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PREFACE

The preparation of a monograph on the sauropod dinosaurs, which was one of
the many planned by Professor O. C. Marsh, is now being carried forward by Professor
H. F. Osborn. At the latter’s request, the great type specimen of Barosaurus Marsh
in the Yale Museum has been fully prepared for study, in order that an adequate
description of this important genus might be embodied in the monograph. This was
done during the winter of 1917, and proved to be a very heavy task even for three
preparators, but the specimen as thus revealed fully compensates for the labor, since,
except for the fragmentary character of the limbs, it proves to be one of the finest
dinosaur skeletons in the possession of the Museum. The study of the material was
made while the collection was still in the old Peabody Museum building. The vertebrae
were of necessity boxed for removal and storage, and have since been utterly inacces-
sible for further reference, hence it has been impossible either to vetify or add to the
measurements on the original bones. If errors have crept into the description, they
may be in part attributed to this; but it has not been deemed wise to delay publi-
cation, perhaps for several more years, until the new building is completed and the
collection installed therein. )

In the preparation of the memoir T have received very material aid from Mr. O. A,
Peterson of the Carnegie Museum, Pittsburgh, who supplied measurements from the
type of Diplodocus carnegiei, the mounted skeleton of which is there displayed. By
the American Museum of Natural History, New York City, I was permitted to study
and measure the exhibited partial skeleton of D. longus described in 1899 by Professor
Osborn. To Miss LeVene, the executive secretary of the Peabody Museum, I am
deeply indebted for the preparation of the manuscript and for part of the literary
research.



INTRODUCTION
OrisivaL DESCRIPTIONS

Professor Marsh's original description of Barosaurus was published in the Ameri-
can Journal of Science for January, 1890, pp. 85-86, Figs. 1 and 2, and reads as
follows

Barosaurus lentus, gen, et sp. nov.

A new genus of the Sauropeda is indicated by various remains of a very large reptile secured by
the writer during the past season, The most characteristic portions examined are the caudal vertebra,
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 candals, this excavation extends nearly or quite through the centra, a thin septum
wsually remaining. In the median caudals, a deep cavity on each side exists, as shown in Figs, 1 and
2 [Fig. 1, A, B] on page 86.

Ficure 1.—A, Caudal vertebra of Barosamrus lentus, after Marsh. Median vertical section. B, Left
lateral aspect of the same bone. C, Ventral aspect. All one-eighth natural size

On the distal caudals, the lateral cavity has nearly or quite disappeared. All the caudal vertebrae
are proportionateily shorter than in Jiplodocus, and their chevrons have no anferior projection, as in
that getus.

The remains on which the present deseription is based are from the Atlantosaurus beds of Dakota,
about two hundred miles further north than this well-marked horizon has hitherto been recognized.

A supplementary description by Professor Marsh is found in his Dinosours of
North America, 1806, pp. 174-175, Figs, 24-26:

Barosaurus

Another genus of the Sauropoda is indicated by various remains of a gigantic reptile described
in 1800 by the writer. The most characteristic 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 nearly or quite through the centra, a thir septum
wsnally remaining. In the median caudals a deep cavity on each side exists, as shown in Figs. 24-26
below [like those of the original description except that a ventral view of the caudal vertebra iz shown
(Fig. 1, C)].

On page 241 of the same publication the genus Barosaurus is placed under the
family Atlantosaurida, which is thus defined:

A pitvitary 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 ¢audal
vertebre with lateral cavities; remaining caudals solid.

Genera Atamiosourus, Apatosaurus, Barosaurus, Brontosstrus. Include the largest known land
animals. Jurassic, North America.
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A second species of Barosaurus, B. affinis, was named by Marsh as follows!:

These Atlantosaurus beds, though overlooked by many geologists, have a great development around
the margin of the Black Hills, especially along the southern and eastern borders, The bones of gigantic
ditosaurs mark the outcrop of this horizon at various points. The one best known, the writer explored
personally in 1889, near Piedmont, South Dakota, and there gbtained remains af an enormous dinosaur,
subsequently named Bargssurus. During the past season, important parts of the rest of the type skeleton
were secured for the Yale Museum, by G. R, Wieland of that University. With these fossils were found
remains of a much smallek species, which may be called Borosaurus affinis.

As this paper was published the month of Professor Marsh's death, there was left
to him no further opportunity for the elaboration of the description of either species,
and that task has devolved upon his successors.

Locarity anp Horizow

The type specimens of Barosaurss were found in the eastern portion of the Black
Hills, one and cne-half miles east of Piedmont. The first specimen was discovered by
Mrs. E. R. Ellerman, postmistress of Pottsville, on the land of Mrs. Rachel Hatch, a
few rods southwest of the house. Thither Professor Marsh went, and, aided by Mr.
J. B. Hatcher, secured the portion of the skeleton upon which he based the description
published in 18g0. In 1898, Professor Marsh directed G. R. Wieland to collect the
remainder of the skeleton. This was done, and a large amount of material secured,
including the remains of the smaller animal and a single carnivore tooth found in direct
association with the larger specimen. Certain portions of the skeleton had, however,
been removed as relics by the curious during the interim, but some of these were
recovered by Doctor Wieland.

The formation is Morrison, which is exposed in a narrow outcropping flanking the
uplift of the Black Hills. East of Piedmont the thickness is 220 feet,” rapidly decreasing
to 70 feet in a nearby locality, while near Rapid it is 165 feet in thickness. Mook says
further:

The name *"'Beulah shales” has been applied to the Morrison of the Black Hills region, The
formation consists of the usual series of clays and shales, with thinner layers of sandstone and
calcareous nodules. The prevailing color is gray, but other colers, such as red, maroon, pink, and
purple, sometimes occur, Carbonacecus matter is sometimes present in the upper members.

In a letter to Professor Marsh, dated Piedmont, September 1z, 1898, Wieland
writes: ’

The skeleton runs through four vertical fest and the character of the clay changes frequently.
Very little of the beautiful biue bone you showed me has been found. It is mostly black.

A diagram of the quarry as drawn by Wieland is here appended (Fig. 2).

_ MaTrix AND INFERRED HABITAT
A sample of the matrix was referred to my late colleague, Professor Barrell, who
reported as follows:

*Footprints of Jurassic Dinosaurs. Amer. Jour. Sci, 3d ser., Vol. 7, 1809, p. 228.
*C, C. Mook, A Study of the Morrison Formation, Ann, New York Acad, Sci,, Vol, 27, 1916, p. 100.
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Fisure 2—Diagram of Rarosgurus quarry. From sketch by G, R. Wieland 1808, Line of outerop
added from metmory 19i8. Scale about I/60.

1-3, chevrons; 4, chevron{?); 5, chevron; 6, fragment; 7, vertebra A, caudal IT; 8, vertebra D,
caudal V; g, vertebra B, candal; 10, vertebra G, caudal IV 11, vertebra F, caudal VI; 1z, vertebra C,
caudal VI; 13, vertebra E, caundal; 14, vertebra I, dorsal X; 135, vertebra L, dorsal V; 16, tooth of
cariivorous dinosaur; 17, vertebra H, dorsal IV; 18-23, ribs; 24, vertebra K, candal IIf; 2529, ribs;
30, vertebre fragments; 31-38, rib and other fragments; 3o, small bone: 40, metacarpal from surface;
41, fragment of large bone; 32-44, fragments; 45, chevron; 46-31, fragments; sz, chevron?; 53, pubis;
54, sternal; 55, fragment; 56-57, ribs; EB cervieal rib, 15 in, lopg‘xsg—ﬁu, fragments; 61, vertebra R,
cervical XV'; 62, vertehra (), cervical X1II; 63, vertebra S, cervical XIT ; vettebra T, cervical X1V ;
G5, \}/(e{rtﬁbra N, dorsal 1X; 66, vertebra Q, dorsal VII; 67, vertebra P, dorsal I; 68, vertebra M, caudal
ca. .
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The rock consists of clay with the very finest silt, the grains of which are probably
not more than .0l mm. in diameter. A fine grit was discernible in the clay, and an
appreciable content of lime, as shown by a vigerous effervescence with acid. The gray
clay shows occasional rusty stains from recent weathering, probably due to the presence
of ferrous carbonate.

The inferred habitat was a rather swampy flood-plain, as water and organic matter
must have been present to hold the iron in ferrous condition. Black specks which con-
tained no grit seem to indicate plant material. These could not haYe been bone particles,
as the bone is decidedly gritty; on the other hand, the decaying animal carcass may
have been the source of the organic matter.

MATERIAL

The whole Barosaurus lentus individual must have been present originally, but was
subject to dismembering and intermingling of the bones, possibly by carnivores, as the
presence of the tooth might imply, even though there is no indication of tooth scoring
on the Bgrosaurus bones. On the other hand, the confusion of the bones may have
been due to the working of the entombing material in time of excessive moisture.

The bones are rarely injured other than by an oblique crushing, and some of the
thinner laminz and processes are delicate indeed. They lay scattered, although several
dorsals were together at one end of the quarry, while the cervicals were at the other.
It is entirely possible that the bones which are missing may have been lost by subsequent
erosion, and that the specimen represents a single complete entombment, with a very slight
intermingling of other bones (Barosourus affinis, see below, page 38).

The material consists therefore of three specimens:

Baresawrus lentus Marsh, holotype. Yale Museum catalogue number 429. Of this
specimen the following identified elements are present:

CerviCals I2-T5 oottt i cei s tarararmaraa bt et bty 4
Dorsals I, 4, 5, 7: 9 I0 tuiviveirnrsvnnnsantnssnnsreransnrrbasrbtssstnssbrnissssibns 6
Caudals 2-6, 13, 15-17, 10-20, 23, 25, 28, 32, ca. 42 and 70, also fragments ca. 12, 13 .... 19-!-
Chevrons 5, 0, T .uiuierisinrrnrinsnnssnsnsnnsssnsassancorsarrsrsortsrsonsssnnnanss 3
Many ribs and £ib fragments ... iiiiiiinririiii i i Cerseraraiiinaes ca, I0
Sternal, left ....c.0000. Famsanurer it e atne R asas e a st n et sas b s e eaean 1
BT T T < |
Sacrum, part of centrom and coalesced neural spines .. ...ovivirirrirrii s i ey 1
Portions 0f lim ...cuverrnernivrmerersnsrsrrasrarsnsas
Pubis, right, part «..oviiieiiiiiiiiiian it ieieiieiireaasas pevereas PP |
Ischinm, Jeft, PATE ....viviiiiiiiiiierriiaiaie s sttt raassrnsssarnsssarsatsassnnns 1
Femur Fragments ......ccviiivunisiissanansisiosaransiiorssresnsratnrosasrassssuosns I
Tibia fragments oo viuiiiiiir e iuestarssiuretesitiisirssoansssstissiincncnnnnnrannas ¢
Ends of Teft fibula .. ..ot i it it e e aritar v inaaianranay 1
51k

Barosaurus affinis Marsh, holotype. Yale Museum catalogue number 419.  Of this
species there are present:
Metacarpals .. .. e e et ranrrdaraan 2

Theropod dincsaur, gen, et sp. indet. Yale Museum catalogue number 415,



MORPHOLOGY OF BAROSAURUS LENTUS

Because of the paucity of material representing the other two species, and the
fact that they do not surely belong to the genus Barosatirus, the type of Barosaurus lentus
will be the principal subject for discussion.

AxiaL SKELETON
SKULL
The skull was unrepresented by a single fragment, nor are any of the anterior
cervicals present; the presumption is, therefore, that the entire head and neck, except
for the posterior portion, was swept away, possibly after entombment, as the cervical
vertebra which are preserved lay near the outcrop (see Fig. 2).

CERVICAL VERTEBR.E

The four posterior cervicals are present. They are the estimated twelfth to
fifteenth, the comparison being made with the mounted specimen of Diplodocus carnegier
at the Carnegie Museum at Pittsburgh. These cervicals resemble those of Diplodacus
more than of any other genus in their general proportions and great length and also in
the arrangement of the buttresses and laminze. The Jateral depressions, or pleurocceles,
of the centra, while generally fully as deep as in Diplodocus, are not relatively so
extensive in their antero-posterior dimension. The sequence of the vertebrz has been
determined in part by the circumference of the posterior articular face of the centrum,
which increases as follows: Cervical XII, 8co mm.; XIII, 840 mm.; XIV, 870 mm.;
XV, g70 mun.; anterior face of dorsal [, 970 mm,

Cervical XII (Vertebra §) (PL II, Fig. 1).—This great bone has the longest
centrum of any which are present, measuring no less than 930 mm. The vertebra is
well preserved, although it has probably been subjected to a slight laterat crushing. It
is, however, distorted the least of any of the cervicals present, with the exception of
the fragmentary fourteenth.

The anterior face of the centrum is hemispherical, though somewhat laterally
crushed. The surface of the bone, however, is removed, =0 that the interior cancellous
tissue is exposed. The cancelli are very coarse. Ventrally, the centrum is characterized
by a longitudinal groove enclosed by lateral carine which anteriorly pass into the
capitular articulation for the rib. There is also a slight longitadinal lamina discernible
for about one fourth the length of the centrum. The capitular facet is rather massive,
and well braced antero-posteriorly.

The right lateral aspect of the bone bears 2 deep cavity or pleuroccele, the anterior
limitation of which commences about the level of the diapophysis. This plenroceele
extends backward for a distance of about 240 mm,, but is crossed by an oblique lamina
of bone (pleurocentral lamina) running from above downward and backward. This
lamina bifurcates at its anterior third and is in the line of the compression thrust from
the prezygapophyses. The height of the pleuroceele is about 60 mm., and its greatest
depth, at the anterior end, about 50 mm,
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The prezygapophysis is preserved but displaced. Were it in its proper position, it
would add considerably to the over-all length of the vertebra. The actval articular facet
is very short antero-posteriorly, but wide transversely, and is somewhat convex upward
in its transverse diameter.

' The postzygapophysial facet is similarly short and wide; it is, of course, concave
downward and outward (see PL II, Fig. 1, P. Z.).

The neural spine in this and the succeeding vertebrz is deeply bifid, with a median
nodular excrescence for tendinous attachmient at the bottom of the cleft. The spine
rises about 110 nun, above the level of the tubercle ot either side, The forward margin
of the neural spine is continued as a thin ridge which forms a sweeping curve down to
the prezygapophysis. The summit is somewhat thickened, and just beneath this
thickening lie two pronounced cavities. A well defined posterior oblique lamina rises
from the diapophysis and runs upward and backward to the superior limitation of the
postzygapophysis. There is a distinct lateral depression just below this oblique lamina
at its mid-length. The horizontal lamina is very pronounced, especially toward the
diapophysis. It lies about at the level of the upper margin of the centrum.

Comparison with Diplodocus carnegiei*—In comparison with the twelfth cervical
of Diplodocus carnegiei, this bone differs in its much greater size, as shown by the
table of measurements below, that of Barosqurus being over 50 per cent larger, espe-
cially in the central dimensions. The neural spine, however, is relatively somewhat
lower. The pleuroceele of the Barosawrus cervical is much smaller relatively and is
hardly as complicated; there is, however, the same oblique lamina dividing it into two
portions, and in each instance this hifurcates anteriorly. One important différence lies
in the position of the diapophysis, which in vertebrz X1 and XII of Diplodocus carnegiei
lies far forward, while in Baroseurus it lies more than one third of the distance back
from the anterior end of the bone. Herein it resembles cervical X of Diplodocus much

Measurements of Cervical XIT
Barosaurus Diglodacss

leniar CRArREGTCE Ratios
mm, mum.
Length over all .. iiiiiiiiiiiniiiiiiiiiiiiieainns 1020 G50* 1.57
Height over all .. ... 560 490t .15
Centrum, length ..................... e 930 (Goot)-Oz7* 1.48
" antetior face, height .............0o i 216 165% 1.31
" * S 220% 2103 (105}
“ posterior face, height ...................... 273 200} .36
ar * “owidth L. 2z0 (228t)-z25*% {0.68)
“ " “  circumference ............- ca. Boo 7oolj L.14
Pleuroccele, height ........c..00e vt A an 60
“ depth oo e ca. 50
Index of total length to height ...........c.ooiiiiuie 1.08 1.14
Average ratios: Barosowrus fenitus and Diplodocus carnegivi L33

* From Hatchet's measurements.

§ From two figures, photograph gives 7031,

tFrom Q. A. Peterson’s measurements.

§ Crushed.

|| From J. B. Hatcher's figures, all measurements not being given.

* J. B. Hatcher, Diplodocus Marsh, its Osteology, Taxonomy, and Probable Habits, with a Restora-
tion of the Skeleton. Mem. Carnegie Mus.,, Vol 1, No. 1, 1901, p. 24, Fig. 7.
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more than either X1 or XII. The position of the diapophysis in D. cernegiei, however,
is neither constant nor progressive, being so extremely far {forward only in cervicals
XI, XII, and XIII. In D. carnegiei it is the fourteenth cervical that has the longest
centrum; in Barosaurus it is the twelfih,

Cervical XIII (Vertebra ) (PL II, Fig. 2) —This is a huge bone, with very
broad, wing-like expansions which bear the prezygapophyses and extend backward to
the diapophyses about three-eighths of the distance from the anterior end of the
centrum. These wing-like expansions measure 530 mm. in length, the width over both
being about 570 mm. The ventral aspect of the centrum resembles that of cervical XII,
except that instead of one median ridge there are two slight ridges which, while widely
apart at the posterior end, converge opposite the diapophyses, Posteriorly, these ridges
become about 50 mm. deep, and bound laterally the ventral aspect of the bone. The
sides of the centra are also crossed by buttress-like horizontal laminz which serve to
strengthen the diapophyses and are continued beyond them into the wing-like expansions
ahove mentioned. The latter are supported from beneath by a number of bracket-like
expansions of bone, which give the inferior aspect of these plates an appearance of
considerable complexity. The prezygapophyses are also widely expanded, the entire
structure being doubtless correlated with considerable lateral movement of the neck in
the region of the posterior cervicals.

The pleurocentral cavities, while deep, are less than one-fourth the length of the
centrum, whereas in Diplodocus carnegici the pleuroccele of the thirteenth cervical is
nearer one-half the central length. In each instance it is crossed obliquely by the
pleurocentral lamina, which, as in cervical XII, serves also to resist the thrust of the
prezygapophysis.

Compared with D. carnegiei, therefore, the present bone is much larger, with pro-
portionately smaller pleurocceles. The rib arises relatively further back and seems to.
have been somewhat lighter, if one may judge from the rib facets, as the actual rib is
not preserved,

The neural spine is deeply bifid as in cervical XII. As the bone is now prepared,
only the ventral and left lateral aspects are visible. A somewhat oblique view is shown
on Plate 11, Fig. 2.

Meosurements of Cervieal XIIT

Barasauras Dipladocus

lemtus enrnegiel Rarios
Length over all .. o..ivire i iiearieaenas 1005} 655% 1.53
Height over all .. ... .ot g0t
Width across diapophyses .........coviiiiiiianiann 570 Zoa% 1.46
Centrum, length ..._._....... AU e 890 655* 1.36
" anterior face, height ........ov.oiiiiinnn, 186%
“ * “ width.,..........ciihie.o . ecan ook 230* 1.30
“ posterior face, height .................o... 220%
“ # R T 1 ca. 345% 220* 1.57
“ “ “  circumference .............. 840 707 1.I6
Pleuroccele, 1ength vvvreniviriiiiirerneriinsiacinrnns, 210
Average ratios: Barosaurus lonius and Diplodocks cornegiei - | 1.40

* Peterson's measurements.
f Length increased by crushing?
1 Measurements from photograph.
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Cervical XIV (Vertebre T)-—This bone is only partly preserved, the fragment
consisting of the posterior part of the centrum, bearing the left postzygapophysis and a
portion of the right. In this bone the lateral pleurocele is further reduced and is
shallow compared with that of cervical XITI. However, it is not entirely preserved.
Its posterior limitation is 340 mm. forward of the hinder margin of the centrum. The
lateral extent of the postzygapophysial facet is 195 mm. Ventrally the centrum is limited
posteriorly by two rather deep longitudinal keels, as in D. carnegiei,

The circumference of the posterior face of the centrum is 870 mm,, its horizontal
diameter 300 mm., and the vertical one about 220 mm. The face is somewhat distorted,
but does not exhibit the crushing shown in the other cervicals, hence these measuretments
have greater value,

Cervical XV (Vertebra R) (PL 11, Figs. 3, 4)—This is a very well preserved
hone, which, however, has suffered a dorso-ventral crushing so that, as in cervical XIII,
not only are the ends of the centra apparently too broad for their height, but they appear
obliquely sheared, the dorsal margin of the posterior face being at least roo mmw. in
advance of the ventral. To what extent the obliquity of the articular faces in these
cervicals is actually due to crushing is difficult to conjecture, for in . cernegiei it is
very slight, although greatest in cervicals XIV and XV, especially the latter. It may
well be that in Berosaurus this obliquity was more marked, and correlated with a greater
vertical range of movement of the neck (see below, page 1§ and Pl VII, description).
The postzygapophyses and the bifid neural spine are missing to the base of the cleft.

The prezygapophyses are borne on very broadly expanded wing-like laminz which
also bear laterally the tubercular facets for the ribs. These lamin are very thin, except
forward where they thicken to bear the weight of the zygapophyses. Elsewhere the
laminz are supported by radial bracket-like buttresses, especially deep ones running
from the centrum to the rib facet or diapophysis (see PL II, Fig. 4). The Ilatter is
again not so massive as in Diplodocus carnegiei, but has the same relative position, about
mid-length the entire vertebra as it is now preserved.

The relative position of the two rib facets differs in this vertebra from that in any
other Barosaurus cervicals which are present, as well as from that in the fifteenth
cervical of Diplodocus carnegiei, in that the capitular facet lies behind the tubercular
at least 5o mm.; in all the other cervicals mentioned the capitular lies in front. To
what extent, if any, this is due to an oblique shearing is not apparent; it seems,
however, to be significant and in harmony with the great obliquity of the articular
faces of the centrum. _

The pleuroceeles are neither so deep mor so conspicuous as in the twelfth centrum,
where they reach their greatest depth among the preserved cervicals. The posterior
limit of the left pleuroccele is about 300 mm. forward of the margin of the posterior
face of the centrum.

Oblique lamina running in the wake of the antetior zygapophyses are very widely
developed. These serve posteriorly to buttress the expanded articular face. From this,
thin horizontal lamina run out along the posterior face of the diapophysis and thus form
the hinder margin of the expanded, wing-like plates.



MORPHOLOGY OF BAROSAURUS LENTUS, 15

Measurements of Cervical XV

Barciauruy Diplodocus

Zemens carnegies Ratios
mm. mm.
Length over all .. .. ..ccoiiiiiiiiiaiiiiiiiianniinns gb0* soot 1.5z
Height over all ... ..o i ca. 585F
Width across diapophyses ... .. ... ittt 760 gzof 1.46
Centrum, Jemgth .. ..coooeiiin i 720 500F 1.22
“ posterior face, helght ...................... 200* ki 0.86
" " “ width ..o 365 2s55f 1.43
“ “ # pircumference ............., 970 750 1.27
Pleuroceele, length ... i it ¢a, 160
Prezygapophysis to rib facet ... ..coiiiiniiniinrnnnen 450 352 1.27
Average ratios: Barosourus lentus and Diplodocus carnegied 1.30

# Probably exaggerated by crushing.
+ Furnished by Peterson. Otl}er measurements from figures.

DORSAL VERTEBRE

Dorsal I (Vertebra P) (PL I1I, Figs. 1-3).—A fairly well preserved bone. Such
portions as are lacking on one side, however, are fortunately preserved on the other.
As compared with the fifteenth cervical, the first dorsal is much shorter, the centrum
of the latter measuring but 470 mm., as against the 720 mm. of the former, nor are the
anterior wing-like expansions—horizontal laminz—of so great antero-posterior extent,
although their over-all width is nearly as great. The centrum shows much the same
curvature of articular ends as does that of cervical XV, which is also true of their oblig-
uity, especially of the postertor face. This obliquity is markedly greater than in Diplo-
docus carnegiei, and while doubtless due in part to crushing, as in cervical XV, it also
seemns to indicate 3 greater vertical flexion than is usual with sauropod dinosaurs. The
seventh cervical of the Camelida is similarly modified, and also shows, in the llama at
least, a marked dorso-ventral flattening of centrum similar to that of the first dorsal of
Barosaurus. The convexity of the anterior face of the present bone is considerably less
than in Diplodocus, but herein again the bone may not be quite normal. It may, how-
ever, be correlated with less mobility of movernent at this point.

The pleurocceles are relatively much larger than in the cervicals, occupying approxi-
mately one-half of the centrum length. Their depth is also great, although its precise
limit may not be ascertained, as the median separating wall has been destroyed and the
two pleurocceles are confluent. Above, the pleuroccele is bounded by a thin, horizontal
lamina of bone which serves to buttress both articular faces as they expand, the centrum
being markedly constricted in the middle portion.

The prezygapophyses are wide, more like those of the cervicals, while the
postzygapophyses are more dorsal-like, although with as yet no trace of the hyposphene-
hypantrum articulation characteristic of the later dorsals. Width of the right
prezygapophysis, measured on the curve, 230 mm.; of the left, 240 mm,, showing the
asymmetry characteristic of these forms. Length of the left postzygapophysis, the
one preserved, 140 mm. There is the same nodular insertion for a longitudinal tendon
lying at the bottom of the cleft of the neural spine as in the cervicals. A continuation
of this nodule extends downward on the rear side of the bone as a distinct ridge, the
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postspinal lamina, for about 100 mm. There is an equivalent prespinal lamina, much less
pronounced, and about 60 mm. long. In the later dorsals these lamine become highly
rugose and of equal dimensions front and rear. They must have formed the insertions
of powerful connecting tendons, the principal extension members of the fabric (see PL
III, Figs. 1 and 2, PRL. and POL.). The first dorsal of Barosaurus is thus
transitional in character between the typically cervical and dorsal vertebre.

As compared with the first dorsal of Diplodocus, that of Baroseurus is char-
acterized by a relatively shorter centrum, with proportionately somewhat larger
pleuroceeles and more pronounced horizontal laminze on the centrum. The bone in
Borosaurus appears less massive, that is, more deeply sculptured and kightened. The
position of the rather small capitular rib facet near the lower margin of the centrum
is essentially the same. That of the tubercular facet must also have been similar, but
in this instance the actual facet is not preserved. '

Measurements of Dorsal I

Barosmuris Dipladocur

Jemius carnsgisi Ratfor
mm, mm.
Length over all .....ooeiiuiiriie e 620 600* 1.03
Height over all ... ..oivvi i e soof  GBo*-638 o8y
Width across diapophyses ........ooiiiviiaiiiiaainn G10*
Centrum, length ....ooinniniiiiin i iiarncaaras 470 g25% o8
N anterior face, height ........................ 165 250* 066
“ « “owidth . 328¢ 265* 1.24
¥ " * cireumference ................ 7728 8ok 0.9%
b posterior face, height .................0ccn 250 250% 1.00
" “ Uowidth e 350 245* 1.42
“ “ “  circumference .............. ok 280* 1.25
Pleuroccele, length .. .o inin i 195
“ height oo e 50
Width across prezygapophyses ................. ... 530 440 1.20
Width across postzygapophyses ...... ... vivivneenns 460 374 1.23
Neural spine, depth of cleft ...... .......civivivunan 246
Average ratios: HBarosaurus lentus and Diplodecus cornegiei 1,06

* Peterson’s measurements; others taken from Hatcher's Plate VIIL
+ Reduced by crushing.

fTaken from photegraph, not original,

§ Calculated.

Dorsal IV (Vertebra H) (PL 111, Figs. 4-6).—This bone is well preserved except
for the neural spines and the distal ends of the diapophyses, and shows but little
crushing. In certain respects it resembles dorsal III of Diplodocus, in others dorsal IV.
It resembles dorsal I1I in the position of the capitular rib facet, which is borne on the
upper margin of the centrum. This bone alsc resembles dorsal III in general propor-
tions, but differs mainly in that the postzygapophyses are complicated by the presence
of an hyposphene-hypantrum articulation as well. This supplementary articulation first
appears in dorsal IV of D. rgruegici. The centrum of the bone under consideration
is short, with deep but small pleurocmles, their small size being due to their being
partly obliterated hy the capitular rib facets somewhat as in dorsal TIT of Diplodocus.
In dorsal IV of Diplodocus, however, the large facet almost completely obliterates the
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pleuroccele as seen from the side. In Bromfosaurss also the hypantrum first appears
on the fourth dorsal. The pleuroceele in Barosaurus is bounded above by a thin lamina
of bone running to the upper margin of the rib facet, whereas in Diplodocus this
lamina is unrepresented, the bone being thickly rounded where it would lfe.

From the anterior aspect (PL III, Fig. 4) the bone exhibits an oblique crushing,
but is otherwise intact except for a portion of the margin of the articular face. The
latter is still decidedly convex. Above the neural canal rises a vertical lamina which
supports, bsacket-like, a shelf which in turn connects with the two prezygapophyses.
From each of these arises a lamina (prezygapophysial ]amma) which buttresses the
anterior face of the neural spine, but fades out below the level of the crest. The
median roughening for tendinous attachment, the prespinal lamina, extends from the
neural cleft downward to the connecting shelf, a distance of 150 mm. The width of
the spine at the level of the cleft is 190 mru,

The posterior aspect (PL III, Fig. 5), as has been said, is the first to show the
hypantrum. This conforms with the hyposphene of the next vertebra to be discussed,
which can not be forward of the fifth in series. The centrum face is well preserved
and is markedly concave. The hypantrum is supported from below by a single bracket-
like lamina which arises from the neural canal, where it bifurcates to form an arch
over the opening. There are some depressions on the anterior face of the expanded
portion of the bone just beneath the zygapophyses, but no distinct buttresses arise, as
they would doubtless have impeded the intervertebral motion. The rugose postspinal
lamina is of less vertical extent than the prespinal, but is more prominently raised
above the level of the bone. Its vertical extent is about 8o mm. The diapophyses are
strong and broad and well supported by the diapophysial laminz.

Measurements of Dorsal IV

Barcsawrks Dipledocus

lemtus mr&ﬁ!’ﬂ' Ratior
Length over all ... ... i 200% 260* ¥
Height over all ..., .. iiiiii i y6ot 708t 0.90
“ tobaseof cleft ...l 43
Width across diapophyses ........ ... .....i.iiiiiinnn 7508
Centrim, 1ength .. ..ccociriee ninirrrnrntianainrirsres 200 T 2408 1.08
“ anterior face, height ........... ... 220 2508 . o088
" “ Coddth e 290 2788 1.04
" “ “  circumference ... ... 880
“ poster:or face, height ...................... 238 2758 083
“ *owidth L 330 aasl 0.08
# " “  circumference ......iieeeas 920
Neural canal, height ..o 40
“ “ width ...l et 48
Width across prezygapophyses .. .......... ..., 265
Width across postzygapophyses ...uevvvererianiernnens 300
Postspingl lamina rugosity, vertical length ............ 8o
Average ratios: Barosaurus lestus and Diplodocur cormegici 0.99

* From photograph. !

+ Estimated.

1718 (Hatcher),

§ Peterson’s measurements,

[ Somewhat abnormal due to crushing (Peterson).
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Dorsal V' (Vertebra L) (Pl IV, Figs. 1-3).—This hone is fairly well preserved
except for the neural spine and diapophyses. The centrum, as usual, is obliquely
crushed, so that the anterior face of it has been shifted to the left. This is the first
vertebra to show the hyposphene or anterior accessory articylation, dorsal IV showing
but the hypantrum; In dorsal V, the entire articulation is very massive and well
buttressed. This vertebra also shows a cleft spine, but the bottom of the cleft is very
materially higher than in the fourth. The capitular rib facets are now clear of the
kentrum, being borne entirely upon the pedicel of the neural arch; they are, however,
lower than in the corresponding bone of Diplodocus. The two laminz which support
the prezygapophyses (prezygapophysial lamina) have their origin in the rib facet and
transmit a thrust direct from rib to zygapophysis. The centrum is as deeply
opisthoceelous as are its predecessors.

Two laminz, as before, arise from the shelf between the zygapophyses and run
upward, diminishing as they go; then, becoming accentuated again as the spine becomes
lightened, they exhibit the marked asymmetry to be emphasized in vertebre VII and
IX (see below and Pi IV, Figs. 1, 3). The tendinous roughenings, the pre- and
postspinal laminz, are not very pronounced, but run up the entire face of the spine to
the base of the cleft.

Lateral aspect (Pl IV, Fig. 2).—The pleuroceeles are apparently very deep but
are filled with matrix. They are proportionately but slightly smaller than in dorsal V
of Diplodocus. The capitular facets overhang them slightly and look somewhat down-
ward and backward. The diapophysis is well supported, as the thin anterior and
posterior diapophysial laminz buttress it from below, and it is connected with the
prezygapophysis by the horizontal lamina. Of the diapophysial laminz the anterior
one arises just above the rib facet, the posterior one nearer the hinder margin of the
centrum, the two converging beneath the diapophysis. Between the anterior diapophy-
sial, the harizontal, and the oblique lamins of the prezygapophysis there is a very deep
depression, extending nearly to the central plane of the bone.

The posterior aspect (PL IV, Fig. 3} is very well preserved and has suffered less
from crushing than has the anterior face. The centrum shows, in its present condition,
less concavity than that of dorsal IV and less than the immediately succeeding ones.
Two of the latter have suffered lateral crushing instead of the antero-posterior shearing
strain as in the present instance, which probably accounts for their increased curvature.

The neural arch is narrowest across the pedicels, above which it expands very
widely to support the diapophyses, the surface of the bone showing but few inequalities.
There arises a median buttress, the postzygapophysial lamina, just above the neural
canal. This increases in width from nothing to 9.6 mm. as it rises, The average
width of the buttress, however, is but 8 mm,, except just beneath the hypantrum.
The height of the zygapophysis above the centrum is about z40 mm. Greatest width
across hypantra, 93.5 mm.; least, 23.5 mm. Greatest width across zygapophyses,
265 mm,

There is a curious asymmetry in the spine as viewed from the rear, in that on the
left side there is a large oval depression (PL IV, Fig. 3, I}) about 60 mm. wide, which
is almost entirely lacking on the right. The rugose postspinal lamina is pronounced,
and while it rises but little above the general level of the bone, it has a length of 188 mm,
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Measwrements of Dorse? V

Barosaurus Dipledocxs

fanius carmuegies Raifor
. mm. mm.

Height over all o oottt ie s - 840t B4z* o000
Height of neural atch to cleft of spine ................ 473

Height at postzyRapophysis ....ooviiviiiiinniiiannns 514 500 1.03

Centrum, length ..o, ca. 310 245* 1.26

" anterior face, height ................ .. 200} 280* 071

' “ T owidth L 320 278*% 115

" posterior face, height ............c.. ..ot 255 250* 1.02

" “ “ owidth e 320 205% 108

" “ “  gcircumference .............. 040 8448 LIl
Pleurocoele, length ... oot i 6o
w height ... . e ca. 8o
Neural canal, height ...................iovi i, 43
« R 5 (= R 50
Width across pedicels ... ... ... oot 200

Average ratios: Barosaurus lentus and Diplodorus cornegiei 1.04

* Petersan's sneasurenrents,

+ Estimated.

$Error from ecrushing and lack of preservation considerable, as opposing face of dorsal IV = 240.
§ Calculated.

Dorsal VI (Pl VI, Fig. 3)~—This vertebra seems to be represented by the
summit of the neural spine only, with no identifiable trace of the remainder of the
bone in the collection. The bone fragment is very heavy and rugose, and may well
have formed the common anchorage for the paired muscles and tendons of the bifid
spines in front. This from its appearance is assumed to be the first unpaired spine. In
Bromtesaurus, the first uncleft spine which is broad and heavy like the one under con-
sideration is borne by the sixth dorsal, in Diplodocus carnegiei by the seventh, and
even there and in the eighth and ninth the summit is shightly cleft. In D). longus at
the American Museum of Natural History the spine of dorsal VI is the last bifid one,
and, as in the Pittsburgh specimen, the succeeding ones are slighily notched and not
straight-topped as in Barosaurus. In Brachiosaurus none of the dorsals shows a bifid
spine. In this feature, therefore, the resembiance is with Bromtosaurus rather than
with either Diplodocus or Brachiosaurus.

Breadth of the neural summit, 190 mm.; its antero-posterior diameter, g2 mm,

The development of the heavily rugose pre- and postspinal faminae gives this bone
fragment a distinct tripartite character, as though it formed not alone the origin of the
great paired muscles of the neck, but short and powerful median tendons connecting
with the spinal lamina of the preceding and succeeding vertebra,

Dorsal VII (Vertebra 0). —This bone, while complete as to its dorsal spine, lacks
the diapophyses and is otherwise seriously crushed and mutilated. The spine has
suffered a curious torsion, but was asymmetrical even in life, as the prezygapophysial
lamina on the left side is very much narrower than on the right; their respective
widths being 3 mm. and 22.3'mm.

Anterior aspect—The anterior face of the centrum is badly crushed, so that its
original width may not be ascertained. The neural arch has diminished in width, being
but 115 mm, across. the pedicels as compared with 230 mm. for dorsal V. The pre-
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zygapophyses are preserved, although the right one is displaced. They still show the
hyposphene articulation, but the entire structure is small and weak compared with that
of dorsal V. . \

Lateral aspect (left).—The centrum has been crushed out to a greater than normal
length, measuring about 300 mm. The pleurcceele is well develoPed, but rather high
on the centrum. There is a faint indication of the capitular rib facet on the left pre-
zygapophysis. It is more decided on the right, where a distinct limitation may be seen.
The inference is that the rib head was light, the tubergular being the chief articulation—
this last, however, can not be verified, as the diapophyses which bore the tubercular
facets are missing.

The various lateral laminz are well developed, the anterior oblique and diapophy-
sial lamina being the dominant ones, as they overlie the posterior oblique. The last
has its origin on the forward end of the centrum and runs directly upward and
backward to the postzygapophysis. Where it crosses the pedicel, it divides and aids in
reinforcing the dlapophySlS

The posterior aspect is so remarkably distorted that a description of it would have
but little value.

Measuremenis of Dorsal VII*

Barpsanrst

femtus

mm.

Length over all ... .o it 200
Height over afl ... ....iiiiiiiiiiiiiii i 8oo
Centrum, fength ... ooviiiimiiiai ittt 270t
" anterior face, height .......cvuiivaennnnae 245

« postenor face, height .........ciivviianins 280

“ “ owidth L. 240%
Height to prezygapoPhyses .ovevviriniiiviaiviriannas 480
Height to postzygapophyses ..........cocoviiinnacnanns 530

* Dorsal VII of Diplodocus carnegied is a plaster restoration, hence measprements are not given.
¥ Altered by crushing,

Dorsal IX (Vertebra N) (PL 1V, Figs. 4-6) —This vertebra, as usual, lacks the
diapophyses, otherwise it is fairly perfect, although somewhat obliquely crushed. It
differs from that just described in having somewhat heavier prezygapophyses, with a
distinct capitular rib facet on their outer aspect at the level of the zygapophysial facet.
There is the same peculiar asymmetry on the forward face of the spine as in dorsal VII,
but reversed. The vertebra is crushed in the reverse way also, which may heighten
the apparent asymmetry but can not entirely account for it. The neural spine is very
tall, forming 370 mm. of the height of the entire vertebra. Laterally, the latter
broadens materially, due to the development of the diapophysial laminz, although the
entire outline is not preserved as shown in the figure (PL IV, Fig. 5).

The anterior face of the centrum is rather flat, but the posterior one is deeply
concave, due, however, in large part to crushing.

Lateral aspect, right (Pl 1V, Fig. 5).—The pleuroccele is large and high, and is
situated well forward, so that the oblique lamina which bounds it forms the upper
hinder margin and is very heavy. The zygapophyses are strong and well buttressed
and the hypantra are still well developed, though closely approximated. Laminz, much
as in Diplodocus carnegiel, arise high up under the diapophyses.
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Measurements of Dorsal IX

Harosaurws
lentus
mn.
Length over all ........covvveinnn, Cearaiaaiaes .. 255
Height over 8ll ... ..o it i 850

Width across diapophyses ....o..iiiiiieiaiiiinaie

Centrum, length ....vivnnro i a1zt
v anterior face, height ......... ..o iiiiiiens 260

“ “ ®ogidth oo 240
“ posterfor face, height ...............0ocic 280
“ “ “ owidth L. 305
“ “ “  circumference ... ...0000. 80
Neural canal, height ......... e r e et aaaaa 35
* “ width ... e 55
Width across pedicels .. ... i 160
Width across prezygapaphyses ........................ 445
Height to prezyRapaphyses ............oviievivoineeres 480
Width across postzygapophyses ............. . ... ... 225

Average ratios: Barosawrsus lenlus and Dsﬂ'adacss carnegiei

* Peterson's measurements.
+ From photograph.

Dipladocus
CarRigict
mm.

3ss*
1028*%
475*
245*
275
295*
295*
310%
980

Raties

072
083

087
094
o.8:
a95
a0l

1.0O

08y

21

Dorsal X (Vertebra I) ~—This bone has a well preserved centrum; the posterior
portion above the centrum, however, is missing from a point a little above the neural
canal, including the postzygapophyses and the entire spine. The prezygapophyses and

a small portion of the left diapophysis remain.

Right lateral aspect.—There is a well developed pleuroccele within the limits of
the centrum. Tt is divided by a partition into a deeper forward and a lesser and more

shallow hinder portion.

Anterior aspect.—This shows the outline of the centrum not quite complete.
Posterior aspect.—The face of the centrum is but slightly concave.

Measurements of Dorsal X

Baroramrus
femtus
mm.,
Lengih over all .......... et ranrresaarrraraaaenes e
Height over all ... i e iiiinraes
Width across diapophyses .......coeviierivnienainnss
Centrum, length ,..... rreararaaaas PO RUPU
* anterior face, height ...........c.cooiiianns 205
“ “ “owidth 260
" posterior face, height ........... ... ... ... 280
“ “ 4 width ...l viee. 200
Pleuraceele, length .ooovvvenraniiniennnn, e o8
“ height ... Bo
Neural canal, height ... ... il 52
“owidth ... eeraes vern 58
Width across pedicels ....... et re it e 230
Width across prezygapophyses ....oouvvenerirarsnonnns 240
Distance between prezygapophyses .......ooiiivisoanen 20

Average ratios: Borosaurus lentus and Diplodocus carnegied

* Peterson’s measurements,

Diplodscns
carsepre
mm,

365*
oo
4935*
200%

ca. j05*
ca. 335*
Jrzt
az5*

Ratios

o87
078
0.9¢
a8y

.86
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SACRUM

This element is represented by a portion of the fourth(?) centrum and the
coalesced summits of the meural spines. The central fragment is extremely massive,
with no adaptation for lightening the weight appreciable in the portion preserved.
Measurements of the centrum are impracticable.

The coalesced neural spines are sheared off on the apparent left side so that their
buttresses are lacking. On the other side, however, there are three such buttresses
which are in part free from the mass of the bone, like the flying buttresses of Gothic
architecture. The entire summit is quite rugose, the rugosity extending down on the
buttresses for a distance of about 100 mm.

The antero-posterior diameter of the mass as preserved is 240 mm.; the preserved
height 300 mm., with no trace of zygapophyses at the level of fracture.

There is an additional rugose nodular piece of bone which fits fairly well into the
somewhat cleft anterior end of the coalesced spinal summits and seems to represent
such a nodule as that figured by Osbomn* in the sacrum of Diplodocus longus at the
American Museum, as well as in the restoration of D. carnegiei.

The equivalent measurements of the coalesced neural spines of Barosauwrus and
the two Diplodocus specimens are:

Baresaurnr Diplodocus
lembus ongus D, carnegiei
mm. mm. mm.
Antero-posterior diameter .........iiiiiianiiiiiiiaa, 246 113.6 156
Height from zygapophysis ........oooviiiiiiivineiiinas 290+ A40 450

The much greater first dimension in Barosoxrus seems to point to need for a firmer
anchorage for the extension members of the entire vertebral fabric, correlated probably
with the greater weight of the cervical region. (See PL VIL)

CAUDAL YVERTEBRE

Caudal II {Vertebra A).—This bone has a fine centrum showing little apparent
distortion. But little of the neural arch is present and the wing-like diapophyses are
gone, This vertebra is proccelous, but the curvatures are not great. Height of the
neural canal, 36 mm.; its width, 44 mm. The lateral aspect shows deep pleurocceles,
that of the right side having a length of 72 mm. to a depth of 173 mm. The neural
arch has not the proportionate antero-posterior diameter seen in the dorsals. The least
diameter across the pedicels is 69 mm.

Posterior aspect.—The right postzygapophysis is preserved, and corresponds in size
and curvature to the equivalent prezygapophysis of the vertebra next to be described.
The zygapophysis is supported by the usual postzygapophysial lamina rising above the
neural canal. The latter, however, is distorted by crushing. Its height is 46 mm,

*H. F. Osborn, A Skeleton of Diplodocus, Mem. Amer. Mus, Nat. Hist,, Vol, I, Pt. V, 1899, Fig. 7.



MORPHOLOGY OF BAROSAURUS LENTUS. 23

Measuremenis of Caudal I Baresanrus

lenius

mm.

Ceptrum, length ... ... e 172
" anterior face, height .................onls 280

" # * width ......... e, 385

“ “ “ eircumference ... ... ... ... 1010

“ posterior face, height ...................... 245

“ " T | 315
Pleuroceele, length ... ... ... oo 72
" depth o e e, 173
Neural canal, height ..............c..oo. i, 20
“ fowidth L e 44
Width across pedicels (maximum) .................... 128
Height to prezygapophyses .. ....covveiiiiiiiriiienrns 435
Height to postzygapophyses ...................cooenas 410

Caudal [II (Vertebra K) (Pl V, Figs. 1-3).—This bone is very finely preserved
even to the diapophyses, the more perfect right one being supplemented completely by
the left.

The anterior face of the proceelous centrum is deeply concave, the ratio of depth
to width of the curve being about 1:4. This may be very slightly exaggerated by
crushing. The neural arch is strong. Heavy buttresses, prezygapophysial laminz, sup-
port the zygapophyses, reinforced by lighter obligue ones, which originate above the
neural canal, where they arise as the keystone of the arch which overhangs the aperture
of the canal. The prezygapophyses are well developed and face inward and upward at
an angle of about 45 degrees. Above them rises the neural spine, somewhat asym-
metrical as in the posterior dorsals, especially as to the position of the rugose prespinal
lamina. The diapophyses have a ventral, more or less horizontal portion, upon which
there arises at right angles a thin, expanded, vertical plate; this in turn is bounded on
its outer margin by the rugose diapophysial lamina, which is expanded antero-posteri-
orly. A strong oblique buttress arising from the pedicel runs across the anterior face
of the otherwise thin diapophysial plate, and abuts against the inner side of the lamina
in its upper portion. Width across zygapophyses, 180 mm. Vertical extent of right
diapophysial lamina, 280 mm.

Lateral aspect (right) (PL V, Fig. 2).~The centrum has a very deep pleuroccele,
partially occluded by matrix. The pleurocele lies in the upper half of the ceatrum.
The large diapophysis overhangs the side of the centrum, and in front of the diapophy-
sial plate there is another pleuroccele-like depression impressed into the pedicel as well
as the upper portion of the centrum. This is also occluded by matrix, so that its depth
may not be learned, but its height is go mm. and the antero-posterior diameter 67 mm.
The neural spine is inclined slightly backward, so that it overlies the rear half of the
centrum. The spine is reinforced by thin laminz of bone. The diapophysial lamina
rises vertically from the diapophysis, and another, almost horizontal one originates
about the same place and runs to the postzvgapophyses. There is a heavy rugosity on
the upper half on the lateral aspect of the spine, which is deeply channeled to reduce
weight. _

The posterior aspect is not so well preserved, as distortion is in greater evidence
than in front. The width across the pedicels is 125 mm.; of the neural canal, 45 mm.;
its height, 45 mm. (Compare table below.)
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Meosurements of Caudel JII
Barasauris Diglodocws

- lentus carmepied Ravior
mm. mm.-
Length over all ....ociiiiiqriariiiieaiivaaniaaianes 236 278 o083
Height over all ..ovvuiniioiiniiiinciiiiiiiiaeanieneas 705 gzo0t 077
Width across diapophyses ........ooiiiiiiiir e 560 670t 084
Centrum, anterior face, height ... - 24z 324* 0.75
" “ “oowidth e 348 4
“ “ " pircumferenee .......coeeie.nns 965 1
" posterior face, height .................. ... 190 275t 0.60
- “ ¢ width . 340 335t 1.01
Pleuroceele, length ... ...ooiiiiiiiiiiiiiiiaiie s ca. 100
" height .......e...us et aaaa [
Neural canal, height at anterior face .................. 30
“ “  width " e 43
Width across pedicels “ e 220
Width across postzygapophbyses ............. e 30
Neural spine, width (least) ...........c.ooonvaon. 728
“ % width of summit .......ccooiieiinn 110
Diapophysial lamina rugosity, length .................. 280
“ « “ width ..oooiiiiiiiinns ca. 70
Postspinal lamina rugosity, vertical length ............ abo
Averape ratios: Borosourss lenins and Diglodecus carnegied 0.82

* Calculated from photograph.
t Peterson’s measurements.
{Bone codssified with IT in D. cornegiei, hence no measurement.

The postzygapophyses are supported by a median bracket-fike buttress which arises
above the neural canal and bifurcates, one branch going to each zygapophysis. The
latter face downward and outward at an angle of 45 degrees, so that their faces are at
right angles to each other. The left facet is nearly flat, while the right curves through
go degrees of arc. From the postzygapophyses, strong but thin buttresses arise to
reinforce the lateral margins of the neural spine (postzygapophysial laminz}. There
are also broad, horizontal ridges from the inner face of the postzygapophyses which
converge upon the spine. (See PL V, Fig. 3.)

The centrum of the specimen of Diplodocus longus in the American Museum of
Natural History is more nearly circular, those of D. carnegiei and Barosaurus agreeing
in proportions, hence probabdly more nearly normal. The main distinction of the Baro-
sourus caudal I11, aside from its smaller size, seems to be the non-cleft spinous process,
which is slightly bifid in both species of Diplodecus.

Caudal IV (Vertebra G).—This bone is well preserved, save that the diapophyses
are lacking with the exception of the upper portion of the right.

Anterior face——The centrutn seems larger than that of caudal IIT and the pre-
zygapophyses are heavy and wider apart. It is probable, however, that crushing has
somewhat exaggerated this. The concavity of the anterior face of the centrum is also
greater than in 1IT. There is little to distinguish this bone from its predecessor.

Lateral aspect.—The spine in its present condition slants somewhat more than in
caudal 1II. The pleuroccele js large, and very deep, and lies in the upper half of the
centrum.

Rear aspect.—Centrum somewhat crushed. Width of neural canal at posterior end,

somm.; its height, 50 mm.
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Measurements of Coudal IV

Baresawres
Jentns
mim.
Length over all ...................... ...
Height over all ... ... ... ol 650
Width across diapophyses ................ .. .....oo..
Centrum, length ... ..o 208
* anterior face, height ...............ccocoa.. 245
* “ “ width oo 370
N " “  gircumfersnes ... ... ... ..... 1012
w posterior face, height ............. ... ... ... 220
“ “ " o owidth ... 333
Pleurcceele, length ..o ovv i 99
“ height .. . iciiiiiiiiiiiiiiiiic i 68
Neural canal, height at anterior face ............... 46-50
“ *  width i RN 4550
Width across prezygapophyses ... ... ... ... .. .. .. ca. 230
Width across postzygapophyses ... .. ............... 225
Neural spine, width of summit ............ ... .. ..... 108
Postspinal lamina rugosity, vertical length ............. 345

Average ratios: Barosaurus leniss and Diplodocss carnegied

* Peterson’s measurements,

i plodocus
carnegiel
mm.

275*
B6z*
585*
215%
208
35

272*
328%

Katios

0.75
0.97
0.8z
1.10

0.81
1.01

0.91
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Caudal V' (Vertebra D) —The centrum and right diapophysis are preserved intact.
The remainder, above the neural canal, is missing, except that a portion of the discon-

nected spine is preserved.

Anterior aspect.—Vertical height of diapophysiai lamina, 230 mm. Height of
spine above the prezygapophyses, estimated at 320 mm.

Measwrements of Condal ¥

Barciaunrus
lentus

Length overall ... ..ooiini i e
Height overall .....covvrinevei i
Width across dispophyses ..................... ..
Centrumn, length .......... .. ... . i iiiiiiiiiiiiaiian
i snterior face, height ... ... . ... L.
“ " “ width ...l
posterior face, height
“ * “  width
Newral canal, height .........................
e owidth L e

Average ratios: Barasenrus lentus and Diplodocus cornegiei

* Peterson’s measurements.
1 Estimated.

Diplodoens

carmegies
mm.
263*
835>
544
200%
290*
135t
263
320%

Raties

1.09
1.og
0.87

0.82
0.99

050

Caudal VI—This bone seems to be represented hy vertebrz IF and C. Of the
former only a portion of the centrum with the neural arch and spine is present, and of
the latter a supplementary part of the centrum. They show no remarkable characteris-
tics which would tend to diffetentiate them from caudal V. Another fragment of a

_centrum is also present which was evidently adjacent to the others in the living animal.

Caudal X11].—From caudal VI to the estimated thirteenth none are preserved entire.

although certain fragments of centra may pertain to intervening bones.

The thirteenth,
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however, is nearly perfect, except for the rarely preserved diapophyses, of which only 2
portion of the left is present. This Barossurus caudal differs from that of Diplodocus,
moreover, in that the diapophyses arise lower down on the vertebra, being almost entirely
below a line drawn from the upper limitations of the faces of the centra, whereas in
both D. carnegiei and D. longus of the American Museum the diapophysis arises above
a line thus drawn. In D. longus the entire diapophyses are visible when viewed on a
tlevel from in front, in Borosaurus they are hidden by the expanded faces of the
centrum. The centrum is deeply constricted in the middle, with a concave anterior face
and a flattened posterior one, Laterally it bears deep pleurocceles which are relatively
long and low. In the present instance, the niedian partition between the pleurocceles is
broken through, but in the succeeding caudal it {s about 20 mm. thick, which must have
been approximately true of the present bone. There is on the under face of the centrum
the longitudinal hollowing so characteristic of Diplodocus. In fact, in Marsh’s descrip-
tion of that genus {1878, p. 414) he says: “It may be distinguished from the genera
already known by the caudal vertebrie, which are elongated, deeply excavated below,
and have double chevrons, with both anterior and posterior rami”—a definition which
would apply equally well to Barosaurus. The median hollow is accentuated as one
goes further back in the caudal series. The neural arch is strong; the spine, slanting
backward at an angle of 45 degrees, is expanded and rugose at the summit. The width
of the summit is g6 mm., and the antero-posterior diameter 126 mm. Beneath the
expanded portion the transverse diameter is 42.5 mm. Prominent but thin buttresses,
the prezygapophysial laminz, run up the front of the spine, the prespinal lamina being
confined between them except toward the summit, where it expands to meet the terminal
rugosity. The prezygapophyses are weil developed, jutting about 65 mm. in front of
the centrum. The articular face looks upward and inward at an angle of 45 degrees
and is comparatively flat. The postzygapophyses underiie the spinous process and do
not extend beyond the limits of the centrum. Their articular faces are somewhat curved
and look downward and outward. Both pre- and postzygapophyses are well buttressed
from the pedicels by the zyzapophysial laminz.

The centrum is proceelous, the curvature of the anterior face being such that the
ratio of the depth of the concavity to its width is as 1:8. There are well marked
chevron facets at the posterior end of the centrumi, which seem to imply a backwardly
directed chevron similar in angulation to the spine,

In Diplodocus longus the spine is much more erect than in Barosaurus nor is the
summit expanded as in the latter genus.

Measurements of Caudal XTif Harasanrus

tentus

mm.

Height over all .......ooviiiin i 445
Centrom, length .......... ... oo 245
“ anterior face, height .............. ... 13

* * “owidth .o 252

“ posterior face, height ...................... 216

* “ Yowidth o 220
Pleuroceele, length .. ... .. ... . 100
“ height .ooovvniiiiiiii e i 35

Neural spine, width of summit .. ....... ... ....... .. gb
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Caudal XV (Pl V, Figs. 4, 5).—This bone shows but little distinction from caudal
XIII, and is about as perfect in its degree of preservation,

Measurcments of Coudal XV

Harosanrus
lentius

mm.

Length over all ... .. ... . .. ... oo 340
Height over all . ... ... .. . .. ... ... ... . 420
Centrvm, length ............. . ... . ... ...l 245
“ anterior face, height ........................ 217

“ “ Cowidth s 247

“ posterior face, height ... ... ... ... ... ... .. 200

“ “ “ width ... 240
Pleuroceele, length oo ooviviiiinnn e, 135

“ height ... ... . s 33
Neural canal, height (anterior end) ............ ..., 3L5
" “  width “ A e i 42
Neurat spine, width of summit ........................ 84.4
“ “ lemgth “ % 1125

Caudal XV I —Centrum only preserved. The longitudinal cavity beneath the cen-
trum is becoming more pronounced, while the curvature of the anterior face is less, its
depth being to the width as 1:15. The pleuroccele is still distinct and has the form of
quite a deep conical depression. The posterior face of the centrum is somewhat concave.

Measurements of Condal XV?I

Rarosaurus

dentirs

mm.

Centrum, leagth ..., i e 255
- anterior face, height ..............cooiiiann 205

“ “ “ width ... 220

“ posterior face, height ...................... 195

" “ “owidth ..o 235
Pleuroccele, length ...l 150

Caudal XVII (PL V, Fig. 6).—This is a splendidly preserved bone except for the
diapophyses. Of the centrum, neither face is much curved, but the anterior aspect is
slightly more concave. The pleuroceele is still well developed and the inferior concavity
of the centrum is becoming pronounced. Well developed chevron facets are present, of
which the posterior are still the more prominent.

Both anterior and posterior zygapophyses overhang the centrum, the former to a
greater extent than the latter. The neural arch is low, the spine, however, rising well
over the after end of the centrum, and jutting about 50 mm. beyond it posteriorly.
The summit of the spine differs decidedly from that of caudal XV, as it is not so highly
rugose, and the curve of the summit is semicylindrical, with the long axis antero-
posterior. The summit slopes downward gently toward the rear. The insertions for
the longitudinal interspinose ligaments on front and rear face are still well developed
and rugose. Lamina from the prezygapophyses run almost horizontally backward,
gradunally rising to reinforce the spine.

Caudal XVIII seems to be missing from the series, the discrepancy in proportions
between the one just described and the next preserved being too great to admit of
their being contiguous.
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Measurements of Caudal XVII .

Barpjaurus Diplpdecus
Jr[‘;ﬁt:r u;;rt.;g.-r'u‘ Rafios
Length over all ........... ..o 355 345* 1.03
Height over all ... i ie e eee s 350 530% 0.66
Width across diapaphyses .................. Ceeaaeies ? 200*
Centrum, length ... ..o i e 270 Frrad .97
" anterior face, height .............. e 187 204% 092
“ " “owidth i 220 200% 1,10
“ posterior face, height ...................... 180 204% 0.88
" " owidth L.l ZI0 1gg* 1.08
“ “ “  circumference .............. ca. fro*
" mid length, width .. ......... .. ... .. 0. 130
Pleuroceele, length ......vveriiiii i iriiaaaenn, 170
Neural canal, height ...................oiinn e 27
" owidth e 30
Average ratios: Barosourus {emtus and Diplodocus carnegiei 0.95

* Peterson’s measurements.

Caudal XX —This is a very well preserved bone, characterized by a total absence
of diapophyses, which in Diplodocus longus cease at the twenty-second caundal, and by
the reduction in depth of the pleurocceles. The bone is both proportionately and actually
longer than the four preceding vertebrz, but the neural arch has been crushed down-
ward so that the normal height of the spine has been somewhat reduced. Possibly this
as well as the peculiar appearance of the postzygapophyses is due in part to antemortem
causes. Both zygapophyses overhang the vertebral centrum. Of the latter, the anterior
face is somewhat concave, which is also true, although in less degree, of the posterior
one. The ventral groove is likewise increasing in depth. The chevron facets are well

developed and coequal.
Measurements of Caudal XIX

Barssanrus Diflodocts
Jenfus cErmegrer Raiiot
mm. ™im,
Length over all .. ..o it as5 260* 0.00
Height overall ... ... ... ..o i 200 400* 0.59
Width across diapophyses ......... s 145*
Centrum, Tength ..... ..o ..o iii 283 278% .02
“ anterior face, height ................. ol 170 210* 081
“ ¥ “ owidth .. 215 103* 112
* posterior face, height ... ................. 155 195* .79
“ H “ owidth Lol 200 150% 1.05
" “ " circumierence .............. 650*
o mid length, width ......... ...l 126
Average ratios: Borosaurus lentus and Diplodocus carnegied 091

* Peterson’s measurements.

Caudel XX.—This bone has been badly crushed, so that the anterior part is tele-
scoped back upon the posterior, thus reducing very considerably the original length of
the bone. There is lLittle or no trace of pleurocceles nor is the hollow beneath the bone
as pronounced as in XIX. The neural spine is lighter and the summit is distinctly
smaller, which may indicate an original position still further back in the caudal series.

But few dimensions have value owing to the distortion of the bone.
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Measuremenis of Coudal XX

Barosamrus
lewtus
maz.
Height over all ... it ato
Centrum, posterior face, height .. .................... 142
“ “ “ owidth .. 183
" mid length, width .......... ... e 116

There are portions of centra which represent at least five more caudal vertebrz,
one of which was anterior to the fourteenth and four posterior to the twentieth. In
addition, there are two small distal bones, one of which is nearly perfect.

Caudal ca. XXXII (Pl VI, Fig. 4).—The centrum of this bone is complete, as is
the neural arch; the zygapophyses alone are lacking. The centrum is rather slender,
with widely expanded ends, the posterior one of which is convex and oblique and
possibly abnormal. The anterior face is somewhat concave. There is no trace of the
inferior depression in the centrum nor of spinous process, although the latter may
have been present ahave the missing postzygapophyses.

Measurements of Caudel co. XXXII

Baresamsar

femiur

mm.

Lengthoverall ............. o i o7
Height over all ... ... o i et 52.5
Centrum, anterior face, height .. ............ ... 378

“ “ “ width ... 47
“ posterior face, height ................ ... 42.5

" “ “owidth Lo ar5

Coudal 7 —A portion of the centrum of a distal caudal is preserved. It

resembles those of the slender “whiplash” terminus of the tail of Diplodocus, as there
is no trace whatever of the neural arch. The fragment seems to pertain to the posterior
half of the original bone, as the articular face is convex.

Measurements of Coudal 7

Barosaurus

fentus

min.

Length as preserved _...oiiiiciiii i 55
Articular face, height .............. ..o 217
“ “owidth e 227
Centrum, height ....... ..ot s 17.3
“ L |1 1.6

CHEVRON BONES

_Of the bones which constitute the hamal arch of the tail, the chevrons, three
characteristic ones are present, illustrating two distinct types.

Chevron ca. ¥V (Pl VI, Fig. 5; Text Fig. 3).—0One of these chevrons is from
the antertor part of the tail. In size it compares with the fifth in the American Museum
specimen of Diplodocus longus,® and agrees therewith in curvature, although somewhat
more tapering. The base is broad, complete, and the two sides are connected by a

* Qshorn, op. cit, Fig. 12.
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transverse bar of bone. The hemal canal is triangular and extends a little more than
one-sixth the length of the bone. The bone is laterally compressed, dagger-like, with
rather acute front and rear margins, especially in the distal third of the front and hali
of the rear edge. The articular facet is continued down the posterior side as though
there had been considerable backward inclination of the bone.

FicusE 3—Chevron V, rear aspect. One-fourth natural size. Note the
slight asymmetry. he, hemal canal

Measurements of Chepron co. V
Barvsanrus
Lemius

' mm.

DT 8
Width ©f base ... ... iiiiiiiei it 155.7

Width of mid length ........................ e 36

Antero-posterior diameter of blade .................... 63

Hzmal canal, height ............oocooiiiinn 58

“ COUHA e 3

Chevron co. IX (PL VI, Fig. 6; Text Fig. 4)—A second chevron is present
which can not have been far from the ninth. The bearing surface is nearly as broad as
before, the hezmal canal larger, but the blade of the chevron is materially shorter. The
last seems to be pathologic, as there is a foramen ({see Pl. VI, Fig. 6, f) passing
through the blade below and at right angles to the hamal canal. This aperture is a
longitudinal slit-like perforation with rounded margins, penetrating not the main mass
of the bone but the two ridges which continue downward on either side of the harmal
canal on the posterior margin of the bone. This ridge is broken away on the left side
of the bone, but is comgplete on the right. Whether there were two foramina, or
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whether the two ridges had coalesced to form a single roofing is not quite clear. The
latter, however, 1 believe to have been the case. Viewed from either side, the perfora-
tions are quite symmetrical. I have no idea as to the cause of this seemingly unique
phenomenon. The entire bone, viewed from either front or rear, is curiously asym-
metrical, as were the vertebre. (See Text Fig. 4.)

Measurements of Chevron ¢ca. IX

Bavorznrus
Jemins

mm,
T~ 4 243
Width of base ........ P e rre e 136.7
Antero-posterior diameter of blade 55.5
Hemal canal, height .. ......... ... i 67
« R 5T |3 R 44

Chevron ca. XVI (Pl VI, Fig. 7; Text Fig. 5)-—A third chevron is present,
admirably preserved except for the extreme anterior point. This bone is elongated in
its antero-posterior diameter and hence presents a very different appearance from those

f_'—“-'-—-—--/

Ficure 4.—Chevron ca, [X, rear aspect. One-fouorth natural size. Note
the decided asymmetry. hec, hzmal canal; c, crease; p, perforation, see
text,

which have been described. It differs in shape, moreover, from any of those preserved
with the American Museum specimen (vide supro, preface) in that the ascending portion
is proportionately somewhat heavier than the fore and aft extensions.
The base is heavy, with large facets, of which the lesser forward area is perhaps
three-fifths as great as the posterior.
The bone shows little asymmetry as contrasted with that just described (compare
L. V1, Figs. 6 and 7). The margin of the posterior extension rises in a gentle curve
into that of the base: the anterior margin, on the other hand, is much more abruptly
- eurved, as the figure shows. Ventrally, there is an elongated, alveolus-like depression
(Text Fig. 5 B, a), forerunner of the median opening which, in the more posterior chev-
rons of Diplodocus,® separates the bone into a pair of slender rods. This alveolus-like

* Osborn, op. cit., p. 200.
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A B

Ficure 5—Chevron ca. XVI A, rear, B, right lateral aspect. One-
fourth natural size. he, hemal canal; m, muscle area; a, alveolns.

depression seems to be in no way homologous with the perforation mentioned in chev-
ron 1X.

There is on either side a distinct muscle area {Text Fig. 5 B, m) on the proximal
. portion of the chevron, bounded by a pronounced horizontal ridge. This is not apparent
on either of the two chevrons which have been described. The chevron of Diplodocus
longus type (Yale Mus. No. 1920), which is shown on Plate VI, Fig. 8, represents but
one half of the bone under consideration, as the cleavage into two elements is here
complete. There is, however, a facet at the posterior end only for contact with the
ather element of the pair (see also Text Fig. 6). '

Measwresmenis of Chepron ca. XV1

Barosaurus

feNtus
mm.
Perpendicular length ... .............. 120
Width of base .......... Cereeeaa . 93
Horizontal length as preserved ....... .. 18Lg
Hamal canal, height ..... ... ........ . 14
" " owidth ...l . -2
Alveolus, anterg-posterior diameter ... 20
“ transverse diameter ...........co0iiiiiiin-- 5
“ depth ... ... .. .. . 18

Fieure 6.—Chevrons of Diplodocus longus, inferior aspect, after Marsh.
One-fourth natural size, Compare Figure 4
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RIBS
A number of ribs, both cervical and dorsal, are present. They are large, but in
their present condition show little distinction from those of Diplodocus or Bronio-
saurus. None of the dorsal ribs is sufficiently complete to indicate the size of the chest
cavity, which would be a point of considerable interest.

T e o
-~ .

Ficure 7.—Sternals of Barosourus and Diplodocus carmegiei. One-fourth natural size, Entire out-
line, Barosaurus,; dotted outline, Diplodocus, drawn from the photograph by Hatcher 1gor, Figure 12
C, C, coracoid articulation; M, M’, median articulation,

STERNAL

This bone (PL VI, Fig. 1; Text Fig. 7) is in splendid condition except that its
posterior end is somewhat eroded. It is an oval plate, one surface of which, the
.visceral, is concave, the other convex. The margin is somewhat irregular, but two
articular areas are distinctly visible, one for its fellow on the inner margin, the other
on the exterior border near the anterior end for the coracoid. The latter particularly
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shows an increased thickness and rugosity, as though continued somewhat in cartilage.
Areas for muscle attachment are also visible around the margin, especially toward the
posterior end on the outer side. The general thickness of the bone is more or less
uniform, rarely exceeding 19 mm. at mid length to 12 mm, toward the anterior end.
The knob-like posterior end, on the other hand, is 68 mm. thick. The outline drawn to
scale with that of Diplodocus carmegici is here shown (Text Fig. 7). Were the
posterior portion of the Barosaurus sternal intact, its [ength would more nearly equal

that of D). carnegiei.
Measurements of the Siernal

Earpigurss Dipivdpcur
ening CErREpTei® Ratios
Antero-posterior diameter ...l 485t 340 0.90
Greatest transverse diameter ..........oiiiiiiiieninn. 250 310 0.80
Length, median articulation .......ovvvceeernirrannnoens 150 280 0.70
Length, coracoid articulation .........coviiiiviviiinannss 6o 140 1.14
Index, length to breadth ........ccoviiiiiiiiiinrnennns Lgz:1 1743 %

* From Holland’s figure.
t As preserved.

APPENDICULAR SKELETON
FORE LIME AND GIRDLE

The only portion of the fore limb or its girdle present is a fragment which has
been identified as of a scapula, largely through a process of elimination, as the outline is
only in very small part preserved.

Scapule (see Pl. VII),—This bone consists of a portion 810 mm. long by 22.5 mm.
wide. But two portions of the outline remain, one somewhat irregular at the distal end,
and a small portion of the almost straight lateral border. The bone is fairly massive,
thinning toward the margin, but in no way remarkable, judging from the very inadequate
portion preserved.

HINP LIMB AND GIRDLE

The hinder extremities are represented by a number of elements, none of which
unfortunately is complete, .

Ilum (see Pl. VIIY..—Of the ilium there are present a number of marginal frag-
ments, including a portion of the acetabulum and the pubic peduncle. Further
description, however, is of little value,

Pubis (Pl. VI, Fig. 2; Text Fig. 8).—A right pubis is present, excellently pre-
served except for its distal end, of which a considerable portion is missing. A portion of
the proximal end is also eroded away, but this is relatively inconsiderable. A scale draw-
ing has been made superposed upon that of Diplodocus carnegiei enlarged from Hatcher's
figure (op. cit. PL. I, Fig. 1). The pubis of Bargsaurus was the larger, although the
preserved portion is actually the shorter of the two. The ratio of shaft widths, about
the only absolute measurement, is essentially that of the femora and tibiz, about r.70,
actually 1,69. Were the same ratio maintained in the relative lengths, that of Barosaurus

"W, J. Holland, The Osteology of Diplodocus Marsh, Mem. Carnegie Mus, Vol 2, Ne. 6, 1006,
Figs. 25, 26.
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would be 1,385 mm. A conservative estimate of at least a metre seems safe. (See
also PL VIL.)

Compared with the pubis of Apatosaurus, that of Barosaurus is much lighter; it
is in every way, except for its greater size, much more like that of Diplodocus. The
proximal end is heavy, the pubic foramen oval, of good size, and running obliquely

Ficure 8.—Pubis of Barosawrns and Diplodocus carnegiei, superimposed.
One-sixth natural size, Entire outling, Barosaurss; dotted outline, Diplo-
docus, from a photograph by Hatcher 1gor, Plate X, Figure I. A, A,
ischiatic articulation.

through the bone not far from its present posterior border. Below this thin, incomplete
margin, there is a rugose articular surface which formed the ischiatic articulation.
Externally, the bone has a fine curve, with a completely preserved rounded margin,
which, except for the rugosity mentioned above, is thicker than that on the inner side
of the bone. The visceral aspect is concave, the external one generally convex, as in the
sternal.
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Measurcments of the Pubis

Barosaurur Dripindocus

lentus carmegred Rarin
mim. mim.
| preserved 665 820 160
Length ,...oooooiiiiiiina e | estimated 1385
Length, ifiac articolation ........ v ertreerre v ranans 240
Length, ischiatic articulation ..................ccc.0ves 200 180 1.6:
Width, proximal end (present) ................. PN 390 365 {r.o™"~
Width, shaft ..., rereerenranaas e e e, 177 105 1.63
Width, distal end .........coveiiinan, ....estimated ca, 4oo 240 15
Average ratios: Barcsourss lentus and Diplodocus carnegiei 148
s
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Figuze 9.—Femur of Barosourss and Diplodocus carnegiei, proximal ends superimposed. One-sixth
natural size. Entire outline, Barosaurus, the summit of which is eroded away, dashes indicating the
probable outline; dotted line, Dipladocus, from a photograph by Hatcher 1gor, Plate XI, Figure 3. A B,
A’ B, dimensions recorded in text, page 37.

Ischtum (see Pl. VII).—What appears to be the proximal end of the left ischium
is present. The acetabular surface is complete, slightly roughened, and thin-edged,
very much as in Diplodocus. The Baroseurus ischium is larger, but a ratio between the
bones is impossible to ascertain, except that the chordal distance across the acetabular
surface is about 280 mm. to 250 mm. for I carnegies, a ratio of r.12:1,

If one may judge of the direction of the grain of the bone, the ischium of Baro-
sawrus does not seem to have had so slender a shaft as in Diplodocus, but this is highly
conjectural. There is also a small portion of what seems to be the distal part of the
ischium present, if the identity of the hone be correctly determined. It resembles that
of Apatosaurus more than Diplodocus, in being more squarely truncated distally, and
in having a rather prominent ridge on the outer face,
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Femur (Pl VII; Text Fig. 9).—A number of fragmients of a ferur are present.
Of these, three have been assembled to form the proximal end. This gives a clue to
the enormous proportions of the bone, which are about one and three-quarters those
of Diplodocus as estimated from Hatcher’s figures (op. cit., Figs. 15-17), The same
refative dintensions are true also of the distal end of the tibia, which is likewise pre-
served, A sketch of the relative proportions is here shown (Text Fig. 9). The
measurements as thus indicated follow:

Measurements of the Femur

EBarosaurus Diplodvcus

lenmins carmegier Raties

mm. mm.
Diameter at AB, transverse ..........ciivvneiinaniren 395 230 1.72
Diameter at AB, thickfiess ....oveviiiiiinrrririnanrnns 170% 137.5 1234
Circumference at AB ... .. ..ot 950
Length ouiiiirane it iii i iitiiitanasiiannanas { ?2525.8) 1468.5 {1.72)
Average ratios: Barosourur lentus and Diplodocus carnegies 1.47

* Crushed,

Fwure 10—Tibia of Barosourss and Diplodocus carnegiei, distal ends
superimposed. One-sixth natural size, Solid line, Barosaurus; dotted
line, Diplodocus, from the photograph by Hatcher 1oo1, Flate X1, Figure I,
A, astragalar facet.

This immense length, 8 feet 214 inches, is manifestly improbable, but is about
what the length would be were the known ratios with Diplodocus carried out: The near
approximation of lengths of the dorsal and caudal vertebrz in the two genera would
lead one to infer a similar correspondence in the femoral length, despite the greatly
enlarged cervicals in Barosaurus, the latter implying possibly elongated fore himbs as in
Brachiosaurus, not hind limbs as well.

The distal end of a femur, probably the left, is also present. Although only its
anterior face is preserved intact, the inner condyle is indicated and also the beginning
of the outer. The proporﬁorlls which may thus be ascertained would make it about
350 mm. across as compared with about 250 for D. carnegiel, giving a ratio of about
1.40, less than that of the proximal end. These measurements are, however, inaccurate
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owing to the faulty preservation of the Barosaurus bone. A number of good-sized
fragments ‘of the femoral shaft are present, but from lack of contacts they give no clue
to the length of the bone,

Tibia {Text Fig. 10).—The distal end of the right tibia is present, as are other
fragments doubtless referable thereunto but not recognizable, The articular end is very
rugose and deeply concave in the astragalar facet. The articular extremity is widely
expanded, as compared with the shaft, although this appearance is heightened by the
corrosion of the inner (median) side above the articular facet. What'appears to be
part of the proximal end of the tibia is also present, but affords no significant measure-
ments. Those of the distal end follow:

Measurements of the Tibia

Baroigurys Diplodocws
lentny carnegiel Ratios
. mm.
Distal end, transverse diameter ... .0oivaereriinnincnen 380 212 1.787
# " antero-postetior diameter .,.........000n.n. 220
“ * circumference . ....iiiiciiiiiierararieraa, 080
L { P1680.7) 05 1.78

Here again the tibial ratio is so very great that wer¢ it carried out in the length,
that of Barosaurus would be about § feet 6 inches, or 13 feet 814 inches for the femur
and tibia alone, exclusive of the foot.

Fibula—The two ends of the fibula are also present, and again the intervening
bone is not preserved. The proximal portion has a very distinct muscle insertion on
its anterior face.

The distal end of the fibula is but a fragment, and is highly rugose on its articular
end, as is the tibia. Avatlable measurements are of little value, but indicate a ratio
with those of Diplodocus approximating those of femur and tibia,

BAROSAURUS AFFINIS

Of the maierial found in the Barosaurus quarry, there are but three fossils, two
foot hones and one tooth, which do not seem to pertain to the type specimen of
B, lentus. It will be remembered that all of Marsh’s description of the second species
was contained in the single sentence, “With these fossils were found remains of a
much smaller species which may be called Barosawrus affinis.” There is absolutely no
indication of what these remains were, nor are any of the bones labeled or otherwise
distinguished as of another species. The tooth, which is that of a carnivorous dinosaur,
can not belong to the species of sauropod under discussion, and this leaves only the
two foot bones as possibly those to which Professor Marsh referred.

These, which are metacarpals T and IT of the left manus, are of the approximate
size of those of Morasaurus gromdis Marsh, type specimen No. 1gos, Yale Museunt.
They are, on the other hand, much smaller than the equivalent bones of Diplodocus
longus type, as the ratios in the table of measurements show. From these ratios it
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seems conclusive that they could not have belonged to the type of Barosaurus lentus,
whose measurements, as we have scen, are rarcly smaller than those of Diplodocus,
and in the forward part of the skeleton as preserved largely exceed it. D. longus and
D. carnegiei are approximately of a size, nor is it clear that they are specifically
distinct.

Metacarpal I (Pl VI, Fig. 9) —This bone is absolutely perfect, and while slightly
fissured, has been naturally cemented so that no repair was necessary. In form it
resembles that of Morosaurus lentus very closely, the likeness being much greater than
to Diplodocus longus. The main distinction from Morosaurus lies in the outer and
distal aspects, the latter being wider transversely and of less antero-posterior extent,
while the outer posterior angle is prolonged outward. The articular face in Morosaurus
therefore is roughly rectangular, although with an inwardly curved posterior border,
while in Barosaurus the outer and inner sides form an angle of nearly 45 degrees
with each other. This of course renders the form of the outer surface somewhat
different as well,

Metacarpal 11 (Pl VI, Fig. 10).—This is only partly preserved, as the distal half
is gone. In size it once more approximates that of Morosaurus lentus, but differs in
that the proximal articular face is more rugose, as though it bore a relatively somewhat
thicker articular cartilage. The surface of the bone in Barosaurus is almost convoluted,
in Moroseurus pitted. There is a similar distinction in the equivalent surfaces of
metacarpal I, but it is somewhat less marked in the former, In Barosaurus the shaft
is much more irregular in section, with one acute angle, while in Morosaurus it is again
roughly rectaugular,

Measurements of the Metacarpals

Barosantis Morssanris Liplodacns
afiuis Temtsy ongus
mitn. mm. mm.
Metacarpal I
Length . ocioiiiiiiiiiiii it ire b ana e, 38 137 200
Proximal face, transverse diameter ................ 8 92 146
“ “ anterior-posterior diameter ......., 105 106F 148
Distal face, transverse diameter ..........cccvueena 120 105 152
“ “  antertor-posterior diameter ............ 69 ¥4 105
Width of shaft (least) ... ... ... iiiiiiirianrnn. 8o 79 108
Metacarpal 11
Length oo i e ree s 179
Proximal face, transverse diameter .,.............. o7 96
“ “ anterior-posterior diameter ........ 98 1nz

* From Marsh’s fgure.
1 Slightly restored.
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A single tooth of a carnivorous dinosaur (Yale Museum Cat. No. 415) was present
in the quarry in association with the Baraseurus skeleton (see Fig. 2, 16). It is lightly
constructed, sharply curved, and a portion of the hollow base filled with matrix is
preserved. Serrations on the anterior convex border can hardly be seen with the naked
eye but are nevertheless discernible for nearly half the preserved length from the tip.
On the after cotcave border they are more pronounced but still minute, and extend
for the entire present length of the tooth.

‘While this tooth has not with certainty been identified, it is comparable in size and
curvature to certain ones in the after portion of the maxillary of the Alosaurus fragilis
skull preserved in the American Museum of Natural History, but this is rather slender
evidence upon which to base an identification of so generalized a tooth, The dimensions
are:

mm
Total fength preserved .....oiiiviiiiiiaiinarnns 26
Antero-posterior diameter at base .......... EPT TP 0.7
Transverse diameter at base ......cc.aieirreiiaarsness 47

RELATIONSHIPS

Comporison with Diplodocus.—It is evident that Barosourus lemius represeénts a
highly specialized sauropod dinosaur, ponderous of limb, the relative proportions of
which unfortunately can not be ascertained from the single known specimen. The
preserved elements compare most neatly with those of Diplodocus, but differ remarkably
in certain proportions. These resemblances may have been in part convergent and
merely similar mechanical adjnstments of bony tissue to meet similarly disposed strains
and stresses, and as such imply no close relationship. Among the points of agreement are
the general proportions of the vertebree, although as one goes toward the tail the relative
height of the neural spines grows less in Barosaurns. FPleuroceeles are similar in dis-
position and their proportions are somewhat alike. The caudals of both Barosourus and
Diplodocus are also alike in having a concavity in the ventral surface of the centrum,
There is also a general similarity of the chevrons and of the arrangement of the lamina
of the vertebra throughout the series, Indeed, two of the distinctive features of Diplod-
ocus as set forth in Marsh’s original description are the presence of the excavation on
the ventral surface of the caudal centra and the two-branched character of the
chevrons, upon which the name Diplodocws {imddos, double, + doxds, rafter) is
founded and which Marsh says distinguishes the vertebral column from that of all
other Sauropoda. These do not, however, serve to distinguish Diplodocus from Baro-
saurus. The third point, the elongated caudals in the former, is a distinction. '

The main general differences between Barosaurns and Diplodocus may be sum-
marized as follows: Details of the lamina of the vertebra, simple character of the
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neural spines of the after dorsals in Borosourus, and position of the capitular facet
on the dorsal vertebra, which rises more rapidly in Diplodocus. The other marked
distinctions are those of proportions, for while the dorsal series of vertebrz as a whole
approximate in length in the two animals, that of Boresourns being only slightly the
longer, the cervicals in the latter are vastly greater and the candals markedly less. The
relatively lower height of the spines of the after vertebra is correlated with the more
abbreviated tail. The weight of the hind limbs is more like that of Brostosaurus than
of Diplodocus carnegiei. Of their length and the character of the fore limbs we have
no data. The obliguity of the centrum faces of the posterior cervicals and first dorsal
of Barosaurus seems to imply a different carriage of neck, probably giraffe-like as in
the Tendaguru “Brachiosaurus” as restored by Matthew. If so, it would perhaps also
imply elongated fore limbs like those of Brachiosourus.

Comparison with Broutosourus—With Brontoseurus, the general mechanical
resemblances also hold; this applies to the character of the neura! spines, but the huge
proportions of the cervicals in Barosaurus are a distinction, as is also the more Diplodo-
cus-like character of the caudals.

Comparison with Brachiosowrus—Compared with the American Brachiosaurus
of Riggs® and the smaller related form, Haplocanthosaurus Hatcher,® I find no points
of resemblance in any known element. The following characters are given by Riggs
for the family Brachiosauride, especially Brackioseurus itself: (1) Humerus as long
as femur. In Barosaurus the humerus is unknown. (2) Neural spines of vertebrae
simple. In Brachiosawiied those of more than half of the dorsal series are deeply
bifid. (3) In Brachiosaurus the zygapophyses reach extreme reduction and the
hyposphene-hypantrum articulation reaches extreme development. In Barosaurus the
zygapaphyses are well developed and also the latter articulation, but there is nothing
extreme about it. (4) Riggs also emphasizes the low, broad structure of the vertebral
pedicels. This perhaps may also be said of Barosaurus to a certain extent. (3) The
dorsal pleuracceles in Brachiiosaurws are much longer than high, the length being between
two and two and a half times the height, whereas in Barosawrus they are as high as or
higher than long. (6) The laminaz are not so pronounced in Brackiosaurus as in
Barosawrus, and the neural spines of the dorsal vertebre and probably of the sacrum
are relatively lower in Brachiosaurus.

Altogether, I see no indication of relationship with the Brachiosaurida.

Comparison with “Brachiosaurus” of Tendaguru—The description of the Tenda-
guru species, “Brachiosaurus” brancei, which we possess is unfortunately very meagre.!?
The figured cervical (Fig. 1), which is spoken of as lying in the “second quarter,”
that is, between the sixth and ninth, is quite similar to those of Baroseurus in many
details, the principal distinction being the overhanging prezygapophyses which increase
the over-all length markedly beyond that of a Barosourwus cervical, the centrum of which

* E. S. Riggs, Brachiosaurus altithoraz, the largest known Dincsaur. Amer. Jour. Sci,, 4th ser, Vol
15, 1903. pp. 299-3ofh, 7 figs,

* J. B, Hatcher, Osteology of Haplocanthosaurus. Mem. Carneghe Mus., Vol. 2, 1903, pp. 1-72, 6 pls.,
28 hge.

"*'W. Janensch, Ucbersicht ueber der Wirbeltierfauna der Tendaguru-Schichten. Archiv £, Biontol-
ogie, Berlin, IIL. Bd., 1. Heft, 1. Teil, 1914, pp. 82-83, 898, Figs. 1-6.
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may actually have been longer. The “Braclivsaurus” bone in question naturally most
nearly resembles cervical XII, that is, the anterior one of Barosaurus which is pre-
served, and doubtless had we the identical element, the resemblance would be yet
closer. From cervical XIT it differs in the relatively slenderer centrum and longer
bleuroceele, but the other differences, except the overhanging prezygapophyses, are
largely those of detail, as the main lamine and other structural features are not unlike,

Conclusions—Unless the German author, Janensch, actually made a comparison of
the dorsals of the Tendaguru genus with those of the American Brachiosawrus and
found sufficient agreement, 1 see no reason for including the African form in this
genus merely on the ground of the elongated fore limbs, as we have no reason to know
that Brachiosaurus had huge cervical vertebrz. Certainly those of the related Haplo-
canthosaurus were not, but on the contrary were relatively short, The unpaired neural
spine is characteristic of the Brachiosauridz, but not of Broutosaurus, Morosaurus,
Diplodocus, Barosaurus, nor so far as I know of the African genus. Whether Baro-
ssurus possessed an elongated fore limb we do not know, but there is certainly no
evidence against it. Hence from the evidence before me, the hupe cervicals of the
African form, which resemble so much those of Barossurus rather than the known
cervicals of the Brachiosauridz, specifically Hapiocanthosouyrus. seem to show that the
comparison lies with Baresaurus rather than with Brachiosaurus, especially as there
is no present evidence to the contrary. Further evidence from Berlin, if such were
available, might serve, in the light of the present study of Barosaurus, to clarify the
relationships.

The comparison with other Sauropoda may be expressed in tabular form as
follows:

Cervicals | Anterior dorsal Fore limbs
; spimes | )
e e Al S ——— -, — —— |——— T -
Barosaurus Huge i Paired ‘Moderately short |Unknown
! | Great size inferred
Brachiosaurus Unknown ‘Unpaired :Unknown, except |As long as hind
| ! two anterior limbs
vertebra
Haplocanthosourus Short Ungaired, %}t Very short Unknown
(Least specialized) and simple
throughaut
column
Brontosaurus Moderate Paired ;Verylnng Smaller than hind
Diplodocus Moderate ‘Paired Very long Sraaller than kind
Tendaguru genus Huge ‘Unknown® Very short As long as hind
| imbs
1

" One dorsal only was in part prepared for study in 1914. This has an unpaired spine, but as its
positient in the series is unknown, no significance can be attached to the character of the spine, since the
spines are unpaired in the posterior dorsals of all Sauropoda.



Prate II. Cervical vertebre of Barosaurus.

Figure 1. Cervical XII (Vertebra S), right lateral aspect. One-tenth natural

size.

Figure 2. Cervical XIII (Vertebra ), oblique ventral aspect. Ome-tenth natural
size,

Figure 3. Cervical XV (Vertebra R), dorsal aspect. One-tenth natural size.

Figure 4, Cervical XV (Vertebra R), ventral aspect. Ahout one-eighth natural
size.

Key drawing: A, anterior, P, posterior face of centrum. CAP.FAC,, capitular rib
facet; DIAP., diapophysis; HOR.LAM.,, horizontal lamina; N.SP., neural
spine; P.L., pleuroccele; PC.L., pleuroceele lamina; P.Z., postzygapophysis;
POST.OB,, posterior oblique lamina; PR.Z., prezygapophysis; TUB.FAC,
tubercular facet; W.E., wing-like expansion.
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Prate 111 Dorsal vertebrze of Barosaurus. One-eighth natural size.
Figure 1. Dorsal I {Vertebra P), anterior aspect.
“Figure 2. Dorsal I (Vertebra P), posterior aspect.
Figure 3. Dorsal I (Vertebra P), right lateral aspect.
Figure 4. Dorsal IV (Vertebra H), anterior aspect.
Figure 5. Dorsal TV (Vertebra H), posterior aspect.

Figure 6. Dorsal IV (Vertehra H}), right lateral aspect.

Key drawing: A, anterior, P, posterior face of centrum. C.F. or CAP.FAC,
capitular rib facet; DIAP., diapophysis; DIAP.LAM., diapophysial lamina;
HORLAM,, horizontal lamina; HYPA., hypantrum; N.C., neural canal;
N.SP., neural spine; P.Z., postzygapophysis; P.L., pleuroceele; PO.L., post-
spinal lamina; PR.L., prespinal lamina; PR.Z, prezygapcphysis; PRZL.,
prezygapophysial lamina; T.F., tubercular rib facet.









Prare 1V, Dorsal vertebrze of Barosaurus, About one-cighth natural size.

Figure
Figure
Figure
Figure
Figure

Figure

I.
2.
3
4.
5.
6.

Dorsal V' (Vertebra 1), anterior aspect.
Dorsal V' {Vertebra L), right lateral aspect.
Dorsal V (Vertebra L), posterior aspect.
Dotsal IX (Vertebra N), anterior aspect,
Dorsal IX {Vertebra N), right lateral aspect.

Dorsal IX (Vertebra N), posterior aspect.

Key drawing: A, anterior, P, posterior face of centrum. ADIL., anterior dia-
pophysial lamina; D., depression; HYI?O., hyposphene; OB.LAM., oblique
lamina; FDIL., posterior diapophysial lamina; PZ.L., postzygapophysial

lamina; other lettering as in Plate I1I.
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Prate V. Caudal vertebre of Barosaurus. About one-eighth natural size.
Figure 1. Caudal III (Vertebra K), anterior aspect.
Figure 2. Caudal III (Vertebra K), right lateral aspect.
Figure 3. Caudal 1II {Vertebra K), posterior aspect.
Figure 4. Caudal XV, left lateral aspect.
Figure 5. Caudal XV, anterior aspect.

Figuré 6. Caudal XVII, left lateral aspect.

Key drawing: A, anterior, P, posterior face of centrum, DIAP., diapophysis
DL, diapophysial lamina; N.C., neural canal; N.SP., neural spine; PO.Z.
postzygapophysis; P.L., pleuroceele; PO.L., postspinal lamina; PR.L., pre-
spinal lamina; PR.Z., prezygapophysis; PR.Z.L., prezygapophysial lamina.
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Prate VI :
Figure 1. Sternal of Barosaurus, outer aspect. One-fourth natural size.
Figure 2. Pubis of Barosaurus. One-eighth natural size.

Figure 3. Summit of neural spine, dorsal VI, anterior aspect. About one-sixth
natural size.

Figure 4. Caudal ca. XXXII. One-sixth natural size.
Figure 5. Chevron ca. V, right lateral aspect. Ahout one-sixth natural size.

Figure 6. Chevron ca, IX, right lateral aspect. About one-sixth natural size. f.
facet. )

Figure 7. Chevrun ca. XVI, right lateral aspect. About one-sixth natural size.

Figure 8. Chevron of Diplodocus longus type, right lateral aspect. Abont one-

eighth natural size.

Figures g-ro. Metacarpals of Barossurus affinis type. About one-sixth natural

size.






Prare VII. Vertebral column of Barosaurus lenfus compared with that of Diplodocus
carncgici, the latter after Hatcher 1901, Plate XIII. Abbut one twenty-fifth
natural size. The scapula of Barossurus is slightly {n advance of that of
Diplodocus. The dorsal series of Barosgurus is slightly longer, the caudals
much shorter, and with lower spines, while the four cervicals preserved are
nearly equivalent in length to six of the posterior neck bones of Diplodocus.
Of the femur, publs, and ischium of Barossurus, the portions preserved are
indicated with their much greater relative bulk. Of the ilium, but the pubic
peduncle and portions of the rim are recognizable; its size and shape therefore
are conjectural. The preserved portion of the right scapuia is indicated. No
single rib is preserved in its entire length, so the volume of the torso could
not be estimated. It is probable that the neck may have had an upward
flexure, especially between cervical XV and the first dorsal and between the
first and second dorsals, as its habitual gosture. This is not, however, indicated
as it would make the relative comparison with Diplodocus less emphatic,












