing to
take 1ts place. These successional teeth are lodged in a large cavity,
which extends through the whole dental portion of the maxillary. The
suecession is also similar in the premaxiliary teeth and in those of the
lower jaws.

TIIE VERTEBRX

The vertebral column of Diplodocus, so far as at present known, may
be readily distinguished from that of the other Sauropoda by both the
centra and chevrons of the candals. The former are elongated and
deeply excavated below, as shown in PL XXVI, figs. 4 and 5. The
chevrons are especially characteristic, and to their peculiar form the
generic name Diplodocus refers. They are double, having both anterior
and posterior branches, and the typical forms are represented in figs. 6
and 7 of the above plate.

The cervical and dorsal vertebras of Diplodocus are represented by
typical examples on Pl. XXV, fig. 3, and P1. XXVII, and the sacrum
with illam attached 1s shown on Pl. XX VIII.

THE STERNAL BONES.

The sternal bones in Diplodocus are especially large, and m form
resemble those in Brontosaurus excelsus. Those 1n Brontosaurus amplus

are less robust, and are somewhat similar 1n shape to those of Moro-
saurus, as shown in figs. 29 and 30.

THE PELVIC GIRDLL

A most characteristic bone of the two families of Sauropoda first
described is the ischinm. In the Atlantosaurid:e the 1schia are mas-
sive and directed downward, with their expanded extremities meeting
on the median line. In the Morosauride the 1schia are slender, with
the shaft twisted about 900, directed backward, and the sides meeting
on the median line, thus approaching this part mn the more specialized
dmosaurs. The 1schia referred to the genns Diplodocus (P1. XXVIII,
fig. 3) are intermediate in form and position between those above men-
tioned. The shaft is not expanded distally, nor twisted, but was
directed downward and backward, with the sides meefing on the
median lme,

The feet of Diplodocus are shown m Pls. XX VIII and XXIX.

SIZE AND HARITS,

The type specimen of Diplodocus, to which the skull here figured
belongs, mdicates an animal 1ntermediate in size betwcen Atlanto-
sanrus and Morosaurus, probably 40 or 50 feet in length when alhve.
The teeth show that it was herbivorous, and the food was probably
succulent vegetation. The position of the external nares would seem
to indicate 1n sonme measure an aquatic life.
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MOROSAURIDZ.

MOROSBAURUS.

The genus Morosaurus, the type of the family, was described by the
writer in 1878, in the American Journal of Secience, which contains
most of the original descriptions of Sauropoda found in this country.

THE SKULL.

The head in this genus was very small. The posterior part of the skull
resembled that in Diplodocus, but the front was much more massive.
The lower jaw was especially powerful, as shown by the dentary bone
figured in Pl. XXX, fig. 3. This figure also shows the size and posi-
tion of the teeth, one of which is figured in PL XXXI, figs. 1 and 2.

Fra. 3l.—Anterior dor=al vertebra of Morcsaurus grandis; {ront view.

Fia. 32.—The same vertebra; side view.

F16. 33 —Transverse section through centrim of same.

Al the figures are one-eighth natural size. &, ball ; ¢, cup; d, diapophysis ; f, cavity in centrum;
an, metapophysis ; 5, nearal canal ; ne, nenral suture ; 2, anterior zygapophysis ; 2', postérior zyga-
pophysis,

The brain was very small. Its form and position in the skull are
shown in fig. 2 of 'L, XXX, At the back of the skull there are two
peculiar bones, called by the writer the postoccipital bones, which are

shown in Pl. XXX, fig. 1.
THE VERTEBR/,

The neck was elongated, and except the atlas all the cervical verte-
bree have deep cavities in the sides of the centra, similar to those in
birds of flight. They are also strongly opisthocelous. The atlas and
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axis are not anchylosed together, and the elements of the atlas are
geparate (Pl XXXT),

The dorsal vertebra are distinetly opisthocelous. The posterior dor-
sals have elongated transverse nenral spines, and have deep cavities
in the sides. An anterior dorsal is shown in figs, 31-33, p. 181. There
are four vertebra in the sacrum,all with cavities in the centra. Their
transverse processes, or sacral ribs, are vertical plates with expanded
ends. The anterior candal vertebra: are plano-coucave, and nearly or
quite solid. The tail was elongated, and the chevrons are similar to
those in crocodiles (Pl. XXXIX). The vertebr:e of Morosanrns are
represented on Pls. XXXI-XXXIV,

THE FORE LIMES.

The scapula is elongated and very large, and the shaft has a promi-
nent anterior projection. The coracoid is small, suboval in outline,
and has the nsnal foramen near its npper border. These two boues
are well represented in Pl XIX, nearly in the relative position in
which they were found. The humerns is very large and massive, and
its radial erest prominent. This bone is nearly solid, and its ends
were rongh and well covered with cartilage. This is true, also, of all

Fia. 34, —Cast of neural cavity in sacrum of Morosewruslentus Marsh; gide view. Ome-fourth nat-

ural size. .
4,4, 4", 9, intervertebral foramina; v, v*, v'/, v', cavities in first, second, third, and fourth sacral

vertebrze.

the large limb bones in this genns. The radins and nlna are nearly
equal in size. The carpal bones are separate and quite short. The
five metacarpals are elongated, and the first is the stontest. The toes
were thick, and the ungual phalanges were evidently covered with hoofs.
In Pl. XXXVIIIL, fig. 1, the restoration of the scapular arch and entire
fore limb of one species of Morosaurns well illustrates this part of the

skeleton.
THE FELVIS.

The pelvie bones are distinet from each other and from the sacrum.
The ilinm is short and massive, and shows on its inner side only slight
indications of its attachment to the sacrum. More than half the
acetabulom is formed by the ilinm, which sends down in front a strong
process for union with the pubis, and a smaller one behind to join the
ischinm (PL XXXV, fig. 1, ¢ and b). The acetabulum is completed
below by the pubis and ischinm. The pubis is large and stont, and
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projecis forward and downward, uniting with its fellow on the median
line 1n a strong ventral symphysts. Its upper posterior margin meets
the ischinm and contains a large foramen. The 1schinm projeets down-
ward and backward, and 1ts distal end is not expanded. The relative
position and general form of the three pelvie bones in this genus are
shown 1 Pl XXXVI, fig. 1, and the entire pelvic arch in PL XXXI.
The 1schia of two species are shown on Pl. XXXYV. The sacrum of one
specles of Morosaurus 1s shown on Pl. XXXT, and that of another on
PL XXXIII. A cast of the sacral cavity of the latter 1s represented 1u
fig. 34, p. 182.
TOE HIND LIMBS

The femur is long and massive, and without a true third trochanter,
although a rugosity marks 1ts position. The great trochanter 1s obtuse
and 1s placed below thehead. The ridge which plays between the tibia,
and fibula is distinet. The tibia is shorter than the femur. It 1s with-
out a spie or fibular ridge, and its distal end shows that the astrag-
alus was separated from it by a cushwon of cartilage. The fibula 1s
stout, 1ts two cxtremities nearly equal, and its distal end supports the
calcaneum. The tarsal elements of the second row are unossified. The
five well-developed digits are similar to thosen the manus. The first
wmetatarsal 1s much the largest (Pl. XXIX, fig. 2). The feet are also
shown on Pls. XXXVIT and XXX VIII.

PLEUROCELID. .
PLEUROCMLUS, !

THE SKULL.

The genus Pleuroccelus includes the smallest individuals of the
Sauropoda found 1 this country, most of them not beimng larger than
existing crocodiles, and some even smaller. The skull is quite small,
and resembles in 1ts structnre that of Morosaurus, but has powmts of
simlarity also with that of Brontosaurus. The teeth resemble those of
Diplodocus most nearly, but have shorter roots and are much more
numerous, the entire upper and lower jaws being furnished with teeth.
The dentary bone s similar in shape and proportions to that of Bron-
tosaurus, differing widely from that of Diplodocus and Morosaurus.
It 18 slender and rounded at the symphysis, instead of having the mas-
sive, deep extremity seen in Morosaurus. The maxillary also is much
less robust. The supraoccipital agrees closely in shape with thatof
Morosaurus, and forms the upper border of the foramen magnum, as
n that genus. Iu Pl XTI, fig. 1, 18 shown the dentary of Pleuroccelus,
with the teeth 1n outhine,and beside it are typical examples of the teeth.

THE VERTEBRAE
The cervical vertebr:e are very clongate and strongly opisthoccelous.

The deep cavities mn the sides of the centrum are separated only by a
thin septum of bone, as shown 1n fig. 3 of the same plate. The dorsal

! American Journal of Science, 1888
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vertebrae are much longer than the corresponding vertebrz of Moro-
saurus, and bave a very long, deep cavity in each side of the centrum,
to which the geuneric name refers. All the trunk wvertebrz hitherto
found are proportionately nearly double the length of the corresponding
centra of Morosaurus, and the lateral cavity is still more elongate.
These points are shown in the posterior dorsal vertebra represented in
figs. 4 and 5 of PL. XL, The neural arch in this region is lightened by
cavities, and is connected with that of the adjoining vertebrae by the
diplosphenal articulation. A dorsal centrum of another species is
shown below in figs, 35-37.

The sacral vertebr in Pleurocwelus are more solid than in Moro-
saurus, but more elongate. The surface for the rib, or process which
abutsagaimnst the ilium, is well in front, more so thanin any of the known

W
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F1a. 85.—Dorsal vertebra of Plewroeelus montanus Marsh; side view.
Fia. 36.—The same vertebra; top view.
Fic. 87.—The same; back view.

40

Fic. 88.—Candal vertebra of pame individual; front view.

Fia. 39.—The same vertebra; side view,

FIG. 40. —The same; back view.

Fi1i. 41,—The game: top view.

All the fignres are one-half natural gize. a, anterior end; f, cavity m centrum; », nenral canal;

7, posterior end.

Sauropoda. Behind this articular surface is a deep pit, which somewhat
lightens the centrum. These characters are seen in the sacral vertebra
represented in figs. 6 and 7 of Pl. X1,

The first caudal vertebra has the centrum very short, and its two
articular faces nearly flat, instead of having the anterior surface deeply
concave, as in the other known Sauropoda. An anterior caudal is
shown in figs. 38-41, above. The neural spines in this region are com-
pressed transversely. The middle and distal candals are comparatively
short and the former have the neural arch on the front half of the
centrum, as shown in figs. 8 to 11 of Pl XL,

The bones of the limbs and feet preserved agree in general with those
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of the smaller species of Morosaurus, but indicate au animal of slighter -
and more graceful bmild. The metapodials are much more slender and
the phalanges are less robust than in the other members of the order, as
shown 1 Pl XLI.

DISTRIBUTION OF THE SAUROPODA.

In the preceding pages the most 1mmportant forms of the Sauropoda
now known from North America have been briefly described and 1llus-
trated. The only remains known from other parts of America are a few
fragmentary specimens recently found mm Patagonia, and described by
Lydekker, under the generic names Argyrosaurus and Titanosaurus,
1 the Anales del Museo de La Plata, 1893. The specimens now known,
although m poor preservation, show distinctive characters of the order
Sauropoda, and 1ndicate reptiles of gigantic size. The discovery 1s
interesting and will doubtless soon be followed by others of more
importance.

In England remains of Sauropoda have long been known, and the
first generic name given was Cardiodon, proposed by Owen, 1n 1841, and
based on teeth alone. A number of other generic names have since
been proposed, and several are still 1n use, Among these are Cetio-
saurus and Bothriospondylus Owen, Pelorosaurus Mantell, Bpysaurus
and Hoplosaurus Gervais, Ornithopsis Seeley, and Eucamerotus Hulke.
The absence of the skull, and the fact that most of the type specimens
pertain to different parts of the skeleton, render1t difficult, 1f not impos-
sible, to determine the forms described, and especially their relations
to one another.

COMPARISON WITH EUROPEAN FORMS

In examming the BEuropean Sauropoda with much care the writer
was mmpressed by three prominent features m the speeimens :nvesti-
gated :

(1) The apparent absence of any characteristic remains of the Atlan-
tosaurida, which embrace the most gigantic of the American forms.

(2) The comparative abundance of another family, Cardiodontida,
nearly allied to the Morosauridee, but, as a rule, less speciahized.

(3) The absence, apparently, of all remains of the Diplodocide.

A number of 1solated teeth and a few vertebra of one immature 1ndi-
vidual appear to be closely related to the Pleuroccelidee, but this, for
the present, must be left in doubt.

A striking difference between the Cardiodontide and the alhed Amer-
ican forms 18 that in the former the fore and hind hmbs appear to he
more nearly of the same length, indicating a more primitive or general-
ized type. Nearly all the American Sauropoda, indeed, show a lngher
degree of specialization than those of Europe, both 1n this feature and
in some other respects.

The identity of any of the generic forins of European Sauropoda
with those of Americais at present doubtful. In one or two instances
it is impossible, from the remains now known, to separate closely alhed
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forms from the two countries. Portions of one Wealden amimal, refer-
red by Mantell to Pelorosaurus, are certainly very sumlar to some of
the smaller forms of Morosaurus, especially in the proportions of the
fore himbs, which are unusually short. This fact would distinguish

+ham af ancao fi . o An
them at once from Pelorosaurus, and until the skull and more of the

skeleton are known they can not be separated fromn Morosauras..

The only Sauropoda reported from other parts of the world are some
fragmentary remains from India, referred by Lydekker to the geuus
Titanosaurus, and more recently other remains from Madagascar, which
the same author has placed 1 the genus Bothriospondylus. The wide
distribution of the forms already known 1ndicates that many future dis-
coverles Inay be expected

PREDENTATA

The third order of the Dinosanria, according to the system of classi-
fication here adopted, 1s the one named by the writer the Predentata,
a nae derived from the fact that all the members of the group have a
predentary bone, which is wanting m all other dinosaus, and 1 fact
1n all other vertebrates, iving and extinct. This order mclndes three
suborders. the Stegosauria (plated hzards), the Ceratopsia (horned liz-
ards), and the Ormithopoda (bird-footed). These are all herbivorous
forms. and most ot them contaimn species of very large size. The Steg-
osanria were mainly confined to the Juirassic, the Ceratopsia entirely to
the Cretaceous, while the Ornithopoda were abundant in each of these
periods. Of the Jnrassic forms the Stegosauria will be first discussed,
espectally the typical family Stegosaurida, which contains the Amer-
can forms.

STEGOSAURIDE

The genus Stegosaurus, the type of the family, was described by the
writer in 1877 from a specimen found in the Atlantosaurus beds of Colo-
rado. Subsequently other remais were discovered and described by
the writer, the more important being from near Lake Como, Wyo., and
Canyon, Colo , localities whieh have furmished so many type specimens
of the Sanropoda and other dinosaurs.

STEGOSAURUS.
THE SKULL.

The skull of Stegosanrns is long and slender, the faeial portion bemng
especially produced. Seen from the side, with the lower jaw in posi-
tion, it is wedge-shaped, with the point formed by the premaxillary,

which projects well beyond the mandible, as shown in fig. 1, P1. XLIIL

The anterior nares are large and situated far i front. The orbit s
very large and placed well back. The lower temporal fossu is some-
what smaller. All these openings are oval in outline and are on a line
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nearly parallel with the top of the skull. In tlus view the lower jaw
covers the teeth entirely. ..

Seen from above,as shown in fig. 3, Pl. XLIII, the wedge-shaped form
of the skull is still apparent. The only opemngs visible are the supra-
temporal fosse. The premaxillary bones are short above, but send baeck
a long proeess below the narial onfice. The nasal bones are very large
and elongate. They are separated i front by the premaxillaries, and
behind by anterior projections from the frontal bones. The prefrontals
are large, and are placed between the nasals and the promment, rugose
supraorbitals. The frontals are short, and extcrnally jomn the post-
frontals. The parietals are small and elosely coossified with each
other.

Viewed from 1n front, the skull and mandible present a nearly quad-
rate outline (Pl. XLIII, fig. 2), and the mutual relations of the facial
bones are well shown. In tins view 1s seen, also, the predentary bone,
a characteristic featuie of the mandible m tlas genns The lateral
aspect of this bone 1s shown m fig. L of the sane plate.

The teeth 1n tlus genus are entirely confined to the maxillary and
They are small, with compressed, fluted ciowns, which arc separated
from the roots by a more or less distinet neck., The premaxillary and
the predentary boues are edentulous. A typmeal tooth of Stegosaurus,
and one of an allied genus. Priconodon, are represented on Pl. XLIV,
figs. 1 and 2.

The present skull belongs to the type specimen of a very distinet
species, Stegosaurus stenops. The skull and nearly complete skeleton of
this specimen, with most of the dermal armor m place, were found
almost 1n the position 1 which the animal died.

This reptile was much smaller than those representing the other
species of this genus. Its remains were found by Mr. M. P. Felch in
the Atlantosaurns beds of the Upper Jurassie, in southern Colorado.
In tlus geological horizon all known American forms of Stegosaurns
have beeun discovered.

THE BRAIN

Lattle has been known hitherto of the brain in dinosaurs, but fortu-
nately one specimen of Stegosanrus has the brain case well preserved
and apparently without distortion. Tigs. 3 and 4 of Pl. XLIV show
the form aud general characters of thus brain cavity. The brain of
this 1eptile was much elongated, and 1ts most striking features were
the large size of the optic lobes and the small cerebral hemispheres.
The latter had a transverse (hameter only shghtly in excess of the
medulla. The eerebellnm was quite small. The optic nerve corre-
spouded 1 size with the optic lobes. The olfactory lobes were of large
size. As a whole, tlis brain was lacertihan rather than avian, A
bram cast of a young alhgator 15 given ou PL. LXXVII for eomparison.
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in some other respects the correspondence 18 noteworthy

In comparing the proportionate size of the brain of this living reptile
with that of Stegosaurus, as given on the same plate, the result proves
of special 1nterest. The absolute size of the two brain casts 1s approxi-
mately as 1 to 10, while the bulk of the entire bodies, estimated from
corresponding portions ot each skeleton, was as 1 to 1,000. It follows
that the bramn of Stegosaurus was ouly 3y that of the alligator, if the
weight of the entire animmal is brought into the comparison. If the
cerebral regious only of the two brains were compared the contrast
would be still more striking. This comparisou gives, of course, only
approxumnate results, and some allowance should be made for the pro-
portionally larger brain 1n small anrnals.

The braiu of Siegosaurus ungulatus is clearly of a lower type than
that of Morosawrus, which, as the writer has shown, was several times
smaller 11 diameter than the ncural canal m 1ts own sacrum. In the
latter genas the bramn was proportionally shorter, and the cerebral
region better developed, as shown 1n the plate cited. The absolute s1ze
of tiits brain as compared with that of Stegosaurus 1s about 16 to 10,
the brain of the alligator figured being regarded as 1. Taking agan
the body of the alligator as the unit, and Stegosaurus as 1,000, that of
Morosaurus would be about 1,500. Stegosanrus had thus one of the
smallest brains of any known laud vertebrate. These facts agree fully
with the geueral law of bram growth i extmet mammals and birds as
made out by the writer.!

THE ANTERIOR VERTEBRZE.

The vertebrae of Stegosaurus preserved all have the articular faces
of their centra concave, although in some the depression 1s shight.
They are all, moreover, without pneumatic or medullary ecavities, On
Pl. XLV a selection from the vertebral series of one skeleton is given,
which shows the principal forms. Figs.1 and 2 represent a median
cervical. The other neck vertebrze have their centra of similar length,
but the diameter increases from the axis to the last of the series. Sowe
of the anterior cervicals have a small tubercle 1n the center of each end
of the centra, a feature seen also in some of the candals. All the cer-
vicals supported short ribs.

The dorsal vertebr® have their ceptra rather longer and more or less
compressed. The neural arch 18 especlally elevated. The neural canal
1s much higher than wide. The head of the rib fits into a pit on the
side of the neural arch. Figs. 3 and 4 of PL. XLV represent a poste-
rior dorsal with characteristic features. The ribs are massive, and are
strengthened by their form, which is T-shaped in transverse section.

10Odontornithes, a monograph on the extinct toothed rds of North America U $ Geol Expl
Fortieth Par, Vol VII, pp 8,121, 1880 Dinocerata, # monograph of an extinet order of gigantic
mammals Mon U b Geol Survey, Vol X, Author's Edition, pp 57-59, 1884
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THE SACRUM

The true sacrum of Stegosaurus 1s composed of four well-coossified
vertebree. 1In fully adult amimals the pelvic arch may be strengthened
by the addition of oune or morc lumbar vertebrae, as m the specimen
figured mn PL XLVI, fig. 5, where two are firmly consohidated with the
sacrum. The ecentra of the sacral vertebre are solid, like the others in
the column. Their neural arches are especially massive, and the spines
have high and expanded summits. The transverse processes of the
sacral vertebrie are stout vertical plates, which curve downward below
and uuite to meet the 1ha. Kach vertebra supports its own process,
although there 1s a tendency to overlap in front. There 18 a gradual
mcerease 1n size from the first to the last sacral vertebra, and the fist
caudal is larger than the last sacral. The neuaral cavity of the sacrum
is described below.

THE CAUDAL VERTLBR/E

The caudal vertebrae present the greatest diversity, both 1n size and
form. The anterior caudals are the largest in the whole vertebral
series, and are highly modified to support a portion of the massive der-
mal armor. The articular faces of theiwr centra are nearly plane and
very rugose. The neural spine has an enormous development, and 1its
summit 1s expanded mto a bifurcate rugose head. These caudals are
very short, and their neural spines nearly or quite 1o apposition above,
Their centra have no distinct faces for chevrons. The transverse proc-
esses are expanded vertically, and their extremities curve downward.
Faither back the same general characters are retained, but the centra
are more deeply cupped and the spines less massive. Tigs. 5, 6, and 7 of
PL XLV show anterior caudal vertebiie. Thechevrons hiere have their
articular ends separate aud rest upon two vertebrie, as shown on the
same plate.

In the median caudals, figs. 8 and 9, the spme has greatly dimimshed
m height, and the faces for chevrons are placed on prominent tubercles
on the postero-inferior surface. The lower margin of the front articular
face 1s sharp and the chevrons do not meet it. In the more distal
caudals the neural spine and zygapophyses are reduced to meve rem-
nants, but the chevron facets remain distinct. These vertebre, as well
as those farther back, have their centra much compressed. The caudal
vertebra are remarkably umform in length throughout most of the
series.

R THE SACRAL CAVITY.

During an wmvestigation of one skeleton of tins genus the writer
found a very large chamber in the sacrum, formed by an enlargement
of the spinal canal. This chamber was ovate 1n form, and strongly
resembled the bramn case 1 the skull, although very much larger,
being at least twenty times the size of the cavity which contained the
brawm. This remarkable feature led to the examination of the sacra of
several other individuals of Stegosaurus, and 1t was found that all had
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a sumilar large chamber 1n the same position. The form and propor-
tions of tlus cavity are mndicated m Pl XLVI, figs. 2 and 3, which
1epresent a cast of the catire neural canal inclosed 1n the sacrun.
The large vaulted chamber, 1t will be observed, is contained mainly in
the first and second sacral vertebra, although the canal 1s consider-
ably enlarged behind tlus cavity. The sections represented n fig. 4
are 1n each case made where the transverse diameters are greatest.

The remarkable feature about this posterior brain case, if so 1t may
be called, 1s 1t8 s1ze 11 comparison with that of the true brain of the
animal, which 1s also indicated in the same plate, and m this respect
it is entirely without a parallel. A perceptible swelling m the spinal
cord of various recent animals has indeed been observed 1n the pectoral
and pelvic regions, where the nerves arve given off for the anterior and
posterior imbs; and 1n extinet forms some very noticeable cases are
recorded, especially 1n dinosaurs, but nothing that approaches the sacral
enlargement in Stegosaurus has hitherto been known. The explanation
may doubtless in part be found 1n the great development of the pos-
terior limbs 1n this genus; but 1 some allied forms—Camptosaurus, for
example, where the disproportion between the fore and hind Iimbs is
quite as marked—the saeral enlargement of the spinal cord 1s not one-
fourth as great as in Stegosaurus.

1t 18 an interesting fact that m young individuals of Stegosdurus
the sacral cavity 1s proportionately larger than 1n adults, which corre-
spouds to a well-known law of brain growth.

The physiological effect of a posterior nervous centcr so many times
larger than the brain itself 1s a suggestive subject which need not here
be discussed It 1s evident, however, that 1n an animal so endowed
the posterios part was dommant.

THE PELVIS

The iltum m Stegosdaurus 18 a very peculiar bone, unlike any hitherto
known in the reptiles. Its most prominent feature 1s1ts great antertor
extension 1n front of the acetabulum. Another striking character 1s
seen 1n its superior crest, which curves inward, and firmly unites with
the neural arches of the sacrum, thus roofing over the cavities between
the transverse processes. The acetabular pertion of the ilium 1s large
and shallow (PL. XLVI, fig. 5). The face for union with the 1schium
is large and rugose, but that for the pubis 1s much less distinet. The
postacetabular part of the 1thum 1s very short, scarcely one-third as
long as the anterior projection. :

The 1schhum of Stegosaurus ungulatus is short and robust, and has a
prominent clevation on-the upper margin of the shatt (Pl. XLVIII,
fig. 2). Tts larger articular face mcets a postacetabular process of the
ithum, and a smaller articulation join~ the pubis. The shate of the
1schium is twisted so that it resembles somewhat the coriesponding
bone of Morosaurns. The pelvis of Stegosuurus stenops 1s shown 1n the
same plate, fig. 3.
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The pubic element of the pelvis of Stegosaurus ungulatus is 1n general
form somewhat like that of Camptosaurus. The prepubis cousists of
a strong spatulate process, projecting forward nearly horizontally. Its
proximal end articulates with the preacetabular process of the 1lum.
The postpubic branch extends backward and downward, nearly to the
end of the ischium. The two bones fit closely together 1 this region.
The usual pubic foramen 1s 1n this species replaced by a notch, opening
mto the acctabular cavity. In a smaller species, Stegosaurus affinis,
the postpubic bone is siender and more rod-like, not flattened as 1n the
specinmen here figured.

THE FORE LIMBS

On Pl. XLVII some of the bones of the scapular arch and anterior
hmbs of Stegosaurus are flgured. The scapulaand coracoid are of the
true dinosaurian type. The former has its upper portion rather short
and moderately expanded. The coracoid was closely united to the
scapula by cartilage. It 1s perforated by the usual foramen, which
some cases may become a notch.

The humerus (fig. 3) is short and massive. It has a distinet head
and a strong radial crest. The shaft 18 constricted medially, and is
without any medullary cavity. The ulna (fig. 4) 1s also massive, and
has a very large olecranal process. Its distal end is comparatively
small. Theradius is sinaller than the ulna. The fore hmb, as a whole,
was very powerful and adapted to varied mnovements. There were
five well-developed digits in the fore foot, as shown on Pl. XLVIII,
fig. 1.

THE HIND LIMBS

The femur of Stegosaurus (Pl. XLVTII, fig. 1)1s by far the largest
boue 1 the skeleton. It 1s remarkably long and slender. There 1s no
distinct head, and the greattrochanter 1s nearly or quite obsolete, The
shaft is of nearly uniform width and very straight. There 13 no evi-
dence of a third trochanter. The distal eund of the femur 1s pecubar
in having very flat condyles, with only a shallow depression between
them. The external one has only a rudiment of the ridge which passes
between the heads of the tibia and fibula, and 1s very characteristic of
true dinosaurs and birds.

The tib1a (fig. 2) 18 very much shorter than the femur. Its superior
end 1s unusually flat, indicating that 1t met the condyles of the femur
s0 as to bring the two bones at times nearly or quite mto the same
line. The shaft of the tiba 1s constricted medially, leaving a wide
space between it and the fibula. The distal end of the tibia s blended
entirely with the convex astragalus, so as to resemble strongly the cor-
responding part 1n birds.

The fibula (fig. 2) 1s slender, and has 1ts smaller end above. This
extremity is apphed closely to the head of the tibiaby a rngose suture,
80 as to unite readily with 1t. TIts upper articular surface 1s neaily or
quite on a level with that of the tibia. The distal end of the fibula is
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expanded, and i the specimen figured 1s firmly coossified with the cal-
caneum. The two coalesce with the tibia and astragalus, and form a
smooth convex articulation for the ankle joint, There were ouly thiee
functional digits in the hind tfeet, as showu on Pl. XLVIII, fig. 2.

TIIE DERMAL ARMOR

The most remarkable feature about Stegosaurus is the series of ossi-
fications which formed its offensive and defensive armor. These consist
of numerous spines, some of great size and power, and mauy bony
plates of various sizes and shapes, well fitted for protecting the animal
against assaults. Some of these plates are a meter, or more than 3 feet,
in diameter.

The spines were of different forms and varied wuch in size. Four
of these are represented on Pl. L. All of those preserved are unsym-
metrical, and most of them are i pairs. One of the largest 1s shown
in fig. 2, which gives the more usual form and proportions. This speci-
men 1s over 2 feet 1n length.

The osseons dermal covering of the Stegosanria was first deseribed
by the writer from specimens found associated with several skeletons,
but not 1n place, and hence the position of the various paits was a
matter of considerable doubt. Subsequent discoveries have shown the
general arrangement of the plates, spines, and ossicles, and 1t 18 now
evident that, while all the group were apparently well protected by
offensive and defensive armor, the various spectes, and perhaps the
sexes, differed more or less in the form, size, and number of portions of
their dermal covering. This was especially true of the spines, which
arc quite characteristic in some members of the group, if not in all.

The skull was evidently covered above with a comparatively soft
integument. The throat and neck below were well protected by small,
rounded and flattened ossicles having a regular arrangement in the
thick skin, One of these ossicles 18 shown m Pl. XLIX, fig. 1. The
upper portion of the neck, back of the skull, was protected by plates,
arranged 1 pairs on either side. These plates increased in si1ze farther
back, and thus the trunk was shielded from 1ujury. From the pelvic
region backward a series of huge plates stood upright along the median
line, gradually dimmshing 1n size to about the middle of the tail. One
of these1s shown in Pl. XLIX, fig.4. Some of the species, at least, had
somewhat sunilar plates below the base of the tail, and one of these
bones 1s represented 1n fig. 3 of the same plate.

The offensive weapons of this group were a series of huge spines
arranged 1n pairs along the top of the distal portion of the tail, which
was elongate and flexible, thus giving effective service to the spines,
as 1n the genus Myliobatis,

In Stegosaurus unguletus there were four pairs of these spines,
diminishing in size backward. Two of the larger of these are shown
on DL L, figs.2 and 3. In some other forms there were three pairs,
and w 8. sicnops but two pairs have been found.
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In one large species, Stegosaurus sulcatus, there 1s at present evidence
of only one pair of spines. These are the most massive of any yet
found, and have two deep grooves on the mner face, which distingwsh
them at once from all others known. One of these grooved spines is
represented on Pl. L, figs, 4, 5, and 6.

The position of these caudal spines with reference to the tail 1s 1ndi-
cated in the specimen figured on Pl LI, wlueh shows the vertebre,
spines, and plate as found.

DIRACODON.,

The American genera of the Stegosauria are Stegosaurus and Dirac-
odon, Of the former there are several well-marked species besides
S armatus, the type. Of the latter genus bnt one is kuown at present,
Diracodon laticeps, the remains of which have hitherto been found at a,
single locality only, where several individuals referred to this species
have been discovered. Aside from the form of the skull, these speci-
mens have in the fore foot the intermedian and ulnar bones separate,
while 1n Stegosaurus these earpals are firmly coossified.

All the American Stegosauride have the second row of carpals
unossified and five digits 1in the manns. In the hiud foot the astrag-
alus 1s always coossified with the tibia, even 1 very young specimens,
while the calcaneum 18 sometimes free. The second row of tarsals is
not ossitied 1 any of the known specimens. Ouly four digits in the
hind foot are known with certainty, and one of these 18 quite small.
All forms have at least three well-developed metatarsals, which are
short and massive, but longer and much larger than the metacarpals.

In one large speeimen, of which the posterior half of the skeleton was
secured, no trace of dermal armor of any kind was found. If present
during hfe, as indicated by the massive spmes of the vertebrae, 1t 1s
dafficult to account for 1ts absence when the remains were found, unless,
mmdeed, the dermal covering had been removed after the death of the
animal and previous to the entombment of the skeleton where found.
In this animal theha were firmly coossified with the sacrum, thus form-
ing a strong bony roof over the pelvic region, as m birds.

This specimen represents a distinet species, Stegosaurus dupler. It
was origmally referred by the writer to S. ungulatus. In the sacrum
of this species each vertebra sunnorts 1ts own transverse nrocess. or

it ettt P S S hadenind A i |
rib, as m the Saunropoda, winle 1 8. ungulatus the sacral mibs have
shifted somewhat forward, so that they touch, also, the vertebra 1

front, thus showing an approach to some of the Ormthopoda.
CHARACTERS OF STEGOSAURIA.

The large number of specunens of the Stegosauria now known from
the Amercan Jurassie, and the fine preservation of some ot the remains,
aid m forming a more accurate estimate of the relations of the group
to the other dinosaurs than has itherto been possible. The presence

16 GEOL, pT 1——13 \
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of a predentary bone, and the well developed postpubis, are important
characters that point to the Ormthopoda as near alhes, with a conmon
ancestry. These positive characters are supplemented by some pomts
in the structure of the skull and the form of the teeth.

There are, however, a large number of characters mm which the Stego-
sauna differ from the Ormthopoda, and among these are the following :

(1) All the bones of the skeleton are solid.

(2) The vertebree are all biconcave.

(3) All the knowu forms have a strong dermal armor.

(4) The secoud row of carpals and tarsals are unossified.

(6) The astragalus 1s coossified with the tibia

(6) The spinal cord was greatly enlarged 1 the sacral region.

PrLaTE LII

In this restoration the anmmmal 1s represented as walking, and the
position 1s adapted to that motion. The head and neck, the massive
fore limbs, and, 1n fact, the whole skeleton, 1ndicate slow locomotion
on all four feet. The longer hind hmbs and the powerful tail show,
however, that the animal could thus support 1tself, as on a tripod, and
tlns position could perhaps have heen easily assumed 1 consequence of
the massive hind quarters.

In the restoration as here presented the dermal armor 18 the most
striking feature, but the skeleton 1s almost as remarkable, and 1ts high
speclahzation was evidently acquired gradually as the armor itself
was developed. Without the latter many pomnts in the skeleton would
be mexplicable, and there a1e still a number that need explanation.

The small, elongated head was covered 1n front by a horny beak.
Tle teeth are confined to the maxillary and dentary bones, and are not
visible 1n the figure here given. They are quite small, with compressed,
fluted erowns, and 1ndicate that the food of this ammal was soft, sue-
culent vegetation. The vertebrae are sohd, and the articular faces of
the centra -are biconcave or nearly flat. The ribs of the trunk are
massive and placed migh above the centra, only the tubercle being
supported on the elevated diapophysis. The neural spines, especially
those of the sacrun and anterior caudals, have their summits expanded
to aid 1n supporting the massive dermal armor above them. The hmb
bones are sohid, and this 1s fiue of every other part of the skeleton.
The feet were short and massive, and the terminal phalanges of the
functional toes were covered by strong hoofs. There were five well-
developed digits in the fore foot, and only three m the hind foot, the
first toe being rudimentary and the fifth entirely wanting.

In hife the ammal was protected by a powerful dermal armor, which
served both for defense and offense. The throat was covered by a thick
skin, 10 which were embedded a large number of rounded ossicles, as
shown in the plate. The gular portion represented was found beneath
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the skull, so that its position 1n hfe may be regarded as defimtely set-
tled. The series of vertical plates which extended above the ueck,
along the back, and over two thirds of the tail. s a most remarkable
feature, which could not have been anticipated and would hardly have
been credited had not the plates themselves been found 1 position.
The four pairs of massive spies characteristic of the present species,
which were situated above the lower third of the tal, are apparently
the only part of this peculiar armor used for offense. In addition to
the portions of armor above meuntioned there was a paiwr of small plates
just belind the skull, which served to protect this part of the neck.
There were also, m the present species, four flat spines, which were
probably 1 place below the tal, but as their position 1s somewhat 1n
doubt they are not represented in the present restoration

All these plates and spines, massive and powerful as they now are,
were in life protected by a thick, horny covering, which must have
greatly increased their size and weight. This covering 15 clearly mdi-
cated by the vaseular grooves and 1mpressions which mark the surface
of both plates and spines, except their bases, which were evidently
mplanted 11 the tinck skin.

The peculiar group of extinct reptiles named by the writer the Steg-
osauria, of which a typica. example 18 represented 1 the present resto-
ration, 18 now nearly as well known as any other dinosanrs. They are
evidently a highly specialized suborder of the Predentata, which have
the Ormithopoda as their most characteristic members, and all doubt-
less had a commmon ancestry.

Another highly speciahzed branch of the same great order s seen
in the gigantic Ceratopsia of the Cretaceous, which the writer has

ranantly Imuvaatigatad and made ILnawn Mha alralotan af tha lattor
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group presents many mnteresting points of resewblance to that of
the Stegosauria, which can hardly be the resnlt of adaptation alene,
but thie wide difference 1n the sknll and 1n some parts of the skeleton
indicates that their affimties are remote. A comparison of the present
restoration with that of Triceratops on Pl LXXT will make the con-
trast between the two forms clearly evadent.

DISTRIBUTION OF STEGOSAURIA.

All the typical members of the Stegosauria are from the Jurassic
formation, and the type specimen used 1 the present restoration was
found 1n Wyoming, m the Atlantosaurus beds of the upper Jurassie.
Diracodon, a genus nearly alhed to Stegosaurus, ocenrs 1n the same
horizon. Paleoscineus Lewdy, 1856, from the Cretaceous, and Pricono-
don of the writer, 1888, from the Potomac formation, are perhaps allied
forms of the Stegosauia, but untal additional remains are found their
exact affimities can not be determined. Apparently the oldest known
member of this group 1 America 1s the Dystrophzeus Cope, 1877, from
the Triassic of Utah.
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Omne of the best-preserved specimens of the Stegosauria in Europe
was described by Owen, in 1875, as Omosaurus armatus, and the type
specimen 18 1n the British Mnseum. It1s from the Kimmeridge clay
(Upper Jurassic) of Swindon, England The skull 1s wanting, but the
more 1mportant parts of the skeleton are preserved. Varlous portions

of the skeleton of several other individnals have also bean foumd in
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England, but the skull and teeth still remain nnknown.

Another genus of the Stegosauria, representing a distinet famly, 1s
Scelidosaurus, established by Owen 1n 1859, from the Lias of England.
The greater part of the skeleton 1s known. A restoration in outhne,
made by the writer for comparison with that of Stegosaurus, 1s shown
on PI. LXXXTII. The Euskelesaurus of Huxley, 1867, from the Trias
of South Africa, 1s apparently a member of this group.

CAMPTOSAURID.E.

Another important family of Jurassic Dinosaurs is the Camptosau-
ridie, so named from the type genus Camptosaurus, described by the
wilter 1n 1879, the type specimen being from the Atlantosaurus beds
of Wyoming. This genus includes several species of herbivorous
dimosaurs, whieh belong to the true Ornithopoda, or bird-footed forms.
The species were all bipedal, with the fore limbs much smaller than
those behind, and all the hinb bones light and hollow. The head was
comparatively small, the neck of moderate length and quite flexible,
aud 1n life the ammals were evideutly agile and graceful in movement.
Somc of the smaller species were quite bird-like in form and structure.
The three American genera, Camptosaurus, Dryosaurus, and Laosau-
rus, are all from the same general horizon.

CAMPTOSAURTUS.

The large dinosaur deseribed by the writer as Camptosaurus dispar,
of which a restoration 1s given on Pl LVI, is now so well known that
it may be taken as @ form typical of the group. Itis exceeded in size
by Camptosaurus amplus Marsh, but there are at least two smaller
species of the genus (C. medius and C. nanus). So far as at present
known these species are found in successive deposits of the same gen-
eral horizon, the smallest below and the largest above.

Camptosaurus amplus is represented by remains which show that this
reptile when alive was about 30 feet in length. The type specimen
of C. dwspar was about 20 feet iu length and 10 feet in height.
C. medius was about 15 feet long. The smallest species of the
genus, C. nanus, was not more than 10 feet mn length, and perhaps
6 feet in height when standing at rest. One of the striking features
of this diminutive species is 1ts long sigmoid scapula, shown in fig. 2,
Pl LV. This is 1n strong contrast with the short, straight scapula
of C. dispar, seen on P1. LIV, fig. 1. The Iimb bones of all the species
of this genus are very hollow.
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The skull, brain, and teeth of C. medius are shown on Pl LIIL
The peeuliar peg-and-noteh articulation in the sacral vertebre of this
genus, already deseribed elsewhere, 1s indicated on Pl. LIV, figs. 3 and
4, and a summary of the principal characters of the genus, and of the
nearest allied genera, will be found on p. 201.

RESTORATION OF CAMPTOSAURTUS.
PraTE LVI [}

The restoration here given 1s based upon the type specimen of Camp-
tosaurus dispar, one of the most characteristic forms of the great group
Ornithopoda, or bird-footed dmosaurs. The reptile 1s represented on
Pl. LVI, one-thirtieth natural size. The position chosen was deter-
mined after a careful study not only of the type specimen, but of sev-
cral others n excellent preservation, belonging to the same species or
to others nearly allied. It 1s thercfore beheved to be a position fre-
quently assumed by the amimal during Iife, and thus, in some measure,
characteristic of the genus Camptosaurns. The fype specimen of the
present species, when ahve, was about 20 feet 1n length, and 10 feet
high in the position here represented.

The genus Camptosaurus is a near ally of Iguanodon of Europe, and
may be considered 1ts American representative. Camptosaurus, how-
ever, is a more generalized type, as might be expected from its lower
geologieal horizon. It resembles more nearly some of the Jurassic forms.
1n England generally referred to Iguanodon, but as these are known
only from fragmentary specimens their generic relations with Campto-
sanrus can not now be determined with certainty.

In comparing Camptosaurus, as here restored, with a very perfect
skeleton of lgnanodon from Belgium, as described and figured, varions
points of difference as well as of resemblance may benoticed. Theskull
of Camptosaurus had a sharp, pointed beak, evidently encased during
htein a horny sheath. This was met below by a similar eovermg, which
nclosed the predentary bone. The entire front of the upper and lower
Jaws was thus edentulous, asin Iguanodon, but of diffcrent shape. The
teeth of the two genera are of similar form, and were implanted n hike
manner in the maxillary and dentary bones. In Camptosanrus there
15 over each orbit a single snpraorbital bone, curving ountward and
backward, with a free extremity, as in the existing monitor, o feature
not before observed in any other dmosaur except Laosauruns, an alhed
genus, also from the Jurassic of America. Other portions of the skull
of Camptosaurus, as well as the hyoid bones, appear to agree 1n general
with those of Tguanodon.

The vertebrae of Camptosaurus are similar 1n many respects to those
of Igunanodon, but differ imn some 1mportant features 1In the posterior
dorsal region the transverse processes support both the head and tuber-
cle of the rib, the head restmg on a step, as 1n existing crocodiles.
The five sacral vertebras, moreover, are not coossified even i adult
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forms, and to this character the name Camptonotus, first given to the
genons by the writer 1n 1879, especially refers. Another notable feature
of the sacral vertebre of the type specimen should be mentioned. The
vertebree of the sacrum, especially the posterior four, are joined to each
other by a peculiar peg and-noteh articulation. The floor of the neural
canal of each vertebra 1s extended forward mto a pointed process
(somewhat like an odontoid processj, which tits into a corresponding
cavity of the centrum 1n front. This arrangement, while permtting
some motion between the mdividual vertebre, helps to hold them 1

Toon thng .
place, thus compensatmyg n a measure for absence of anchylosis. A

sumilar method of articulation 18 seen 1 the dermal scales of some
ganoid fishes, but so far as the writer 1s aware nothing of the kind has
been observed before 1n the union of vertebr:e.

In Camptosaurus the sternum was entirely unossified, and no trace
of clavicles has been found. The pelvis of Camptosaurus differs
especially from that of Iguanodon 1n the pubis, the postpubie branch
being even longer than the 1schium, while 1n Iguanodon this element 18
much shortened.

In the fore foot of Camptosaurus there were five functional dagits,
the first bemg flexible and nearly parallel with the second, thus differ-
g from the divergent, stiff thumb of Iguanodon. The hind feet had
each three functional digits only, the first being rudimentary and the
fifth entirely wanting, as shown m Pl. LVI. The entire skeleton of
Camptosaurus was proportionately more slender and delicately formed
than that of Iguanodon, although the habits and mode of Life of these
two herbivorous dinosaurs were doubtless very sumilar,

The type specimen of Camptosaurus dispar, used as the basis of the
present restoration, 1s from the Atlantosaurus beds of the Upper
Jurassic of Wyoming. This species and other allied formns will be
described 1n full w an 1llustrated memoir now 1 pireparation by the
writer for the Umted States Geological Survey. The present restora-
tion 15 1educed from a large drawing made for that volume,

LAOSAURIDA.
DRYOSAURTUS.

Another genus of Jurassic dinosaurs, allied to Camptosaurus, but
differing from it 1n many important respects, 1s Dryosaurus. The type
was described by the writer 1n 1878 under the name Luosaurus altus,
and a tooth, the pelvis, and a hind leg were also figured. Additional
material smee recetved shows that this genus is quite distinct from
Laosaurus, to which 1t was at frst referred, and is intermediate
between Camptosaurus and that genus, as is shown 1 a summary of
the characters of these genera given later m the present artiele.

The only species of Dryosaurus at present known 1s the type first

Aaanmhad and +1L far
described, and this form is now called Dryesawrus altus (Pl LV,

fig. 4). Several specimens of this dinosaur are preserved m the Yale
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museum, and they show 1t to have been 1n life about 10 or 12 feet
long, and one of the most slender and graceful members of the group.
The known remains are all from the Atlantosaurus beds of Colorado
and Wyonmng.

LAOSAURUS,.

The present genus includes several species of diminntive dinosaurs,
all much smaller than those above described, and possessing many fea
tnres now seen only 1n existing birds, espeerally in those of the ostrich
family. The two species of the genns first described by the writer
(Laosawrus celer, the type, and Laosaurus gracilis) show these avian
features best of all, and 1t would be dfficult to tell many of the 1solated
remalns from those of birds. A larger species, which has been called
Laosanrus consors, 18 known by several skeletons nearly complete.
The type specunen, here figured in part on P1. L'V, figs. 1 and 3, is the
most perfect of all, and this was collected by the writer in 1879. The
ammal when alive was about 8 or 10 feet 1n length. The known remains
are from the Atlantosaurus beds of Wyoming.

e of the digtinetive foatnreg of thig oonns w0
VIO 01 uwil© GISLINUUVE 18auures O viis goUuUs, willo

once from those above described, 1s the pubis. The prepubis, or aute-
rior branch of this bone, which was very large and broad in Campto-
saurus, still long and spatulate m Dryosaurns, is here reduced to a
pomted process not much larger than in some birds. These differences
are shown m PL. LIV and in PL. LV, figs. 3 and 4.

The European representative of Liaosaurusis Hypsilophodon Huxley,
from the Wealden of England. That genus, however, differs from the
nearest allied forms of this country m several well-marked characters.
Among these the presence of teeth in the premaxillary bones and a
well-ossified sternwin are features not seen 1n Ameriean Jurassic forms,
The fifth digit of the manus, moreover, in Hypsilophodon 1s almost at
right angles to the others, and not nearly parallel with them,as 1n
Dryosaurus. It agrees with the latter genus 1n having the tibia longer
than the femur. An outhne restoration of Hypsilophodon, made by
the writer for comparison with allied American forms, s given on PL-
LXXXIV

aonar
wlhwl

NANOSAURID .
NANOSAURUS.

The smallest known dinosaur, representing the type species of the
present genus, was described by the writer mm 1877, under .he name
Nanosawrus agilis. The type specimen consists of the greater portion
of the skulil and skeleton of one individnal, with the bones more or less
displaced and all entombed 1n a slab of very hard quartzite. The whole
skeleton was probably thus preserved 1n place, but before 1ts discovery
a part of the slab had been spht off and lost. The remaining portion
shows on the split surface many important parts of the skeleton, and
these have been further exposed by cutting away the watnx, so that
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the main characters of the animal can be determined with considerable
certainty.

A study of these remains shows that the reptile they represent was
one of the typical Ornithopoda, and one of the most bird-like yet dis-
covered. A dentary bone in fair preservation (fig. 42) indicates that
the animal was herbivorous, and the single row of pointed and com-
pressed teeth, thirteen in number and small in size, forms a more regu-
lar and uniform series than in any other member of the group. The
ilinm, also, shown in fig. 43, is characteristic of the Ornithopoda, having
4 slender, pointed process in front, but one mueh shorter than in any of

T 42— Dentary bone of Nanosawrus agilis Marsh; seen from the left.
Fie. 43.—Ilinm of same individual ; left side.

Both figures are natural size.

Fio. 44.—Left fermur of Nanosaurus rex Marah; front view.

Ti6. 45.—Proximal end of same.

Fi16. 46.—The same bone; side view.
Fig. 47.—The same; back view.

Fii. 48.— Distal end of same.

All five figures are one-half natural size.

the larger forms, The posterior end is also of moderate size. All the -
‘bones of the limbs and feet are extremely hollow, strongly resembling
in this respect those of birds. The femur was shorter than the tibia.
The metatarsals are greatly elongated and very slender, and there were
probably but three funetional toes in the hind foot.

A second form referred by the writer to this genus, under the name
Nanosar rus rex, may perhaps belong to the genus Laosaurus. The
femur is shown in figs. 44 to 48, above. The animal thus represented
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was considerably larger than the present type species and from a some-
what ngher horizon 1n the Atlantosaurus beds,

The type specimen here described, which pertamned to an animal
about half as large as a domestic fowl, was found in Colorado. This
reptile was a contemporary of the carnivorous Hallopus, likew1se one of*
the most diminufive of dinosaurs, and one of the most remarkable.

DETERMINATION OF GENERA

The various dinosaurs thus briefly referred to under their respective
genera have many other points of interest that can not be here dis-
cussed, but their resemblance to birds 1s worthy of some notice. This
is apparent 1n all of them, but in the diminutive forms the similarity
becomes more striking. In all the latter the tibia 1s longer than the
femur, a strong avian charaeter, and one seen 1n dinosaurs only in the
small bird-like forms.! In Nanosaurus nearly all, 1f not all, the bones
preserved might have pertained to a bird, and the teeth are no evidence
agawnst thisidea. In the absence of feathers an anatomist ecould hardly
state positively whether this was a bird-like reptile or a reptalian bird.

The main charaeters of the four genera above discussed are as follows:

CAMPTOSAURTUS.

Premaxillaries edentulous, with horny beak. Teeth large, irregular,
and few in number. A supraorbital fossa. Cervical vertebrae long and
opisthoccelous. Lumbars present. TFive vertebre in sacrum, with
peg-and-notch articulation. Sternum unossified. Limb bones hollow.
Fore limbs small. Tive functional digits in manus. Prepubis long
and broad ; postpubis elongated. Femur longer than tibia. Metatar-
sals short. Three functional digits in pes, the first rudimentary and

the fifth wanting.
DRYOSAURUS,.

Premaxillaries edentulous, with horny beak. Teeth of moderate size.
A supraorbital fossa. Cervicals long and brconcave. No lumbars.
Six coossified vertebra in sacrum, without peg-and-noteh artieulation.
Sternum unossified. Lamb bones hollow. Fore himbs very small. Five
digits .n manus. Prepubis long and narrow; postpubis elongate and
slender. Posterior imbs very long. Femur shorter than tibia. Meta-
tarsals long and hollow. First digit in pes complete ; fifth metatarsal
represented by short splint only.

LAOSAURUS.

Premaxillaries edentulous. Teeth small and irregular. Cervicals
short and fiat. Six coossified vertebre in sacrum; no peg-and-notch
articulation. Sternum unossified. TFore hmbs small. Limb and foot
bones hollow. Prepubis very shorti and pointed; postpubis slender.
Femur shorter than tibia. Metatarsals elongate. TFirst digit m pes
funetional; fifth radimentary.

1Besides the gemera here mentioned, Cewelurus, Compsognathus and Hallopus also possess tins
charac ter
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NANOSAURUS.

Teeth compressed and pownted, and m a single uniform row. Cervi-
cal and dorsal vertebre short and biconcave. Sacral vertebr: three(?).,
Anterior caudals short. Ilium with very short, pointed front and nar-
row posterior end. TFore limbs of moderate size. Limb bones and
others very lollow. Femur curved and shorter than tibia. Fibula
pomted below. Metatarsals very long and slender.

The genera thns defined contain all the known forms of the typical
Ormithopoda from the American Jurassic. They are, moreover, the
earliest representatives of this group known in this country from osse-
ous remains, as such fossils have not yet been found in the Triassic,
where the oldest dinosaurs oceur. Some of the bird-like footprints in
the Connecticut River sandsfone may indeed have been made by dino-
sanrs of this group, but there is no positive evidence on this point.
The American Cretaceous forms of the typical Ormithopoda, so far as
at present known, are all of large size and highly specialized, and this
appears to be true also of the Old World species.

RESTORATION OF LAOSAURUS.
Prate LVII,

The present restoration in ounthme of Laosaurus consors, one-tenth
natuaral size, will serve to show the form and proportions of one of the
most bird-hike of the smaller Jurassic Ormithopoda and its contrast
with the more massive Camptosaunrus from the same horizon. A com-
parison of this restoration with that of Hypsilophodon from the English

Waslden (D1 T T ¢ i i 1 e
Wealden (Pl LXXXIV) is especially instructive, as the two ammals

were near allies, although from different geological horizons.

The position here chosen for the restoration of Laosaurus 1s one
which would seem to have been natural to the ammal when standing
at rest. This would mean a height of about 4 feet, with 8 feet n
length., Thatthe animal was bipedal 11 its usual locomotion on laud 18
assumed in this case from the general structure. especially the very
small and weak fore limbs, and the large size and strong articula-
tions of the posterior limbs. When walking upright, as here repre-
sented, it seems probable that the animal would touch the ground with
1ts tail; but this 18 by no means certain. That reptiles of similar
stracture and proportions could walk on their hind feet without leav-
ing a mark of the tail 1s clearly indicated by many long series of bipedal
footprints left in the sandstone of the Connecticut Valley, some of
which have already been described and fignred in this paper. In the
present species the tail was powerful and more or less compressed,
thus suggesting 1ts use 1 swimming,
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PART IIT.
CRETACEOUS DINOSAURS.

During Cretaceous time m North America the dinosaurs were still
abundant, and most of them were much more specialized than those
that lived in the preceding periods. Some of the Cretaceous forms
were the strangest of the whole group, of gigantic size and bizarre
appearance. Others were diminutive 1n s1ze and so bird-like m form
and structure that their remains can be distingmished with difficulty,
if at all, from those of birds.

Of the carmvoious dinosaurs known from Cretaceous deposits the
family Dryptosauridze 1s especially conspieuous, on account of the large
size and ferocious natuve of all 1ts representatives. Inthe later Creta-
ceous a second family, the Ormithomimidwe, was also abundant, and
among 1ts members were some of the most minate and bird-like of
dinosaurs hitherto discovered. Of the herbivorous forms the huge,
horned Ceratopsidae, the most remarkable of all dinosaurs, were for a
hmited period the dominant reptiles im western North America. Iav-
ing at the same time with these were the Claosauride, large bipedal
dmosaurs, of sluggish disposttion, that dwelt along the. shores of the
lakes and rivers of that time. Besides these were still others reluted
to the Jurassic Stegosaurus, amnong them the Nodosauridze, quadrupedal
forms with heavy dermal armor. All these became extinet at the close
of the Cretaceous, and no remams of dinosaurs have been found in
place m any later deposits.

THEROPODA
DRYPTOSAURID.E.,

This family 1s well represented throughout the Cretaceous in North
America, but up to the present timne only fragmentary remains have
been found, so that Iittle 1s known about the skull, pelvis, and feet, the
most characteristic portions of the skeleton. So far as now determined
they appear to be nearly allied to Megalosaurus of Europe and include
Allosaurus from the Jurassic of this country.

Remains of the genus Dryptosaurus (L:elaps) have been found at
various localities on the Atlantic Coast, especially in the marl region of
New Jersey. Many of these fossils have been described by Prof. Cope.!

ORNITHOMIMID.T;

Thns family can be separated sharply from all other dinosaurs by the
hind feet, which contain three functional metatarsals, the middle one, or
third,of which hasits proximal end much dimmished m s1ize and crowded
backward behind the second and fourth, as in many existing birds.

1 Extinet Batrachia, Reptilia, and Aves of North America, p 100, 1870
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Another mmportant character, seen also in the genus Ceratosaurus of
the Jurassic, 18 found m the pelvis, the bones of which are firmly coossi-
fied with each other and with the sacrum.

ORNITILOMIMUS.

The most marked characters of the genus Ornithomimus already
determined are maniftest in the limbs and teef, and these have been
selected for description in the present article. A typieal example is
shown on Pl. LVIII, figs. 1-4, which is the type specimen, the species
being Ormthomimus veloxr Marsh.

Ou the distal part of the tibia represented in fig. 1 the astragalus 18
seen in place, with a very large ascending process, larger than in any
dmosanr hitherto known. The calcaneum 1s also siown 1n position,
but the slender fibula is absent. This bone was complete, but of hittle
functional value. The tibia and all the larger limb bones were hollow,
with thin walls, as indicated in the section, fig. 1, c.

In fig. 5 the corresponding parts of a young ostrich are shown for
comparison. The slender, incomplete fibula 1s in place beside the tbia.
The astragalus with 1ts ascending process, and the distinct caleaneum,
are also shown 1 position. The almost exact correspondence of these
different parts 1n the bird and reptile will be mamfest to every anato- ,
mist.

THE METATARSALS

The most striking feature of the foot belonging with the reptilian
tibia 18 shown in the metatarsals represented in fig. 2, 4. These are
three in number, and are in the same position as m life. They are the
three functional metatarsals of the typical Ormthopoda and of birds.
The distal ends of these bones correspond 1n size and relative position
m the two groups, but here, in the present specimen, the reptilian
features cease, and those of typical birds replace them. In all the
reptiles known hitherto, and especially in dinosaurs, the second, third,

and fourth metatarsals are prominent m front, at their proxumal ends,
and the thurd 18 usually the laigest and strongest. In birds the place
of the third 18 taken above by the second and fourth, the third being
crowded backward and very much dimimished 1 size.

This character 18 well shown in fig. 6, which represents the second,
tinrd, and fourth metatarsals of a young turkey, with the tarsal bones
absent. In the reptilian mectatarsals seen in fig. 2 the same arrange-
ment is shown, with the tarsals in place. The second and fourth
metatarsals have inereased much in size in the upper portion, and
meet each other in front.

The third metatarsal, usually the largest and the most robust
throughout, here diminishes 1 size upward, and takes a subordinate,
posterior position, as in birds. The correspondence between the
metatarsals of the bird and reptile are here as strongly marked as in
the tibie and their accompanying elements, above described.
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In fig. 3 of the plate the three phalanges represented belong with
the second metatarsal, and were foand together in place.

The three metacarpals represented in fig. 4 were found together in
position, near the remnains of the hind limb here desecnbed. Their very
small size is remarkable, and they may possibly belong to a smaller
individual, but with this exception there is no reason why they do not
pertain to the same specimen as the hind foot. The remains of this
species were found by George L. Cannon, jr., in the Ceratops beds of
Colorado.

THE PELVIC ARCH,

A larger species from the same horizon, Ornithomimus sedens, more
recently described by the writer, is based upon the nearly comolete

FiG. 49.— Terminal phalanx, manue of Ornithomimus sedens Marsh; side view,
Fia. 50.—The same phalanx; front view.

. 51.—The same; back view.

F16. 52.—Froximal end of same.

All the tigures are one-half natural size,

pelvis, with various vertebri, and some other parts of the skeleton.
The most striking featnre of the pelvis is the fact that the ilium,
ischium, aud pubis are firmly coossified with one another, as in recent
birds. This character has been observed hitherto among dinosaurs
only in the genus Ceratosaurus, described by the writer from the Juras-
sic of Wyoming. The present pelvis resembles that of Ceratosaurus
in its gencral features, but there is no foramen in the pubis.

There are five vertebrie in the sacrum, firmly coossified with one
another, as ave also the sacral spines. The sacral vertebrz 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
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apparenutly pneumatic. The sacrum measures 15 mches in length, and
the twelve caudals following occupy a space of 31 inches. The known
remains 1ndicate a reptile about 8 or 10 feet 1n length. A terminal
phalanx of the fore foot 1s represented on page 205,

In the same borizon occur the remains of a very minute species,
which agrees m all its characters, so far as determined, with the mem-
bers of this genus. The most characteristic portions secured are the
metatarsal bones, and these show the same features exhibited in the

type spectes of the genus, O velox. They are, however, s¢ nuch
smaller as to suggest that they may pertamn to a bird. Various por-
tions of the second, third, and fourth metatarsals are known, and the
distinctive feature 1s seen in the third, which has the upper part of the
shaft so attenuated that 1t may not reach to the tarsus. The second
and fourth metatarsals are very long and slender. This unique animal
was about the si1ze of the common fowl. The species has been called
Ormithomuvmus manutus.

The large species described by the writer as Ornithominus grandis
belongs m essentially the same horizon. Portions of two other skele-
tons have since beerobtained, which apparently pertain to this species.
In one of these the fewur, tibia, and fibula ale 1n good preservation,
and they clearly demonstrate that this reptile was vne ot the largest of
the Theropoda The feinur and tibia have each a very large cavity mn
the shaft, with well-defined walls, Even the fibula has a cavity m 1ts
upper portion. In the other specimen the second metatarsal 1s in fair
preservation and shows the same forin as m the type ot the genus.

There 1s much probability that tlus gigantic carmvore was one of
the most destructive enemies of the herbivorous Ceratopsidie, next to
be described.

PREDENTATA

The huge horned dinosaurs, from the Cretaceous, recently described
by the writer, have now been Investigated very carefully, and much
additional light has been thrown upon thewr structure and affimities,
A large amount of new material has been secured, including several
skulls, nearly complete, as well as various portions of the skeleton.

CERATOPS BEDS.

The geological deposits, also, in which their remains are found have
beeu carefully explored during the last few years, and the known locali-
ties of importance examned by the writer, to ascertarn what other
fossils oceur 1n them and what were the special conditions which pre-
served so many rehes of this unique fauna. The definite horizon in
whieh these strange reptiles oceur has been called by the writer the
Ceratops beds, from the type genus Ceratops, and 1ts position 1s shown
1 the section on page 143,

! Amen(}l:;humal u}ﬁg;;(;:ej 18&3_—1_8547 i
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This geological horizon is a distinet one in the upper Cretaceous,
and is indicated for more than 800 miles along the eastern flank of the
Rocky Mountains. 1t is marked at nearly every ontcrop by remains of
these reptiles. and hence the strata containing them have been called
the Ceratops beds. They are fresh-water or brackish deposits which
form a part of the so-called Laramie, but are below the uppermost beds
referred to that group. In some places, at least, they rest upon marine
beds, which contain invertebrate fossils characteristic of the Fox Hills
deposite. The most important localities in the Ceratops beds are in
‘Wyoming, especially in Converse County.

737

[

% ]

¥16. 53.—Map of Converse County, Wyoming; showing localities where skulls of the Ceratopsids
have been discovered. .

The position of each skull is mdicated by a eross (+), and more than thirty of these specimens
were found within the area boonded by the Cheyenne River and the dotted line. The localities given
are based upon field notes wade by Mr. J. B, Hatcher.

The fossils associated with the Ceratopside are mainly dinosaurs,
representing one or two orders and several families. Plesiosaurs, croc-
odiles, and turtles, of Cretaceous types, and many smaller reptiles,
have left their remains in the same deposits. Numerous small mam-
mals, also of ancient types, a few birds, and many fishes, are likewise
entombed in this formation. Invertebrate fossils and plants are not
uncommon in the same horizon.
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TRICERATOPS.
THE SKULL

The skull of Triceratops, the best-known genus of the family, has many
remarkable features. Iirst of all, its size, in the largest individnals,
exeeeds that of any land animal hitherto discovered, living or extinet,
and 1s surpassed only by that of some of the cetaceans. The skull rep-
resented (one-ninth natural size) on P1. LIX 18 one of the most perfect
yet discovered. Those shown on Pl. LX, figs. 1-3, are both of compara-
tively young animals, but are about 6 feet n length. The type speci-
men of Triceratops horridus was an old imndividual, and the head, when
complete, must have been 7 or 8 feet long. Two other skulls, nearly
perfect, from the same horizon, have equal or still greater dimensions

Another striking feature of the skuil is 168 armature. This consisted
of a sharp, cutting beak n front, a strong horn on the nose, a pair of
very large pointgd horns on the top of the head, and a row of sharp
projections around the margin of the posterior crest. All these had a
horny covering of great strength and power. For offense and defense
they formed together an armor for the head as complete as any known.
This armature dominated the skull, and in a great measure determimed
its form and structure. In some forms the armature extended over
portions of the body.

The skull 1tself 15 wedge-shaped in form, especially when seen from
above. The facial portion is very narrow, and much prolonged in front.
In the frontal region the skull 18 massive and greatly strengthened, to
support the large and lofty horn cores which formed the central feature
of the armature. The huge, expanded, posterior crest, which over-
shadowed the back of the skull and neck, was evidently of secondary
growth, a practical necessity for the attachment of the powerful higa-
ments and muscles that supported the head (Pl. LX, figs. 2 and 4).

THE ROSTRAL BONE.

The front part of the skull shows a very high degree of specialization,
and the lower jaws have been modified in connection with it. In front
of the premaxillaries there is a large, massive bone not before scen in
any vertebrate, which the writer has named the rostral bone (0s ros-
trale). It covers the anterior wargin of the premaxillaries, and 1ts
sharp mferior edge is continuous with their lower border. This bone
is much compressed, and 1ts surface 18 very rugose, showmg that it was
covered with a strong, horny beak. It 1s a cartilage ossification, and
corresponds to the predentary bone below.

The latter . Triceratops 18 also sharp and rugose, and likewise was
protected by a strong, horny covering. The two together closely resem-
ble the beak of some turtles, aud as a whole must have formed a most
powerful weapon of offense.

In one skull figured (P1. LX, fig. 1) the rostral bone was free, and was
not obtammed. This was also true of the predentary bone and the nasal
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horn core. Hence these parts are represented in outhne, taken from
another specimen 1 whiech they are all present and 1n good preservation.
In another skull represented (Pl. LIX, and Pl LXI, figs. 1-3), the
rostral bone and nasal horn core are in position and firmly coossified
with the adjoining elements.

The premaxillary bones are large and mucl compressed transversely.
Their inner surfaces are flat and meet each other closely on the median
line. Tn old specimens they are fiimly coossified with each other and
with the rostial boue. Bach sends upwaid a strong process to sup-
port the massive nasals. Another process, long and slender, extends
upward and backward, forming a suture with the maxillary belnnd,and
umting 1n front with a descending branch of the nasal. The premaxil-
laries are much excavated externally for the nanal apertnre, and form
1ts lower maigin. They are entirely edentulous.

The maxillaries are thick, massive bones of moderate size,and sub-
tirangulal 1 ontline wheu seen from the side. Their front margin 1s
bounded mainly by the pi emaxillares. They meet the prefroutal and
lachrymal above, and also the jugal. The alveolar border 1s narrow
and the teeth are smaii, with oniy a simgie row 1 use at the same time,

The nasal bones are large and massive, and greatly thickened ante-
rioily to snpport the nasal horn core. In two of the skulls figured
these bones are separate, bat in older individuals they are firmly coossi-
fied with each other and with the frontals. The nasul hoin core ossifies
trom a separate center, but in adult anumals 1t umtes closely with the
nasals, all traces of the connectiou bemg lost. It vares much 1 form
1 dafferent species.

IHE HORN CORES

The froutal bones are quite short and early unite with each other and
with the adjoining elemeunts, especially those behind them. The frontal
or central region of the skull 1s thus greatly strengthened to support the
enormous horn cores which tower above. Theseelevations rest mainly
on the postfrontal bones, but the supraorbitals and the postorbitals are
also absorbed to form a sohid foundation for the horn cores.

These horn cores are hollow at the base (Pl. LX, fig. 3), and in gen-
eral form, position, and external texture agree with the corresponding
parts of the Bovida. They vary much m shape and size i difierent
species. They weie evidently covered with massive, pointed horns,
forming most powerful and eflective weapous.

The orbit 1s at the basec of the horn core, and 1s surrounded, espe-
cially above, by a very thiek margm. It is oval in outline and of mod-
erate size.

The postfrontal bones are very large, and meet each other on the
median lime. Postertorly they join the squamosals and the parietals.
At their union with the latter there is a median foramen (Pl LX, fig.
3, #), wluch may eorrespond to the so-called “parietal foramen.” In
old individnals 1t 18 nearly or quite closed. When open 1t leads into
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a large sinus, extending above the brain case into the cavities of the
horn cores. This foramen has not before been observed in dmosaurs.

THE POSTERIOR (RES1

The enormous postertor erest 1s formed mamly by the parietals, whieh
meet the postfrontals immediately behind the horn cores. The poste-
1ior margin 1s protected by a series of special ossifications, which
Iife had a thick horny covering. These peculiar ossicles, which extend
around the whole crest, the wiiter has called the epoccipital bones (Pl.
LX, figs 1-3, ¢, and Pl LXI, fig. 8, ¢). In old anunals they are firmly
coossified with the bones on wluch they rest.

The lateral portions of the ciest are formed by the squamosals,
which meet the parietals in an open suture. Anteriorly they join the
postfrontal elements, which form the base of the horn core, and later-
ally they unite with the jugals. The supratemporal fossa lie between
the squamosals and the paretals,

BASE OF SKULL

The base of the skull has been modified in conformity with its upper
surface The Dbastoceipital is especially massive, and strong at every
pomnt. The oceipital condyle is very large, and its articular face nearly
spherical, mdicating gieat freedom of motion. The basioccipital
processes are short and stout. The basipterygold processes are longer
aud less robust.

The forawmen magnum is very small, scarcely one-half the diameter
of the occipital condyle. The braimn cavity 1s especially dimmutive,
smaller 1n proportion to the skull thai 1 any other known 1eptile.

The exoccipitals are also robust, and firmly coossified with the basi-
ocepitals  They form about three-fourths ot the oceipital condyle, as
1 some of the chameleons. The supraoccipital 1s very small, and 1ts
external surface 1s excavated mnto deep cavities. 1t1s coossified late with
the parictals above and with the exoccipitals on the sides (P1 LX, fig. 2).

The quadiate 1s robust and 1ts head much compressed, The latter
is held firmly 2 a deep groove of the squamosal. The anteror wing
of the quadrate 1s large and thin, and closely united with the bioad
blade of the pterygoid.

The quadratojugal 15 a sohd, compressed bone, umting the quadrate
with the large, deseending process ot the yugal. In the genus Triceia
tops the quadratojugal does not unite with the squamosal. In Cera-
tops, which 1ucludes some of the smaller, less specialized forms of the
family, the squamosal 1s firmly umted to the quadratojugal by suture.

The quadratojugal arch n this group 1s strong and curves upward,
the jugal umting with the maxillary, not at 1ts posterior extremity,
but at 1ts upper surface (Pl LX, fig. 1). This greatly strengthens the
center of the skull, which supports the horn cores, and also tends to
modily maternially the elements of the palate below. The pterygords,



MARSH ] TRICERATOPS. 211

n addition to their strong union with the quadiate, send outward a
branch, which curves around the end of the maxillary.

The palatine bones are much smaller than the pterygords. They are
veirtical, curved plates, outside and m front of the pterygoids, and
umtimg firmly with the maxillaries. The vomers jom the pterygoids
in front, wlhere they appear as thin bones, closely applied to each other.

The transverse bones give some sapport to the maxillares, which
are farther strengthened by close union with the pterygoiwds. They
meet the pterygords behund and the palatines in front.

THE TOWER TAWS,

The lower jaws show no spectahization of great importance, with the
exception of the predentary bone already desertbed (P1. LXI, figs. 4-6).
Tliere 1s, however, a very massive eoronord process risiug from the
posterior part of the dentary (Pl. LX, fig. 1). The artieular, angular,
and surangular bones are all short and strong, but the splenal 1s very
long and slender, extending to the predentary. The angle of the lower
Jaw projects but hittle behind the gquadrate.

The skull shown on P1. LIX was diseovered in the Ceratops beds of
Wyommg by the writer’s able assistant, Mr. J. B. Hatcher, who also
found many other remains of dinosaurs.

THE BRAIN,

The brain of Trieeratops appears to have been smaller 1in proportion
to the entire skull than m any known vertebrate. Its relative size 1s
shown on PL. LXXVT, fig. 1. i

The position of the bram in the skull does not correspond to the
axis of the latter, the front bemg elevated at an angle of about 30°
(Pl. LXI, fig. 7).

The bran case is well ossified m front, and m old animals there 1s a
strong septum separating the olfactory lobes.

THIE TELTIL,

The teeth of Triceratops and 1ts near alhes are very remarkable 1n

having two distinet roots. This 18 true of both the nnner and lower
naving two distinet roots, 2118 18 true of Doth Lhe upper and ower

series. These roots are placed transversely in thie jaw, and thereis a
separate ecavity, more or less distinet, for each of them. One of these
teeth from the upper jaw, represented by several figures (Pl. LXI, figs.
9 and 10, aud PI. LXXVTII, fig. 4), 18 typical of the group.

The teeth forn a simgle series only 1n eacl jaw. The upper and lower
teeth are stmilar, but the grinding tace 1s reversed, being on thie mner
sidle of the upper series and on the outer side of the lower series. The
sculptured smiface 1 each series is on the opposite side 1rom that 1n use.

The teeth are not displaced vertically by thew successors, but from the
side. The crown ot the yonng tooth, also with twostrong roots, cuts 1ts
way between the alveolar margim and the adjaeent root of the old tooth,
but sometimes, as might be expeeted, advances between the two 100ts.
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The teeth m this family are entively confined to the maxillary and
dentary bones. The rostral bone, the premaxillaries, and the pre-
dentary are entirely edentulous.

CERVICAL AND DORSAL VERTEBR.E,

The atlas and axis of Triceratops are coossified with each other, and
at least one other vertebra 1s firmly united with them. These form a
sohd mass, well adapted to support the enoimous head (Pl LXIV,
fig. 1). The cup for the oceipital condyle 18 nearly 10und and very
deep. The rib of the second vertebra 1s coossified with .1t, but the
tinrd 1s usually free. The centrum of the fourth vertebra 1s fiee, and
the rematmng cervicals are ot the same general form, all having their
articular faces nearly flat.

The anterior dorsal vertebre have very short centra, with flat artic-
ular ends, and resemble somewhat those of Stegosaurus, especially 1n
the neural amch. This 1s shown in Pl LXIV, figs. 3 and 4.

The posterior trunk vertebre have also short, flat centra, but the
diapophyses have faces for both the head and tubercle of the ribs, as
1 crocodiles, a featiue but recently seen 1n dinosaurs.

TIHE SACRUM

The sacrum was strengthened by umon of several vertebrie, ten
bewng coosstfied 1 one specimen of Triceratops (PL LXYV). The uddle
or true sacial vertebre have double transverse piocesses, diapophyses
bemmg present and aiding 1 supporting the ilimm. This eharacter has
been seen hitherto in the Dmosauria ounly 1n Ceratosaurus and some
other Theropoda.

The mam sapport of the pelvis was boine by four vertebri, which
evidently constituted the original sacrnmn. In front of these, two others
have only sunple processes, and apparently were once dorsals or Inm-
bars. Tlree vertebre next behind the true sacruin have also smugle
processes, and the fourth, or last of the series, has the 11b process wealk,
and not reaching the 1lum (Pl LXYV). Seen from the side the sacrun
18 much arched upward, and the neural spines of the true sacrum are
firmly coossified. In the median region the sacral vertebre have their
centra much compressed, but the last of the series are widely expanded
transversely. The whole appearance of the sacrum s remarkably avian,
The neural canal of the sacral vertebrie lhas no special enlargement,
thus differing widely from that 1 Stegosaurns.

THE CAUDAL VERIEBRL

The caudal vertebra: are short and the tail was of moderate length.
The first candal has the anterior face of the ceutrum coneave vertically,
buat flat transversely, and a short, massive neural spine with expanded
sammit (PL LXI1YV, figs. 5-7). In the median caudals the centra have
biconeave artieular faces and weak neural spines. The distal caudals
are longer than wide, with the ends concave and nearly round.
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TIIE SCAPULAR ARCH AND FORE LIMBS.

The scapula 1s massive, especially below. The shaft is long and nar-
row, with a thin edge 1n tront and a thick posterior margm above the
glenoid fossa, The distal portion has a median external 1dge and &
thick end (Pl LXVI, fig. 1, sc).

The coracoid 18 rather small, and 1 old individuals may become
united to the scapula. It 1s subrhombic i outhne, and 1s perforated
by a large and well-defined foramen. No indications of asternum have
yet been found in tms group.

The humerus 18 large and robust and similar m form to that of
Stegosaurus. In one individual 1t 1s nearly as long as the femur, prov-
ing that the ammal walked on all four feet, The radius and ulna are
comparatively short and stout, and the latter has a very large olecra-
non proeess, as shown m Pl LXVI, fig. 3.

There were five well developed digits m the manns. The metacar-
pals are short and stout, with rugose extrenuties. The distal phalanges
are broad and hoof-like, showing that the fore feet were distinctly
ungulate (P1. LXIX),

TUE PELVIS,

The pelvis m this group 1s very characteristic, and the three bones,
ilm, 1schium, and pubis, all take a prominent part m formng the
acetabulum. The relative size and posttion of these are shown i PL
LXVII, fig. 1, which represents the pelvic elements as nearly i the
same plane as thewr form will allow, while retaining essentally their
relative position 1n life.

The 1hum 1s much elongated, and differs widely from that in any of
the kuown groups of the Dinosauria. The portion 1w fiont of the ace-
tabulum forms @ broad, horizoutal plate, which 1s continued backward
over the acetabulum, and narrowed 1 the elongated, posterior exten-
sion. Seen from above, the illum, as a whole, appears as a nearly hor-
izontal, sigmoid plate. From the outside, as shown 1w the figure, the
edge of this broad plate 1s secn.

The protuberance for the support of the pubis 1s comnparatively
small and elongated. The face for the ischium 1s much larger, and
but hittle produced. The acetabular face of the ilium 18 quite narrow.

The pubis 1s massive, much compressed transversely, with its distal
end widely expanded, as shown 1n the figures (P1. LXVII). There 13
no true postpubis, but only a small postpubic proccss. The pubis
1tself projects forward, outwmd, and downward. Its umon with the
ihum 1s not a strong oue, and 1s sumlar to that seen 1n the pubis of

The ischiuimn 1s sinaller than the pubis, but more elongate. Itsshaftis
much curved downward and mward, and 1n this respect 1t resembles
somewhat the corresponding part of the pubis of the ostrich. There
1s no mdication that the two 1sehia met closely at their distal ends,
and they were probably united only by cartilage.
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A comparison of this pelvis with that of Stegosaurus (Pl. LXXXI)
shows some points of resemblance, but a wide ifference 1 cach of the
elements. The pubis corresponds 1n 1ts essential features to the pre-
pubis of Stegosaurus, but the postpubis 1s represented only by a short
process.

THE POSTERIOR LIMBS

The femur 1s short, with the great trochanter well developed. The
shaft 1s comparatively slender, and the distal end much expanded.
The third trochanter 1s wanting, or represented only by a rugosity
(PL.LXVIII, fig. 1).

The tibia 1s of moderate Iength, and 1esembles that of Stegosaurus.
The shaft 1s slender, but the ends are much expanded. The fibula 1s
very slender, and the distal end was closely applied to the front of the
tibta (PL. LXVIII, fig. 2). In adult individuals the astragalus 1s fiumly
eoosstfied with the distal end of the tibia, as 1n Stegosauras.

The metatarsal bones which were functional are rather long, but
massive. Their phalanges are stout, and the distal ones broad and
rugose, indicating that the digits were térimnated by very strong hoofs
(P1. LXIX, figs. 7-12).

All the hmb bones and vertebre m Triceratops and the nearly allied

genera are solid,
THE DERMAT ARMOR

Besides the armature of the skull, the body also in Triceratops was
protected (P1. LXX). The nature and position of the defensive parts
m the different forms can not be determmed with certamnty, but vari-
ous spines, bosses, and plates have been found that clearly pertain to
the dermal covermg of Triceratops, or nearly alhed genera. Several of
these ossifications were probably placed on the back, behind the crest
of the skull, and sowme of the smaller ones may have defended the throat,
as m Stegosaurus.

TOROSAURUS.

In the type specimen on which this genus was based the greater
portion of the skull1s preserved, and this presents so many pownts of
interest that a fignre of 1t, one-twentieth natural size, 1s here given
PL LXITI, fig. 1. The second species is represented also by the skull,
whieh, although not complete, supplements the type in several important
respects, and figures of 1ts posterior portions are likewise given in the
same plate and 1 fig. 54, on the opposite page. Both specimens are of
gigantic size, one skull measuaring 53 feet across the parietal crest, and
the other 1s nearly as large. They differ widely, moreover, from the
huge horned dinosaurs hitherto found in the same general horizon, and
in the skull present characters of much ntcrest.

THE SKULL

In Torosaurus latus, the species first described, the skull appears
wedge-shaped when seen from above, as shown 1in P1. LXII. Thefacial
portion 1s very short and pornted, and somewhat swilline 11 form. The
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nasal horn core is compressed, with a sharp apex directed forward.
The frontal horn cores are large and strongly inclined to the front,
extending apparently in advance of the nasal protuberance. Thelong,
slender squamosals diverge rapidly as they extend backward, their
outer margins being nearly on a line with the facial borders in the
maxillary region.

The parietal forms more than half of the upper surface of the skull,
and is the most characteristic element in its structure. In the poste-
rior part are two very large apertures, oval in outline, with their outer
margin at one point formed by the squamosal. The rest of the border
is thin and somewhat irregular, showing that the openings are true

F16. 54, —Skull of Torosaurus gladins Marsh ; seon from alove. One-twentieth natural size.
¢, supratemporal fosea; ¢, epijugal lwme; f', parietal fontanelle; h, horn core; I, nasal horn core;
P, parietal; s, sq 1; 2, pineal fi -

fontanelles. This is still better seen in the second species represented
in the same plate, fig. 2, and in fig. 54, above. In the latter specimen,
however, these vacuities are entirely in the parietal, a thin strip of bone
separating them on either side from the squamosal. A second pair of
openings, much smaller, apparently the true supratemporal fossz, are
shown in the type specimen. These are situated mainly between the
parietal and squamosal, directly behind the bases of the large horn cores
(PL LXII, fig. 1, ¢). The same apertures are represented in the genus
Triceratops by oblique openings, as in the skull shown on Pl LX, fig.
3, ¢, where the front border of each is formed by the postfrontal.
Between these openings, in the type of Torosaurus, is a third pair of
apertures (PL LXII, fig. 1, ¢’). These are quite small, nearly circular in
outline, and entirely in the parietal, although probably conuected
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originally with the supratemporal fossie. Another pair of still smaller
foramma may be seen 1 the same skull, close to the median e, and
separated from each other by the anterior projection of the parietal.

A deep groove leads forward to each of these foraming

£ Geep groo along the

2
sutwre between the parietal and the postfroutal. The position and
direction of these perforations suggest that they may correspond to the
foramen seen 1 Triceratops, and shown on PL LX, fig. 3, 2. The same
foramen is shown above in fig. 54.

The extreme lightness and great expanse of the posterior crest in
Torosaurus make it probable that 1t was encased 1n the integnments of
the head, and that no part of 1t was free. The outer borders of both
the parietal and the squamosals show no marginal ossiications, as in
the other known genera of the group, but the presence of a large,
separate, epijugal bone 1 one specimen suggests that epoceipitals may
yet be found.

The open perforations in the parietal, which have suggested the name
Torosaurus, readily separate this genus fiom all the gigantic species
hitherto known 1n the Ceratopsidee, but may perhaps be found in some
of the smaller and less specialized forms, from lower horizons of the

same formation.
CERATOPS.

The genus Ceratops so far as at present known is represented by indi-
vaduals of smaller size than those of Triceratops, and i some mmstances,
at least, of quite different proportions. The type specimen is shown
m PL LXTII. A tbird genus, Sterrholophus, can be readily distin-
guished from the other two by the parietal crest, which had 1ts entire
posterior surface covered with the hgaments and muscles supporting
the head. Iun Ceratops and Triceratops a wide margin of this surface
was free, and protected by a thick, horny covermg. There 1s some
evidence that still other forms, quite distinct, left therr remains in
essentially the same horizon, but their true relation to the above genera
can not be settled without further discoveries.

STERRIIOLOPHUS.

< AN o o

With the successive chauges in the parietal in the Ceratopsiidx, there
were correspouding vatiations n the squamosals, and these boues also
will serve to distingumish the principal genera from one another. In PL
LXIII the squamosals of three genera of this group are shown, and the
wide difterence between them, when seen from the 1nsiude, 18 especially
noticeable. Tn fig. 4 of this plate, the long, slender, right squamosal
of Torosaurns, with 1ts smooth outer border, is well represented. 1n
fig. 5 18 seen the same bone of Sterrholophus, with o serrate outer
margin and smooth inner surface, also showninfig. 1 of P1. LX. Next,
in fig. 6 1s the small, short squamosal of Ceratops, nearly bisected by 1ts
deep quadrate groove. The free sculptured border of both the parietal
and squamosals of Triceratops 1s clearly shown 1n L. LX, fig. 4, where
the contrast with the corresponding parts in fig. 2 1s noteworthy.
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AGATHAUMAS.

Three other generic names have becn applied by Cope to remains of
Ceratopsidee found 1 this country, namely, Agathaumas, Polyonax,
and Monoclomms. The first of these was based on part of a skeleton,
without the skull, fonnd mm Wyommng. The second name was given
to various fragments from Colorado, mecluding parts of horn cores,
regarded as isclna, but all these may be the same generically as the
preceding specimen., The third name, Monocionius, was used for a
skeleton from Montana, with parts of the skull and teeth preserved.
This anunal was one of the smallest of the group, while the other
remalns pertained to reptiles of larger size, bnt not of the grgantic
proportions of those more recently described. So far as can be judged
from the descriptions and figures of the type specimens, the three
generic names just cited can not be used for any of those previously
mentioned in this artiele. A comparison of the principal characters
w1ll place this beyond reasonable doubt.

In the type of Agathaumas the remains best preserved me from the
pelvie region, wlich, according to Cope,' possesses the following fea-
tures: The 1lium has no facet nor suture for the pubis at the front of
the acetabulum, and the base of the 1s¢elnum 1s coossified with the ithum.
Theie are eight, or perhaps nine, sacral vertebree, with the neural
spines of the first five mere tuberosities. The diapophyses are 11 patrs,
and the last sacral vertebia is reduced and elongate. These charac-
iers, and some others found m the description cited, are certainly dis-
tinctive, bnt do not apply to any of the allied fossils deseribed by the
writer. Portions of the type specimen, moreover, are in the Yale
niusenm, as well as other rematns from near the samne locality, The
fossils described as Polyonax, and other suntlar specimens collected 1n
the same region, afford at present no evidence for separation from
Agathaumas.

MONOCLONIUS,

The small dmosanr for which the namme Monoclomus was proposed
18 perhaps generically distinet from Agathaumas, bnt no conclusive
evidence of this has yet been presented. The description given makes
the tecth, dorsal vertebree, and pelvis different from those of any of
the larger forms, and the T-shaped parietal (figured first by Cope as
an episternal bone) 1s especially distinetive. None ot the other known
Ceratopsidie have the parietal fontanelles except Torosaurus, one of
the most gigantie forms discovered, and this genus differs from Mon-
oclonms, as described, 1n various 1mportant pownts. The very long
frontal horn corcs, directed forward, the nariow, elongate squamosals,
the absence of a median crest on the parietal, as well as the form and
anterior connections of this bone, all serve to distinguish cleaily the
former from the latter.

< 1Vertebrata of the Cretaceous formations of the West, p 53,1875
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RESTORATION OF TRICERATOPS.
Prate LXAXI

The abundant material now available for examination makes it pos-
sible to attempt a restoration of one characteristic form of this group,
and the result 1s given mn PL LXXI. Tlus figure, about oue fortieth
natural size, 15 1educed from a large outline plate of a memoir now n
preparation by the writer for the United States Geological Survey.

This restoration is based mainly on two specimens. One of these 1s
the type of Triceratops prorsus Marsh, in which the skull, lower jaw,
and cervical vertebrie aie in remarkable preservation. The other
spectmen, although somewhat larger, 1s 1eferred to the same species.
It consists of parts of the skull, of vertebre, the pelvie avch, and

nearly all the important limb bones. The remaining portiens are
taken mostly from other remams found in the same horizon and locali-
tres, and at present are not distinguishable specifically from the two
specimens above mentioned. The skull as here represented corresponds
in scale to the skeleton of the larger individual.

In this restoration the animal 1s represented as walking, and the
enormous head is m a position adapted to that motion. The massive
fore limbs, proportionally the largest mm any known dinosaur, corre-
spond with the head, and indicate slow locomotion on all four feet.

The skull 18, of counrse, without 1ts strong horny eovering ou the
beak, horn cores, and posterior crest, and hence appears much smaller
than in Iife.  The neck seems short, but the first six cervical vertebrwe
are entirely concealed by the crest of the skull, which 1n 1ts complete
armature would extend over one or two vertebrie more. The posterior
dorsals with their double-headed 1ibs continune back to the sacrum
1tself, there being no true lumbars, although two vertebre, appaiently
once lumbais, are now sacrals, as their transverse processes meet the
112, and their centra are coossified with the true sacrum. The four
original sacral vertebre have their neural spines fused into a single
plate, while the posterior sacrals, once caudals, have separate spines
directed backward.

No attempt 18 made n this restoration to represent the dermal armor
of the body, although 1n life the latter was more or less protected.
Various spines, bosses, and plates, indicating such dermal armature,
bhave been found with remains of thus group, but the exaet position of
these specnnens can be, at present, onty a matter of conjecture,

This restoration gives a correct 1dea of the general proportions of the
entire skeleton mn the genus Triceratops. The size, 1 life, would be
about 25 feet 1 length and 10 feet i height

DISTINCTIVE CHARACTERS OF GROUP,

This group so far as at present mvestigated 1s very distinct from all
other known dinosaurs, and whether 1t should be regarded as a family,
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Ceratopside, as first Geseribed by the writer, or as a suborder, Ceratop-
s1a, as later defined by him, will depend upon the interpretation and
value of the pecuhar characters manifested in its typical forms.

The mam characters winch separate the gionp from other famihes of
the Dinosauria are as follows:

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

(2) The skull surmounted by massive horn cores.

(3) The expanded parietal crest, with 1ts marginal arnature.

(4) A pmeal foramen (?),

(5) The teeth with two distinct roots.

(6) The anterior ceryvical vertebrie coossified with each other.

(7) The dorsal vertebri supporting, on the diapophysis, both the head
and tubercle of the rib.

(8) The lumbar vertebra wanting.

The anmimals of this gronp were all herbivorous, and their food was
probably the soft, succulent vegetation that flourished during the Cre-
taceous period. The remains here figured are from the Ceratops beds
of the upper Laramie, on the eastern slope of the Rocky Mountaius.

The ouly known European member of this group 1s the Struthiosau-
rus Bunzel, 1871, apparently identical with Crataxomus Seeley, 1881,
It 15 from the Grosau formation of Austria, and the locality was visited
by the writer in 1864. Although only fragments, mostly of the skel-
eton and dermal armor, are known, some of these are very character-
istic. One specunen figured by Seeley, and regarded as a dermal plate
bearing a horn-hke spine, 1s certainly part of the skull. It 1s very
sindar m forin to some of the hoin cores of the smaller species of
Ceratops.

CLAOSAURID. Iz

The next most important family of herbivorous dinosaurs from the
Cretaceous of North Americais the Cluosanridse, and of these the type
genus 18 Claosauius, deseribed by the writer 1n 1890, from a speciumen
found by him in Kansas in 1872. Several fortunate diseoveries since
made have rendered this genus one of the best known of American
forms, and hence the principal characters of the skull and skeleton aie
here given in detail.

CLAOSAURTUS.

THE SKULL

The skull of Claosanrus is long and narrow, with the facial portion
espeetally produced. The anterior part 18 only moderately expanded
transversely. Seen from the side (’l. LXXITI, fig. 1), the skull shows
@ blunt, rugose muzzle, formed above by the premaxillary and below by
the predentary, both probably covered 1n life with a thick, corneous
mtegument.

Behind the upper part of this muzzle 1s an enormous lateral cavity,
which 1ncludes the narial orifice, but was evidently oceupied 1in life
mainly by a nasal gland, somewhat like that 1n the existing momitor,
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and seen also 1 some birds. This cavity 13 bounded externally by the
nasal bone and the premaxillary. The median septum between the two
naital orifiees was only m part ossified, the large oval openmg now
present m the skull probably having been closed m lLife by caitilage.
The oi1bit 15 very large and subtriangular 1 outhne. It 1s formed
above by the prefrontal, frontal, and postfiontal, and below maimly by
the jugal. There are no supraorbital bones, A distiet laehrymal
forms a portion of the auterior border. The wfratemporal fossa 1s
large, and 1s bounded above by the postirontal and squamosal, and
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Seen from m front (Pl. LXXII, fig. 2), the skull of Claosaurus 1s sub-
ovate 1 outline, with the narrow portion above. The premaxillaries
and the predentary bone formmg the ragose muzzle are especrally mas-
sive aud prominent, and the powerful lower jaws seem out of propor-
tion to the more delicate bones of the crantam.

Seen from above (Pl. LXXII, fig. 3), the structure of the sknll 1tself
is shown to the best advantage. In front are the large premaxillanes,
deeply excavated for the nasal openings. These bones are separate,
and each sends back a long, slender process inside the anterior pio-
Jection of the nasal, and a still longer process forming the lower border
of the narial orifice, ana extending to the lachrymal. The front of the
premaxillaries 1s especially massive, and 1ts surface rugose, indicating
that it had been covered with a horny beak. The lower border 1s sharp,
conforming to the corresponding surface of the predentary bone, wiich
was doubtless also inclosed 1 a lhiorny covering. The premaxillares
were entirely without teeth.

The nasal bones are long and slender, and especially produced 1n
front, where they embrace the posterior median extensions of the pre-
maxillaries. They also meet the lateral processes of the premaxillaries
behind the nasal openings, and likewise touch tl:e lachrymals, TFarther
back they meet the prefrontals and closely umte with the frontals, as
shown 1 P1. LXXIIL

The frontal bones are quite short, and nearly as wide as long. They
are united to each other by a well-marked suture. Themn upper suiface
1s smooth, and there 1s a shght depression on either side, posteror to
the suture with the prefrontals. FEach frontal bone forms a portion of
the upper border of the orbit, and behind this meets the postfrontal.
Posteriorly the frontals form the anterior border ot the snpratemporal
fossie, and between these umite by suture with the coossified panetals.

The latter boues aie quite small, and appear on the upper surface of
the skull mamnly as a narrow ridge separating the supratemporal fossee,
and endmg behind 1n a point, between the median processes of the
squamosals. The parietals expand below, where they cover the pos-
terior portion of the brain cavity.

The squamosal bones are robust, and their position and connections
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are well shovn on I’). LXXTI, figs. 1 and 3. On the median line above
they mcet the narrow extension of the parietals, and exterior to tlis
they form the posterior borders of the supratemporal fosse. In front
they unite by a strong process with the posterior branch of the post
fiontals. Their posterior border 1s jomed mainly to the exoccipitals.
On the outer surface of each squamosal there 1s a deep pit to receive
the head of the quadrate, and m front of tlus a short, narrow process
extends down the quadrate, formmg a part of the border of the infra-
temporal fossa.

The quadrate bone and 1ts main connections are shown on ’1. LXXITI,
figs. 1-3. It 1s firmly supported above by the squamosal, but its dis-
tmet, rounded head wndieates the possibility of some motion. On the
outer surface 1 front 1t jowns by open suture the strong jugal bone, and
below this nnites with the small, discoid quadratojugal., 1ts mner
margin extends forward into a broad, thim wing for union with the
pterygoid. The lower extremity 1s massive, and moderately expanded
transversely for articulation with the lower jaw.

The jugal 1s one of the most characteristic parts of the skull, as may
be seen from the figures on Pl. LXXII. Its mamn portion 1s robust,
mnch compressed, and convex externally. On 1ts upper wmargin 1t
forms the lower border of the orbit and of the infratemporal fossa,
sending up a strong process between them, which extends mside and
i tront of the postorbntal branch of the postfrontal. In front 1t 18
strongly united to the maxillary, and above joins by suture with the
lachrymal.

The maxillary bone m Claosaurus 1s of moderate dimensions, and
seen from the outside 1s overshadowed by the premaxillary and jngal,
ag shown 1n the same plate, fig. 1. Its lower dentary border 1s thickly
studded with a regular series of teeth, whicli shghtly overlap those of

Iy o Tv a emall Avtian £ tha mav:llarg 14
the lower jaw. TFrom above only a small portion of the maxillary is

visible, as seen in Pl. LXXII, fig. 3.

The lower jaws are long and massive. The predentary bone 1s robust,
aud espeerally fitted for meetig the strong beak above. The dentary
bones are large and powertul, with elevated coronord processes. The
angular and sarangular bones are, however, quite short and not espe
clally strong.

THE TEETH

The teeth of Claosaurus are confined entirely to the maxillary and
dentary bones. Ineach the teeth are very numerous, and are arranged
m vertical series, so that they succeed each other as the functional
teeth are worn away. Thisis seen i Pl LXXVIII, fig. 2, which shows
the form of the teeth and their relations to each other 1n the same
sertes. The number of teeth m each depends upon the position, the
series near the nuddle of the jaw haviug the greatest nummber, some-
times six or more The teeth of the upper jaw have the external face
ot the crown covered with enamel and 1idged. In the lower jaw this
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18 reversed, the ridged face of the erown bemg on the mside. This
arrangement greatly mereased the cutting power of the jaws. The
tood was probably soft vegetation.

THE BRAIN

The brain of Claosaurus was very small, its s1ze 1n proportion to the
skull being represented mn Pl. LXXVI, fig. 2, which also shows the
exact position of the bram m the eramum. A cast of the bramn cavity
1s shown m PL LXXVTII, fig. 3, one-fourth natural s1ze. The brain as
a whole was considerably elongated, especially the posterior half. The
olfactory lobes were well developed, and not separated by an osseous
septum. The cerebral hemispheres were comparatively large, forming
nearly or quite half the entire brain. The optic lobes were narrow,
but considerably elevated. The cerebellmn was rather small, and also
much compressed. The medualla was of good size, and nearly circular
1 transverse outline. The pitmitary body was quite large. The inter-
pretation of some of the more minute features of the bramn 1s a matter
of difficulty, and will be more fully discussed elsewhere.

THE VERIEBL 1

The main characters of the vertebral column of Claosaurus are well
shown 1n the restoration (P1. LXXIV). There are thirty vertebrze
between the skull and sacrum, mne 1n the sacrum, and about sixty in
the tail. The whole vertebral columun was found in posttion except the
termmal ¢audals, which are here 1eprescnted 1n outline. The cervical
vertebrae are strongly opisthocoelian, and the first eleven have shoit
ribs. The dorsals are also opisthocwelian. There are no true lmnbar
vertebrae, as the last of those m front of the sacrum snpport free 1ibs.
The anterior caudals are opisthocechan.  The first and second have no
chevrons. Belnnd these the chevrou bones are very long, indicating «
powertual, compressed tail, well adapted for swimmmg.

In the median dorsal region, between the ribs and the neural spines,
are numerous rod-hke ossified tendons, which merease 1n number 1 the
sacral region and along the base of the tail, and then gradunally dimmn-
1sh in number and size, ending at about the thirty-fifth candal. These
ossified tendons are well shown 1n the restoration, and are of much
interest. They are not nnhke those in Iguanodon described by Dollo,
but as a rule are more elongate, and appear to lack the definite arrange-
ment 1n rhomboidal fignres observed 1n that genus

THE FORE AND HIND LIMBS

The fore hmbs are unusually small i comparison with the posterior,
and the relative size of the two 1s shown on PJ. LXXIII. The scapular
arch presents many points of mnteicst. The scapula 1s large, and so
much curved that 1ts shaft 1s nearly at right angles to the articular
faces of 1ts lower extremmty (L. LXXIII fig. 1, s). Ou the anteror
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margin, above the articulation for the coracoid, is a strong protuber-
ance, with a well-defined facet, adapted to the support of the clavicle,
if such a boue were present. The coracoid is very small, and is per-
forated by a large foramen. The two peculiar bones now generally
regarded as belonging to the sternmn were separate, as shown in Pl
LXXYV, tig. 4.

The humerus is comparatively short, and has a prominent radial
crest. The radius and ulna are much elongated, the latter being longer
than the humerus, and the radius about the same length. The ulna
hag a prominent olecranon process, and 1s a Stouter bone than the
radins. The carpal bones were quite short, and appear to have been
only imperfectly ossified. The fore foot, or manus, was very long, and
contained three functional digits only. The first digit was rudimentary,
the second and third were nearly equal in length, the fourth was shorter
and less developed, and the fifth euntirely wanting, as shown in PL
LXXIII, fig. 1. i

In the functional digits (11, 111, iv) the phalanges are elongate, thus
materially lengthening the fore foot. The terminal phalanges of these
digits are broad and flat, showing that they were covered with hoofs,
and not with claws. The limb as a whole was thus adapted to loco-

FiG. 53.—TIlium of Clavsaurus agitis Marsh ; seen from the lefl.  One-sixth natural size
a, ncetabular border; és, face for ischinm; p, face for pubis.

motion or support, and not at all for prehension, although this might
have been expected from its small size and position.

The clongation of the forearm and manus is a peculiar feature, espe-
cially when taken in eonnection with the ungulate phalanges. It may,
perhaps, be explained by snpposing that the animal gradually assuned
a more erect position until it became essentially a biped. while the fore
limbs retained in a measure their primitive function, and did not become
prehensile as in some allied forms,

The pelvis is shown in Pl. LXXIII, figs. 2 and 3, and has been
fully deseribed by the writer. Its most notable features are secn in
the pubis and ischium, the former having a very large expanded pre-
pubis, with the postpubis rudimentary, while the shaft of the ischium
is greatly elongated. The ilium of the type species is shown in fig. 55.

The femur is long, and the shaft nearly straight. 'The great trochanter
is well developed, while the third trochanter is large and near the middle
of the shaft, as shown in PL. LXXIII, fig. 2. The external econdyle of
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the distal end 1s projected well backward, imndicating great freedom of
motion at the knee

The tibia is shorter than the femur and has a promimment cnemial
ctest. The distal end 1s much flattened, and the astragalus 1s closely
adapted to 1t. The fibula 1s very straight, with 1ts lower end flattened
and closely applied to the front of the tibia. The caleancum 1s large,
with its concave upper surface closely fitted to the end of the fibula.
Of the second row of tarsals only a smgle one appears to be ossified,
and that 1s very small and thin, and placed between the calcaneum and
the fourth metatarsal, nearly or quite out of sight,

The hind foot, or pes, had but three digits, the second, third, and
fourth, all well developed and massive. The terminal phalanges were
covered with broad hoofs. Thefirstand fifthdigits wereentirely wanting,

A comparison of the limbs and feet of Claosaurus, as here described
aud figured, with those of three allied foruts from the Jurassie, Stego-
sauins, Laosanrus, and Camptosaurus, as shown on Pls, XLVIIT, LIV,
and LV, 1s especially mstinctive. These thiree genera have already
been quite fully described and figured by the writer, but new pomts
of 1nterest have been made out by the recent mvestigation of more
perfect matertal The present figures will show more aecurately some
of the mutunal relations of these early herbivorous dinosauis to one
another, as well as to their successors 1 Cretaceous time,  The gradual
changes that can be traced from one to the other will be discussed 1n
a later communication.

All the Iimb bones m Glaosaurus are sohid, thus distingushing 1t from
Trachodon (Hadrosaurus). Theseparateischium not coossified with the
hﬂhl\ the ahsence of a fourth dignt 1in the hind foot, and other markaed

(ham( ters, also make the genus dlstmct frow l’teropely\, the skull of
which 15 not knowun.

RESTORATION OF CLAOSAURUS.
Prair LXXIV

The reptile here restored was nearly 30 feet 1n length when alive, and
about 15 feet 1n height 1 the positon represented mm Pl LXXI1V.
The remains were obtamed in the Ceratops beds of the Larame, m
Wryoming. Among the associated fossils are the gigantic Triceratops
and Torosaurus, which were also herbivorous dinosauis, and with them
were found the diminutive Cietaceons mammals recently described by
the writer.

TRACHODONTIDE

The genus Trachodon of Leidy, which has been adunrably described
under the name Hadrosaurus by that author,'1s « near ally of Clao-
saurus, but quite distinct. The generic name Diclontus Cope should
be regarded as a synonym of Trachodon. The teeth of one species of
this genus are shown in P1. LXXYV, figs. 1 and 2

iCretaceous Reptiles of the United States, p 76, 1865
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PALZEOSCINCUS.

A new reptilian genus and species, Palwoscincus costatus, was pro-,
posed by Dr. Leidy, 1 1856, for a single tooth found by Dr. Hayden in
the Judith Basin. This tooth was more fully described and figured by
Lewdy 1n 1859. The specimen showed well-marked characters, and
many smlar teeth have since been found, both 1n the Judith Basin
and in various other localities of the same liorizon.

A smaller species, apparently of the same genus, 13 not nncommon
in the Ceratops beds of Wyoming, and a characteristic tooth 1s shown
on Pl. LXXYV, fig. 3. This 1s the type specimen of the speectes Palwo-
scincus latus. The crown of the tooth in this species is broader and
the apex more poimnted than in the first species described, and this is
clearly shown 1n comparing the present tigures on P1. LXXYV with those
given by Leidy.

NODOSAURID.E

NODOSAURTUS.

Another genus of Stegosauria, from a lower horizon in the Creta-
ceous, was discovered several years smece, 1n Wyoming, and the type
specimen 1s now in the Yale musenm. This genus, Nodosaurus, was
described by the writer 1in 1389, The skull is not known, but various
portions of the skeleton were securad. One characteristic feature in
tlns genus 15 the dermal armor, which appears to have been wmore com-
plete than in any of the American forms hitherto found. This armor
covered the sides closely, and was supported by the ribs, which were
especially strengthened to maintain 1t. In the present specimen por-
tions of it were found 1 position. It was regularly arranged in a series
of rounded knobs 1n rows, and these protuberances have suggested the
generic name.

Near the head the dermal ossifications were quite sinall, and those
preserved are quadrangular in form, and arranged m rows. The
external surface is pecculiarly marked by a texture that appears inter-
woven, like a coarse cloth. This has suggested the spectfic name, and
is well shown 1 I’l. LXXV, fig. 5.

The fore limbs are especially massive and powerful, and are much
like those of the Jurassic Stegosaurus. There were five well-developed
digits m the manus, and their terminal phalanges are more narrow
than usunal 1n this group. The r1bs are T-shaped 1n transverse section,
aud thus especially adapted to support the armor over them. The
caundal vertebrze are more elongate than those of Stegosaurus, and the
middle candals have a median groove on the lower surface of the
centruum.

The anmmal when alive was about 30 feet 1 length. The known
remains are from the middle Cretaceous of Wyoming.

16 GEOL, PT 1 15
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DISTRIBUTION OF ORNITHOPODA

The great group which the anthor has called the Ormithopoda is
*well represented 1n Europe by Tguanodon and 1ts allies. The remark-

able discoveries in the Wealden of Belgium of a seore or more skele-
tons of Iguanodon have furmshed material for an acenrate study of
the genus which they represent, and, wmdireetly, of the famly. The
genus Iguanodon, founded by Mantell 11 1824, 13 now the best known
of European forms, while Hypsilophodon Huxley, 1870, also from the
Wealden, is well represented, and 1ts most 1mportailt characters are
fully deterimned. Tor comparison with American forms, restorations
of both Hypsilophodon and Iguanodon are given on Pls. LXXXIIT and
LXXXIV. Theother genera of tlns group, among which are Mochlodon
Buunzel, 1871, Vectisaurus Hulke, 1879, and Sphenospondylus Seeley,
1883, arc described from less perfect material, and further discoveries
must decide thewr distinetive characters.

None of these genera are known from America, but alhed forms are
not wanting. A distinet family, the Trachodontidw, 1s especially abun-
dant 1n the Cretaceous, and another, the Camptosauride, includes most
of the Jurassic species. The latter are the American representatives
of the Tguanodontidw. The unearest alhed genera are, apparently,
Iguanodon and Camptosaurus for the larger forms, and Hypsilopho-
don and Laosaurus for those of small size. A few isolated teeth from
cach country suggest that forms more nearly related may at any time
be brought to light.

Many generic names have been proposed for members of this group
found in America and 1 Enrope, but 1n most cases they are hased on
fragmentary, detached specimens, which must await future discoveries
before they can be assigned to their true place in the order.

In conelusion, 1t may be said that the three great groups of Dinosauria
are each well represented in Europe as well as 1n America. Some of the
famihes, also, of each order have representatives in the two reglons,
and future discoveries will doubtless prove that others occur 1 both.

No genera common to the two continents are known with certainty,
although a few are so closely allied that they can not be distinguished
from one another by the fragmentary specimens thatnow represent them.

From Asia and Africa, also, a few remains of dinosaurs have been
described, and the latter contineut promises to yield many interesting
forms. Characteristic specimens, representing two genera, one appar-
ently belonging to the Stegosauria, and one to the Theropoda, are
already known from South Africa, from the region so rich i other
extinet Reptiha.

From Austraha no Dinosauna, except o single specimen, have as
yet been recorded, but many more will undoubtedly be found there, as
reptiles of this great group were the dominant land animals of the
earth during all Mesozoie time.
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PART IV,
CONCLUSION.

The brief review of North American Dinosaurs given in the preced-
mg pages, i connection with the accompanying illustrations, will make
the reader acquainted with the mnore important type specimens of this
interesting group of reptiles, as now known from this continent. To
discover and briug together these remains, representing several hun-
dred individuals, fiom widcly separated localities and various geological
horizons, has been a long and laborious undertaking, attended with
much hardship, and often with danger, but not without the pleasure
that exploration in new fields brings to its votaries. These researches,
esi)ecxally 1 the West, have been continued by the writer more than a
score of years, and have led him across the Rocky Mountains a still
greater number of times. The field work thus prosecuted has been of
great service 1n the subsequent study of the specimens secured, espe-
cially wn deterunning the natural position in hfe of each animal
investigated.

In comparing the type specimens of these various animals, one with
another, ag they were found and as they appeared when removed from
the vesture of thewr entombment, many questions have suggested them-
sclves that can not be answered in the present lunited paper. Resem-
blances and differences are striking, both 1n structure and form, in these
ancient reptiles, but the true meamng of such features 1s a ifficult
problem to solve. Ontheinterpretation of characters thus exhibited 1
these animals depend both the laws of their classification and theortes
of their origin.

COMPARISON OF CHARACTERS

In the concluding part of the present paper a mumber of plates
(LXXVI-LXXXI) have been given with a view to 1llustrate especially
the corresponding parts of various ammals of different orders, show-
ing the wide divergence in some pomnts of nearly allied forms, and the
approach m particular features of types clearly distinct.

In Pl. LXXVT four skulls of as many typical genera of herbivorous
dinosaurs (Triceratops, Claosaurus, Camptosaurus, and Diplodocus)
are represented, with a east of the bramn cavity of each 1 position.
All are so drawn that they can be readily compared, thus exlhibiting
o striking manner both the diminutive size of the bram n each 1n pro-
portion to that of the skull, and also the form of the brain cuvity, when
seen from above. In the next plate (LXXVII) the bram casts alone of
several dinosaurs, as seen from the side, are exhibited, and with them
for comparison the correspouding cast of a young alhgator. The spe-
cial features of the dimosaur brain are well shown 1n these two plates.

Pl LXXVIII will make clear the wide divergence of forms of teeth
1n four different farmles of predentate dinosaurs. The typical genera,
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Camptosaurus, Claosaurus, Stegosaurus, and Triceratops, each have
teeth of a distinet type, yet 1t seems possible to trace the gradation of
one to the other through different intermediate forms. In Triceratops
the teeth have two distinct roots, a feature unknown m any other 1ep
tiles, living or extinct, but characteristic of mammals.

The series of pubic bones of herbivorous dinosaurs shown on Pl,
LXXIX 18 especially mstructive, as they indicate how the anterior and
posterior elements of the pubis may vary in the Predentata, and thus
afford good characters for classification. The same 1s true, but in a
less degree, of the 1schia represented on Pl. LX XX, which all pertain
to one group of dinosaurs. The comparison may even be carried much
farther, as m the two other orders (the Theropoda and Sauropoda)
sowme families have 1schia of the type here represented, as shown on
Pls. XXVIII and XXXV,

The pelves represented on P1. LXXXTI, pertaining to the three pre-
dentate genera, Camptosaurus, Triceratops, and Stegosauras, will sup-
plement the facts presented on the two preceding plates. The series
might be much further extended, and prove equally mstractive. This
will be done by the wiiter in the monographs now m preparation, as 1n
these the whole subject of dinosaurian reptiles will receive careful con-
sideration.

RESTORATIONS OF EUROPEAN DINOSAURS.

The remaming restorations of dinosaurs in this paper are four in
number, and represent some of the best-known European forms, typces
of the genera Compsognathus, Scehidosaurus, Hypsilophodon, and
Iguanodon. These outhine restorations have been prepared by the
writer mainly for comparison with the corresponding American forms,
but m part to insure, so fur as the present opportunity will allow, a
morecomprehensive review of the whole group. Thespecimensrestored
are all of great interest in themselves, and of special importance when
compared with their nearest American allies.

COMPSOGNATHUS.
P1ra1e LXXXII,

The first restoration, that of Compsognathus longipes Wagner, 1861,
shown one-fourth natural size ou Pl. LXXXII, 1s beheved to repre-
seut fairly well the general form and natural position, when ahve, of
this diminutive carnivorous dinosaur that hved during the Jurasstc
pertod.  The basis for this restoration 1s (1) a careful study of the type
spectmen 1bself, made by the writer in Munich in 1881 (2) an accurate
cast of this specimen, sent to him by Professor vou Zittel; and (3) a
careful drawing of the original, made by Krapf in 1887, The original
description and fignre of Wagner (Bavarian Academy of Sciences, 1861),
and those of later authors, have also been used for some of the details.
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No restoration of the skeleton of this unique dinosaur has hitherto
been attempted.!

Compsognathus has been studied by so many anatomists of repute
since its discovery that any attempt to restore the skeleton to a natural
position will be serutimzed from various points of view. Interest m
this unique specimen led the writer long ago to examine 1t with care,
and he has since made a mmmute study of it, as related elsewhere, not
merely to ascertam 1ts anatomy, but also to learn, if possible, what 1ts
relations are to another diminutive form, Hallopus, from a lower hori-
zon 1 America, whieh has been asserted to be a near ally, Both are
carmvorous dmosaurs, probably, but certainly on qute different hines
of descent.

The only previous attempt to restore this remarkable dinosaur was
by Huxley when in American 1876, He made a rapmd sketeh from the
‘Wagner figure, and this was enlarged for lis New York lecture. This
sketch represents the animal sitting down, a position which sueh dino-
saurs occasionally assumed, as shown by the footprints in the Connect-
1cut Valley, which Huxley examnined 1n plaee at several localities with
great interest.

In the present restoration of Compsognathus (Pl. LXXXII) the
writer has tried to represent the ammal as walking 1n a characteristic
lifelike position.

SCELIDOSAURUS,

PraTe LXXXIIL

The second of these restorations is that of Scelidosaurus Harrisonii
of Owen, shown one-eighteenth natural size on PI. LXXXIIT. Ths
reptile was an herbivorous dinosaur of moderate size, related to Stego-
saurus, and was 1ts predecessor from a lower geological horizon 1n
England. Tlis restoration 1s essentially based mpon the original
deseription and figures of Owen (Palmontographical Society, 1861).
These have been supplemented by the writer’s own notes and sketches,
made during exammations of the type specnnen now 1 the British
Mnseunm.

Scehidosaurus 1s a near relative, as it were, of one of the Awmerican
forms, Stegosaurns, now represented by so many specimens that the
skull, skeleton, and dermal armor are known with much certainty.
The Enghsh form usually called Omosaurus 1s still inore nearly allied
to Stegosaurns, perhaps identical with 1t.?

A restoration of the skeleton of Scehdosaurus by Dr. Henry Wood-
ward will be found in the British Museum Gude to Geology and
Paleontology, 1890, p. 19. The missing parts are restored from Ig,uano-
don, and the animal 1s represented as bipedal, as in that genus.

1The remams of the embryo within the skeleton of Comyps

1 1881 while examiming the t,) pe specimen, 15 not represented 1n the presentrestoration Thisunique
fossil affords the only conclnsive evidence that dinosaurs were viviparous
2The generic name Owosaurus was preoccupred by Leidy 1n 1836

first detected by the writer
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In the present outline restoration of Scelidosaurus the writer has
endeavored merely to place on record his 1dea of the form and position
of the skeleton when the animal was alive, based on the remains he
has himself exammed. In case of doubt, as, for example, in regard to
the frout of the skull, which 1s wanting 1 the type specimen, a dotted
outlime 15 used, based on the nearest allied form. Of the dermal armor,
only the row of plates best known 18 indicated. The position chosen in
this figure (Pl. LXXXIII) 15 one that wounld be assumed by the animnal
in walkmg on all four feet, and this 1s believed to have been 1ts natural
mode of progression.

IIYPSILOPHODON.
PraTte LXXXIV

The third of these restorations, that of Hypsilophodon Foxii Huxley,
1870, given m ontline one-eighth natural size on PlL. LXXXIV, has
been made with much care, partly from the type specimen, and in part
from other material mostly now in the British Museum. The figures
and description by the late Dr. Hulke! were of special valne, although
the conclusions of the writer as to the natnral position of the animal
when alive do not comerde with those of his honored friend, who did so
much to make this genus of dmosaurs, and others, known to science.
The restoration by Dr. ITulke represented the animal as quadrupedal.

In the case of Hypsilopbodon a number of specimens are available
instead of only one. This makes the problem of 1ts restoration a
simpler matter than in Scehdosaurus. Moreover, there is in America
a closely allied form, Laosanrus, of which several species ure known.
A study of the geuns Laosaurus, and the restoration of one species
giwven on Pl LVII, will clear up several pomts long in doubt.

Huxley and Hulke both shed much light on this interesting genus,
Hypsilophodon; indeed, on many of the Dinosauria. The mystery of
the dinosaurian pelvis, whueh baftied Cuvier, Mantell, and Owen, was
manly solved by them, theilium and 1schium by Huxley, and the pubis
by Hulke. The more perfect American specimens have demonstrated
the correctness of nearly all their conclusions.

IGUANODON.
Prateg LXXXV

The fourth restoration here given, that of Iguanodon Bernissartensis
Bonlenger, 1881, one-fortieth natural si1ze, has been made in outline for
comparison with American forms. It 1s based mainly on photographs of
the well-known Belgian specimens, the originals of which the writer has
studied with considerable care duriug several visits to Brussels. The
descriptions and figures of Dollo? have also been used 1n the prepara-
tion of this restoration. A few changes only have been mtroduced m

1Philosophical Transactions,1882 2 Bulletin Royal Museum of Belgium, 1882-88
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the accompanying plate, based mainly upon a study of the original
specimens.

Besides the four genera here represented, no other Enropean dinosaurs
at present known are sufficiently well preserved to admit of accurate
restorations of the skeleton. This is true, moreover, of the dinosaurian
remains from other parts of the world outside of North America.

AFFINITIES OF DINOSAURS.

The extinet reptiles known as dinosaurs were for a long time
regarded as a peculiar order, having, indeed, certain relations to
birds, but without being closely allied to any of the groups of known
reptiles. Megalosaurus and Iguanodon, the first dinosaurian genera
described, were justly considered as representing two distinet families,
one including the earnivores, and the other the herbivorous forms.

With the discovery and investigation of Cardiodon (Cetiosaurus) and
its allies in Furope, and especially of the gigantic forms with similar
characters in America, it became evident that these reptiles could not
be placed in the same families with Megalosaurus or Iguanodon, but
constituted a wellanarked group by themselves. It was this new order,
the Sauropoda, as the writer has named them, that first showed definite

Fi16. sb—Restoration of A#fosaurus ferratus Frass ; with dermal armor of the limba removed. One.
eighth natural size.
characters allying them with other known groups of reptiles. In 1878
he pointed out that the Sauropoda were the least specialized of the
dinosaurs, and gave a list of characters i which they showed such an
approach to the Mesozoic erocodiles as to suggest a common ancestry
at no very remote period.!

*

AFFINITIES WITH ABTOSAURIA.

- Again, in 1884, the writer called attention to the same point, and
also to the relationship of dinosaurs with the Aétosauria, as he has
named them, a group of small reptiles from the Triassic of Germany
showing strong affinities with crocodilians? A restoration of one of
these small animals is shown in fig. 56. In the same communication
he compared with dinosaurs another allied group, the Hallopoda, which
he deseribed from the lower Jurassic of America, but had not then fully

_investigated. Subsequent researches proved the latter group to be of
the first importance in estimating the affinities of dinosaurs, and in
figs. 59 and 60 arve restorations of the fore and hind limbs of the type
species (Hallopus victor).

lﬂmem,an Joumal of Science, Vol. XV, p. 412, \Imember 1878,
* Report British Association, Montreal Meeting, 1884, p. 765.
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AFFINITIES WITH BELODONTIA,

Another group of extinet reptiles, which may be termed the Belo-
doutia, were considered in the same paper as allies of the Dinosauria.
They are known from the Trias of Europe and America, and the type
genus, Belodon, has been investigated by many anatomists, who all
appear to have regarded it as a crocodilian, an opinion that in the
light of our present knowledge may fairly be questioned.

58

Fi1a. 57.—Diagram of left hind limb of Aligator mississippiensis Gray ; seen from the left; inposition
for comparison with dinosaurs. One-fourlh natural size.

F16. 58.—Diagram of 1eft hind limb of Aélosaurus fervatus; insame position. One-half natural size.
AFFINITIES WITH (ROCODILIA,

The relations of these various groups to the true crocodiles on the
one hand and to dinosaurs on the other is much too broad a subject to
be introduced here, but attention may at least be called to some points
of resemblance between the dinosaurs and these supposed erocodilian
forms that seem to indicate genetic affinities.
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If some of the characteristic parts of the skeletons of these groups
are compared, e. g., of the true Crocodilia as existing to-day, the Belo-
dontia, the Aétosauria, and the Hallopoda, and all with the correspond-
ing portions of the more typical dinosaurs, the result may wndicate in
some measure the relationship between them, Taking first the pelvis
and hind limb, as being especially characteristic. it will be seen in

Fia. 59.—Diagram of left fore limb of Hallopue victor Marsh; seen from the left.

Fig, 60,—Diagram of left hind himb of same individual. Both fignres are one-half natural size.

Fia. 61.—Left hind leg of Laosauwrus consors Marsh; outside view. One-sixth natural size.

a, astragalus; o, calcaneum; f, femur; f, fibula; il, iliom- 45, ischium; p, pubis; p‘, postpubis;
t, tibla; I, IV, V, first, fourth, and fifth digits.

the existing alligator, as represented in fig. 57, that the pubie bone is
excluded from the acetabulum, articulating with the ischium only, and
not at all with the ilium. The calcaneum, moreover, has a posterior
extension. In Aétosaurus, as shown in fig, 58, the pubic bone forms
part of the acetabulum, as in dinvsaurs and birds, and this is a note-
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worthy difference from all the existing crocodiles. The hind foot, how-
ever,is of the crocedilian type, with the calcaneum showing a posterior
projection. .

In Belodon, only the pelvis of which is here represented (fig. 62),
the pubis contributes a very important part to the formation of the
acetabulum, and to the entire pelvic arch. The latter differs from the
pelvis of a typical dinosaur mainly in the absence of an open acetabu-
lum, but a moderate enlargement of the fontanelle at the junction of
the three pelvie elements wounld practically remove this difference. A
more erect position of the limb, leading to a more distinet head on the
femur, might possibly bring about such a result. The feet and limbs
of Belodon are crocodilian in type.

Bearing these facts in mind, the diagram representing the restored
fore and hind limbs of the diminutive Hallonus (figs. 59-60) shows first

Fre. 62.—Diagram of pelvis of Belodon Kapfi von Meyer; seen from the left. One-fourth natural

size.
«, acetabular surface within dotted line; i, ilium; is, ischivm; p, pubis.

of all the true dinosaurian pelvis, with the pubic bone taking part
in the open acetabulum, and forming an important and distinctive
element of the pelvic arch. The delicate posterior limb and foot,
evidently adapted mainly for leaping, as the generic name suggests,
are quite unique among the Reptilia, but the tarsus, especially the
caleaneum, recalls strongly the same region in the orders already
passed in review. *

Just what this posterior extension of the calcaneum signifies in this
case it is difficult to decide from the evidence now known. It may be
merely an adaptive character, as Hallopus appears in nearly every
other respect to be a true carnivorous dinosaur. It may, however, be
an inheritance from a crocodilian ancestry, preserved by a peculiar
mode of life. Whatever its origin may have been, it was certainly,
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during the life of the animal, an essential part of the remarkable leap-
ing foot to which it belonged, and in which it has since kept its posi-
tion undisturbed. The presence of such an element in the foot of this
diminutive dinosaur certainly suggests that the group Hallopoda,
which the writer has here considered a suborder, stands somewhat apart
from the typical Theropoda, but not far enongh away te be excluded
from the subelass Dinogauria, as defined in the present paper.

The genus Plateosaurus (Zanclodon), which is from essentially the

Fic. 63.—Pelvis of Morogaurus lentus Marsh; seen from the left. Ome-eighth natural size.
a, acetabular opening; other Jetters as in fig. 62,

same geological horizon in Germany as Aétosaurus and Belodon, is one
of the oldest true dinosaurs known, and a typical member of the order
Theropoda. In the pelvie arch of this reptile the ilium and ischinm are
in type quite characteristic of the group to which it belongs, but the
pubic elements are unique. They consist of a pair of broad, thin
plates united together so as to form au apron-like shield in front, quite
unlike anything known in other dinosaurs. The wide pubic bones of
Belodon, and the corresponding plates in some of the Sauropoda (Moro-
. saurus, fig. 63), indicate that this feature of the reptilian pelvis may
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have been derived from some common ancestor of a generalized primi-
tive type. The known transformations of this same pelvic element in
one other order of dinosaurs (the Predentata) show that the modifica-
tions here suggested are well within the limits of probability. The hind
limb of one genus of this order is shown in fig. 61 (p. 233).

G4

FiG. 64.—Pelvis of Ceratosawrus nasicornis Marsh; seen from the left. One-twelfth natural size.
Letters as in fig. 63.

FiG. 65.—United metatarsal boues of Cerafosaurus nasicornis; left foot; front view. One-fourth
natural sgize.

Fia. 06.—United metatarsal bones of great penguin (Aptenodytes Pennantii G R. Gr.)y; left foot,
front view. Natural size.
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The skulls of Aetosaurus and Belodon both show features character-
istic of some of the dinosaurs, especially of the Sauropoda, but these
features need not be discussed here. ‘

ATFINITIES WITH BIRDS.

The relation of dmosaurs to birds, a subject of importance, must
also be postponed for another occasion. One point, however, may be
mentioned m this connection. The pelvie bones of all known birds,
hving and extinet, except the genus Archwcopteryx, are coossified,
while in all the known dinosaurs they are separate, excepting Cerato-
saurus (fig. 64) and Ormthomimus. Again, all known adult birds, liv-
ing and extinet, with possibly the simgle exception of Archmopteryx,
have the metatarsal bones firmly united (fig. 66), while all the Dmo-
sauria, except Ceratosamrus (fig. 65), have these bones separate. The
exception m each case brings the two classes near together at this point,
and their close affimty is thus rendered more than probable.

These few facts will throw some light on the affinities of the reptiles
known as the Dinosauria. The problem 1s certainly one of much daffi-
culty, and the writer hopes soon to discuss 1t more fully elsewhere.

PART V.
CLASSIFICATION OF DINOSAURIA.

In the present review of the dinosaurs the writer has confined hun-
self mainly to the type specimens which he has described, but has
mcluded with them other important remains where these were available
for mvestigation. The extensive collections m the musecum of Yale
University contain so many of the important type specimens now known
from America that they alone furnish an admirable basis for classifi-
cation, and it was mamly upon these that he first established the pres-
ent system, which has since been found to hold equally good for the
dinosaurs discovered elsewhere. In the further stndy of these reptiles
1t was also necessary to exammme both the European forms and those
from other parts of the world, and he has now studied nearly every
known specimen of importance. These investigations have enabled
him to make tlhis classification more complete, and to bring 1t down to
the present time.

Many attempts have been made to classify the dinosaurs, the first
bemg that of Hermauun von Meyer m 1830. The name Dinosauria,
proposed for the group by Owen m 1839, has been generally accepted,
although not without opposition. Hzaeckel, Cope, and Huxley followed,
the last in 1869 proposing the name Ornithoscelida for the order, and
giving an admirable synopsis ot what was then known of these strange
reptiles and their affinities. Smce then, Hulke, Seeley, Lydekker,
Gaudry, Dollo, Baur, and others have added much to our knowledge
of these interesting animals.
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The remarkable discoveries in North Awmericu, however, have changed
the whole subject, and m place of fragmentary specimens many entire
skeletons of dinosaurian reptiles have been brought to ight, and thus
definite mformation las replaced uncertainty and rendered a compre-
hensive classification for the first time possible.

The system of classification first proposed by the writer in 1881 has
been very generally approved, but a few modifications have been sug-
gested by others that will doubtless be adopted. Tlus will hardly be
the case with several 1adical changes recently advoeated, bascd mamnly
upon certain thcories of the origin of dinosaurs. At present these
theories are not supported by a sufficient number of tacts to entitie
them to the serious considcration of those who have wmads a careful
study of thesereptiles,especially the wonderful variety of forms recently
madc known from Amerca.

Further discoveries may in time solve the pioblem of the origin of
all the repfiles now called dinosaurs, but the arguments hitherto
advanced agamst their bemng a natural group arc far from conclusive.
The 1dca that the Dmosauria belong to two or more distinet groups,
cach of mdependent origm, can at present only claim equal probability
with a sunilar suggestion recently made in regard to mammals, This
subject of the origin of the dinosaurs and the relation of their divi-
sions to each other will be more fully treated by the writer elsewhere.

A classification of any series of extict animals 1s of necessity, as the
writer has previously said, merely a temporary convenience, like the
bookshelves 1 a library, for the arrangement of present knowledge.
In view of this fact and of the very limited information in regard to so
many dinosaurs known only from fragmentary remains, it will suffice
for the present, or until further evidenee is forthcoming, to still con-
sider the Dinosauria as a subclass of the great gronp of Reptilia.

Regarding, then, the dinosaurs as a subclass of the Reptilia, the forms
best known at present may be classified as follows -

Subeclass DINOSAURIA Owen.

Premaxillary bones separate; upper and lower temporal arches; no
teeth on palate; ram of lower jaw united 1 front by cartilage only.
Neural arches of vertebrie jomned to centra by suture; cervical and
thoracie ribs donble headed; ribs without uncinate processes; sacral
vertebra united; caudal vertcbree numerous; chevrons articulated
mtervertebrally. Scapula elongate; no precoracord; clavicles wanting.
I1hum prolonged iu front of the acetabulum; acetabulum formed 1n part
by pubis; 1schia meet distally on median hine. Fore and hmd Iimbs
present, the latter ambulatory, and larger than those m front; head of
fernur at nght angles to condyles; tibra with proenemial crest; fibula
complete; first row of tarsals composed of astragalus and calcanenm
only, which together form the upper portion of ankle joint; reduction
in nnmber of digits begius with the fifth.
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Order THEROPODA (Beast foot). Carmvorous.

Skull with external naral openings lateral; large antorbital vacmty;
bramn case mncompletely ossified ; no pineal foramen; premaxillaries with
teeth; no predentary bone; dentary without coronoid process; teeth
with smooth compressed crowns and crenulated edges. Vertebre more
or less cavernous; posterior frunk vertebrie united by diplosphenal
articulation. Neural canal 1 sacruam of moderate size. Fach sacral rib
supported by two vertebrae; diapophyses distinet from saeral 11bs. Ster-
num unossified. Pubes projecting downward, and united distally; no
postpubis. Fore Lhimbs small; Iimb boues hollow; astragalus closely
applied to tibia; feet digitigrade; digits with prehensile claws; locomno-
tion mainly bipedal.

(1) Famly Mcgalosaundwxe. Lower jaws with teethin fiont. Anterior
vertcbrie couvexo-concave; remaining vertebra biconcave; five sacral
vertebrie. Abdopunal ribs. Thum expanded 1o front of acctabulum;
pubes slender, and distally coossified Femur longer than tibia; astrag
alus with ascending process; five digits 1 manus and four 1n pes.

Genus Megalosaurus (Poikilopleuron). Jurassic and Oretaceous.

Known forms, European.

2) Famly Dryptosaunde. Lower jaws with teeth m front. Cervi-
cal vertebrie opisthoceelian; remaiming vertebra biconcave, sacral ver-
tebree less than five.  Thum expanded in front of acetabulum; distal ends
of pubes coossified and moch expanded; an interpubic bone. Femur
longer than tibia; astragaius with ascending process; fore innbs very
swmall, with compressed prehensile claws, (Pls. X-XI1.)

Genera Dryptosaurus (Lalaps), Allosaurus, Ceelosaurus, Creosanrus.
Jurassic and Cretaceous. All from North Amerwca.

(3) Famuly Labrosanrde. Lower jaws edentulous in front. Cervi-
cal and dorsal vertebre convexo-concave; centra cavernous or hollow.
Pubes robust, with anterior margins united ; an interpubic bone, Femur
longer thau tibia; astragalus with ascending process. (PL XIIL)

Genus Labrosaurns. Jurassic, North America.

(4) Famly Plateosanridie (Zaunclodontide), Vertebre biconcave;
two sacral vertebree. IThum expanded behmd acetabulum; pubes
broad, elongate plates, with anterior margms united; no interpubie
bone; 1schia united at distal ends. Femur longer than tibia; astrag-
alus without ascending process; five digits in manus and pes.

Genera Plateosaurus (Zanclodon), Teratosaurus (%), Dimodosaurus.
Trassic. Known forms, European.

(5) Famly Anchisauridie. SKull light 1n strueture, with recurved,
cutting teeth. Vertebric plane or biconecave. Bones hollow. Ihum
expanded behmd acetabulum; pubes rod-ike and not eoossified dis-
tally; no mterpubic bone. Fore hmbs well developed; femur longer
than tibia; astragalus without ascending process; five digits 1z manus
and m pes. (Pls. II-IV.)

Genera Aunchisaurus (Megadactylus), Ammosaurus, Arctosaurus (%),
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Bathygnathus, and Clepsysaurus, in North Americay and 1n Europe,
Paleosaurus. Thecodontosaurus. All known forms, Triassic.

Suborder CLURIA (Hollow tail).

(6) Famly Ceelaride. Tecth much compressed. Vertebra and bones
of skeleton very hollow or pneumatic; neural canal much expanded;
anterior cervical vertebrie convexo-concave; remaining vertebre bieon-
cave; anterior cervical ribs coossified with vertebrae; pubes slender
and distally coosstfied; au interpubie bone. Femur shorter than tibia;
metatarsals very long and slender. (Pl VIIL)

Genera Cowlurus i North America, and Aristosuchus n Europe,
Jurassic.

Suborder COMPSOGNATHA,

(7) Family Compsognathide. Skull elongate, with slender jaws and
pomnted teeth. Cervical vertebre counvexo-concave, with tree 1tbs;
remaining vertebrie biconcave. Isclia with long symphysis on median
line. DBones very hollow; fewmur shorter than tibia; astiagalus with
long ascendiug process; three functional digits 1n manus and mn pes.
(Pl. LXXXIL,)

Genus Compsognathus. Jurassic. Only known specimen, Buropean.
Suborder CERATOSAURIA (Horned saurians).

(8) Family Ceratosauridse. Ilorn on skull; teeth large and trenchant.
Cervical vertebre plano-concave; remaining vertebrie biconcave, Ribs
free. Pelvie bones coossitied; 1lium expanded m front of acetabulnm;
pubes slender; an interpubie bone; sacral vertebrae five; 1schua slender,
with distal ends coossitied. Limb bones hollow; manus with four digits;
femur longer than tibia; astragalus with ascendig process; metatar-
sals coossified; three digits only i pes. Osseous dermal plates. (Pls.
VIII-X, XTV.)

Genus Ceratosaurus. Jurassic, North America.

(9) Family Ormithommida. Pelvie bones coossified with each other
and with sacrum; 1hum expanded 1 front of acetabulum. Lamb bones
very hollow; fore lunbs very small; digits with very long, pointed
claws; lund lunbs of true avian type; femur longer than tibia; astrag-
alus with long ascending process; feet with three functional digits,
digitigrade and ungwmeculate. (Pl LVIIL)

Genus Ormithommmus. COretaceons, North America,

Suborder HALLOPODA (Leaping foot).

(10) Pamily Halloptda. Vertebrw and Iimb bones hollow; vertebrie
biconcave; two vertebrz mn sacrum, Acetabulum formed by ilium,
pubis, and ischinm; pubes rod-like, projecting downwaid, but not coos-
sified distally; no postpubis; ischia with distal ends expanded, meeting
below on median lhme. Iore limbs very small, with four digits
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manus; femur shorter than tibia; lund lhmbs very long, with three
functional digits 1n pes, and metatarsals greatly elongated ; astragalus
without ascending process; calcaneum much produced backward; feet
digitigrade, unguiculate. (PL VI.)

Genus Hallopus. Jurassic, North America.

Order SAUROPODA (Lizard foot). Herbivorous.

External nares at apex of skull; premacxillary bones with teeth;
teeth with rugose crowns more or less spoon-shaped; large antorbital
openings; no pineal foramen; alisphenoid bones; brain case ossified ; no
columellee; postocceipital bones; no predentary bone; dentary without
coronowd process. Cervical ribs coossified with vertebreae; anterior ver-
tebra opisthoceelian, with neural spines bifid; posterior trunk vertebre
united by diplosphenal articulation; presacral vertebrze hollow; each
sacral vertebra supports it own trausverse process, or sacral rib; no
diapophyses on sacral vertebr:e; neural canal much expanded
sacrnm; first caudal vertebree proceelian. Sternal bones parial; ster-
nal ribs ossified. Ilimin expanded in front of acetabulnm; pubes pro-
jeeting in front, and united distally by cartilage; no postpubis, Limb
bones sohid; fore and hind hmbs nearly equal; metacarpals longer than
metatarsals; femur longer than tibia; astragalus not fitted to end of
tibia; feet plantigrade, nngulate; five digits in manus and pes; sccond
row of carpal and tarsal bones unossified; locomotion quadrupedal.

(1) Famly Atlantosaurid:e. A pituitary canal; large fossa for nasal
gland. Distal end of scapula not expanded. Sacrum hollow; ischia
directed downward, with expanded extremities meeting on median
line. Anterior caudal vertebrie with lateral cavities; remaining cau-
dals solid. (Pls. XV_XXTV, and XLII)

Genera Atlantosaurus, Apatosaurus, Barosaurus, Brontosaurus.
Include the largest known land animals, Jurassic, North America.

(2) Family Diplodocidee. External nares superior; no depression
for nasal gland; two antorbital openings; large pitmitary fossa; denti-
tion weak, and in front of jaws only; brain inchned backward; dentary

- bone narrow 1 front. Ischia with shaft not expanded distally, directed
downward and backward, with sides meeting on median lines. Sacrum
hollow, with three vertebrse. Caudal vertebree deeply excavated below;
chevrons with both anterior and posterior branches. (Pls. XXV-
XXIX.)

Genus Diplodocus. Jurassie, North America.

(3) Famly Morosauride. External nares lateral; large fossa for
nasal gland; small pitwitary fossa; dentary bone massive in front;
teeth very large. Shaft of scapula expanded at distal end. Sacral ver
tebrz four 1n number, and nearly sohd; ischia slender, with twisted
shaft directed backward, and sides meeting on median line. Anterior
caudals solid. (Pls. XXIX-XXXVIIL)

Genera Morosaurus, Camarasaurus (%) (Ampluceelias). Jurassic,
North America.

16 ¢EoL, PT 1——16
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(4) Family Pleuroccelidee. Dentition weak; teeth resembling those
of Diplodocus. Cervical vertebre elongated; centrum hollow, with
large lateral openings; sacral vertebre solid, with lateral depressions
in centra; caudal vertebra solid; anterior caudals with flat articular
faces and transversely compressed neural spines; middle caudal verte-
brae with neural arch on front half of centrum. Ischia with compressed
distal ends, meeting on median Iine. (Pls. XL and XLL)

Genera Pleuroccelus, Astrodon (?). Potomae, North America.

(5) Family Titanosauridee. Fore himbs elongate; coracoid quadri-
lateral. Presacral vertebra opisthoceelian; first caudal vertebra bicon-
vex; remaining caudals proceelian; chevrons open above.

Geunera Titanosaurus and Argyrosaurus. Cretaceous (%), India and
Patagonia.

(6) IFamily Cardiodontidee. Teeth of moderate size. Upper end of
scapula expanded; humerus elongate; fore imbs near equaling hind
limbs 1n length. Sacrum solid; ischia with wide distal ends meeting
on median line. Caudal vertebrae biconcave.

Genera Cardiodon (Cetiosaurus), Bothriospondylus, Ormithopsis, and
Pelorosaurus. European, and probably all Jurassic.’

Order PREDENTATA. Herbivorous.

Nanial opening lateral; no antorbital foramen; brain case ossified;
supraorbital bones; teeth with sculptured crowns; maxillary teeth with
crowns grooved on outside; lower teeth with grooves on inside of erown;
apredentary bone; dentary with coronoid process. Cervical ribs articu-
lating with vertebrze ; each sacralrib supported by two vertebre. Ilium
elongated 1n front of acetabulum; prepubic bones free mn front; post-
pubic bones present; 1schia slender, directed backward, with distal
euds meeting side to side. Astragalus without ascending process.

Suborder STEGOSAURIA (Plated hizard).

Skull without horns; no teeth in premasxillaries; teeth with distinet
compressed crowns and serrated edges. Vertebra and limb bones
solid. Pubes projecting free in front; postpubis present. Fore himbs
small; femur longer than tibia; feet plantigrade, ungulate; five
digits 1 manus and four in pes; second row of carpals and tarsals
'unossiﬁed; locomotion mainly quadrupedal. Osseous dermal armor.

(1) Family Stegosauridee. Vertebrae biconcave. Neural canal
sacrum expanded into large chamber; ischia directed backward, with
sides meeting on median hine. Dorsal ribs T-shaped 1n cross section,
Astragalus coossified with tibia; metapodials very short. Back sur-
mounted by a crest of vertical plates; tail armed with large spines.
(Pls. XLIIT-LIL)

Genera Stegosaurus (Hypsirthophus), Diracodon, Pal®oscincus, Pri-
conodon, all from North America; and in Europe, Omosaurus, Owen.
Jurassic and Cretaceous.

1 The Wealden 18 here regarded as npper Jurassic, and not Cretaccous Seo American Journal of
Science, Vol I, p 412, November, 1895
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(2) Family Scelidosauridee. Neural canal narrow; diapophyses of
dorsal vertebree supporting head and tubercle of ribs. Astragalus not
coossified with tibia; metatarsals elongated; three fnnctional digits 1
pes.

Genera Scelidosaurus, Acanthopholhis, Hyl®osaurns, Polacanthus,
Jurassic and Cretaceous. Known forms, all Enropean. (Pl. LXXXIIL)

(3) Family Nodosauridee. Heavy dermal armor. Bones solid. Fore
limbs large; five digits in manus; feet ungulate.

Genns Nodosaurus. Cretaceous, North America.

Suborder CERATOPSIA (Horned face). ‘

Premaxillaries edentnlons; teeth with two distinet roots; skull sur-
mounted by massive horn cores; a rostral bone, forming a sharp, cutting
beal; expanded parietal crest, with marginal armature; a pineal fora-
men(?). Vertebrae and limb bones solid; fore limbs large ; femur longer
than tibia; feet ungunlate; locomotion quadrupedal. Dermal armor.

(4) Famly Ceratopside. Anterior cervical vertebrae coossified with
each other; posterior dorsal vertebr® supporting on the diapophysis
both the head and tubercle of the rib; lumbar vertebree wanting;
sacralvertebra with both diapophyses and ribs. Nenral canal in sacrum
without marked enlargement. Pubes projecting in front, with distalend
expanded ; postpubic bone rudimentary or wanting. (Pls. LIX-LXXI.)

Genera Ceratops, Agathanmas, Monoclonins, Polyonax, Sterrholo-
phus, Torosanrus, Triceratops, in North America; and m Europe, Stru-
thiosaurns (Crateomns). All are Cretaceous.

Suborder OrNITHOPODA (Bird foot).

Skull without horns; premaxillaries edentulous in front. Vertebrae
solid. Fore limbs small. Pubes projecting free 1n front; postpubis
present. Astragalus closely fitting to end of tibia; feet digitigrade;
three to five functional digits in manus and three to four in pes; loco-
motion mainly bipedal. No dermal armor.

(5) Famly Camptosauride (Camptonotide). Premaxillaries edentu-
lous; teeth in single row; a supraorbital fossa. Anterior vertebre
opisthoceelian; sacral vertebre five, not coossified, with peg-and-notch
articulation. Sternum unossified. Limb bones hollow; fore limbs
small; five digits in manus. Postpubis reaching to the distal end of
wschium. Femur longer than tibia, and with pendent fourth trochan-
ter; hind feet with three functional digits. (Pls. LIII-I,VI.)

Genus Camptosaurus (Camptonotus). Jurassie, North America.

(6) Family Laosauride. Premaxillaries edentulous; teeth m single
row. Anterior vertebree with plane articular faces; sacral vertebrae
coossified. Sternumn unossified. Postpubis reaching to distal end of
ischium. Limb and foot bones hollow ; fore limbs very small; five digits
m manus; femur shorter than tibia; metatarsals elongate; four digits
in pes. (Pls. LV and LVII.)
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Genera Laosaurus and Dryosaurus. Jurassic, North America.

(7) Family Hypsilophodontide. Premaxillaries with teeth; teeth in
single row; sclerotic bony plates. Anterior vertebrae opisthoceelian;
sacral vertebrie coossified. Sternum ossified. Postpubis extending to
end of ischinm. Limb bones hollow; five digits in manus; femur
shorter than tibia; hind feet with four digits. (Pl LXXXIV.)

Genus Hypsilophodon. Wealden, England.

(8) Family Ignanodontide. Premaxillaries edentulous; teeth in sin-
gie row. Anterior vertebre opisthoceelian. Manus with five digits;
pollex spine-like. Sternal bones ossified. Postpubis incomplete.
Femur longer than tibia; three funectional digits in pes. (Pl LXXXV)) -

Genera Iguanodon, Vectisaurus. dJurassic and (Jretaceouq. Known
forms, all European. :

(9) Family Trachodontida (Hadrosauride). Premaxillaries edentu-
lous; teeth in several rows, forming with use a tessellated grinding
surface. Cervical vertebra opisthoceelian. Limb bones hollow; fore.
limbs small; femur longer than tibia.

Genera Trachodon (Hadrosaurns, Diclonius), Cionodon, and Orni-
thotarsus. Cretaccous, North America.

(10) Family Claosauride. Premaxillaries edentulous; teeth in sev-
eral rows, but a single row only in use. Cervical vertebrae opisthocee-
lian. Limb bones solid; fore limbs small. Sternal bones parial.
Postpubis incomplete. Sacral vertebra nine. Femur longer than tibia;
feet ungulate; three functional digits in manus and pes. (Pls. LXXII-
LXXIV.)

Genus Claosaurus, Cretaceous, North America.

(11) Family Nanosauride. Teeth compressed and pointed, and in a
single uniform row. Cervical and dorsal vertebra short and biconcave;
sacral vertebrae three. Iliumn with very short pointed front and narrow

PR, Timhb ha oy in
PposSTerior end. Limb bones and others Very hu”\’.‘vn, fore limbs of

moderate size; humerus with strong radial crest; femur curved, and
shorter than tibia; fibnla pointed below; metatarsals very long and
slender. Anterior candals short.

Genus Nanosaurus. Jurassic, North America. Includes the most
diminutive of known dinosaurs.

POSTSCRIPT.

The accompanying plates, as well as the figures in the text, are all
from original drawings made to illustrate the writer’s investigations on
the early vertebrate life of North America. Many of these illustrations
were designed especially for the monographs on dinosaurian reptiles
now in preparation for the United States Geological Survey, and are
here used, with theapproval of the Director, to give the general reader
a clear idea of some of the type specimens of one great group of extinct
animals that were long the dominant forms of life on this continent.

sRSIrY., June 15, 1895
SITY, 2, 1570,
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PLATE IIL

TRIASSIC DINOSAURS.—THEROPODA.
ANCHISAURID.E

Page
Fra 1. Skull of Anchisaurus colur us Marsh ; side view; one-half natural size. 148

a, nasal opeming; b, antorbital opening; ¢, lower temporal fossa; d, upper
teraporal fossa; o, orbit; ¢, quadrate
F1G. 2 Bones of left fore leg of same 1ndivadual; outside view; one-fourth

BT 210 ) ) V7 R 149
¢, coracord; h, hnmerus; 1, radius; 3, scapula; %, ulna; 7, first digit; ¥,
fifth digt
F1G 3. Bones of left hind leg of same individual, ontside view; one-fourth
D4 FE 10D 1 I3 T 149

a, astragalus, ¢, caleaneuui; f, femur, f, ibwla; o, thum; 15, 1schium; p,
pubs, ¢, tib1a, I, first digit; V, fifth digat
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PLATE IIL

TRIASSIC DINOSAURS.—THEROPODA.,

ANCHISAURIDZE.

Fia. 1. Skull of Anchisaurus colurus Marsh; top view; one-half natural size..
Fia. 2. Base of same skull; back view; one-half natural size...._...... ... ...
a,nasal opening; bp, bas pterygoid process; d, npper temporal fossa, f,
frontal; 3, jugal; m, nasal; o, orbit; oc, oceipttal condyle; p, parietal;
p’, parocciprtal process; pf, prefrontal; pm, piemaxillary.
F16. 3. Sacrum and 1lia of Ammosaurus major Marsh; seen from below; one-
fourth NAtural 8120 ..o von cm e e e et it e e iacaa s
FiG.4 Iscohia of Anchisaurus polyzelus Hitchcock, sp., seen from above; one-
half natural 8126 .. oce et i it e ctaiiee e
a, posterior view of distal ends; ac, acetabular surface; I, face for 1lhum;
18, face for 1schinm, p, distal end; pb, face for pubts; s, symphysis; 7, 2,
3, sacral vertebrx
F1a 5. Left fore foot ot dnchisaurus polyzelus; back view; one-half natural
B1ZB e e amee eae e e e e e emaee eetcaeeecoaseeaeaeanen e .
¢, centrale, r. radiale; R, radius; U, ulna; 7, first digit; 7, fifth digit
F16. 6 Right hind foot of 4mmosaurus major; front view; one-fourth matural
) 7S
a, astragalns; ¢, calcaneum; F, fibula, 7, tibia; 12, t3, 4, tarsal bones, 7,
first digit; 7, fifth digat.
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PLATE 1V.

Tri1ASSIC DINOSAURS.—THEROPODA.

ANCHISAURIDE.

Restoration of Anehisgurus colurus Marsh . ... . ... . ci. cieiiiianinian.. 150
One-twelfthmatural size
Connecticat River sandstone, Connecticut.
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RESTORATION OF ANCHISAURUS COLURUS Marsh.
Orne-twelfth natural size. Triassic, Connecticut.
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PLATE V.
TRIASSIC DINOSAURS.—ITOOTPRINTS.

F16.1 Footprints of small dinosam (Ammopus), showing impressions of hoth
fore and hund feet, one-twelfth natural s1ze. . .. ... ... ... ..............
Fi6. 2. Footprints of bipedal dinosanr (Anomapus); showing where the ani-
mal sat down; one-twelfth natuial s1ize ... ... ... ... ... .. .. ...
Fig 8. Tootprints of large bipedal dinosaur (Brontozoum), one-twentieth
NabIral 812C. L. .o e e e et e aeaaee o
Fie 4 TFootprints of Imge dinosanr {Otozoum), showing impressions of hind
teet alone, one-twentieth natnral size. . .. ... ... 0 L. Ll
F1c 5 Footprints of bipedal dinosaur; oue-twelfth natmial size ... ... ...
The specimens r1epresentedin figs 1-4 are from the Connecticut River sand-
stone of Massachusetts, and the one shown 1n fig 515 fiom neailv the

same horizon 1n A1izona,

254
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PLATE VI

JURASSIC DINOSAURS.—THEROPODA.

HALLOPIDE.
Page
F1e 1. Outliner storation of left fore leg of Hallopus victor Marsh, outer view. 154
F1Gc 2. Outhine restoration of left hind leg of same mndividual, outer view._.. 154

Both figures are natural size
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16 ¢EOL, PT 1—17
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JURASSIC DINOSAURS,.—THEROPODA.
C@ELURID L
Page.
FI1G. 1. Tooth of Celurus fraqilis Marsh, twice naturalsize. ..... ceee e 155
a, outer view; b, front view, ¢, inner view
F1G. 2 Cervical vertebra of Calurus fragilis, front view D 111
2a, s1de view; 2b, transverse section of same vertelbra.
FiG. 3. Dorsal vertebra of Cwlurus fragihs; front view _.... .. .._. . 156
3a, s1de view; 3b, transverse section of same
Fi1G. 4. Candal vertebra of Celurus fragilis, front view ...... ... .. ... e 156

4a, side view ; 4b, transverse section of same

a, anterior end; ¢, cavity; d, diapophysis, f, lateral foramen; nc, nenral
canal; p, posterior end, i, coossitied 11b; 8, neural spine, 2z, anteriol
zygapophysis; 2’, posterior zygapophysis,

All the fignres of vertebra are natural si/e
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CCELURUS FRAGILIS Marsh.

Jurassic.
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PLATE VIIL

JURASSIC DINOSAURS.—THEROPODA.

CERATOSAURID/E.

Page.
FiG.1 Skull of Ceratosaurusnasicorms Marsh, side view...... ... ... ...... 157
Fie 2 Thesame skull, front view . ... ... ... .. L.l ... 157
F1G.3. The same skull, with brain cast, seen from above._.... . U, ... 159

a, nasal opening, b, horn core; ¢, antorbital opening; ¢/, cerebral hemi-
spheres; d,orbit; ¢, lower temporalfossa; f, frontal bone; f’, foramenin
lower jaw, h, supratemporal fossa, j, jugal, m, maxillary hone; m/,
medulla, n, nasal bone, oc, occipital condyle; ol, olfactory lobes; pf,
prefrontal bone, pm, premaxiliary bone, ¢, quadrate bone; g7, quadrato-
Jugal bone; ¢, transverse bone

All the figures are one-sixth natural size
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CERATOSAURUS NASICORNIS Marsh,
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PLATE IX.

JURASSIC DINOSAURS.—THEROPODA.
CERATOSAURID X

F1Gc 1. Atlas of Ceratosaurus nasicornis Marsh
Fic 2. Axisof same mndividual
¥16.3 Third vertebra of same ....... .. ... co.oiiiLLliL Lol

a,81deview ; b, front view ; ¢, posterior view; d, top view; e, inferior view.
Fi6 4. Sixth vertebra of same; side view
F16.5. Dorsal vertebra of same, s1de view...... ... ... ...

F16.6 Fifth caudal vertebra of same, with chevron 1n natural position, side
VIOW i et it e e eeeeiee eean

All the figures are one-sixth natural size.
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PLATE X.

JURASSIC DINOSAURS.—THEROPODA.
CERATOSAURID.E, DRYPTOSAURIDE, AND CELURIDE

F16. 1. Pelvis of Ceratosaurus nasicornis Marsh, side view; seen from the left;
one-twelfth natural size........... e
The three pelvic bones are coovssified
F16. 2. Pelvis of Allosaurus fragilis Marsh; the same view; one-twelfth nat-
L0 < 7
a, acetabulum; 2/, 1lium; 2, 1schium; p, pubis.
F1G. 3. Pubes of Celurus agilis Marsh; one-fourth natural s1ze ... .
F1G. 4, The same bones, one-fourth natoral size .._. .
a, side view; b, front view, ¢, fuot, or distal end.
264
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CERATOSAURUS, ALLOSAURUS, AND CCELURUS.
Jurassic.
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PLATE XL

JURASSIC DINOSAURS.—THEROPODA.

®
DRYPTOSAURIDE,
Page.
F1G. 1. Bones of left fore leg of dllosaurus fragilis Marsh; outer view ........ 163
F1G. 2. Bones of left hind leg of Allosaurus fragilis; outer view ... ___. SR 163

Both figures are one-twelfth natural size.
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ALLOSAURUS FRAGILIS March.

Jurassic,
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JURASSIC DINOSAURS.—THEROPODA.

DRYPTOSAURID.E

a, front view; D, lateral view, showing outer side; ¢, lateral view, showing
inner surface.
F1c 2. Left ilium of Creosaurus atrox; seen from the left; one-tenth natural

F1¢ 3. The same; seen from below; one-tenth natural size .............. e
a, anter:or, or pubic, articulation; b, posterior, or 1schiadic, articulation.

Fic 4 Pubes of Creosaurus atrox; front view; one-twelfth natural size......
a, acetabular surface; b, face for 1hium; ¢, distal end.

F1¢ 5 Lumbuar vertebra of Creosaurus atrox; tront view; one-sixth natural

Fi1G. 6 The same, side view; seen from the left, one-sixth natural size......
a, anterior articular face; d, diapophysis; p, posterior articular face, s,
neural spine; z, anterior zygapophysis, 2/, posterior zygapophysis.
268
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CREOSAURUS ATROX Marzh,
Jurassie,
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JURASSIC DINOSAURS.—THEROPODA.

LABROSAURID.E,

FiG. 1. Tooth of Labrosaurus sulcatus Marsh, natural size..... ... ........
a, outer view, b, back view, ¢, inner view

Fic 2 Left dentary bone of Labrosaurus ferox Marsh, superior view.... ...

Fig. 8. The same bone, lateral view, outerside ...... ... ... _.__ ...

Fi1G. 4. The same bone, lateral view; mner side..... ... .... __.......
All three figurés are one-s1xth natural size

Fi1G.5 Pelvis ot Labrosauw us fragilis Marsh, seen from the left; one-twelfth

natural size (outline of 1lium froin C)eosaur us atiox Marsh)..... e e

a, acetabulum, @, 1ham, 25, 1scluum, p, pubis
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PLATE XIV.

JURASSIC DINOSAURS.—THEROPODA.

CERATOSAURID A,

Restoration of Ceratosaurus nasicornes Marsh.... ... ... .ol oeooo... 163
One-thirtieth natuial size.
Jurassie, Colorado.
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RESTORATION OF CERATOSAURUS NASICORNIS Marsh.

Ore-thirtieth natural size.

Jurassic, Colorado.
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PLATE XV.

JURASSIC DINOSAURS.—SAUROPODA.

ATLANTOSAURIDAL,
Page
Fic 1. Back of skull of Atlantosaurus montanus Marsh. ... ... ............... 166
Fic 2. The same specimen, 1nferior VIOW - ... oceoerroreaaica o oaan cann 166

bp, basioceipital process; ¢/, pitmitary canal, f, foramen magnum, h, pos-
terior fossa, 1, 1nternal carotid foramen; oc, oceipital condyle; p, par-
occipital process; pr, parietal; 8, suture; so, supraoceipital

Both figures are one-half natural size
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ATLANTOSAURUS MONTANUS Marsh.

Jurassic
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PLATE XVL

JURASSIC DINOSAURS.—SAUROPODA.

ATLANTOSAURID.E.
Page
F16.1 Left pubis and 1schium of Atlantosaur us immanes Marsh; outer view,
one-twentieth natural s1ze ... ... ... ... .. .iiioo.... 166
£ Lioimrnna 3n wiilize e 2o agnlaizie e 4z i
J’ AULQUIOIL LI l}uulb’ ’46, IBUI.ILU_I_U, 1.1’ PMUIB

F1G6. 2 Left femur of Atlantosaurus immanis; 1nner view; one-sixteenth natu-

Tal 8126 . e iiiieeeeeiaeoas 166
2q, proximal end
F16 3. The same bone, front view, one-sixteenth natuial size..........._... 166

3a, distal end.
¢, 1nner condyle; ¢/, outer condyle; f, groove for fibula; h, head, ¢, tro-
chanter; ¢/, 1nner trochanter.
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Jurassic
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PLATE XVIIL

JURASSIC DINOSAURS.—SAUROPODA,

ATLANTOSAURID.E.
Page
F16. 1. Sacrum of Atlantosaurus montanus Marsh; seen from below. ......... 166
F16. 2. Sacrum of Apatosaurus ajax Marsh, seen from below........... ...... 166

a, first sacral vertebra; b, transverse process of first vertebra; ¢, trans-
verse process of second vertebra; d, transverse process of third vertebra;
¢, transverse process of fourth vertebra; f, f/, f/, foramina between trans-
verse processes; g, surface for union with ilium; p, last sacral vertebra.

Both figures are one-tenth natural sze.
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PLATE XVIIT

JURASSIC DINOSAURS.—SAUROPODA.

ATLANTOSAURIDAE.

Fic. 1. Cervical vertebra of Adpatosaurus laticollis Marsh; back view; one-
sixteenth natural 81ze . ... ... oo iieiiieiianeens
Fi6. 2. Dorsal vertebra of dpatosaurus ajax Marsh, front view; one-eighth
NAtUral B126. . oo e e ii e eeciceeenan e
a, metapophysis; b, ball; ¢, cup, d, diapophysis, f', lateral foramen; &,
hatchet bone; u, neural canal; p, parapophysis; 2, anterior zygapophy-
s18; 2/, posterior zygapophysis.

F16 3. Cast of sacral cavity of Apatosaurus ajax, top view; one-fourth nat-
UTAL BIZ@. e e cee e emee e e e ceee e .
f, foramen; v, cast of cavity in first true sacral vertebra; ¢', cast of cavity

1n second sacral vertebra; v”, cast of cavity in third vertebra.
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APRTOSAURUS,

Jurassic.
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PLATE XIX.'
JURASSIC DINOSAURS.—SAUROPODA.

ATLANTOSAURIDA AND MOROSAURIDE

Page
Fia. 1. Left scapula and coracoid of dpatosaurus ajax Marsh; side view; one-
fourteenth Datural 8126 ..o v oo v cuon teet e it eaaaas 168
¥1c 2 Left geapnla and coracoid of Moresaurus grandis Marsh, smide view,
one-tenth natural B126. ..o ..o e it e i i 182

a, scapular face of glenoid cavity; a’, coracoidean part of glénowd cavity;
b, rugose surface for union with coracoid; f,¥oramen in coracoid.
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APATOSAURUS AND MOROSAURUS

Jurassic



PLATHE XX.
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PLATE XX.
JURASSIC DINOSAURS.—SAUROPUDA,
ATLANTOSAURIDE

F1G. 1. Tooth of Brontosaurus excelsus Marsh; natural 8ize _....e.ceecuenen...
a, outer view; b, posterior view; c, inner view; d, front view
F16. 2. Left dentary bone of Brontosaurus excelsus; outer view; one-third
NABTITAL 8126 . .0 o n e iaeace oo e aaee cemaea e aeieemaae e man
a, edentulous margin; 8, symphysis; sr, face for surangular.
F1aG. 3. Sixth cervical vertebra of Brontosaurus excelsus; side view; one-twelfth
NAEUTAL BIZ0. .. cee e ieeinees cmeceieacmaeacaanavoosacamaoneacmanasaamayann
Fi1g 4 The same vertebra; back view; one-twelfth natural size..............
b, ball; ¢, cup; d, diapophysis; f, lateral foramen; =, neiral canal; p,
parapophysis; », cervieal rib; 2z, anterior zygapophysis; ¢/, posterior
zygapophysis.
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PLATE XXI.

JURASSIC DINOSAURS,—SAUROPODA.

ATLANTOSAURIDE.
Page.
F1c. 1. Posterior cervical vertebra of Brontosaurus excelsus Marsh; front view. 169
F1a. 2. Dorsal vertebra of Broniosaurus excelsus, side view. ...... ........... 169
Fi16. 3. The same vertebra, back view...coee o ooov el 169

b, ball; ¢, cup; d, diapophysis; f, foramen in centrum; f', lateral fora-
men; m, neural canal; p, parapophysts; r,rib; s neural spine, 2, anterior
zygapophysis; 2/, posterior zygapophysis.

All the tigures are one-twelfth natural size.
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PLATE XXIL

JURASSIC DINOSAURS.—SAUROPODA.

ATLANTOSAURIDA.
Page
Fi6 1. Scapular arch of Brontosaur us excelsus Marsh, front view ; one-sixteenth
DABUTAL B1Z6 . «amen oot i 168
¢, coracord; cf, ‘cartilage; g, glenoid cavity; os, right sternal bone, og/,
left sternal bone; s, scapula.
FiG. 2. Left sternal boue of same 1ndividual; one-eighth uatural size........ 168
a, superior view, b, inferior view, ¢, face tor coracoid; d, margin next to
median hne; e, 1nner front margin; p, posterior end.
Fic 3 Sternal plates of young ostrich (Siruthio camelus Linn ); seen fiom
below ; two-thirds natural 81ze ... .. ... ... ceoo ol il 169
¢, coracoid; ct, sternal cartilage; os, ossified sternal bone; sr, sternal 11b.

288



U. E. GEOLOGICAL SURVEY

SIXTEENTH ANNUAL REFORT FART | PL. XxNI

STERNAL PLATES OF BRONTOSAURUS AND YOUNG STRUTHIO.




PLATHE XXIIL

16 ¢EoL, PT 1—19 239



PLATE XXIII

JURASSIC DINOSAURS.—SAUROPODA.

ATLANTOSAURIDE

Page

Fi6 1 Sacrum of Brontosaurus excelsus Marsh, seen from below.............. 170
ua, first sacral vertebra; b, transverse process of first vertebra; ¢, transverse
ptocess of second vertebra; d, transverse process of third vertebra, e,
tiansverse process of fourth vertebra, f, f/, f*, "', foramma between
processes of sacral vertebiz; g, suiface for union with ilium, I, last

lambar vertebra, p, last sacral vertebra
170

¥ic 2 Section through second vertebra of sacrum of Brontosaurus excelsus. ...
o, cavity; g, face for union with tlium, ne, neural canal
Both figures ate one-tenth natural size
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PLATE XXIV.

JURASSIC DINOSAURS.—SAUROPODA.

ATLANTOSAURID.E

FigG. 1. Ischia of Brontosaurus excelsus Marsh; seen from above; one-twelfth
DABUTRL S1Z€. .. ..o il aiit e e ctcecieecieaae ceeana.
1a, distal ends.
a, acetabular surface; ¢, extremity; ¢, face for ithun; pd, face for pubis,
8, symphysis. ,
Fic. 2. Fourth caudal vertebra of Brontosaurus excelsus, side view. .........
F16.3. The same vertebra; front view. ... ... ... ... ....
Fig 4. Chevron of Brontesaurus excelsus, side view
F1c.5 Thesame; flont view.. .. . ... . ... ... . iiiliaoioi.iilL
Last four figures are one-eighth natural size,
¢, face for chevron; h, homal orifice, n, neural canal; s, neural spine, ¢,
transverse process, z, anterior zygapophysis; 2/, posterior zygapophysis.
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PLATE XXV

JURASSIC DINOSAURS.—SAUROPODA.

DiPLODOCIDA
Page
Fig 1 Skull of Diplodocus longus Marsh; s1de V1IeW..... eoeecnievienoneaann 175
Fic 2 The same skull; front view_........... ... ... .. R (4
F1c 3 The same skull; top view. ... .o e e, 175

All the figures are one-s1xth natural size.
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PLATE XXVI

JURASSIC DINOSAURS.—SAUROPODA.
DIPLODOCID A,

Fia 1. Maxillary teeth of Diplodocus longus Maish ; side view; one-half natural
- U G
Fi16. 2. Section of maxillary bone of Diplodocus longus, showmg functional
tooth (fourth) m position and five successional teeth (2-6) in dental cavity,
one-half natural S12€ «oee. oo oo e
a, outer wall; b, imnner wall; ¢, cavity; e, enamel; f, foramen; r, root.
Fi1¢ 3 Cervical vertebra, with rib, of Diplodocus longus; side view; one-eighth
NABATAL B1ZC. < cv et i et e e et e ce e e erh e ane e ime e
a, metapophysis; b ball; ¢, enp; f, foramen in centrnm, r, r1b; 2, anterior
zygapophysis; z', posterior zygapophysis
Fic 4. Twelith caudal vertebra of Diplodocus longus, side view; onc-sixth
NABUTAL S1Z6. < oo e e e e i et i eieeaccaraiacer e aaas
FiG. 5. The same vertebia, bottom view; one-sixth natural size ............
¢, anterior face for chevron, c¢’, posteiior face tor chevron; s, neural spine;
7, anterior zygapophysis, ¢/, posterior zygapophysis.
F16. 6 Chevron found attached to tenth and eleventh vertebraz of Diplodocus
longus; top and side views, one-tenth natural s1ze............. ... .. ...
F16 7. Chevron of another 1ud1v1dual top and side views; one-tenth natuml

a, anterior end; p, posterior end, v, faces for articulation with vertebre.
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PLATE XXVII.
JURASSIC DINOSAURS.—SAUROPODA.

DiPLODOCID Au.

Fi1G. 1. Atlas of Diplodocus longus Marsh; side view, onc-half natural size....

Fig 2 The same; front view; one-half natural size

a, artrcnlar face for axis; ¢, cup, m, neural canal, o, cavity for odontord
process of axis; 4, face for rib, 2/, posterior zygapophysis

F1:. 3 Cervical vertebra of Diplodocus longus; front view; one-eighth natural

Fic 4 Dorsal vertebra of Diplodocus longus, back view; one-eighth natural
s1ze

a, metupophysis; b, ball, c¢,cup; d, diwpophysis; f,lateral forameu, n,
neural canal; 1, rib; 2, anterior zygapophysis; 2/, posterior zyga-
pophysis,
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PLATE XXVIIL

JURASSIC DINOSAURS.—SAUROPODA,

DIPLOVOCIDE

Fig. 1 Sacrum and ilinm of Dhplodocus longus Marsh, seen from below; one-
tenth natural 81ze. .. ... .. .
la, transverse section th1ough second vertebra, ¢, cavity
a, first sacral vertebra; ac, acetabular surface; b, transverse process of
first vertebra, ¢, transverse process of second vertebra; d, transverse
process of third vertebra; f, f/, foramna between sacral vertebre; g,
face for 1tlium, <J, 1lwmm; 13, face for ischium, p, last sacral vertebra; pb,
face for pubis .
F1G. 2. Right foot of Diplodocus longus, front view; one-eighth natural size..
a, astragalus; ¢, place for calecaneum; d, distal phalanx; f, fibula, ¢, tibia;
I-V, metatarsals; i~ui, ungual phalanges
Fi1c 3. Ischia of Diplodocus longus; 1uferior view; one-eighth natural size....
e, distal ends; i, face for ilinm; p, distal extremity; pb, face for pubis;
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PLATE XXIX

JURASSIC DINOSAURS.—SAUROPODA.

DirLODOCIDAE
Page
F1G. 1. Left metacarpals of Diplodocus longus Marsh, with first phalanx of first
digat 1o position; front view .... ... o oLLoiiiiiiliilo Lol L. 189
F16. 2 Left metatarsals of Morosaurus grandis Marsh; front view.........__. 183

Both figures are one-fonrth natural size.
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PLATE XXX

JURASSIC DINOSAURS.~—SAUROPODA.,

MOROSAURIDA.
Page
FiaG. 1. Skuli of Morosaur us agilis Marsh ; posterior view, one-half natural size 181
a, postoccipital bone, b, lateral plate of atlas; ¢, odontord process, or cen
trum, of same; e¢o, exoccipital, 2, inferior portion of atlas; n, nemial
canal; p, parietal; po, postorbital; s, squamosal; so, supraoccipital.
F1G. 2 Portion of skull, with brain cast, of Morosanrus grandis Marsh; top
view, one-fourth natnral stze.. . ............ _.._. e e 181
¢, cerebral hemispheres; cb, cerebellum; fp, postfrontal; fi, frontal; ol,
olfactory lobe; on, optic nerve; op, optic lobe; p, paroccipital process;
1, partetal; ¢, quadrate, 8, squamosal.
F1G 3 Left dentary bone of Morosaurus grandis, outer view; one-third natural
BIZ@ oiieii i ieit et el i cmeeeaeeeeaaas
a, edentulous margin; s, symphysis; sr, face for surangular.
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PLATE XXXI

JURASSIC DINOSAURS —SAUROPODA.

MOROSAURID L,

F1c. 1. Tooth of Morosaurus grandis Mavsh, outer view, one-half naturalsize
F16¢ 2 The same tooth, fiont view, oue-half natural size. ... R,
F1c 3 Axis and part of atlas of Morosawrus grandis; side view; one-cighth
patural 81ze. . ... ...l iliiilii il il ieln .
Fi1G 4 Thesame, front view, one-cighth natural s1ze_... ... .._.__.
a, odontoid process; ax, centrnm of axis; d, diapophbysis, f, foramen 1
centrnm; s, neural spine, z, auteriol zy gapophysis
Fic 5 Fourth cervical vertebia ot Mouiosanius yiandis, sule view, one-cighth
natural 81Ze.... oo el il iieiaiiiaiaiiae
F16 6 The saine vertebra, back view, onc-eighth natural size
b, ball, ¢, enp; d, diapophysis, e, parapophysis; £, loramen 1u centruw,
z, anterior zygapophysis, z, posteriot 73y gapophysis
Fic 7 Pelvic arch of AMorosawsus grandis  seen fiom 1 frout, one-sixteenth
natursl s1ze. ......_. e e e e e e aaaaa -
Fic 8 Sacrnm of Morovaurus qyandie; seen trom helow, one-tenth natural
32
a, first sacral vertebra, b, taansycise process of first vertebra; ¢, transverse
process of second vertebra, d, transveise process of tlhard veitebra,
e, t1ansverse process of last sacral vertebia, f, ', /7, forannna between
processes of sacial vertebr.ar, ¢, g . suirfaces for umon with tha; i, 1ham,
18, Ischium, ne, neural canal, p, last sacial vertebia, pb, pubis

306

Page
181
181

183

183



U, 8. GEOLOGICAL SURVEY

GIXTEENTH ANMUAL REFCRT FART | PL. XXx|

MOROSAURUS GRANDIS Marsh.

Jurassic.




PLATH XXXIIL

307



. PLATE XXXII

JURASSIC DINOSAURS.—SAUROPODA.

MOROSAURID &
' Page
Fic 1 Anterior dorsal vertebra of Ao1o0saurus lentus Marsh, posterior view.. 182
Fic 2 Posterior dorsal vertebra of Moiosaurus lentus, side view ... .___.. 182
2a, transverse section through centrum of same.
F16.3 The same vertebra, posterior view.... _..._....... ... ... ... 182
All three figures are one-fifth natural size
Fig. 4 Caudal vertebra of Morosaurus grandis Marsh; sideview. . ... ... ... 182
Fic 5 The same \eitebra; front view.. . ....._. e e e e 182
FiG. 6. The same vertebra, posterior view _.......... ... ... ... ... 182

Last three figures a1¢ one-half natural size,

b, ball; ¢, cup, d, diapophysis; f, foramen 1n centrum; m, metapophysis,
« meural canal, ns, meural sature; s, nciual spine; x, hyposphene,
z, anterior zygapophysis; 2/, posterior zy gapophysis.
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PLATE XXXIIT

JURASSIC DINOSAURS.—SAUROPODA.
MOROSAURLD.E.
Page
Fi1g 1. Sacrum of Morosaurus lentus Marsh; seen from above. ... . . 183
FiG. 2. Last sacral vertebia of Morosauius lentus, posterior view .. .. ... 182

a, anterior face of centinm of hrst sacral vertebra, b, transverse process
of fitst vertebra, ¢, trtansverse process of second vertebra; d, transversc
process ot third vertebra; e, transverse process of last sacral vertebra;
5,0 f", toramma between transverse processes of sacral vertebra, ¢,
surface for nnion with ilium; n, neural eanal, as, neural spmme; p, pos-
terior fuce of centinm of last sacral vertebra, s, snture, z, posterion
zygapophysis

Both fifures are ouc-hith natural size
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PLATE XXXIV.

JURASSIC DINOSAURS.—SAUROPODA.

MOROSAURID #

F16.1 Anterior candal vertebra of Morosaur us ¢) andis Marsh; side view, one-
eighth natnral 81ze ...... ool Lol aeel aeal Lol - .
Fi1G, 2. The same vertebra, fiont view, one-eighth naturalsize...... ._..__.
Fic 3. Second caudal vertebra of Moiosauras lentus Marsh; side view ; one-
fifth natural s1ze ... .. ... . c...o.0 LLil L.l Ll .ol e ean-
F16. 4. The same vertebra; front view; one-fifth natnral size..... _._..__..
Fie 5. Distal candal of Morosaurus grandis, side view ... .. ... ...
Fi16. 6. The same vertebra; front view... ... . ... ... ...
Fi16. 7. More distal caudal of same ammal; side view..ooo. oo L0 L.
Last three figures are natural size
n, neural canal; ns, neural sature; 8, nenral spine; ¢, transverse process;
2z, antenor zygapophysts, 2/, posterior zygapophysis
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PLATE XXXV

JURASSIO DINOSAURS.—SAUROTODA.

MOROSAURIDZ

Fi1c 1. Left ihwn of Morosaurus wbnstus Marsh, side view, one-tenth natuial
BIZCowr cn ee e aeen e R cee e s ceee e
F1G 2 The same boue, 1nferiol view, one-tenth natural size ... ...
a, anterior, or pubiec, articular surface, b, posterior, or ischiadie, artncu]ar
surface.

F1Gg 3 Ischium of Morosaurus grandis Marsh, superior view, one-eighth
natural BiZ8 ... .. iiieiiiiil ciier eeeiiiedeceaecenaeaaes
FiG 4. Ischia of Moiosaurus lentus Marsh, mierior view, oune-eighth natural
BIZE. ceeeeimemamn e mae amen e memes aeas .

¢, distal ends, il, face for itlium; p, posterior extiemnty , pb, tace for pubis;
8, sywphysis
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PLATE XXXVL

JURASSIC DINOSAURS.—SAUROPODA.

MOROSAURIDE AND ATLAN FOSAURIDE.

Page
F16.1 Pelvis of Morvsaurus lentus Marsh, scen from the left, one-eighth
natnral 81ZC. ... ... i e iiiiiieiie ceee eeieieaaaaa 183
F1:. 2. Pelvis of Apatosaurus ajaxr Marsh; seen from the left; one-sixteenth
natural s1ze. ... ...

................................................ 166
a, acetabulum; f, foramen 1n pubis; #l, ihum; s, ischium; p, pubis.
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PLATE XXXVIIL

JURASSIC DINOSAURS.—SAUROPODA.

MOROSAURID &

Page
F16 1 Portion of right tore foot o1 Morosaurus agilis Marsh, fiont view, one-
fonrth natural size ... ... e e - e 182
¢, carpal bone, 7-T, metacarpals
Frr 2 Right hind foob of Moiasaiiis aqilis, front view, oue-fourth natuial
BLLC oo ei ol iieieiaiiaal P e e e e e e 183
Y16 3 Fitth metacarpal of Morosaurus lentus Marsh, front view ...... ..... 182
Fig 4 The same bone, 1nner view . .. . . ... | . e e e 182
a, proxiudl end, e, distal end
Fi16 5 The same, outer view........... ... ... ... o...o...... - 182

Last three figures are oue-half natural s1ze
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PLATE XXXVIIIL

JURASSIC DINOSAURS —SAUROPODA.

MOROSAURIDE
Page
F16. 1. Bones of left fore leg ot Morosaurus grandis Marsh; outer view ...... 182
Fig. 2. Bones of leit hind leg ot same individual, outer view .... .. . ... 183

Both figures are one-twentieth nataral size.
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PLATE XXXIX.

JURASSIC DINOSAURS.—SAUROPODA.,
ATLANTOSAURID/C, MOROSAURIDA, AND DIPLODOCIDA®R

Chevron of Broniosaur us excelsus Marsh; one-eighth natural size.... ..
Chevron of Apatosaurus qjaxz Marsh, one-cighth natural size .........
Chevron of Morosaurus grandis Marsh, one-fonrth natnral size........
Chevron of Morosaurus grandis, onc-half natuial size.... ...........
Chevion of Diplodocus longus Marsh, one-tenth natural size...... ..
front view, o', anterior end, b, siude view, ¢, back view, d, top view;

I, haemal oritice; p, posterior end, v, face fo1 vertebra.
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PLATE XIL.

JURASSIC DINOSAURS.—SAUROPODA.

PLXURCCELIDRE
Page
Fi1c. 1 Left dentary pone of Pleurocelus nanus Marsh, outer view; one-half
natural 81ze . ... it ieeiiiaciieeaeea.. 183
a, edentulous margin; s, symphysis
F16. 2. Tooth of Pleurocwlus nanus; natural 8126 ....... . ....cceeeeao. ..o 183
a, outer view; b, front view; ¢, inner view, d, posterior view.
Fic 3. Cervical vertebra of same; side VIeW. ...... _.ooioooiacs coianann. 183
3a, transverse section of same vertebra
Fie¢ 4. Dorsal vertebra of same, side view. ........ ... ool 184
Fic 5 The same vertebia, posterior view ................. cooieanoen... 184
F16¢ 6. Sucral vertebra of same, side view . ... ....... ... ....... —ee. 184
F16. 7. The sume vertebia; posteriorview...... ........... (... —.oo.... 184
Fi1c 8. Candal vertebra of same, side View ... .....co.ooce coooo..L 184
Fic 9 The same vertebra, superior view ... ......_ . ... . ........ 184
F16. 10. Distal caudal vertebra of same; side view ...... ..... ..... ....... 184
F1c 11 The same vertebra, Posterior view . ..... ... .ooooiiioiiiiaion 184

All the figures of vertebrs are one-half natural size

a, anterior ¢cnd of centrum, ¢, tace for chevron, f, foramen in centrum;
n, neural canal, p, posterior end of centrum, 1, face for rib, s, neural
spine

Potomac formation, Maryland
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PLATE XLI

JURASSIC DINOSAURS.—SAUROPODA.

PLEUROCELIDE
¢ Page
Fic 1 Metacarpal of Pleurococlus nanus Marsh; front view ... ..._..... ... 185
a, proximal end of same; b, distal end
F16. 2. The same bone; 81de VIeW ... ... i ivmaorcooens e mcaaaaanaan 185
Fic 3 Metatarsal of same; front View .. .. oo it i i 185
a, proximal end; b, distal end
Fi16 4. The same bone; 81de VIEW . ... .. iemeiroiimceiamaaicomsmaae s 185
Fic 5 Ungual phalanx of same; outer view 185
F1G6. 8 The same phalanx; front view. ... ... ieemareonorceiiaiacnacn s 185
6a, proximal end of same
F16. 7. The same bone, INNOT VIOW ... ..ce waceeeccavreoacan cosmcecanncnana 185

All the figures are one-half natural size
Potomae formation, Maryland
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PLATE XLIIL

JURASSIC DINOSAURS.—SAUROPODA.

ATLANTOSAURIDA,

Restoration of Brontosaurus excelsus Marsh .. ... ... ... ... ........ 173
One-ninetieth natural size,
Jurassic, Wyoming.
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PLATE XLIIL

JURASSIC DINOSAURS.—PREDENTATA.

STEGOSAURID.E

Fi16 1. Skull of Stegosaurus stenops Marsh; 81de View .............. .o..oooo
Fi1c. 2 The same skull; front view
Fi1g 3 The same; seen from above
a, anterior nares, an, angular; ay, aiticalar, b, orbit; ¢, lower temporal
fossa; d, dentary, e, supratemporal fossa, f, frontal; fp, postfrontal,
2, Jugal; I, lachrymal; m, maxillary; n, nasal; oc, ocerpital condyle, os,
supraoccipital,, p, parietal, pd, predentary, pf, prefrontal, pm, premax-
1llary , po, postorbital ; ¢, quadrate; s, splemial; sa, surangular; so,
supraorbital; g9, squamosal.
All the figures are one-fourth natural size
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PLATE XLIV

JURASSIC DINOSAURS.~—PREDENTATA.

. .

STEGOSAURID .

Fie 1. Tooth of Siegosaurus unguiaius Marsh; a, natural size; b, ¢, d, twice
NABUTAL 8126, oo o ee o e i ciie e e aeanaeas
b, outer view, ¢, end view, d, top view
Fi1g 2 Tooth of Priconodon crassus Marsh, twice natural suze. ... ... . ......
a, outer view, b, end view, ¢, inner view
Fic 3 Outline of sknll of Stegosaurns ungulatus, with brain cast in position;
seen from above, one-half naturalsize ...... ... .. ... ... .o........
F1G6. 4 The same bramn cast, seen from the left; one-half natural size ......
¢, cerebral hemispheres; cb, cerebellum, f, orbital cavity; f', temporal
fossa, m, mednlla, oc, occiprtal condyle, ol, olfactory lobes; on, optic
nerve, op, optic lobes
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PLATE XLV.

JURASSIC DINOSAURS.—PREDENTATA.

STEGOSAURID A,

Page
Fi1G. 1 Cervical vertebra of Stegosaurus ungulatus Marsh, side view ....._... 188
F1¢ 2 Thesame vertebra, front view.. ... ... ....c........ e eeaeaaa 188
F1 3 Dorsal vertebra of same series, s1de V1IeW. _..... . cocoerenunomnennnn 183
F1ag. 4. The same vertebra, front viesw. . ... ... ... ... ...l 188
F16. 5. Fust caudal vertebra of same series, front view . ... ... .. ....... 189
Fi¢ 6. Anterior caudal of same series, side view - ... ... .. ... ... * 189
F1G. 7 The same vertebra; front view ....... .. ....... ... e 189
Fi16. 8 Median caudal of same serres; side View ........_......o... ..., 189
¥1G. 9 The same vertebra, front view ... . ... ... ...l 189
Fic 10. Chevron of same, front view ... ... ... ... o oeeiiiiao. 189
F16 11 The same bone, POSTOTIOr VIEW -o.o.. cocercmaaonamacaannaaenaaans 189

¢, face for chevron, d, diapophysis; =n, nemal canal; p, parapophysis;
s, neural spine, 2, anterior zygapophysis, ', posterior zygapophysis.
All the figures are one-eighth natural size.
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. PLATE XLVL
JURASSIC DINOSAURS.—PREDENTATA.

STEGOSAURIDE.
F1¢ 1. Bramn cast of Stegosaurus ungulatus Marsh; seen from above ......_...
¢, cerebral hemispheres; cb, celtebellum; m, medulla; ol, olfactory lobes,
on, optie nerve; op, optic lobes
F1G. 2 Cast of neural cavity 1n sucrum of Steyosaurus ungulatus, side view ..
Fig 3 The same cast, seen from above. ... ... ..ol ool oLl
a, anterior end, f,f, f"/, foramma between sacral vertebrz; p, exit of
neural canal 1 last sacral vertebra
F16 4. Outlines representing transverse secfrons through same brain and
BaCTal CAVIEY . o o e et seeeaceeeaaaaaas
b, brain, 8, sacral cavity.
All four figures are one-fourth natural size
F16. 5 Sacrum aud tlia of Sicgosaurusungulatus, secn from below, one-twelfth
Do E:R 108 20 = B U e
a, first sacral vertebra; ac, acetabula1 surtace, b, transverse process of
first sacral vertebra; e, transverse process of last sacral vertebra;
o1, 1lium; 1, second lumbar vertebra from sacrum, I, lumbar vertebra
next to sacrum; p, last sacral vertebra
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PLATE XLVIL

JURASSIC DINOSAURS.—PREDENTATA.

STEGOSAURIDAE
Page.
F1G. 1. Left femur of Stegosaurus ungulatus Marsh, front view ..........._.... 191
¢, tnner condyle; s, shaft, showing absence of third trochanter, t, great
trochanter.
Fic. 2. Tibia and fibula of same lumb; front view ... .....oc.ooois cuen.. 191
a, astragalus; ¢, calcaneum; f, fibula; ¢, tibia
F1c 3 Humerus of Stegosaurus ungulatus; front view.._ ... ... ... ....... 191
F1G. 4. Ulna of another individual, srdeview._.. ....._. A, 191
h, head; o, olecranal process; r, radial crest.
All four figures are one-twelfth natural size
FiG. 5. Metapodial bone of same spectes, one-fourth natural size ........... 191
a, side view; b, front view
F16. 6 Termial phalanx of same species; one-fourth natural size . ......... 191

a, front view; b, side view, ¢, posterior view.
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PLATE XLVIIIL

JURASSIC DINOSAURS.—PREDENTATA.

STEGOSAURIDE
Page
F1G. 1. Left tore leg of Stegosaurus ungulatus Marsh; outer view, one-sixteenth
DABUTAl B1Z6 .. it ieeieeiemiacnnn eemees e 1%
F16G. 2. Left hind leg of same species; outer view; one-sixteenth natural size. 190
F1G. 3. Pelvis of Stegosaurus stenops Marsh; side view, one-tenth natural size. 190
a, acetabulum; ¢, coracoid; f, femur; f', fibula, h, humerus; «, 1ium; 1,
1schium; p, pubis, p', postpubis; r, radius, s, scapula, ¢, tihia; u, ulna:
I, first dugat; ¥, fifth digt,
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PLATE XLIX.

JURASSIC DINOSAURS.—PREDENTATA.,

STEGOSAURIDA.

FiG 1. Gular plate of Stegosaurus ungulatus Marsh ....... ... .. ... ...ceceenn
a, superior view; b, side view, ¢, imnferior view
F1G. 2. Tubercular spine of same 8pecies............ .......cociciion cecaan
a, superior view; b, inferior view; ¢, end view
Fi16. 3. Caundal plate of Stegosaurus ungulatus ...... et e iieiieeeaes
a, s1de view; b, end view of base; ¢, view of opposite side; d, thin mar-
gin; e, rugose base, f, f’, surface marked by vascular grooves.
F1G. 4. Dorsal plate of same anumal .. ... .o .. oo iiiiiiiiiiaeiiaaan
a, superior surface, b, thick basal margin; ¢, inferior surface; other let-
ters as in fig 3.
All the figures are one-twelfth natural size.
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PLATE L.
JURASSIC DINOSAURS.—PREDENTATA.

STEGOSAURIDE

FiG. 1. Dorsal spine of Stegosaurus ungulatus Marsh..... cen e emeeeees

F1¢ 2 Large caudal spine of same individual........_. C e el
a, side view; b, front view; ¢, section, d, infertor view of base

F16. 3. Smaller caudal spine of 8ame -...... .. .oooiiiiiiiaaaas cia oL
b, posterior view; other letters as above.

F16. 4 Caudal spine of Stegosaurus sulcatus Marsh; side view..............

F16 5 The same splne, Posterior view. . ... .......oci.oii ciiiiiiiaaaann

Fi16 6 The 8ame; INNer VIeW ... ..oiu.iciien comamcononn eneeeaannaane-
a, anterior, b, base; p, posterior, 1, ridge; s, face for adjoining spine.
All the figures are one-twelfth natural size.
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PLATE LI
JURASSIC DINOSAURS.—PREDENTATA.

STEGOSAURIDAE,
Page
Caudal vertebra, spines, and plate of Diwracodon laticeps Marsh, seen from the
left; one-sixth natural size ... ... .. ... . i iiiiiiiiaiiaiiaaa. 193
a, right anterior spine; a’, left antertor spme; b, small candal plate; ¢,
chevron bone; p, right posterior spine; p’, left posterior spine; ¢, ter-
minal vertebra; v, median candal vertebra.
The bones represented are essentially m the position mm whieh they
were found.
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PLATE LIL

JURASSIC DINOSAURS.—PREDENTATA.

STEGOSAURID.AE.

Restoration of Stegosaurus ungulatusMarsh . ... ... .. ... .. il 194
One-thirtieth natural size.
Jurassic, Wyoming.
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PLATE LITL

JURASSIC DINOSAURS.— PREDENTATA.

CAMPTOSAURID.E,

F1G. 1 Skull of Camptosaurus medius Marsh , seen from the left side ; one-fourth
B0 27 ) -
F16 2. The same skull, with brain castin position; seen from above; one-fourth

notnnnl aioan
B R - - 2+

a, exterior narial opening; an, angular; bo, basioccipital; d, dentary, f,
frontal; fp, postfrontal; uf, infraorbital fossa; 3, jugal; !, lachrymal;
m, maxillary, n,nasal, o, orbit; pd, predentary; pf, prefrontal; pm, pre-
maxillary, g, quadrate; gj, quadratojugal; 8, squamosal; sa, surangular,
8f, supratemporal fossa; so, supraorbital bone.
¥1G. 3. Tenth upper tooth of Camptosaurus medius, natural 81ze..............
Fi6. 4. Fifth lower tooth of same species; natural 81ze ........... ..cc......
a, outer view; b, posterior end view; ¢, Inner view.
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PLATE LIV.

JURASSIC DINOSAURS.—PREDENTATA.

CAMPTOSAURID.E

Fic 1. Left fore leg of Camptosaurus dispar Marsh, outer view; one-twelfth
Datural B1Ze ... o i i e i ieiaie i eiicieaean
¢, coracoid; k, humeruns; r, radius; s, scapula; u, ulna, 7, first digit, 7,
fifth digit
F1G. 2. Left hiud leg of same specles; outer view; one-twelfth natural size ..
a, astragalus; ¢, calcaneum, f, femur; f’, fibula; I, 1liam; 18, 1schiam; p,
pubis; p’, postpubis; ¢, tibia, I, first dugit; I¥Pmi, fourth metatarsal,
Fic. 3. Posterior sacral vertebre of Camptosaurus dispar, showing peg-and
notch articulation; top view; one-fourth natural s1ze.. ... ...........
a, anterior end; p, posterior end.
F1G. 4 Sacral vertebra of same 1ndividual, seen from the left; one-sixth nat-
[0 2 G VT U Y
F16. 5 The same vertebra, frout view; one-sixth natural size ............ .
a, anterior face for transverse process; b, posterior face.
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PLATE LV
JURASSIC DINOSAURS.—PREDENTATA,

CAMPIOSAURID.E AND LAOSAURID.E

Fiu¢ 1. Lower tooth of Laosaw) us consors Marsh; natural size ..... ... ... 199
@, outer view, b, posterior end view, ¢, Inner view.
Fi6. 2 Left fore leg of Camptosanrus nanus Maish, outer view; one-fourth
natural 8176. ... ool ceeiiciiiiieeicaeaoa..... 106
¢, coracord; &, humerus; 7, r1adius, s, scapula, », nlna, 7, fiust digit, V,
fifth digit
F1G. 3. Left hind leg of Laosaurus consors; outer view, one-sixth natural size. 199
Fic 4 The same of Dryosaurus altus Maish, outel view, one-eighth natuial
3 S PN 198
a, astragalus; ¢, calcanenmn, f, femuar, f', hbula; i, 1linm, s, 1schium,
p,pubis; p’, postpubis, ¢, tina; [/, fiust dagit, IF, tourth digit, JTmt,
fourth metatarsal; 7, fifth metataisal
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PLATE LVI

JURASSIC DINOSAURS.—PREDENTATA.

CAMPTOSAURID A&
Page.
Restoration of Camptosaurus dispar Marsh.._ .. . . . 197
One-thirtieth natural size.
Jurassic, Wyoming.
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PLATE LVIL

JURASSIC DINOSAURS.—PREDENTATA.

LAOSAURIDE

Restoration of Laosaurus consors Marsh..... fee emeeeeiee eeen ieeaa 202
One-tenth natnral size
Jurassie, Wyoming
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PLATE LVIIL

CRETACEOUS DINOSAURS.—THEROPODA.

ORNITHOMIMID.E,
Page.
F1G. 1 Left tiba of Ornithomimus velox Marsh. ... ... ... ... ... .. 204
A, front view; B, distal end; C, transverse section.
F1G. 2. Left metatarsals of same specimen. ............ .ot oeiiaoo. 204
4, front view; B, proximal ends; C, transverse section; D, distal ends,
Fi16. 3. Phalanges of second digit of same foot, front view.................. 205
4, first phalanx; B, second phalanx, C, third, or termnal, phalanx
F16. 4. Left metacarpals of same species, perhaps of smaller indivadual; front
2 L5 205
All four figures are one-third natural si1ze
Fi16. 5. Left tab1a of young ostrich (Struthio camelusLann ). _....._ ... ....... 204
4, front view; B, distal end
F16. 6 Left metatarsals of young turkey (Meleagris gallipavo Innn.).......... 204

4, front view; B, proximal ends

Last two figures are one-half natural size,

a, astragalus; as, ascending process of astragalus; ¢, calcaneum; f, fibula;
L Lo Fom LBliealo. TT cinoeed nbodonaal FTT dliznd —ndndownsl. TI7
J ) 1avo 1ol LlUlllﬂr’ 414, nuvonu Luuuwuwnmu, .ll.l, LaIlu movavalbBaly LV,

fourth metatarsal
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PLATE LIX.

CRETACEOUS DINOSAURS.—PREDENTATA.

CERATOPSID.E,

Skull and lower jaw of Triceratops p1o1sus Marsh, seen from the left side ..... 208
One-ninth natural s1ze
Cretaceous, Wyoming
269 ’
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PLATE LX.

CRETACEOUS DINOSAURS.—PREDENTATA.

CERATOPSID &

Fi1a 1 Skull of Sterrholophus flabellatus Marsh ; seen from the left side........
a, nasal opening; b, orbit; c, supratemporal fossa, e, epoccipital bone; k,
horn core; k', nasal horn core; p, predentary ; ¢, quadrate, 7, rostral bone.
F1¢ 2 The same skull; seen from behind -.... ..... .......... cee e
d, denta1y; e, epoccipital; h, horn core, p, parietal, pd, predentary; ¢,
quadrate; 8, squamosal
FiG. 3. Skull of Zrwceratops serratus Marsh, diagram; seen from above. .....
¢, supratemporal fossa; d, eptjugal bone; e, epoccipital; f, frontal; fp,
postfrontal; k, horn core, %', nasal horn core; ), jugal; m, maxallary,
n, nasal, p, panetal, pf, prefrontal, pm. premaxillary; r, rostral bone;
8, squamosal; x, pineal foramen ().
Fi16. 4 Skull of Triceratops prorsus Marsh, seen from belind. ... ... .......
Letters asin fig. 2.
All the figures are vne-twentieth fiatural size.
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' PLATE LXL

CRETACEOUS DNINOSAURS.—I’REDENTATA.

CLRATOPSID A
T1G 1. Anterior part of sknll of 7iweratops prorsus Marsh, sule view._.. ...
F1G ¢ Front view of same ... ... ... ... L....
TI'1c. 3 The same, seen from below ....
I’ nasal horn core, n, nasal, ma, narial apertmice, pm, premaxillary, 7,
rostral bone
FiGg | Predentary bone of same individual; sideview ..o ... ... ....
Fia 53 Top view of same speenmen. . ... ... .....
FI16 6 Bottom viewofsame. ... ool aaa.
«, anterior end, b, upper borde1, d, groove for dentary, s, symphysis
All the above figures ale one-cighth natural sze
Fi16 7 Cast ot hrain cavity of Zhviceratops serratus Maish, side view, one-half
natural s1ze. ... . ... N cee e
¢, cercbral hemspheres, b, cerebellumn; m, medulla; ol, olfactory lobe, ox,
optic nexve, p, pitmtary body, F, fitth nerve. X, X/, tenth and elev
enth nerves, 7/, twelfth nerve.
Fic 8 Skullof Tiiceralops prorsus, seen fiom 1n front; one-twentieth natural

Fra. 9. Maxallary tooth of 7iewceratops serralus, side view, natnral size ...
Fi1G 10 The same tooth; 1nner view, natural size. ..... ..... .... C e
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PLATE ILXIL

CRETACEOUS DINOSAURS.—DPREDENTATA.

CERATOPSIDAE.
Page.
F16.1 Skull of Torosaurus latus Marsh, seen from above......_.. _......... 214
F1aG. 2. Posterior crest of Torosaurus qladius Marsh; seen from above... ...... 214

¢, supratemporal fossa; ¢', anterior temporal foramen; f', parietal fonta-
nelle; h, horn core; k', nasal horn core; p, parietal; s, squamosal.
Both figures are one-twentieth natural size.
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CRETACEOUS DINOSAURS.—PREDENTATA.

CERATOPSIDZ.
Page

F1s 1 Horn core of Ceratops monfanus Marsh, side view.. ... ceee ieee ea.. 216
F16. 2. Horn cores of same skull, front view .... ... el 216

a, right horn core, ¢, left horn coie
¥ic 3 Basiccorpital of sameskull ... .. ... cee e e e el 216

a, s1de view, b, posterior view

All three figures are one-fourth natural size
Fi16 ¢ Right squamosal of Tor0saurus gladius Marsh, nner view ..... ..... 216
F1.. 5 The same of Steryholophus flabellatus Marsh.......... ... _._..... ... 216
F1g 6 The same of Ceratops montanus —........ ... ... e e aen 216

Last three igmes are vne-twentieth natmal size
¢, epoccipital; g, groove for quadiate; 8/, suture for parietal.
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PLATE LXIV.

CRETACEOUS DINOSAURS.—PREDENTATA.

CERATOPSID.E

Page,
F16 1. Anterior cervical vertcbrse of Triceratops prorsus Marsh; side view... 212
F16. 2 Fourth cervical vertebra of same series; back view... .._........... 212

a, anterior face of atlas; d, diapophysis; n, neural canal; p, posterior face

of fourth vertebra; #, mb; s neural spine of axis; ¢, neural spine of

third vertebra; s/, neural spine of fourth vertebra; 2/, posterior zygapo-

physis

Fic. 3 Anterior dorsal vertebra of samec species; side view ....... ._....... 212
Fic 4. The same vertebra; front view... ... ... ...l 212
Fic 5 First caudal vertebra of Triceratops prorsus; side view............... 212
F1c, 6. The same vertebra; front view ..o .. coon it oiiai e veaaar aann 212
F1g. 7 Thesame; back VIeW .. ... .. ot iiiiieierieaana 212
Fi¢ 8 Median caudal of same species, stde vIOw _..... ... ..oooiaioo.. 212
F1c. 9 The sume vertebra; front view ... ... ... oioiiiiiiioiis aona. 212
F16 10. The 83me; back VIeW . oo oo ciotoiie it it c it e aece cceecnee 212
Fi1c 11 Distal candal of same species; 81d¢ VIOW ....e.oiiiiiaimaianunas 212
Fic 12. More distal caudal of same species; side view........ ... ... . ... 212

a, anterior face of centium; ¢, face for chevron; k, facet for head of rib; =,
neural canal; p, posterior face of centrnm; r, r1b, s, neuralspine, ¢, facet
for tubercle of 11b; 2, anterior zygapophysis; 2/, posteriol zygapophysis.

All the figures are one-eighth natural size
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PLATE LXV.

CRETACEOUS DINOSAURS.

PREDENTATA.

CERATOPSID A,
Page
Sacrum of Triceratops prorsus Marsh, seen from below; one-eighthnatural size. 212
a, anterior face of first sacral vertebra, p, posterior face of last sacral ver-
tebra; s, neural spine of last vertebra; 2z, anterior zygupophysis of first
vertebra, /-10, transverse processes, left side
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PLATE LXVI.

CRETACEOUS DINOSAURS.—PREDENTATA.
CERATOPSID A

F16. 1 Right scapula and coracord of Triceratops prorsus Marsh, side view. ..
¥ic 2 Right humerus of same spectes, front view ............. [
¥16. 3 Left ulna of same individual; front view ... . . ... .o.....
¢1, coracord, ¢, glenoid fossa, h, head; o, olecranon process; r,1adial crest;

1/, face for radins, 8, suture, s¢, scapula

All the figures are one-cighth natural size.
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PLATE LXVIL

CRETACEOUS DINOSAURS.—PREDENTATA.

CERATOPSID &
Page
F1a 1. Pelvis of Sterrholophus flabellatus Marsh; side view, one twelfth natu-
Tal 8126 it iiiiee eieeiaeaaes et eeeeceanae s 213
a, acetabulum; ¢, thum, 13, 1schinm, p, pubis.
F1e¢ 2 Pubis ot Thwceratops prorsus Marsh; iside view; one-eighth natuial

BIZO eoietiamaanacnats smear meaeeuecesranse ceeti caccccessaes eemscaasan~ 213
F16 3 The same pubis, showing postpubic process, mferior view........... 213
F1a 4, The same; outs1de view ..conroiiriiarciereeeriaceaevennscanananns 213

a, proximal end; b, face for ilium; ¢, postpubic process; d, distal end.
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PLATE LXVIIL

CRETACEOUS DINOSAURS.—PREDENTATA.

CERATOPSIDE.
Page
Fic 1 Left femur of Triceratops prorsus Marsh; front view.._.... e s 214
Fie 2 Left tibia of saimne species; front view .......... ... ...l 214
Fic 3 The same tibia; distal end; back view...._. ... . ... . ... 214

a, astragalus; ¢, 1nner condyle; ¢/, cnemial crest; f, face for fibula; &,
head; t, great trochanter.
All the figures are one-eighth natuial size
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CERATOPSIDE

Page.

Frc 1 Metacarpal of Triceratops prorsus Marsh, front view, one-eighth natu-
ralsize ... .ol b e m s e e ieiaeieei eeeeeaeneae. 213
Fic 2 Thesame bone, side View.... ... .. eooiiiiieiiniii i aee .. 213
F16. 3 The same, back view ...... e e e e e 213

¥i¢ 4 Termmal phalanx of manus of Sterrholophus flabellatus Marsh, front
view; one-fourth natural size .._... . ... . ... (...l L. ...l 213
Fic 5 The same phalanx, sade view.... ... ... ... ...l 213
Fi« 6 The same; backview.. ......_........._. et eeecce e 213
Fic 7 Metatarsal of Triceraiopsprorsus, mnnerview; oue-eighth naturalsize. 214
F1c 8. The same bone; front view ..._. ... ...iiiiietiioiiians canann 214
Fic. 9 The same, outer view.. .. .. . .o ...iiiiiiiiii aaieaioao. 214

F1G. 10. Ungual phalanx of Triceratops horridus Marsh; front view; one-
fourth natural 81ze.. .. . . L. iiiae e 214
FiG. 11 The same phalanx: stde VIeW. .. ... coooiiiiiiiacier ceiiiinn . 214

F1G 12 The samne; Posterior VIeW ... ..o..oeiveceieanin con coviiiiceeoaea.. 214
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PLATE LXX.

CRETACEOUS DINOSAURS.—PREDENTATA.

CERATOPSIDE,
Fi1c 1. Dermal spine of Triceratops Marsh; s1de VIeW.... oo eeecnenanannn
FiG. 2 The same spime; fiont view ........cccaeecinenn.ann
Fi; 3 The same, top view
Fic. 4 Dermal plate of Triceratops; top view
Fi¢ 5. The same plate, bottomview._.... ... ... .. ... ...
F1G. 6. Thesame; B1de VIOW ..ovviesceet cimecnecmmncnes
Fic 7. The same, end view
Fic 8. Dermal plate of Triceratops, top view
F16. 9 The same plate; s1de VIeW.. ... coi comieemreaiiiiiiaae s aaaecanns

Fic 10. The same, DottoIR VIOW ... moee ciiiaaa cvim e vecmas caammannn
All the above figures are one-eighth natural size.

F1g. 11. Dermal ossification of Triceratops; side view, one-half natural size..

Fic 12. The same, front VIOW ..« ool ai i ceia e e
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PLATE LXXIL

CRETACEOUS DINOSAURS.—PREDENTATA.
CERATOPSIDE,

Restoration of Triceratops prorsus Marsh. ... ... ... ... o .. .. ... 218
One-fortieth natural size
Cretaceous, \Wyoming
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RESTORATION OF TRICERATOPS PRORSUS Marsh
Ore-fortieth natural size. Cretaceous, Wyoming.



PLATE LXXII.
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PLATE LXXIL

JRETACEOUS DINOSAURS.—I’REDENTATA.,

CLAOSAURID.L
Tage
Fic 1. Skull of Clacsawr us annectens Mavsh, secn friom theleft ... ... ... 218
Fi¢ 2 The same skull, front view.....__........ ..... e e - 220
Fie. 8. The same skull, seen from above ..... 211}
All the figuies are one-tenth natural size
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CLAOSAURUS ANNECTENS Marsh,
Cretaceous.

|
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PLATE LXXIIL
CRETACEOUS DINOSAURS.—PREDENTATA,

CLAOSAURID.E
. Page
F1e 1. Left fore leg of Clavsaur us annectens Marsh; outer view; one-twenticth

L 0abural B1Z@. . i et e e iii aeeaaean. 222
¢, coracoid, h, humerus; 7, radius; s, scapula; «, ulna; I, first digt,
1V, fourth digt
Fic 2 Left hind leg of same individual; outer view, one-twentieth nat-

Ural 812 - . L.l e iiieiain el el 223
a, astr'malus‘ ¢, calcaneum; f, femur; /', hbula; ¢, 1lm; is, lschmm,
1n wulie. »/. mostnubigs 7. t1hin I'T, second diont: TV, fonrth diort
p, pubis, p/, postpubis; ¢, tibwa, /7, second digit; IV, fourth digit
F16 3 Pelvis of the same mdividual; seen from the left, one- sxxteenth nat-
NYAL S1Z@ . oo il il iiiil it eeice e caieacamonn .. 223

a, acetabulum; other letters as 1n nig. 2
390



U. 8. GEQLOGICAL SURVEY BIXTEENTH ANNUAL REPORT PART I PL. LI

CLAOSAURUS ANNECTENS.
Cretaceous.




I E————
PLATE LXXIV.

:f—_—%

—_—



MNoomminrmnrreg NTvAQATID G PoTNTAImami
JAVIUL AUIVVU UL A71LINUPRAUIVDy ™ 1L IvVIUIJIuUIN AL ALl A,
CLAOSAURIDE
Page.
Restoration of Claosaurus annectens Marsh ... ... .. e emeee eas veeeo. 224

One-fortieth natural size
Cretaceous, Wyoming.
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RESTORATION OF CLAOSAURUS ANNECTENS Marsh,

One-forlieth natural size.  Cretacoous, Wyoming.



PLATE LXXYV.
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PLATE LXXV.
CRETACEOUS DINOSAURS.—PREDENTATA.

Fi1c. 1 Portion of right dentary bone of Trachodon bieviceps Marsh; 1nside
view, one-fourth natural size.... ...................... ... L.ol.....
Fic. 2 The same; seen from above.. ... ... i iioiiiiiiiiiiiii e
a, anterior end, b, posterior end
FiG. 3 Tooth of Palwoscincus latus Marsh; a, natural si1ze; b, ¢, d, twice natu-
1 T
L, outer view; ¢, end view; d, wnner view
F1G. 4 Left sternal bone of Claosaurus annectens Marsh; one-eighth natu-
Y 0 - L
a, seen from above; b, seen from below
Fic 5 Dermal ossicles of Nodosaurus textilis Marsh; natural size ... ..
394
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PLATE LXXVI

DINOSAURIAN SKULLS; SHOWING SIZE Ol BRAIN

Fic 1 Skull and brain cast of Sterrholophus flabellatus Marsh; seen from

above; one-twentieth natural size.._..... ... ... . .. ...

¢, supratemporal fossa; d, epiyugal boue, e, epoccipital bone, f, bramn

cast, A, horn core, k’, nasal horn core; », uasal bone; p, parietal, 1,
rostral bone; s, squamosal

F1¢ 2. The same of Claosaurus annectens Marsh, one-tenth natural size . ...

a, nasal opening, b, orbit, ¢, infratemporal fossa, ¢, dentary, e, exoccip-

n, nasal, pf, prefiontal; pm, premaxillary, ¢, quadrate; ¢, quadra-
tojugal; &, squamosal
F1G6. 3 The same of Camptosanrus medius Marsh; one-fourth natuial s1ze .. ._.
a, nasil opening, bo, bastoceipital; f, frontal, fp, postfrontal; if, infra-
temporal fossa; 7, jugal; I, lachrymal, n, nasal, o, orbit, pf, prefiontal;
pm, premaxillary; ¢, quadrate, ¢y, quadratojugal; s, squamosal; sf,
supratewmporal fossa; so, supraoibital bone
Fi16 4. The same of Dyplodocus longus Marsh, oue-sixth natural size
a, aperture 1n maxillary; o, anbtorbital opeming; ¢, nasal opemng; ¢,
cerebral hemispheres; d, orbit, e, lower temporal fossa, f, frontal boue,
f, fontanclle, m, muxillary bone; m’, medulla, n, nasal bone, oc,
occiprtal condyle; ol, olfactory lobes, op, optic lobe; p, parietal bone;
»f, pretriontal bone, pm, premaxilary bone, ¢, quadrate, g7, quadra-
tojugal bone.
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SKULLS OF DINOSAURS; SHOWING SIZE OF BRAIN. CAMPTOSAURUS, CLAOSAURUS, DIPLODOCUS, AND STERRHOLOPHUS.






PLATE LXXVIL

BRAIN CASIS OF DINOSAURS

Fi1G. 1 Brain cast of Stegosaurus ungulatus Marsh; side view; one-fourth nat-
L 5 I
Fi1G. 2. Brawn cast ot Ceratosaurus nasicorrms Marsh; side view; one-fourth
natural 81zZe ... . ... .oeiiiaiiiiii. oiaaaloan
Fi1g. 3 The same ot Claosaurus anneciens Marsh; side view; one-fourth nat-
UPal B1ZE€. .. coeie tiieiiiiit e e ieieran e e amamamen mae e
Fi16 4 The same of Triwceratops seriatus Marsh, side view; one-half natural
S1Z@ o oo e e e emeicee e e e emaeamame e eane aanans
F1G. 5 Brain cast of young alligator, for comparison, top view, three-
fourths natnral s1ze..... ..o .. . il cieiii i eiiiieaian aaaan e
¢, cerebral hemisplieres, ¢b, cercbellum; m, medulla; ol, olfactory lobe,
on, optic merve; op, optic lobe; p, pitmtary body; T, fifth nerve;

X, X/, tenth aud eleventh nerves; .XIJ, twelfth nerve
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BRAIN CASTS OF DINOSAURS. CERATOSAURUS, CLAOSAURUS, STEGOSAURUS, TRICERATCOPS, AND RECENT ALLIGATOR,



PLATE LXXVIIL
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PLATE LXXVIII o

TEEIH OF PREDENTATE DINOSAURS,

Fic 1. Upper tooth ot Camptosaur us medius Marsh, natural size ......
a, onter view, b, posterior end view, ¢, 1nper view
TFi6 2 Series of fivelower teeth of Claosaurus annectens Marsh, one-half nat-
ural s1ze ........ . feee eeeeieeeeee eeeiaeeeieeaan tece sasaes
a, mner view; b, side view, ¢, onter view,
Fic & Tooth of Stegosaurus ungulatus Marsh; a, natural size, b, ¢, d, twice
natural s1ze... . .. ... c..ooliilol il iooll ale.s [
b. outer view, ¢, side view, d, seen from alove
F16. 4 Maxillary tooth of Triceratops servatus Marsh; natural s1ze . ......__..
a, outer view; b, end view; ¢, iuner view, d, seen {rom below.
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TEETH OF PREDENTATE DINOSAURS. CAMPTOSAURUS, CLAOSAURUS, STEGOSAURUS, AND TRiCERATOPS.
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PLATE LXXIX.

PUBIC BONES OF PREDENTATE DINOSAURS

Page.
1. Left pubis of Laosaurus consors Marsh; outer view, one-fourth natural g
BIZE - « e eean caem meem meea me e eaeeaeaeeeanmee e mememnano s 228
2 The same bone of Dryosaurus allus Marsh; one-eighth natural size.... 228
3. The same of Camptosaurus dispar Marsh; one-twelfth natural size. ._ .. 228
4, The same of Triceratops prorsus Marsh; one-twentieth natural size ... 228
5. The same of Claosaurus annectens Marsh; one-sixteenth natural size... 228
+ 6. Tho same of Stegosaurus ungulatus Marsh; one-twelfth natural size.... 228

p, prepubis; p’, postpubis
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PUBES OF PREDENTATE DINOSAURS. CAMPTOSAURUS, CLAOSAURUS, DRYOSAURUS, LAOSAURUS, STEGOSAURUS, AND
TRICERATOPS.



403



PLATE LXXX.

¥SCHIA OF PREDENTATE 1JINOSAURS.

Fi16. 1. Ischia of Camptosaurus medius Marsh; superior view; one-eighth nat-
UTAL BIZ@ e oo it i i i eiamiemaae e
1a, distal ends of same.
F1G. 2 The same hones of Dryosaurus altus Marsh; supertor view; one-fifth
RT3 9 D 2
Fi16. 3. The same of Claosaurus annectens Marsh; inferior view; one-sixteenth
NALULal B1Z6. . oo ot i i et e eieiciiiiamereaceaeaees
Fi1G. 4. Ischia of Triceratops prorsus Marsh; sup view; welfth natu
3 R
Fig. 5. The same bones ot Stegosaurus ungulatus Marsh; superior view, one-
tenth natural size_ ... .._. e e e e e eiiaaie aeeeeeamaeaoas
5a, distal ends.
+l, face for 1lium; pb, face for pubis.
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ISCHIA OF PREDENTATE DINOSAURS. CAMPTOSAURUS, CLAOSAURUS, DRYDSAURUS, STEGOSAURUS, AND TRICERATOPS.
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PLATE LXXXL

. PELVEsS oF PREDENTATE DINOSAURS.
Page
F1c 1 Pelvis of Camptosaurus dispar Marsh; seen from the left, one-twelfth
natuial size. ....... S 228
Fi1c 2. Pelvis of Sterrholophus flabellatus Marsh, seen from the left; one-
twelfth NAtural 81Ze..c.ooueomeeaiat it iieciiiiiiiiav it iaeae ... 214

Fi1c 3 The same of Stegosaurus stenops Marsh; seen from the left; one-tenth

natural size............. e et e taamataitecaeae seeeeascaanacconeaanaan 214
a, acetabnlum: o, thium: 2, ischimm: », pubis, »’, nostpubis
, acetabulum; <, tlium; 8, ischium; p, pubis, p’, postpubis.
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PELVES OF PREDENTATE DINOSAURS. CAMPTOSAURUS, STEGOSAURUS, AND STERRHOLOPHUS.



PLATE LXXXII
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PLATE LXXXIL

EUROPEAN DINOSAURS.—THEROPODA.

COMPSOGNATHID &
Page
Outline restoration of the skeleton of Compeoonathus lonmnes Wagner 228
tline restoration of the skeleton of Compseognathus longipes Wagner ... .... 28

One-fourth natural size
Jurassic, Bavana
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RESTORATION OF COMPSOGNATHUS LONGIPES Wagner,
One-fourth natural size. Jurassic, Bavaria.
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PLATE LXXXIIIL

EUROPEAN DINOSAURS.—PREDENTATA.
SCELIDOSAURIDE

Outline restoration of the skeleton of Scelidosaurus Harrisonwe Owen ......... 229
One-eighteenth natural size.
Jurassic, England
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RESTORATION OF SCELIDOSAURUS HARRISONI Ower,
Ore-sightesrth catural site.  Jummic, England
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PLATE LXXXIV.

EUROPEAN DINOSAURS.— PREDENTATA.
HYPSILOPHODONTID A

Outline restoration of the skeleton of Hypsilophodon Foxw Huxley............ 230
One-eighth natural size.
Wealden, England.
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RESTORATION OF HYPSILOPHODON FOXN Huxley.
One-eighth natural size. Wealden, England.
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PLATE LXXXV.

EUROPEAN DINOSAURS.—PREDENTATA,

IGUANODONTID &,
Poroa
Page
Outline restoration of the skeleton of Iguanodon Bernissartensis Boulenger.... 230
One-fortieth natural size.
Wealden, Belgium
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RESTORATION OF IGUANCDON BERNISSARTENSIS Boulenger.
One-fortieth natural size. Wealden, Belgium.
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