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OSTEOLOGY OF PHENACOCELUS TYPUS PETERSON.
By O. A. PrrERrson.

INTRODU CTION.

In 1906-7 the writer briefly deseribed the Oreodont Phenacocelus from the
material in the Carnegie Museum.! Twelve or fourteen individuals of this genus
were found in the upper Monroe Creek Beds, near the head of Squaw Creek,
Sioux County, Nebraska. The type (No. 1263) consists of the greater portion of a
skeleton, found in an articulated position, while the rest of the material is regarded
as paratypical, except one specimen, No. 1288. The latter specimen described on
page 161, is provisionally regarded as pertaining to a separate species, pending the
discovery of cranial and appendicular portions found together.

In the original desecription it was stated that certain cranial structures of
Phenacocelus reveal affinities to Leptauchenia and Cyclopidius. TFrom the ma-
terial in the Carnegie Museum a comparative study of the cranial structure of
Leptauchenia and Phenacocelus was possible, but the vertebral column and the
appendicular skeleton of Leptauchenia were lacking. The Museum was fortunate
1n securing, as a loan, the very complete material of Leplauchenia from the authori-
ties of the Prineceton University Museum.? This material from Princeton has now
enabled me to make a more complete comparison between the three genera, viz.:
Phenacocelus, Leptauchenia, and Merycordodon. The main object of the present

Annals Carnegie Museum, Vol. IV, 1907, p. 20-32, Figs. 4, 5.

*Since the manuscript of this paper was first prepared, this specimen in the Prineeton University

Museum has been set up in an articulated position.
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paper, therefore, is (1) to present the osteology of Phenacocelus as completely as

possible; (2) to compare the latter genus with the much older form Merycoidodon

from the Oligocene, heretofore supposed to be more or less in the line of ancestry;

and (3) to make an especial effort to ascertain the relationship between Phenaco-

celus and Leptauchenia. The question of the systematic position of Phenacocelus

will follow the general osteological deseription and discussion of comparisons.
The illustrations are reproduced from drawings made by Mr. S. Prentice.

Principal Characters of Phenacoceelus typus Peterson.

Skull with a general Merycordodont structure, bul proportionally broader and
shorter. Orbits directed more wpward than in Merycoidodon culbertsoni and more
nearly like those in Leptauchenia. Two elongated and narrow foramina on top of the
skull, situated at the anterior part of the frontals and near the median line similar to,
though smaller than, those of Leptauchenia. Presence of facial vacuities and deep
lachrymal pits.  Unusually deep pits on posterior face of occipital plate. Short
facial region and an elongated cranium. Dentition: 15 Ci Pi Ms; hypsodont to
approximately the same degree as in Leptauchenia; tympanic bulla very large and
extending much below the post-glenoid process; sagittal crest low; infraorbital foramen
above P?; nasal greatly overhanging anteriorly; limbs and feet short and heavy,; metatar-
sals shorter than the metacarpals.  Animal about the size of a domestic sheep.

THE HEAD.

The Cranium. (Pl. XVI, fig. 31; Pl. XVII, figs. 11, 12; Pl. XIX.)—The greater
part of the right maxillary, and premaxillary bones are preserved in the type, No.
1263. The skull has received considerable lateral erushing, causing an asymmetri-
cal appearance. The occiput is of medium height, with the lambdoidal crests
prominent, and a large and deep excavation on either side of the occipital plate
just below the junction of the post-temporal ridge with the lambdoidal crest,
similar to that found in other genera of this group (Merychyus, Mesoreodon, Pro-
merycochaerus). These excavations occupy a larger portion of the occiput and cause
deep lateral emarginations of the supra-occipitals, while in Leptauchenia the pits
are not present, and the oceipital plate is relatively much broader. The median
supra-occipital fossa is not deep, and has rough ridges for muscular attachments,
which radiate upward and outward from near the median vertical line above the
fornmen magnum. The condyles are set close to the base, separated inferiorly by
a light narrow groove, and with rudimentary accessory facets on the basioceipitals
for articulation with the atlas. The foramen magnum is well proportioned in size,



PETERSON : OSTEOLOGY OF PHENACOC@ELUS. 133

and subovate in outline. The paroccipital process is prominent, as in Leptauchenia,
trihedral in section, separated from the condyle by a deep fissure, and closely
appressed to the posterior border of the tympanic bulla, as in other Oreodonts.
The basioceipital is small in transverse diameter, strongly keeled, extending
anteriorly between the internal walls of the tympanic bulle, and joining the
basisphenoid uninterruptedly, thus forming an arch gently curved forward to the
median pterygoid fossa. The condylar foramen is of large size and is located close
to the anterior base of the condyle. The parietal is an elongated, narrow, and wing-
shaped bone, the extreme anterior border of which reaches very nearly to the base
of the postorbital process of the frontal; the fronto-parietal suture then continues
obliquely upward just back of the temporal ridge and unites with its fellow, as in
Merycoidodon culbertsont,’ and most Oreodonts. The sagittal crest, however, is
not so prominent as in the Oligocene genus, and the brain-case, as a whole, is fully
as large, while the skull represents a smaller animal. The posterior wing of the
parietal is not so greatly produced as in M. culbertsoni. In this respect it 1s inter-
mediate between the latter species and Merychyus arenarum. Along the parieto-
squamosal suture there is a very prominent ridge, which separates the temporal
fossa into a shallow superior and a deeper inferior portion; there is a large foramen
situated in this suture posterior to the middie of its course.

The temporal region is quite like that of Merychyus. Superiorly, the squamosal
extends higher up upon the side of the cranium than in the latter genus, but the
shape and position of the zygomatic process, the large external auditory meatus
and tympanie bulla, and the closely appressed paroceipital process of the posterior
border of the bulla are characters showing great similarity. In Leptauchenia and
Cyclopidius the zygomatic process is more expanded laterally, and does not ex-
tend so far forward; the external auditory meatus is relatively larger and is on an
even transverse line with the lambdoidal erests and the inion; while the tympanie
bulla is fully as large proportionally and the paroceipital process equally appressed
to its posterior border as in P. typus. The post-glenoid process is heavier than in
Merychyus, but the tympanic bulla extends much below the process, though not
nearly as muech as in the latter genus. The glenoid cavity is large, it is convex
fore-and-aft on the anterior two-thirds; further back it is concave in the same direc-
tion; the anterior face of the post-glenoid process has a comparatively less distinet
transverse articular surface for the condyle of the lower jaw than is seen in Mery-
chyus and Leptauchenia. The tympanic bulla is, as intimated above, of relatively

A skeleton of this species in the Carnegie Museum, No. 1391, which is very nearly complete, is
used for comparison in this work.
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enormous size; it is relatively very nearly as great as in Leptauchenia and Cyclopr-
dius, and in shape it is also somewhat similar to what is seen in those genera.!
In some of the individuals at hand, the pit for the tympano-hyal is quite large,
while that in the type is rather small, and located at the antero-external angle of
the base of the paroccipital and the postero-external border of the bulla. The
type is much erushed in the region of the basi- and pre-sphenoids; the foramen
ovale is, however, observed to be close to the anterior extremity of the tympanie
bulla. The pterygoid process of the sphenoid is well developed and extends well
down, so as to form a deep median pterygoid fossa. The anterior border of the
posterior narial opening is indicated as being well forward in the type. In No.
1276 of the same species the posterior narial opening is complete; its anterior
margin is V-shaped, with the apex on an even transverse line with the posterior end
of the alveolar border of the maxillaries. Fortunately the right frontal bone is
preserved in the anterior median region, so that the external border of the frontal
opening is partly preserved. This opening i1s an extraordinary feature of this
genus and most nearly recalls that of Leptauchenia and Cyelopidius. The vacuity
extends farther back than in Leptauchenia and is equally as far back as in the latter
eenus, but does not, however, extend so far anteriorly, and is very much smaller
in size. Its funetion was no doubt the same as that in the genera mentioned. The
supra-orbital foramen (in No. 1276) is closer to the posterior border of the frontal
vacuity than in Leptauchenia and Cyclopidius. While the posterior boundary of
the frontal is not unlike that in the Oreodonts generally, the anterior region (No.
1276) presents some very peculiar characters, 7. e., the narrow and elongated
tongue of bone along the median line, which borders the frontal vacuity internally,
joins its fellow on the median line, and comes in contact with the nasal anteriorly.
The most anterior portion of the frontal is only 21 mm. from the anterior narial
opening; from this point the fronto-nasal and fronto-maxillary and lachrymal
sutures are only slightly diverging, so as to form a spear-shaped process like that
in other Oreodonts. The external border of this process is abruptly convex, due to
the large and deep infra-orbital fossa and the facial vacuity. Superiorly the
frontals are rather flat, with the temporal ridges less developed than in Leptau-
chenia, and about as prominent as in Merycoidodon culbertsoni. The anterior
border of the postorbital process has a greater backward tilt than in Oreodonts
generally, and more nearly suggests that of Leptauchenia and Cyclopidius. The
process is well developed, and, as in other contemporaneous genera, joins the jugal

Tn one individual, No. 1278, the tympanic bulla is proportionally small, which indicates either
variation, or a specific character,
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process from below, completely enclosing the orbit. The superior border of the
orbit 1s rather smooth and the orbital wall of the frontal gives to the eye an upward
look as in Leptauchenia. The orbit is subcircular in outline.

The Facial Region. (Pl. XVI, fig. 31; Pl. XVII, figs. 11, 12.)—The palatine of
the type 1s entirely wanting, but in No. 1276 this region is beautifully preserved.
The maxillo-palatine suture is U-shaped, with the rounded apex in front, reaching
as far forward as the molar teeth. Thus the maxillary forms a considerable part
of the hard palate. The posterior nares, as above stated, are of an open V-shape;
the anterior apex is even with the back part of the alveolar border of the maxillary.

Externally the maxillary of the right side of the type is complete from the back
to a little in front of the infra-orbital foramen: at this point the bone is broken off,
but the most anterior part of the maxilla, including the root of the canine and a
fragment of the premaillary in position, 1s present, though disconnected.
Antero-posteriorly the alveolar border is convex, very similar to that of
Merychyus elegans. The infra-orbital foramen, however, is further forward in the
present form than in M. elegans, and approaches the condition found in Leptau-
chenia. The external wall of the muzzle is inflated by a heavy and broadly convex
ridge, which extends obliquely along the face, thus separating the side of the muzzle
into two fosse; the supra-posterior larger and deeper than the antero-inferior.
The ridge for the masseter musele is not strongly developed. In No. 1276 the
palatine portion of the maxillary plate is slightly arched from the alveolar border
to the median line, especially anteriorly. The posterior palatine foramen is of
moderately large size; it is close to the alveolar border opposite P'. The anterior
border of the palatine is emarginated for the large round anterior (palatine) fora-
men. |

The premaxillary is relatively less robust than in M. culbertsoni and approaches
more nearly the condition in Merychyus. The horizontal bars separating the
large anterior palatine foramina are usually broken off; when present, they are very
delicate, as in Leptauchenia. The ascending process of the premaxillary is stronger,
but does not extend so high up upon the anterior nares as in Leptauchenia and
Cyclopidius; thus forming the anterior narial border from below for only two-
thirds of the distance to the nasals. In Merycoidodon the premaxillary touches
the nasals, while in Merychyus leptorhynchus 1t furnishes less of the border than in
the present genus. The premaxillary is always distinctly separated from the
magxillary by a suture and not completely coalesced with it, as in Merycochwrus
and Promerycocheerus.

The jugal reaches well forward on the side of the face and is relatively heavier
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below the orbit than in M. culbertsoni, though not so deep as in Merychyus or
Leptauchenia. The bone is much expanded transversely;® its anterior portion
forming a prominent part of the inflated ridge of the muzzle above described. The
zygomatic process of the jugal is bifurcated in the usual manner for the reception
of the squamosal process; the lower part forming a suture with the inferior border
of the squamosal process, and reaching back very nearly to the glenoid cavity;
while the upper prong is much shorter. The postorbital process of the jugal is
proportionally as well developed as in the Agriocharide generally.

The lachrymal takes up a considerable portion of the side of the face, but the
area 1s almost entirely occupied by the large and deep lachrymal fossa above de-
seribed. The superior border is emarginated for the facial vacuity. Inferiorly the
jugo-lachrymal suture is quite plain and indicates that the lachrymal furnished a
considerable part of the anterior border of the orbit. There is a large lachrymal
tubercle, and the lachrymal foramen is below this tuberele and very close to the
border, but within the orbit.

Unfortunately the nasals are entirely wanting in the type. While other speci-
mens in our series have this region complete Nos. 1276 and 1277 are the best pre-
served and present interesting features. IFrom the illustration (Pl. XVII, fig. 11)
it is seen that they greatly extend in front, more or less as in Promerycochaerus
carrikert; laterally they are imperfectly elliptical, while posteriorly they present
two parallel and lance-shaped processes, thus forming a serrated suture with the
median processes of the frontal (See Pl. XVII fig. 11). The nasals are not affected
from the frontal vacuities as in Leptauchenia, and are on the whole more like those
of Merychyus; the length, however, seems to have been subjected to a much smaller
evolutionary reduction than in the Merycoidodonts generally.

The Mandible. (Pl. XVI, fig. 31; Pl. XIX.)—The lower jaws of the type are
represented by the back part of the ascending ramus and the symphysis. The
symphysis is deep and strong. The posterior border of the angle is evenly rounded
below the inferior sigmoid notch. The latter is rather shallow. The condyle is
very slightly injured internally, but indicates that it did not have a great transverse
diameter. On the postero-internal face is a broad and plane facet, which extends
well down, and the external angle overhangs the temporal fossa in the usual man-
ner seen in other genera. The latter fossa is large and quite deep, but apparently
did not extend much below the horizontal line of the teeth, as is characteristie of
Leptauchenia and most genera of the Agriocheride. 'The coronoid process rises
steeply; 1t is in size of the usual proportions, and terminates in a rounded point,

*In the type this region has received much lateral crushing.
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which projects slightly backward. The superior sigmoid notch is relatively
deep as in Merycoidodon culbertsonz.

The lower jaws of No. 1335 are well preserved. They are as heavy as in M.
culbertsoni, but much shorter; the horizontal ramus is deep, but in the symphysial
region the two rami are more spout-shaped. There is a large mental foramen below
P;. Posteriorly below the temporal fossa the ramus is very convex from above
downward; the inferior border being quite strongly flexed inwardly as in Leptauch-
enia. The symphysis is strong, as in the type specimen, and the coronoid process
rises quite steeply. The temporal fossa is large and the angle rounded. The lower
jaws are on the whole perhaps more like those of Merychyus than Leptauchenia.

MEASUREMENTS. Type No.
¥ 1263 No. 1276
Erentestlen gt o At e s KT e it s B R e oo 8 185% mm. 192 mm.
Length from condyles to incisors. s BN SRR S S e e 0 s 175 mime
Length from posterior border of orblt to tl:e NI CISOTS MURMEReGp b Sl S Vb a0 102*mm. 98 mm.
Length from posterior border of orbit to the condyles......... ... ... .. ... .... 80 mm. 87 mm.
enggin @ff eltweelbnm (ool @ 0ok IR 4 oo as o o6 ooonan oossn s s saassaontsosos 95*mm. 92 mm.
Length from posterior end of alveolar border to the condyle® ... .. .. .. . 75 mm. 81 mm.
@reatest transverse diameterof theiskull... ... ... .. ... ... . . .. ........ 100*mm. 112*mm.
TwariavEnEe CHRmEHET @ GONONE: s ob o o8 600 0a0 6066060600808 a0aa508a0 808600000 28 mm. 33 mm.
Greatest transverse diameter of brain cavity............... ... .. ....... ... 45 mm. 52 mm.
Transverse diameter of frontals at middle of orbit............................ 42*mm. 49 mm.
Greatest transverse diameter of muzzle at anterior nares. ..................... 35 mm.
Transverse diameter of the palate at base of ineisors. ... ... ... ............... 18 mm.
Hliran Spersetdiam e tenio D Al e e b e i 23 mm.
Eian SNerseRAiamm e feTIO TR s b e e iV 33 mm.
T RGEEE CTEIETR O RIS 1 ML s o sabao 000 0e6 860 e ns a8 s onthnes8m s 33 mm.
Transverse diameter at base of post glenoid processes......................... 70*mm. 81 mm.
Transverse diameter of post glenoid process at base........... ............... 10 mm. 16 mm.
Antero-posterior diameter of post glenoid process at base..................... 9 mm. 9 mm.
Antero-posterior diameter of tympanic bulla. ... ... ... . .. ..o . 0., 28 mm. 28 mm.
Transverse diameter of tympanic bulla. . ........ ... . 16 mm. 19 mm.
Antero-posterioridiameter oftthelorbity e 28*mm.  28*mm.
Viariieall (R @i @17 (000 GIHEI00 o b6 6100 60.00/6: b8 60 b oo 5 e o bo oo o s o e Ses G 27*mm. 27 mm.
Vertical diameter of jugal below middle of orbit. . ... ... .. ... ... .. ......... 16 mm. 17 mm.

MEBASUREMENTS OF MANDIBLE oF No. 1335.

Creeinsh HEnEin aff e Gevs 5065 66 56 ond oh s o ot e b0 p0s Shpe oo e e s s o o e e 137 mm.
ILEmEin @ elirea e [meer @ TEEHE: o oo o oo aosnasens a60 a6 mAnaassocdaacsaasaaosdsass 91 mm.
Werticalfdiameterfoifansle s tico ndyl e N S il e e et 72 mm.
Vertical diameter of angle including coronoid process................................... 82 mm.
Vertical diameter of angle at M,. BN e e s e 36 e
Vertical diameter of angle at P,. e et G 28N
Transverse diameter at base of P], both rami mcluded R s 26 M

*Indicates approximate measurement.
5The fore-and-aft erushing of the skull causes the apparent shortness of this region in the type.
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Superior Dentition. (Pl. XVI, fig. 31; Pl. XVII, fig. 1.)—The incisors of Nos.
1277 and 1335 perhaps resemble those of Merychyus elegans more closely than
Leptauchenia.  The basal eingula on the posterior face of the crowns are less de-
veloped than, for instance, in M. culbertsoni. The erowns are rather short and the
teeth are set very close together in the alveolar border. The canine has the same
characteristic trihedral eross-section, which obtains in the true Merycoidodonts;
antero-internally are the two grooves separated by the sharp edge, which extends
parallel with the long axis of the teeth, antero-externally it is convex fore-and-aft,
while posteriorly it is vertical and straight by wear with the anterior face of P'.
The tooth has a strong fang, which causes a prominent eminence opposite to the
root on the lateral wall of the muzzle. The first premolar is separated from the
canine by a short diastema; the tooth is placed obliquely in the alveolar border, as
in Merychyus and other genera of the family. The proportional reduction in size
of this tooth is greater than in Merycoidodon : it 1s somewhat similar to what occurs
in Ticholeptus, and not nearly so great as in Leptauchenia or Merychyus. The
crown is quite hypsodont and the protocone is shifted further forward on the erown,
displaying in these particulars marked difference from the older genus Merycoidodon.

The second premolar 1s present in the type and is of the same relative size as
in the Oligocene genus Merycoidodon. The characters of the tooth, however, are dis-
tinctly marked and are easily distinguished from the latter genus; that is, the ex-
ternal face of the tooth in the present genus has a more even surface, with a much
less developed median vertical ridge, and the apex of the protocone is more anterior
on the erown, more closely approaching that of Merychyus and Leptauchenia. On
the anterior face there is a narrow groove bounded at the bottom by a delicate
cingulum; the groove is separated from a larger internal cavity by a sharp, vertical
ridge, which extends nearly to the apex of the ecrown, while in Merycoidodon the
ridge is confined more closely to the base. In the type the internal face of the erown
is much worn, so that these characters of the tooth are less distinet, but No. 1335
shows these features more perfectly. There is a second ridge, sometimes less sharp
and less developed (the deuterocone), which separates the antero-internal cavity
from a much larger posterior fossa; this ridge in Merycoidodon is always the more
prominent of the two ridges. The posterior fossa is bounded by a heavy cingulum
internally and by a long, sharp crest externally. The tooth is quite obliquely set
in the alveolar border. P?is much damaged in the type. Externally the erown is
convex antero-posteriorly with little or no evidence of a median vertical ridge; the
apex of the protocone is placed well forward on the erown, and the tooth in detail

appears to be rapidly assuming the characters met with in Merychyus. P?* presents



PETERSON: OSTEOLOGY OF PHENACOC@ELUS. 139

characters altogether similar to those in the latter genus; that is to say, the erown
is hypsodont, with a considerable antero-posterior concavity of the external face;
the inner crescent is less strongly developed, so that in a less worn tooth it appears
more like a very strong cingulum, with a widely gaping interspace between the
outer and the inner crescents. The internal cingulum is only very faintly repre-
sented. Molars one and two are damaged on their internal faces. The external
faces more closely resemble such genera as Cyclopidius, Ticholeptus, and Merychyus,
the median vertical ridges being directed forward to a greater degree, and the con-
cave portions extending less obliquely inward and downward than in Merycoidodon.
In No. 1335, which has the teeth best preserved, there is a slight anterior and pos-
terior cingulum on M!, while externally it is faintly represented and internally
entirely wanting. This 1s also true of M2 M? is practically complete. It is
relatively much longer and narrower than in Merycoidodon, and in this respect
holds an intermediate position between that genus and Merychyus. Characters
which closely parallel those in, for instance, Leptauchenia and Merychyus are: the
more antero-posteriorly compressed and forwardly extended external ribs or but-
tresses; the great hypsodonty of the teeth; the vertical position of the external faces
of the external crescent; and the deeper and more vertically walled interspaces

between the outer and inner crescents.

MEASUREMENTS SUPERIOR DuNTITION. Type No.
1263

Antero-posterior diameter of the superior dentition, approximately. . ... ... 5w o6 o 97 mm.
Antero-posterior diameter of premolars two, three and four. ... ... ... .. SRR et 33 mm.
Antero-posterior diameter of molar series. .......... ... ... ..... e e 1S mm.
ATTRO-OREIER GIEINCIHTR @1l 12254 o oo 0666618 560060806560 668 06000600 T 12 mm.
(ransverseXdiame el 02 a L0 T/ e Ly e 6 mm.
Antero-posterior diameter of M*. . ... ... ... ... .. St G e e e N e ML S N 20 mm.
Transverse diameter of M3. ... .. ... .. o B D e S T e e L S R el B R 14 mm.

Inferior Dentition. (Pl. X VI, fig. 31; Pl. XVII, fig. 2.)- The inferior dentition
of the type is represented by the roots of the incisors, canine, and portions of the
erowns and the fangs of the first and second premolars.

The incisors are very little, if at all, reduced in size, when compared with those
of Merycoidodon. The canine is incisiform as in the Oreodonts generally. P, was
of rather small size, which may indicate a sexual character. The tooth is set
obliquely in the alveolar border; the anterior edge of the crown is preserved and
indicates a lance-shaped strueture, which is better shown in more complete speci-
mens. P.is even more obliquely set in the jaw than P, and has two strong roots;
the antero-internal face of the erown is preserved, and shows characters similar to

those of the preceding tooth.
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In No. 1335 the inferior dentition, excepting the incisors and canine, is com-
plete. P, is more robust in this specimen than in the type. The tooth is convex
externally, has a stronger vertical ridge on the inner face, sharp anterior and
posterior edges, and the apex ascends much higher than the teeth back of it; thus
the unworn tooth is much like a lance-shaped canine, much as in the Oligocene
genus Merycoidodon. P, is set very obliquely in the jaw, the external face is less
convex than in Merycoidodon, and the tooth as a whole is very similar to that of
Ticholeptus zygomaticus, viz., the erown is hypsodont; the internal face is divided
into two simple and imperfect cavities by a heavy median ridge, which extends
from the apex downward to the base; the anterior cavity is not bordered internally
by a eingulum, while the posterior has a faint cingulum represented. P, is larger
than P., but is less oblique in the jaw. The external face is very similar to the
preceding tooth, but the internal face is more unequally divided by a vertical ridge.
As in the tooth preceding it, the anterior cavity has no internal cingulum, but the
smaller posterior cavity is well margined. In the bottom of this posterior cavity
is a thin, sharp ridge in the fore-and-aft direction, which subdivides the posterior
cavity. In P, the posterior cavity is completely surrounded, the internal erescent
being fully developed, forming a complete connection posteriorly and anteriorly.
The premolars are on the whole more hypsodont and narrower than those in Mery-
coidodon.

The molars are not unlike those in Merycoidodon, though more hypsodont and
narrower. The comparatively long and narrow M, of Merychyus is a well marked
feature in the present genus.

MEASUREMENTS INFERIOR DENTITION. Paratype

No. 1335

Antero-posterior diameter offinferior cheele dentition’. . - o : 90 mm.
AT tero-posterieRdiameterio il PIe 1o |/ e S 38 mm.
ANiir R oS e ( ETPEHER Off MOIRTS0 o a0 000008 600 506 m0m.055 006000366086 006086a08068 e 0 51 mm.
Antero-posteriordiameteniol Ry atiDase o CIio I A R s 11 mm.
Transversediameten o Ta D ase o iiC o WTI T b oS R e N S S 5 mm.
Antero-posteriondiameterio B otatinase M el CE O e S e S PP 10 mm.
TransverseldiameterdofRotatibDaserofl Cro Wi T U R s G P S P 5 mm.
Antero-posterioridiameterioft R giat base ol cromn s s i 12 mm.
IransyerseldiameteroB Rt Dase o CL oI e ) 5 mm.
Antero-posterioridiameter ol R rat base ol CromW S 14 mm.
(Bransverseidiameterio i Fa e s el ol I e P R 9 mm.
Antero-posterior diameter of M at base of crown....... .. ... ... ... . 0.0 000 13 mm.
‘PransverserdiameterntolPyInta tibaselo [ c o I S 9 mm.
Antero-posterior diameter of Mg at base of crown. .......... .. .. oo 0 22 mm.
Pransyerseldiametenio VIRt AScle C To WIS LA P 11 mm.
Antero-posterior diameter of Mg at base of crown. ... .. .o 0o oo gl 24 mm.

Transverse diameter of M3 opposite anterior Crescent... ... ... ..............ooieoinoan. I2 mm.
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The Vertebral Column. (Plates XVI-XIX.)—As previously stated the verte-
bral column of the type No. 1263 was found in position with all the vertebrae inter-
locked with one another, from the condyle of the skull to the sacrum; the latter
is represented by the pleurapophysis of the first sacral, and there are four anterior
caudals represented. In No. 1265 the sacrum is imperfectly preserved, and the
tail is represented by seven or eight vertebra next to the sacrum. With the excep-
tion of the sacrum and the caudal region we have thus an exact knowledge of the
vertebral formula of this genus which may be stated as follows: seven cervieals,
fourteen dorsals, six lumbars, five sacrals, and eight 4 ?caudals.

Atlas. (Pl. XVI, figs. 1, 8, 9.)—In comparing the atlas with that of the well-
known genus Merycordodon it is seen that the expanse of the transverse process in
the present genus 1s proportionally smaller, and also that the arterial foramen near
the posterior margin on the ventral face of the base of the transverse process is
absent. This foramen is apparently quite normal in both Merycoidodon and
Mesoreodon, here used for comparison.” The atlas is incomplete in the skeleton of
Leptauchenia here used for comparizon, but from Dr. Sinelair’'s paper (Proceedings
Amer. Philos. Soc., Vol. XLIX, 1910, fig. 1, pp. 197 and 199) it appears that the
atlas differs from that of the present genus by a greater development of the dorsal
arch and by the presence of the canal for the vertebral artery which perforates
the base of the transverse process.

Professor Scott has stated (The Mammals of the Deep River Beds, p. 133)
that the atlas of Mesoreodon “‘is rather more like that of the true ruminants than
18 that of Eporeodon.” The present genus has the width of the transverse process
even more uniform than in Mesoreodon and the posterior termination of the process
‘is more prominent than in the latter genus. The vertical diameter of the atlas is
very nearly the same as in Merycoidodon culbertsont (due partly to crushing) while
the transverse is much less than in that species. The cotyli for the occipital condyle
are well rounded, deep, greatly emarginated above, and less deeply separated at
their inferior borders than in Merycoidodon. The neural spine is quite rugose and
proportionally as prominent as in the latter genus. Again, the vertical diameter
of the articulation for the axis is greater, while the transverse is less than that of the
older type. The neural canal is well proportioned in size, as are also the canals for
the vessels.

The Axrs. (Pl. XVI, fig. 2.)—The axis is on the whole more nearly like that of
Merychyus than Merycoidodon. The neural spine and the body is, however, like

"The absence and presence of this arterial foramen is apparently varied in these genera since hoth

Wortman (Bull. Amer. Mus. Nat. Hist. Vol. VII, 1895, p. 149) and Scott (Trans. Amer. Philos. Soc.,
Vol. XVII, 1893, p. 133) state that it is absent in the material which they studied.
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that of the latter genus, but the cephalic articular surface has a greater vertical
diameter, the odontoid process is broader, more depressed, and more distinetly
spout-shaped, and there is no median rounded ridge on the superior face of the
odontoid process and centrum as in Merycoidodon. The anterior exit of the verte-
brarterial canal has a tendenecy to become bridged over as in Merychyus and also
in the recent peccary; this feature of the present genus is relatively that which
obtains in Promerycocherus carrikeri, and apparently shows another mark of prog-
ress in modification from earlier types. The posterior perforation is smaller than
in Merycoidodon. 'The inferior keel 1s quite prominent and terminates posteriorly
in a rugose tubercle, which extends well back under the centrum of the succeeding
vertebra, when in position in the neck. In Leptauchenia the body of the axis appears
to be broader, the odontoid process less spout-shaped, and the transverse process
heavier than in the present genus.

The Third Cervical Vertebra. (Pl. XVI, fig. 3.)—The chief characteristic
difference of this vertebra from that of Merycoidodon, and apparently also of
Merychyus, is its proportionally longer neural arch. The tubercle on the inferior
face of the centrum also projects downward to a greater degree and suggests that
of Leptauchenia and also that of Agriochwrus guyotianus (Bull. Amer. Mus. Nat.
Hist., Vol. 11, 1895, p. 150). The neural spine is broken off, but the fracture indi-
cates a rather delicate spinous process, which was apparently less developed than
in Merycoidodon. The zygapophyses are heavy, the posterior having a greater
lateral expansion than the anterior, in order to meet the laterally expanded pre-
zygapophyses of the succeeding vertebra. The transverse process has approxi-
mately the same relative strength as in Merycoidodon culbertsont and is lighter than
in Leptauchenia. The arterial canal is rather small.

The Fourth Cervical Vertebra. (Pl. XVI, fig. 4.)—This vertebra differs from
the preceding only in minor detail. The transverse process is slightly heavier and
the process on the inferior face of the centrum is more prominent than in the third

cervieal.

The Fifth Cervical Vertebra. (Pl. XVI, fig. 5.)—The transverse processes and
the tubercle on the inferior face of the centrum of this vertebra are damaged; it
:an be seen, however, that the inferior keel and tubercle are smaller than in the
preceding vertebra, a character also shown in the fifth cervical of Leptauchenia.
The neural spine is also damaged, but the base indicates that the spine is robust
and Increases in size as in most genera of the family. The vertebrarterial canal
pierces the pedicle at the base and 1s of rather small size.

The Sixth Cervical Vertebra. (Pl. XVI, fig. 6.)—The centrum of this vertebra
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is more depressed than in the preceding vertebra; the inferior keel is feebly de-
veloped; the neural spine is quite robust, the pedicles are heavy, with a larger
vertebrarterial canal than in the preceding vertebra; the pre- and postzygapophyses
are heavy, and the inferior lamella of the transverse process droops greatly, and
undoubtedly is hatchet-shaped in general outline, as is the case in most genera of
the family.

The Seventh Cervical Vertebra. (Pl. X VI, fig. 7.)—The seventh cervical has the
usual broad and depressed centrum and the high neural spine. The transverse
process is quite heavy and outwardly projects horizontally and slightly forward;
the pedicle is somewhat more compressed antero-posteriorly at the base, so as to
cause a deeper intervertebral notch than in the preceding vertebra. There 1s no
vertebrarterial canal. The cervical region as a whole is proportionally as heavy
as in Merychyus, and similar in details of structure.

The First Dorsal Vertebra. (Pl. XVI, fig. 10.)—This vertebra has the usual
high and very robust neural spine; the spine is perhaps even higher than in Mery-
cotdodon; and it is more attenuated and of greater antero-posterior diameter than
in Leptauchenia. The centrum is depressed with a heavy and irregularly shaped
keel. The anterior surface for the preceding vertebra is strongly convex and the
capitular and tubercular facets for the first rib are separated only by a narrow and
rather shallow groove on the base of the transverse process. The posterior face of
the pedicle and the superior face of the centrum are quite deeply emarginated,
forming a deep intervertebral notch, but the noteh is not continued so far back on
the anterior face of the transverse process as, for instance, in Merycoidodon cul-
bertsoni. The postzygapophyses are less distinetly separated than in the latter
species, and just above the facets, at the base of the neural spine, is a deep, round
pit, which is similar to that in Merychyus.

The Second, Third, Fourth, Fifth, Sixth, and Seventh Dorsal Vertebre. (Pl
X VI, figs. 11 to 17.)-—In receding order the centra of this series become less depressed
vertically, more sharply and distinetly keeled, and the transverse processes decrease
in length. The neural spines become gradually reduced in size and more backwardly
inclined from the first to the last vertebra in this series. In Leptauchenia the neural
spines have the antero-posterior diameter smaller. The proportionally greater
vertical, and smaller transverse diameters of the centra in this series of dorsals,
are striking characters, which differ from what is seen in Merycoidodon, in which
the centra of the corresponding series are broader and vertically more depressed.

The Eaghth, Nunth, Tenth, and Eleventh Dorsal Vertebre. (Pl. XVI, figs.

17 to 21).—This second series of dorsals has characters quite distinet from those of
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the anterior series. The neural spines in these assume a more vertical position and
have a greater antero-posterior diameter at their summits. The centra, however,
continue high and narrow, as in Promerycocharus carrikeri, and unlike those in
Merycoidodon culbertsoni, which have the corresponding centra much depressed
and expanded transversely, somewhat like those in the recent peccary. The
transverse processes are higher up, and the aseending mammillary processes over
the prezygapophysis gradually inerease in length and prominence from the first
to the last vertebra in this series. There are no distinet intervertebral foramina
found on the sides of the pedicles.

The Twelfth Dorsal Vertebra. (Pl. XVI, fig. 21.)—This bone is chiefly charac-
terized by having less perfectly interlocking prezygapophyses than is the case in
Merycoidodon and Promerycocharus. The postzygapophyses, on the other hand,
have the articular surfaces rounded and similar in character to those of the lumbar
series. The neural spine of this vertebra is more vertical than in those preceding it.
The transverse process is located well forward on the side of the centrum and has an
articular surface for the tuberculum of the rib, as in Promerycocharus carrikeri and
as in the eleventh dorsal in Merycoidodon culbertsoni. The eentrum is high, na,l‘r'm-\;,
and more gradually tapering downward, and consequently presents a sharper and
more prominent keel than in Merycoidodon.

The Thirteenth Dorsal Vertebra. (Pl. XVI, fig. 22.)—The neural spine of this
vertebra has the true anticlinal position, while the spine of the vertebra preceding
it is more nearly vertical. The transverse process is also less developed and there
is no facet for the tubercle of the rib.

The Fourteenth Dorsal Vertebra. (Pl. XVI, fig. 23.)—On the left side of the
centrum of this vertebra is preserved a facet, which definitely indicates that the
bone supported a small rib. Furthermore, there were found fourteen ribs on each
side in very nearly their relative positions and more or less complete, leaving no
doubt that we are here dealing with the last thoracie vertebras.

The centrum is high, narrow, and sharply keeled. The transverse process is
quite well developed and occupies a median antero-posterior position on the upper
part of the side of the centrum. The neural spine is broad antero-posteriorly,
much compressed laterally and the pre- and postzygapophyses have a lumbar
pattern. The vertebra as a whole is quite suggestive of the corresponding bone in
Leptauchenia. 1t is also similar to the corresponding vertebra in Promerycocherus
carrilert, but with the keel less produced.

*In the skeleton of Leptauchenia decora at Princeton (No. 10773) here used for comparison, there
are fourteen dorsal vertebre. From Sinclair’s studies (L.c. p. 198) this fact is already known.
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The First Lumbar Vertebra (Pl. X VI, fig. 24.)— The transverse process of this
vertebra suddenly increases in size, the antero-posterior diameter being twice that
of the bone preceding it; the free end is also broader and more attenuated; there
are otherwise only very few differences between the two bones.

The Second, Third, Fourth, and Fifth Lumbar Vertebree. (Pl. XVI, figs. 25
to 28.)—This series of lumbars are so similar to one another that a description for
each one is not regarded as necessary.

The centra, when compared with those in Merycoidodon culbertsoni, are high
and narrow, the transverse processes relatively somewhat shorter, and the neural
spines less forwardly inclined. In Phenacocelus typus the transverse processes in
receding order gradually increase in their antero-posterior diameter. The greatest
antero-posterior diameter of the centrum appears in the fourth lumbar; the neural
spine, which is wanting in the material examined, may also be in this vertebra the
largest. Posteriorly, at the base, the neural spine of the fifth lumbar vertebra is
less compressed transversely than in the preceding vertebra. In Leptauchenia the
centra are somewhat more depressed, the transverse processes longer and more
compressed fore-and-aft than in Phenacocelus, while the neural spines are similar
in the two genera.

The Sixth Lumbar Vertebra. (Pl. XVI, fig. 28.)—The centrum is more de-
pressed and shorter than in the preceding vertebra, but in comparison with that
of Merycoidodon it is high, and is more nearly like the centrum in Merychyus. The
transverse process is shorter and the antero-posterior diameter of the neural spine
less than in the vertebrz in advance of it. The left transverse process and post-
zygapophysis are wanting, but on the right side the lamina bearing the post-
zygapophysis of the first sacral vertebra was found in position in the rock, so that
the number of lumbar vertebr® in this specimen is regarded as correct. (See Pl
XVI, fig. 35).

The Sacrum. (Pl. XVI, fig. 35.)—Unfortunately in the type the sacrum is
represented only by the right pleurapophyses and part of the prezygapophysial
process of the first sacral vertebra. From the imperfectly preserved sacrum of
No. 1265 it is possible to determine that the ilium is supported almost entirely by
the pleurapophyses of the first sacral as in Merychyus. There were probably five
or six sacral vertebra as in Leptauchenia.

The Caudal Vertebre. (Pl. XVI, fig. 30.)—As indicated by the proximal eight
caudals of the type, the tail, though of considerable length, was apparently not as
long as in Merycoidodon. The neural arch soon disappears, the third caudal al-
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ready having an imperfect canal, and the zygapophyses and neural spines are of
rather small development. The transverse processes of the present series are, how-
ever, quite prominent.

MEASUREMENTS

Length of vertebral column from condyles of skull to sacrum, all curves of the eolumn in-

CIU B i apil T s e e s e R R I T S e IR 605 mm.
Cervical region: Jeneth . ot s e L T g N 125 mm.
Dorsal region, denptlit oo e e b SR g L e TR R 305 mm.
Lutnbar remion . Jeme b o b im0 e N S S 160 mm.
/N B oY R Ko U HET O (OIE (0 NI E EN B\t 00 3 05 00 s 01 6015 1 ' 670080 5156 0.6 0 0 10 08 0.6 05 & 8010 76, 6/66 0 33 mm.
A R E Ve A G s | e 56 mm.
Atlastransverseldiameterioficon dyl an At et o e S S 31 mm.
AttlasSverficalidiameterioficond il amaarbiClIl e b1 o T S S 17 mm.
Attlas;oreatestivertical idiam e e r s R e 28 mm.
Axis, preatest vertical diameter......... ..o R L e R ) e e S e e 44 mm.
AXISTtTransv.erse diameterioitTaN SVEESADEG CCIS S TSNS 32 mm.
Axis, antero-posterior diameter of centrum, odontoid process included. . .. .. .. ... ... . .. 36 mm.
Al s e n o hilo i 0T 0T 6 L O TR0 G e S s o e 11 mm.
Axis, vertical diameter, hypapophysis included . ... ... .. 0. ... ... ... ... e 15 mm.
Axis, transverse diameter of centrum, posterior measurements: . ... .........enabnanen.. 14 mm.
Axiss transyversetdiame e atrar bl el et om o e bl o/ e A et 30 mm.
Fourth cervical; antero-pesterior'diameter of eentrum. . .. .0 00 0 21 mm.
FFourth cervieal; vertical diameter of centrum, hypapophysis ineluded . .. ... ... . ... .. .. 19 mm.
Fourth cervical; vertical diameteriof hypapophysis. . o 9 mm.
Fourth cervical; transverse diameter across transverse proCesses. .. ... .........eueeennnn. 30 mm.
Fourth cervical; transverse diameter of centrum, posteriorly. . ... .. ... 0 i s B 13 mm.
Seventh cervieal; antero-posterior diameter of centrum. ... ... ... . ... .. ... R 18 mm.
Seventh cervical; transverse diameter of centrum posteriorly. . ........ ... ... ........... 18 mm.
meventh cervical: vertical diameter of centrum; pPoStEEIOLIY. - . 0 i 11 mm.
Thrstidorsals anteros POst e I0RIcl 18I e 5T 0 e Tt U T e e s 18 mm.
First dorsal; transverse diameter at transverse ProGesses. . . .. ...t e e i 3 38 mm.
Firstidersal:itransyverserdiametert o ce ntnum D os e Loy S 22 mm.
First dorsal; greatest height in its position in the skeleton, approximately. ... ... ... ... ... 75 mm.
BighthidersalZianteroposternondiame e o lc el e 20 mm.
[lighth dorsal; transverse diameter of centrum posteriorly. ... .. ... .. ... .. .. e B 12 mm.
Eighth dorsal; greatest height in its position in the skeleton. ... ... ... ... ... ... ....... 52 mm.
Fourteenth dorsal; antero-posterior diameter of eentrum. ... ... ... ... ... ......... e 23 mm.
Fourteenth dorsal; transverse diameter of centrum, posteriorly .. .. . e R B s 12 mm.
Fourteenth dorsal; vertical diameter of centrum posteriorly. ... .. ... .. . ... .. ... ... ... 12 mm.
Fourteenth dorsal; greatest height in its position in the skeleton......................... 40 mm.
Tihirdflumbarsiantero=postieri Ordiam e te i o T c e D 1 s 27 mm.
Third lumbar; transverse diameter at transverse processes. . . ........................... 50 mm.
Third lumbar; transverse diameter of centrum, posteriorly.. ... ....... ... .. ....coouoo.. 17 mm.
Third lumbar; vertical diameter of centrum, posteTiorly. ... .. i 13 mm.

Third lumbar: greatest heightfinits positiontint the skeletomi s 39 mm.
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THE RIBS.

As stated above, there are twenty-eight ribs (fourteen on either side) repre-
sented in the type of this genus. Those in front are quite heavy and flattened;
they are more expanded at the costal facet than in Merycoidodon culbertsoni. The
tubercular and capitular facets are close together and the shaft of the rib has ap-
proximately the same curvature as in the latter genus. In the mid-dorsal region
the ribs are less flattened, and further back they rapidly decrease in size, the thir-
teenth and fourteenth lacking the tubercular facets. The sternum is not present
in the type and there are no sternebra represented in the material at hand.

THE SCAPULA, HUMERUS, RADIUS, ULNA.

The Scapula. (PL. X VI, fig. 32.)—Both scapulz are present in the type. The
feeble development of the metacromion on the spine of the scapula in the present
genus is an interesting feature. The area from the angle of the metacromion as
far as the middle of the spine is rather broad and rugose, but there is no distinet
metacromion process, such as is seen in Merycoidodon culbertsoni and in Pro-
merycochwerus carrikers. This lack of a metacromion reveals a significant approach
toward the condition in later selenodont artiodactyls and does not point especially
toward an aquatic habit. In the recent peccary the thickened border, representing
the metacromion, is nearer the suprascapular border than the glenoid cavity. Inthe
present form the direction of the acromion process ( 7. e., downward and forward)
1s quite similar to that in Merycoidodon, while further up the spine is less curved
and slightly overhangs the postscapular fossa. The latter fossa is deeper and a
trifle larger than the one in front of the spine. The glenoid border is very heavy
and everted, so as to add to the depth of the postscapular fossa; above it terminates
in a small and oblong tuberosity at the posterior angle. The coracoid is quite small
and terminates in an obtuse hook-like process at the internal face of the head.
There is a decided neck, while the blade again expands above, so that the infra-
and post- spinous fossz are of very nearly equal width at the vertebral border.
The antero-posterior diameter of the glenoid cavity is approximately the same,
while the transverse diameter is less than in Merycoidodon culbertsoni, thus present-
ing a more oblong articulation in the present genus. The sub-scapular fossa is
comparatively small. The scapula of Leptauchenia is shorter and broader than
in Phenacoceelus, but otherwise this bone in the two genera is very similar.

The Humerus. (Pl. XVI, fig. 33.)—The right humerus is quite completely
preserved in the type. In correspondence with the oblong glenoid cavity on the
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scapula the articulating surface of the head of the humerus has a somewhat greater
antero-posterior than lateral diameter, and it is less convex than in Merycoidodon.
The greater tuberosity is relatively larger, especially in the antero-posterior direc-
tion, but rises less above the articulation of the head, while its extent across the
entire anterior face is similar to that in Merycoidodon. Part of the lesser tuberosity
is damaged, but it can be determined that it is relatively as robust and as large as
in Merycoidodon. The bicipital groove is of moderate size and is apparently more
open above than in Merycoidodon culbertsoni and Promerycocherus carrikeri. On
a direct front view the shaft presents a sigmoid curve, which has, to a small extent,
been caused by crushing. The deltoid ridge is quite prominent, more so than in
Merycoidodon. The shaft, though much shorter, is very nearly as heavy and
rounded as in Merycoidodon culbertsona.

The distal trochlea is characterized by the same obliquity as in Promery-
cocharus carrikery. Unfortunately the inner face of the internal econdyle is broken
off, but, judging from the very broad inter-condylar ridge, the transverse expanse
of the distal end must have been considerable. The external trochlea is relatively
somewhat smaller than in Promerycocherus carrikert and much smaller than in
Merycoidodon culbertsoni. This is a marked advance towards the condition found
in the recent Artiodactyla. The small part of the internal epicondyle, which is
present, indicates that it had perhaps very nearly the same relative size asin Mery-
coidodon. The anconeal fossa is high and rather narrow, the external border over-
hanging the fossa more than is seen in the latter genus and in Promerycocheerus.
There is a perforation of the thin wall of this fossa, which may, or may not, be a
true supratrochlear foramen. The supinator ridge is only moderately prominent.

In Leptauchenia the humerus is of the same proportionate length as in the genus
under description, but the bicipital groove is larger, the proximal end of the shaft
heavier, the portion above the supinator ridge slenderer, and the trochlea and distal
end broader.

The Radius. (Pl. XVI, fig 34; Pl. XIX.)—The radius is characteristically
merycoidodont; thus the broad head and round shaft are at once recognizable
features. The external division of the humeral facet of the radius is much reduced,
the ridge separating it from the median region is less prominent, while the median
and internal facets are proportionally larger than in Merycoidodon. This is quite
in keeping with conditions found on the distal trochlea of the humerus. The
radius shows no indication of coalescence with the ulna, but the head is articulated
more firmly with the anterior face of the ulna than in Merycoidodon. The broad
transverse surface of the head rapidly decreases downwardly, so that the shaft
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very soon becomes quite rounded, even more so than is observed in Oreodonts
generally. More distally the shaft again arches more backward and is flatter
transversely.

The distal end of the radius is more strongly flexed outward than in Mery-
cotdodon, so that the manus, when in position, points outward rather unusually.
The transverse and antero-posterior expansion are very nearly as great as in Mery-
cotdodon culbertsoni. The anterior face is well marked by the broad groove for the
extensor tendon. The distal articular facets are injured, especially the one for the
scaphoid; however, enough is preserved to indicate the great obliquity of this facet
as in the larger Oreodonts (Promerycocherus montanus, P. carrikeri, and Mery-
cocheerus) and also to show that the facet was flexed quite high on the radial pos-
terior angle. The lunar facet is of relatively greater transverse diameter than that
in Merycoidodon, and it has a higher pogsition on the bone than is seen in the latter
genus.

The proximal end of the radius in Leptauchenia is more suddenly expanded
transversely than in Phenacocelus. The shaft has a greater forward how and the
distal end has a proportionally greater antero-posterior and less transverse di-
ameter than in the latter genus. The oblique position of the facets for the carpus
in Leptauchenia is especially similar to that of Phenacoceelus deseribed above.

The Ulna. (Pl. XVI, fig. 34; P1. XIX.)—The ulna is not reduced and is even
comparatively more robust than in Merycoidodon culbertsoni. The upper end of
the olecranon process was found incomplete, but what remains indicates that it
was as heavy as in the Oreodonts generally. In correspondence with the narrow
anconeal fossa of the humerus the upper humeral articulation of the sigmoid cavity
is small in transverse diameter, when compared with Merycoidodon, while the lower
portion of the cavity is actually broader than in the latter genus. The internal
angle of the humeral articular surface is well developed and extends nearly even
with the internal face of the head of the radius. Externally there is a broad facet
for the head of the radius. This facet is bounded externally by a very prominent
ridge, which continues downward, as the antero-external border of the shaft, and
is much more prominent than in Merycoidodon. The shaft of the ulna presents a
trihedral section in the upper portion, while lower down it is more nearly flat; it is
much arched in order to accommodate itself to the curve of the shaft of the radius.
Postero-radially is a prominent ridge, which extends from near the distal end one-
third up on the shaft and overlaps the posterior face of the shaft of the radius, as
in Promerycocherus carrikeri. This feature is far more prominent than in Mery-
coidodon. The cuneiform facet has a relatively greater transverse, but somewhat
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less antero-posterior diameter, than in the latter genus. Furthermore, the facet
18 more convex antero-posteriorly and extends higher up upon the bone in front and
behind; the pisiform articulation is consequently quite continuous with that for
the cuneiform,

The distinguishing feature of most prominence in the ulna of Leptauchenia
is the great development of the tubercle for the attachment of the internal humeral
part of the triceps muscle. This tubercle, located on the antero-internal angle of
the upper end of the olecranon process, is proportionally much more developed
than in Phenacocelus and greater than in any genus of the family known to the
writer, Agriocherus latifrons from the Oligocene included. In size the ulna of
Leptauchenia is fully as large, if not larger, proportionally than in Phenaccceelus.
The distal portion of its shaft does not overlap the posterior face of the shaft of the
radius as in Phenacocelus, as already described.

THE CARPUS.

The carpus is actually higher than in Merycoidodon and very nearly as broad;
otherwise the structure of this region bears a close similarity to the latter genus,
with which it is herewith compared.

Scaphoid. (Pl. XVII, figs. 5, 6.)—The scaphoid is higher than in Mery-
coidodon, its transverse diameter smaller dorsally, while on the palmar side it is
broader. The articulation for the radius is more convex anteriorly and rises more
rapidly on the ulnar side,* but the posterior part of the articulation is less strongly
concave antero-posteriorly. This is due to the less elevated palmar protuberance
in Phenacocelus. This palmar protuberance is produced rather more radially in
the latter form, so that the palmar face is proportionally and actually broader
than in Merycoidodon. On the ulnar side the bone in the type is more deeply
excavated, and overhangs above more in the ulnar direction, so that the superior
ulnar angle of the bone reaches over and forms a contact with a corresponding
face on the radial side of the lunar.” The inferior articulation for the lunar is of
greater vertical extent than in Merycoidodon, but, as in the latter, it continues
quite to the palmar face of the scaphoid. The distal surface is unevenly divided
by a well-defined ridge, which extends antero-posteriorly and separates the larger
facet for the magnum from the smaller facet for the trapezoid. Both facets are
concave antero-posteriorly.

The scaphoid of the specimen of Leptauchenia at Princeton (No. 15757) 1s
incomplete. It is possible, however, to ascertain from the fragment that the facet

"The elevation on the ulnar angle is variable.
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for the radius did not extend downward so much on the dorsal face as in Phena-
coceelus, while in the palmar radial region there is a more rapid elevation of this
facet, due to the greater elevation of the palmar protuberance in this region. The
facets for the magnum and the trapezoid are more nearly subequal in size and sep-
arated by a ridge of greater prominence than in Phenacoceelus.

Lunar. (Pl. XVII, figs. 5, 6.)—The lunar is higher than in Merycoidodon
culbertsoni. Proximally the facet for the radius is deflected lower down on the
anterior face of the bone, so that the articulation is more obliquely convex fore-
and-aft than in the latter genus. On the anterior face of the lunar there is a hori-
zontal and rugose ridge at the termination of the deflexed articular facet for the
radius, which extends quite across the anterior face of the bone, causing the dorsal
surface below this band to be concave vertically. Radially the lunar is much exca-
vated and the facet for the scaphoid is less distinetly separated from that of the
magnum than is seen in Merycordodon; 1t is also quite strongly convex antero-
posteriorly, and the beak of the lunar reaches well down, but does not come in
contact with the head of the third metacarpal. On the ulnar side the bone is
excavated deeply, but the prominent elevated lip, near the proximal face of the
lunar in M erycoidodon, is much less prominent and less overhanging in Phenacoceelus;
the cuneiform facet is also more restricted to the anterior portion of the bone.
Distally the lunar is, as in Merycoidodon, almost entirely taken up by the some-
what obliquely placed facet for the unciform. The bone has a much smaller trans-
verse diameter posteriorly than in Merycoidodon.

The lunar of Lepteuchenia is broader and lower than in Phenacocelus. The
facet for the radius is narrower, less convex antero-posteriorly, and has a more
oblique position than in Phenacoceelus. Distally the beak-like process is shorter
and placed further from the radial face of the bone than in the genus under de-
seription, but the bone rests almost entirely on the unciform as in the latter genus.

Cuneiform. (Pl. XVII, figs. 5, 6.)—The cuneiform is quite characteristic.
All its diameters, except the antero-posterior, are greater than in Merycoidodon.
The articular surface for the ulna is more deeply set, the anterior border of the
articulation being higher than in the latter form and more closely approaching the
condition found in the recent peccary. The anterior face of the cuneiform is less
convex than in Merycoidodon culbertsoni; and on the radial face there is a deeper
excavation above the lunar facet. The latter facet is more convex and higher near
the anterior face, then gradually decreases in height posteriorly, while the facet
in Merycoidodon is slightly convex antero-posteriorly and is as high behind as in
front. On the ulnar side the cuneiform greatly overhangs the unciform, even more
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so than in Merycoidodon. The posterior face is an unevenly convex and rugose
surface. The facet for the pisiform is not so close to the ulnar angle of the bone as in
the latter genus. On the distal surface the bone has a large cup-shaped facet for
the unciform,

In Leptauchenia the cuneiform is relatively broader and shallower than in
Phenacocelus. The articulation for the ulna is quite similar to that in the latter
genus, while that for the pisiform is proportionally larger. The articulation for
the unciform 1s also less eup-shaped than in Phenacoceelus.

Pisiform. (Pl. XVII, fig. 5, 6.)—The pisiform, though similarly constructed,
is much more delicate than in Merycoidodon. The vertical diameter is somewhat
greater, while transversely i1t is much more attenuated, and its entire length is
also less than in that genus.

The pisiform of Leptauchenia is proportionally somewhat slenderer than in
Phenacocelus, but otherwise the bone is similarly constructed in the two genera.

Unciform. (Pl. XVII, figs. 5, 6.)—The general outline of the uneciform is
very similar to that in Merycoidodon, but a closer examination reveals a number of
characteristic differences. The bone in the present genus has comparatively
greater vertical and smaller transverse diameter. The proximal surface of the
unciform, which supports the lunar and cuneiform, has an unusually even con-
vexity, showing little or no separation between the two facets. On the postero-
radial angle of the lunar articulation is a small round facet, which articulates with
a corresponding facet on the end of a projecting arm on the ulnar side of the mag-
num; this is the only point of contact between the latter bone and the unciform.
On the anterior face the unciform is slightly convex in all directions, and near the
proximal angle 1s a narrow groove, which extends across nearly the entire width of
the bone. Radially the uneciform is partly taken up by the articular surface for
Me. III, which is succeeded by a deep excavation further back. The articular
facets for the fourth and fifth metacarpals are divided by a prominent ridge di-
rected antero-posteriorly. The latter facets are concave antero-posteriorly, the
two facets together forming a saddle-shaped appearance. The facet for the fourth
metacarpal has a proportionally smaller transverse diameter than in Merycoidodon.

The unciform of Leptauchenia available for comparison is not entirely com-
plete, but it is easily determined that the bone is proportionally broader, lower,
and the palmar hook shorter than in Phenacocelus. '

Magnum. (Pl. XVII, figs. 5, 6.)—The magnum is proportionally smaller than
in Merycoidodon culbertsoni. The chief characteristic difference from that of the
latter genus is the greater vertical ulnar face of the bone. The lunar facet in the



PETERSON . OSTEOLOGY OF PHENA COC@ELUS. 153

present genus is less oblique and does not extend over the top of the posterior
convex surface as in Merycoidodon, but articulates with the lunar laterally. The
facet for the scaphoid is the only articulation, which is entirely proximal in the type
specimen, and it is much convex antero-posteriorly, with an oblique downward
slope from the ulnar to the radial side. Radially the magnum is deeply emarginated
for the contact with the trapezoid. The small anterior face is slightly convex and
rugose. Distally the bone has one large saddle-shaped facet for the third metacar-
pal. The palmar hook is less prominent than in Merycoidodon, but in the type
there is present the characteristic articulation on the ulnar side for a corresponding
facet on the postero-radial side of the palmar process of Me. IT1. In other indi-
viduals the latter character is less noticeable, or entirely wanting in the present
genus.

Trapezoid. (Pl. XVII, figs. 5, 6.)—The trapezoid is an irregular nodular bone,
which articulates with the magnum, as in Merycoidodon; and, as in that genus, the
distal end is almost entirely taken up by the articular facet for Me. II. The small
round facet for the trapezium is located well down on the posterior face of the bone.
As a whole the trapezoid is approximately of the same relative size as in Mery-
cotdodon.

Trapezium. (Pl. XVII, figs. 5, 6.)—The trapezium is also of the same relative
size as in Merycoidodon, but there is no facet for the first digit. On the other hand
there appears to be a small rounded facet on the ulnar side, which articulates with
the postero-radial face of the head of Me. I1.

The magnum, trapezoid, and trapezium are not present in the material of
Leptauchenia from Princeton here used for comparison.

THE METACARPALS AND PHALANGES.

There is no evidence of a pollex in the manus of Phenacocelus. The end of
the second metacarpal is wanting, as is also that of the fifth. The chief differences
between the metacarpals of the present genus and Merycoidodon are: the more
robust, though perhaps somewhat shorter, Mec. V; and the general broadness and
more flattened condition of the metacarpals in Phenacocelus. The length of Me.
IIT and Me. IV is approximately the same as in Merycoidodon; the distal ends are
rounded in a similar manner; and the articular surfaces for the carpals are similar.

There are no phalanges of the manus preserved in the type, but from the para-
types it is observed that these bones are depressed as in Merycoidodon, and are
also fully as long or even longer than in that genus. The terminal phalanges are
somewhat more depressed and broader than in Merycoidodon.

The metacarpals and phalanges of Leptauchenia are incompletely represented
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in the material from Princeton here used. However, it is clear that the shafts of
the metacarpals appear to be broad and flat, as in Phenacocelus. The phalanges
of the proximal and median rows are also depressed and broad as in the latter
genus, while the unguals in Leptauchenia are poorly represented, the only one
present being of a lateral digit, and appears to be pointed, high, and rather narrow.
From Dr. Sinclair’s study of Leptauchenia (I. c¢. p. 197, fig. 1) it would appear that
the metacarpals are shorter than the metatarsals approximately in the same pro-
portion as in Merycoidodon.

MEeAsUREMENTS OF ForeE Liuvs. Type No.
1263

eapiila, Hetg bt b e e 106 mm.
Scapula, antero-posterior diameter at vertebral border. ...... ... .. ... .. .. o i i 75 mm.
Scapula, antero-posterior diameter of glenoid cavity including coracoid. . ...... ... .. ... ... 24 mm.
Seapulaiftransyerseldiameter o] enoiclie vty e 15 mm.
YRRl oty IR NIERAR @I 0 T Do 06 0/ 0 6.0/ 0.6/550 0 610605 606000000 50600006060800a00000a0000 19 mm.
Humerils, greatest leno bl v s e 137 mm.
Humerus,fantero-poster ortdlamm e ber ol8 et S 37 mm.
Humerns transVers e o T e he o flly e c] S s bR S U S 29 mm.
Humerus, transverse diameter of distal end, approximately.............. .. ............. 27 mm.
Humerus; antero-posterionidiameter: ot st o lie m o P 21 mm.
Rading; greatestdensth ot i rrm i U 109 mm.
Ria/din SEbran syersclal aIme GETEo T e o] s R PR PR 20 mm.
Radius, antera-posterion di e (e no e a c o A U PR SR 10 mm.
Radius, antero-posterior diameteriofidistalien o 10 mm.
Radius itransversetdisnnel eriof st al ey d S 19 mm.
Ulna¥ereatestilenathifapproxinn ey e P S o PP 140 mm.
Ulna, transverse diameter of sigmoid cavity, inferior part. .. ... ... .. ... ... ... ... . ... 20 mm.
Ulna; transyerseldiameter ol d1stal i e (e 11 mm.
Ulna, greatest antero-posterior diameter of distal trochlea....... ... ... ... .. ... ... ... .. 4 mm.
Earpusiiheight i atiulnarsnne] e e R R SIS R A R 20 mm.
Carpustbreadih i proxim i momao a0 T0c S S SN RPy D R SERTP 26 mm.
Pisiform; totalength s e e 18 mm.
Metacarpal - TIL . TenShh e i b i e e o e L DS R S 53 mm.
Mietzearpal SV e ngth s r aE At S CH ot A R R e T e 52 mm.

THE HIND LIMB.

Pelvis. (Pl. XVI, fig. 36.)—The right ilium and the anterior part of the ischium
are the only parts of the pelvis preserved in the type specimen. The chief point of
difference between Merycoidodon culbertsoni and Phenacocelus at this point is the
much heavier and more rugose acetabular border in the latter. The border above
the sacro-iliac contact of the ilium is broken off, but on the whole the vertical
diameter of the ilium seems to have been somewhat less than in Merycordodon.
The fragment of the ischium indicates similarities to the corresponding part in
Merycoidodon. The acetabulum is partly destroyed, but it is possible to ascertain
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that it is quite deep and that the anterior border is heavy and slightly curved back-
wards, so as to more completely lock the head of the femur than s the case in
Merycoidodon, and is in this respect more like what is found in Merychyus. Only
a part of the cotyloid noteh is preserved, which is in all respects similar to that in
Merycoidodon. From one of the paratypes (No. 1265), it is possible to determine
that the pelvis is broad posteriorly, forming a broad pelvie cavity as in Merychiyus.
The outline of the obturator foramen in this specimen is also present; it shows that
this foramen is of the usual size and proportions, and oblong in shape. The ascend-
ing process of the pubis is short, though quite robust, and the horizontal ramus
was apparently broad transversely.

In Leptauchenia the pelvie girdle 1s proportionally as heavy or possibly even
heavier than in the genus under discussion. The transverse expansion, especially
along the ventral borders of the ilia, is greater and the pelvie cavity is also apparent-
ly fully as great or greater than in Phenacoceelus, while the ischium and ilium to-
gether form a bar of bone more nearly straight in the fore-and-aft direction than
in the latter genus. This is due to the smaller prominence of the spine of the isch-
ium and to the less expanse of the ilium in the dorsal direction in Leptauchenia.

Femur—It is unfortunate that the femur of the type is represented only by a
short section of the shaft, which gives no character worthy of note, beyond the fact
that the circumference is similar to that in specimens provisionally referred to
another species of this genus, which will be described later. It may be provisionally
sald that the femur appears to be relatively longer than in Merycoidodon and Lep-
tauchenia. There is no patella preserved with the type specimen.

Tibia. (Pl. XVII, figs. 37-39.)— The extreme proximal end of the tibia is
broken off, otherwise the bone is complete. The shin-bone is, however, propor-
tionately stouter than that of Merycoidodon and also differs from that of Merychyus
minimus from the Upper Harrison beds. The enemial erest is very prominent and
overhangs the fibular side of the shaft to a greater degree than in both Merycoidodon
and Merychyus, and the anterior face of the shaft, below the crest, continues more
prominently to the distal end, so that the shaft has a marked obliquity in the
postero-fibular direction not seen in the other genera mentioned. The posterior,
the tibial, and the fibular faces of the shaft are not unlike what is seen in Mery-
coidodon. Distally, however, the tibia has a greater transverse diameter. The
internal malleolus, though somewhat shorter than in Merycoidodon, is fully as
robust, and has the usually everted free end for a more completely locked ankle-
joint; a common feature seen in this family. The trochlea displays the usual
oreodont features, viz, the narrow and low external groove, the broader and
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much higher located internal groove. The tibial face of the distal end is slightly
damaged.

Fibula. (Pl. XVI, figs. 37-39.)—The shaft of the fibula appears proportion-
ally as heavy as that of Merycoidodon. The distal end is, as usual, enlarged, quite
rugose, and with a deep excavation on the tibial face for contact with a well formed
facet for the calcaneum.

In Leptauchenia the tibia is much more delicate in its general proportions than
in Phenacocelus. The bone is also relatively longer than in the latter. The
cnemial crest does not extend so low, the median region of the shaft is more nearly
eylindrical, and the fibular face of the distal end is less excavated for the reception
of the fibula. The latter is proportionally slenderer than in Phenacoceelus.

THE TARSUS, METATARSALS, AND PHALANGES.

One of the most significant characteristics of this genus is its broad and short
hind foot. The pes is on the whole shorter than the manus, which is a feature
differing not only from the Agriochzridee, but from the Artiodactyla generally.
In Leptauchenia the pes is longer than the manus in the usual porportion seen in
the family Agriocheride.

Calcanewm. (PlL. XVII, figs. 9-10.)—The tuber of the ealeaneum is short and
heavy; the tendinal groove is oblique and rather shallow, while the facet for the
astragalus on the lesser process is at a more direct right angle than in Merycoidodon,
so that, when the boneisin position, it throws the free end of the tuber towards the
tibial side and the fibular face downward to a greater degree than is seen in the
latter genus. The groove for the interosseous ligament is relatively smaller and the
anterior face of the cuboid facet is broader than in M erycoidodon.

In Leptauchenia the sustentacular facet is of relatively greater vertical diameter
in order to conform to the higher astragalus, and the tuber is also more trihedral in
cross-section than in Phenacoceelus. Furthermore, when the bone is in position, it
has apparently a more direct fore-and-aft position in Leptauchenia than in Phena-
cocelus.

Astragalus. (Pl. XVII, figs. 7-8.)—The astragalus is broader and lower than
in Merycoidodon culbertsont and more nearly like that of Merycocherus from the
Upper Harrison Beds. Some features of the astragalus also recall that of Argio-
cherus - major (Bull. Am. Mus. Nat. Hist., Vol. VII, p. 168, 1895), viz., the great
transverse diameter and short neck. The external condyle of the proximal trochlea
differs from that of Merycoidodon culbertsoni by being more oblique and higher.
The external face also overhangs the calcaneal facet and the median groove is
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crowded over more to the internal side, so as to cause an unusually small internal
condyle. This condition of the external condyle is apparently due to the outwardly
forced upper end of the astragalus. The neck, as above stated, is short, but dis-
tinctly separates the proximal and distal trochlez. The facet for the malleolus of
the tibia appears as an irregular and rather deep groove on the tibial face, which
is chiefly due to a prominently developed knob near the proximal plantar angle.
On the fibular plantar angle there is another large rounded excavation for the
acticulation with the ecalcaneum. The navicular portion of the distal trochlea is
apparently not so deep as in Merycoidodon and more like that of Merycocherus,
but, as in the latter genera, the navicular facet is much larger than the facet for
the cuboid. The sustentacular facet is not so deep as in Merycordodon culbertsont,
otherwise it is similar.

The astragalus of Leptauchenia has proportionally a greater vertical and
smaller antero-posterior diameter than is the case in Phenacocelus. The facet
for the cuboid is also more oblique and narrower than in the latter genus, but other-
wise the bone is in general similar in the two genera.

Cuboid. (Pl. XVII, figs. 9-10.)—The cuboid has a broader anterior face than
in Merycoidodon, which results in a more triangular articulation for the fourth
metatarsal. The astragalar facet is extremely concave antero-posteriorly, and
terminates in a high ascending border on the plantar angle. The articular surface
for the calcaneum is broader anteriorly than in Merycoidodon, but holds practically
the same angle of elevation before backward. The antero-posterior diameter of
the bone 1s proportionally somewhat less than in Merycoidodon, while the plantar
process is more alike in the two genera. The articular facet for the fifth metatarsal
1s distinetly separated from that for the fourth by a raised ridge, which is more
prominent posteriorly and gradually fades away near the anterior margin; this
facet is somewhat lateral on the posterior angle.

In Leptauchenia the cuboid is proportionally higher and the facet for the
astragalus is comparatively even, more concave antero-posteriorly, and deeper
than in Phenacocelus, but in other details the differences are not great.

Navicular. (Pl. XVII, figs. 9-10.)—The navicular is low and broad, the arti-
cular facet for the astragalus is subtriangular in outline with the apex backward,
concave antero-posteriorly, and convex laterally, especially on the fibular side.
On the distal face is an oblong flat articulation for the coossified ecto- and meso-
cuneiforms. The tubercle on the tibial face is of the same proportion as in Mery-
cotdodon, but the plantar hook-like process is flatter and is less produced down-
ward than in the latter.
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The palmar process of the navicular in Leptauchenia is relatively longer than
in Phenacocelus, otherwise the bones of the two genera are not unlike.

Ecto- and meso-cuneiform. (Pl. XVII, figs. 9-10.)—The coossified ecto- and
meso-cuneiform is not so triangular in outline as in Merycoidodon, which is due to
the much smaller development of the plantar tubercle near the proximal face of
the bone in the present species. In all other respects the compound bone is similar
in the two genera. In Leptauchenia the ecto- meso-cuneiform is oblong, as in
Phenacocwelus.

Ento-cuneiform. The ento-cuneiform has a more triangular outline on cross-
section than in Merycoidodon culbertsoni. The basin-shaped facet for the navicular,
the facets on the external face for the compound cuneiforms and Mt. V on
the nodular-shaped bone, are all closely similar to those in Merycoidodon. In
Leptauchenia the ento-cueniform is less triangular on cross-section than in Phena-
cocaelus.

Metatarsals. (PlL. XVII, figs. 9-10.)—The metatarsals are unusually short and
heavy; they are shorter and heavier than the metacarpals, which is a condition
contrary to that usually found in the family, except in the genus Agriocherus.
The second metatarsal is the shortest. The metatarsals increase in length in the
following order: the fifth, third, and the fourth. Agriocherus latifronsisset up in an
articulated position in the American Museum of Natural History and from the
figure of the restoration (Bull. A. M. N. H., VII, 1895, Pl. 1) it seems to appear
that the metatarsals are shorter than the metacarpals.i®

The second metatarsal is considerably reduced in length, but otherwise this
element is fully as robust as in Merycoidodon. The head rises slightly above the
head of Mt. I11, and there is a small facet for the meso-cuneiform on the proximal
face. On the tibial face the bone articulates with Mt. III in the usual manner,
and there is a rough surface on the antero-tibial angle of the head, behind which
is located the rather large-sized articular facet for the ento-cuneiform. The shaft
is more rounded than in any other metatarsal of the pes, but rapidly expands dis-
tally, especially on its tibial face, where a heavy and rugose ridge takes its origin
near the distal articulation and continues well up upon the shaft. (See Pl. XVII,
figs. 9-10). The carinais quite strongly developed, but, as in Merycoidodon, entirely
confined to the plantar face of the articulation.

The second metatarsal of Leptauchenia is lighter and longer in proportion,
and the distal tibial face has not the heavy and rugose ridge seen in Phenacocelus.

Wortman states (l.e. p. 164) that the manus and pes are subequal in length.
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The third metatarsal is reduced in length in the same proportion as in
Merycoidodon. Superiorly the bone is well interlocked by metatarsals IT and IV
and by the ecto-meso-cuneiforms. The shaft is rather flattened and more strongly
arched than in Merycoideden, but distally the articular facet for the proximal
phalanx has a less antero-posterior diameter than in the latter genus. The carina
is fully as well developed, while dorsally the articular surface extends higher up
than in Merycoidodon.

Mt. IIT in Leptauchenia is quite similar to that of Phenacoceelus, except in its
greater proportionate length and in the dorsal portion of the articulating trochlea
for the first phalanx, which does not extend as high as in Phenacoceelus.

Metatarsal IV is the heaviest in the series. On the proximal end the anterior
portion of the articulation for the cuboid is gently convex from side to side, while
on the posterior part of the head there is a strong plantar tubercle, which shares
the support for the cuboid to a somewhat greater extent than is seen in Mery-
cordodon; this portion of the facet is more oblique and located higher than the por-
tion in front. On the tibial face is a strong articular lip, which is well fitted into a
corresponding pit on the fibular side of Mt. ITI, and an elongated facet posterior
to this lip completes the interlocking condition of the articulation. On the fibular
side the articulation for Mt. V is less complicated. The shaft is heavy and slightly
more expanded distally than in Merycoidodon. When in position in the pes the
fourth metatarsal is seen to extend below the third in approximately the same
proportion as in Merycoidodon.

In Leptauchenia Mt. IV is proportionally longer than in Phenacocelus, but
otherwise there are no noteworthy differences in this bone in the two genera.

Metatarsal V is fully as strongly developed as in Meryeoidodon. The prox-
imal end is well fitted against Mt. IV on the tibial face, while above there is a
small oblong facet for the cuboid. Distally there is a well formed articular facet for
the proximal phalanx.

Phalanges. (Pl. XVII, figs. 9-10.)—The phalanges of the second digit are all
present; those of the other digits are less completely preserved in the type. The
phalanges, especially the outer series, are somewhat more depressed and more
expanded laterally, than in Merycoidodon.

In Leptauchenia there is possibly less difference between the length of the
fifth and the second metatarsals than is the case in Phenacocelus.  As before stated,
the phalanges of Leptauchenia are very poorly represented, but they were possibly
somewhat higher and narrower than in Phenacoceelus.
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MEASUREMENTS Type No.
1263

Ilium, from anterior border of acetabulum to point of ilium.... .. .. e e b b 90 mm.
Ischium, vertical diameter at posterior part of acetabulum............................ 29 mm.
Tibig, Jength ap proxm abe Ly s s coa A% s,
Tibialengthiofi frarmentipreser:vie S S o S A s P S 105 mm.
Tibia, antero-posterior diameter of shaft at enemial erest. ... ... .. ... ... ... .. ... ... .. o Y
Tibia, transverse diameter of shaft at cnemial crest, posterior measurement. . ... ... . ... 14 mm.
Tibia, transverseidiamefer of distal trochlea: s o e 23 mm.
Tibia, antero-posterior diameter of distal trochlea. ... ...............oooiiieiriie oo .. 13 mm.
@alcaneumiNaTentestile Nt iR R R T e TR e 45 mm.
Calcaneum); antero-posterior diameter ol cuboIc fiaic et 13 mm.
Caleaneum, transverse diameter of cuboid faeet, anterior measurement. ... .. .. .. ... . .. 7 mm.
AstTagalus erea tes el Tt D0 T 8 D 24 mm.
Astragalus, greatest breadth.... .. ... ... 0o oy Sia RN B T Y Sl e RN 19 mm.
CuboeidiheiehtianterIoriT e as I Te T G A SR IS 10 mm.
Tarsus; transverse diameter s v v ot s e N e A Ty, 25 mm.
Metatarsal TE, length . i e R R S e 33 mm.
Metatarsal TIT, Tenmthoe oo B s st S s A R e 1 S L 46 mm.
Metatarsal LV, lenmth o N R WL S L Al o b et & : 48 mm.
Metatarsal Vo len et st s s i e e SR S e i D s O P 37 mm.
Phalanges 2ndidigit,len gt o T U SR e 37 mm.
Phalanges: 3rdudimit, dengtht s . e S S S LS S L o b 45 mm.
Rhal anye it erminal e bhclioit ] e b A 15 mm.

NOTES ON COMPARISON OF PARATYPES WITH THE TYPE
SPECIMEN OF PHENACOCELUS TYPUS PETERSON.

In the material discussed in the foregoing pages there are some marked varia-
tions worthy of brief notice. These variations might (possibly justly) by some
students be regarded as of specific value, but, with one exception (No. 1288),
hereafter deseribed, I prefer to regard the differences as being individual and sexual.

On comparison of skull No. 1278 with all the rest of the material representing
the head in the series before me I detect the following anatomical points, showing!
that this specimen discloses: (1) a smaller tympanic bulla; (2) a smaller antero-
posterior diameter of the postglenoid process; (3) a larger external auditory meatus,
possibly located somewhat further back, and more like what i1s seen in Leptau-
chenia; (4) a general reduction in the relative length of the skull. With the ex-
ception of the first and third features noted, I think it is possible, in fact most
probable, that the curious appearance of this specimen is due entirely to erushing.
At all events I refrain from here establishing a species because of the excessive
crushing of the skull. (See Pl. XVIII, figs. 12-13).

Specimen No. 1288 consists of the lower jaws, fragments of the atlas and other

UThe skull in question is very much crushed antero-posteriorly.
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cervicals, two anterior dorsals, a fragment of the sacrum, fragments of ribs, por-
tions of beth radii, and the manus fairly well preserved, the right side of the pelvis
nearly complete, and a fragment of the left ilium, the right femur very nearly
complete, and the head of the left, both tibiz nearly complete, and the pes well
represented. The material indicates an animal of slightly larger size than the type
of P. typus.

After lengthy and minute comparison of this material (No. 1288 Carn. Mus.
Cat. Vert. Foss.) I am finally constrained to designate it as the type of a new
species of Phenacocelus. The deseription herewith follows:

Phenacoccelus munroénsis ' sp. nov.
(Pl. XVIII, figs.1-9)

The cheek-teeth of the lower jaw are somewhat more delicate than in the
paratypes, Nos. 1278 and 1335 of P. typus, but this may well be a sexual difference,
as the dentition is otherwise quite similar. The symphysial region of the lower
jaws 1is less spout-shaped than in the paratypes referred to above, which may
partly be due to erushing. The angle is, however, less flexed inwardly, and thus
not quite like the condition found in Leptauchenia.

The fragments representing the vertebral column of the present specimen do
not present any important differences from those in the type of P. typus, or in the
material of other individuals. In the fore limb, on the other hand, there appear
some very marked differences. It is possible to determine from the remains of the
radii before me that No. 1288 has a longer and relatively slenderer shaft. Un-
fortunately the proximal end of both radii are not present, but what remains of the
distal end of the shaft, especially of the left radius, it is seen to be very nearly as
long as the entire bone in the type. The broken end of the shaft does not display
the characteristic broadening immediately below the head, observed in a complete
radius of P. typus. 1 feel certain, therefore, that the bone when complete must
have been at least 30 mm. longer, which would give a length 15 to 20 mm. over
that in the type of P. typus. Asin the latter, the shaft of the radius is rod-like
throughout, a feature more primitive than in Merycoidodon. With the exception
of the slightly larger size of the specimen under description, there are no charae-
ters of importance by which the fore limb differs from the type or paratypes of
P. typus.

In correspondence with the fore limb the hind limb is also found to be longer

“The specific name is based upon the geological locality, the Monroe Creek Beds, at the head of
Warbonnet Creek, Sioux County, Nebraska, where the specimen was found.
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and somewhat slenderer than in P. typus. No differences worthy of note are ob-
served in the pelvis. The femur is long and slender, its head being placed rather
more proximally, which to some extent is possibly due to erushing. There is an
unusually deep trochanterie fossa and the lesser trochanter is also quite prominent.
The shaft, as stated is slender, while the distal end is suddenly expanded both
laterally and antero-posteriorly. There 1s no femur present with the type of P.
typus. In the tibia, however, one is able to again observe a greater length, other-
wise with little or no greater size of the bone. Again, while the tarsals are in general
quite similar, the metatarsals are a trifle longer in No. 1288. In this specimen the
metatarsals are seen to be very nearly as long as the metacarpals, while those of
the type of P. typus as noted in the foregoing work, are considerably shorter than
the metacarpals.

Type No.

MEASUREMENTS 1288
Mandible, Length . s i s e o e e 150 mm.
Mandiblefheightiatiangle i eluding coLon L0 Yo Ce s e A S PO 95 mm.
Mantlible  depbh atiVE . o o i i SIS 8 B s K U i et S R 45 mm.

Mamelible Sl e o AR A R S S o 23 mm.
,,,,,,,,,,,,,,,, 103 mm.
Mandible; dength ofsmmn o ar e me S T S PR 50 mm.

MiandiblestlengthEoTld e nit il o e e P

Mandiblefleng:thio e 0] oS e e S PP PSP, 40 mm.
Radius, length of fragment. . ... SR e R R R T R R e R T R R 100 mm.
Carpussheight ot it e S e e S e 21 mm.
Metacarpal IT length o o one nr s e i s e e R e 60 mm.
Metacacpal TV den gt o s o et B e i ) S R sy Tl 58 mm.
Femur, Tergbh . oo i a e E G s b P et b st A0 o A e S e F et e PN PP 160 mm.
Tibia; Tengthin v cnces s s s e e s e 133 mm.
Tarsus, height at external angle to inferior faceof cuboid. 5 34 mm.
Metatarsal TL denigth . diami s irmnse s dne i Sh SRt R e Tttt Sl S pat it S S 36 mm.
Metatarsal Tl il emt i o s e e L PP Sefiat g O g s e R 53 mm.
Metatarsali TV leneth o e R e et e o 56 mm.
Metatarsal Vil eng i e s e e S L B St e i B 42 mm.

............ 45*mm.
...... 48 mm.

EBhalanpes $2 ndlc ot e o et s e Mk R R

RIval amee s ancl i 101t € 11 oy e D U

SUMMARY OF THE MORE IMPORTANT POINTS OF COMPARISON
BETWEEN PHENACOC@ELUS, MERYCOIDODON, EPOREODON,
AND LEPTAUCHENIA.

The foregoing comparative description of Phenacocelus with Leptauchenia
and Merycoidodon was undertaken with the purpose of ascertaining the relationship
between these three genera, especially between Phenacocelus and Leptauchenia.

*The phalanges were not found in position and their association with the pes should not be regarded
as entirely positive.
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For greater convenience a summary of the more important points of differences
and the osteological similarities between Phenacocelus and other genera may be
expressed as follows:

Phenacocelus resembles Merycoidodon more or less closely, throughout the
entire skeletal structure. The two genera are alike, (1) in having the dentition
numerically as well as in general form, quite similar; (2) in having a short facial
region and an elongated eranium (cranium especially long in Phenacoceelus); (3)
by having deep lachrymal pits; (4) by having overhanging nasals; (5) by the loca-
tion of the infraorbital foramen above P?; (6) by having the temporal ridges of
similar shape and quite alike in the degree of development; (7) by a general
similarity of the detailed structure of the vertebral column; (8) by a similarly
large thoracic cavity; (9) by a similarity in most parts of the structure of the limbs;
(10) by a general similarity of the manus (except the absence of the pollex in Phena-
coceelus).

Phenacocelus differs from Merycoidodon culbertsoni: (1) in having the skull
proportionally broader and shorter; (2) in having the orbits directed more upward;
(3) by the presence of fronto-nasal vacuities; (4) by the enlargement of the lachry-
mal pits and the indication of facial vacuities; (5) by having deep pits on posterior
face of the occipital plate; (6) by the hypsodont cheek-dentition; (7) by having the
tympanic bulla of very large size and extending much below the glenoid process;
(8) by the feebly developed and low sagittal crest; (9) by the less transverse ex-
panse of the transverse process of the atlas; (10) by the greater vertical and smaller
transverse diameters of the neural spines of the anterior dorsals; (11) by having
one more dorsal vertebra, and one less lumbar vertebra; (12) by having the carpus
proportionally and actually higher; (13) by having the tibia shorter, heavier, and
the shaft of somewhat different shape; (14) by having the pes relatively shorter
and broader.

In consulting the literature I find the most complete deseription of Eporeodon
from the upper Oligocene in the Proceedings of the American Philosophical Society
Vol. XXI, 1884, pp. 514-517. In checking up the material of Phenacocwlus in the
Carnegie Museum with the above mentioned description by Professor E. D. Cope
I find a number of anatomical similarities in Eporeodon and Phenacocelus, which
are quite naturally to be expected in forms of the same family. The minor differ-
ences in the two genera in question are perhaps of an equal number to the similari-
ties. Of the major differences the following may be mentioned: Cope describes a
well defined pre-orbital fossa and frontal foramina as present in Eporeodon tri-
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gonocephalus, but he speaks of no indication of facial or fronto-nasal vacuities,
which are very characteristic of Phenacocelus.

In Eporeodon socialis Marsh, (See Fifth Annual Report U. S. Geol. Surv.,
1885, p. 299, figs. 128-129) we learn that the length of the fore foot is approxi-
mately the same as in Phenacocelus, while the hind foot in E. socialis is 22 mm.
longer. Me. III in the latter species is 5 mm. longer, Mt. IV, 8 mm. longer, while
the height of the carpus is actually less in Eporeodon than in Phenacocelus. When
checked up with the foot-structure of Merycoidodon culbertsoni it is found that all
the above measurements of Eporeodon socialis correspond much better with those
in Merycoidodon culbertsoni. The remains of both Eporeodon socialis and E.
trigonocephalus are of larger animals than Phenacocelus. From the information
derived from the literature it may be inferred, that Eporeodon, as known, had not
speclalized in the direction of Phenacoceelus to a sufficient degree anatomically, to
lead us to consider that genus as directly in the phylogenetie line of Phenacoceelus'.

Phenacocwelus resembles Leptauchenia: (1) in the broadening and shortening
of the skull; (2) in the tendency of the orbit, to be upward directed; (3) in the pres-
ence of fronto-nasal foramina or openings; (4) in having reduced premaxillaries;
(5) in the shortening of the facial region; (6) in the enlargement of the lachrymal
pits and the presence of facial vacuities; (7) in the hypsodont cheek-dentition and
other similarities in the construction of these teeth; (8) in having the tympanic
bulla of very large size and extending much below the postglenoid process; (9) in
having the infraorbital foramen above P?#; (10) in having the same number of dorsal
and lumbar vertebre; (11) in having a large thoracic cavity; (12) by having a
similar broad and deep pelvic cavity; (13) by the general similarity of the greater
parts of the structure of the limbs and feet.

Phenacocelus differs from Leptauchenia (1) in having larger and more numer-
ous 1neisors, with the upper canine less rounded in cross-section; (2) in a more
feebly developed sagittal erest, and a longer skull; (3) by having more overhanging
nasals; (4) by having large and deep lateral excavations on the occipital plate;
(5) by a narrower and more backward projecting occiput, together with less
developed temporal crests; (6) by a relatively smaller external ear placed lower
down; (7) by a smaller development of the dorsal arch of the atlas, and the absence

YThe restoration of Eporeodon socialis recently published by Thorpe (Amer. Jour. Seci., Vol. IT, 1921,
p. 309) seems to show that F. socialis was similar to Merycoidodon culbertsoni. Loomis regards the skele-
tons of Merycotdodon and Eporeodon as closely similar (See Bull. Amer. Mus. Nat. Hist., Vol. LI, 1924,
p. 9). Finally, if Thorpe’s contention proves true that the sediments on the North Fork of the John Day

are of later origin than the typical John Day, Eporeodon trigonocephalus is advanced to a horizon, which
is nearer contemporaneity with Phenacocelus; (See Amer. Jour. Sci., 1921, (5) Vol. 2, p. 951).
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of the canal for the vertebral artery, which perforates the base of the transverse
process; (8) by relatively lighter cervical vertebra, due to the relatively smaller
head; (9) by the relatively greater antero-posterior and smaller transverse diameter
of the neural spines of the anterior dorsal vertebra; (10) by a much less developed
tubercle for the attachment of the internal humeral part of the triceps on the
olecranon process of the ulna; (11) by a relatively shorter and heavier tibia, different
shape of its shaft; (12) by having a shorter and broader hind foot.

THE SYSTEMATIC POSITION OF PHENACOCELUS.

From the foregoing discussion it is safe to assume that Phenacocelus is a
member of the extinet North American family Agriocheride. At the present time
it is, however, difficult to point out the phylogenetic ancestry of Phenacocelus
with any degree of certainty. In many respects the Oligocene genus Merycordodon
is sufficiently closely related to be regarded as in the line leading to Phena-
coceelus. For instance: the dentition, the short face, and elongated cranium, the
large thoracic cavity and the general structure of the limbs and feet of Mery-
cotdodon are characters very like those shown in Phenacocelus. However, a criti-
cal and detailed comparison of the bony structure of these two genera points rather
to parallelism than to direct phylogenetic relationship. In no species of Mery-
cotdodon known to the writer have we any indication of such important features,
which are found in Phenacocelus, as the fronto-nasal vacuities, the enlargement of
the preorbital foramen, and especially the tendency toward the formation of
facial vacuities,"* the height of the carpus, the different details of the construe-
tion of the tibia, and the short hind foot. In the limbs and feet of Phenacocelus
are important characters, which we are not now able to compare with genera and
species imperfectly known from the lower Oligocene. The shortening of the hind
foot in Phenacocwlus seems to be more in line with the condition found in Agri-
ocheerus than in any other early genus now known. The enormously inflated
tympanic bulla is analogous to that in Agriocherus, Merycoidodon bullatus, and
Limnenetes platyceps of the early Oligocene Oreodonts. We may then conclude
that the direct ancestral line of Phenacocelus had in the early Oligocene time
established characters along an entirely independent line, paralleling such genera
as Agriocherus, Merycoidodon, and Limnenetes. Nor should we forget that com-
paratively little field-work has been done in the way of collecting the smaller fossil
remains in the basal Oligocene. When we consult such diseriminatory work as

YIn a recent publication (Amer. Jour. Sei., (5) Vol. IT, 1921, p. 109) Thorpe describes Paroreadon
marshi as having facial vacuities in advance of the orbits.
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that of Leidy,” Douglass,'® Loomis,”” and others it becomes quite patent that we
may yvet find Oreodonts somewhere in the basal horizons of the Oligocene which
probably will furnish just such anatomical points as we may expect to discover in
forms ancestral to Phenacocelus and Leptauchenia.

Phenacocelus and the phylum of Leptauchenia- Cyclopidius have no especially
close relationship, but parallel one another more closely. This is indicated by the
many cranial similarities; 7. e., the fronto-nasal vacuities, the position of the orbit,
the size of the tympanic bulla, &e., together with other features, namely: the
numerical identity of the vertebral formula, the large thoracic and pelvie cavities.
The limbs and feet of Leptauchenia are on the whole more like those of Merycoidodon
than of Phenacocelus. One prominent feature of the fore limb in Leptauchenia is
the great development of the antero-internal angle of the proximal end of the
olecranon process of the ulna. This tubercle indicates a strong attachment for a
branch of the extensor musecles of the fore arm, which is not nearly as well indicated
in Phenacoceelus, or any other known Oreodont. '

The aquatic habit of Leptauchenia and Cyclopidius advoeated by Professor
Cope (Proc. Amer. Philos. Soe., XXI, 1884, p. 547) appear to be doubted by Dr.
Sinelair, for the reason that the construction of the feet is apparently for cursorial
habit on firm ground, and Sinclair disagrees with Cope in regarding the skull as
pointing toward aquatic life on part of the animal. Sinclair believes that the
geological formation in which Leptauchenia is found (heavy bedded elays) is a
safer clue to the habit of the ereature than the structure of its skeleton® (op. cit.,
XLIX, 1910, p. 198).

Many features displayed in the osteology of Phenacocelus, especially those of
the cranium, point to relationship with Leptauchenia and Cyclopidius, but the
specialization of the latter genera shows, on the whole, a greater separation from
the earlier types of the family than is the case in Phenacocelus.

The Leptauchenia-like features of the ecranium in Phenacocelus possibly

1¢The Extinet Mammalian Fauna of Dakota and Nebraska.” Jour. Acad. Nat. Sei., Vol. VII,
1869, pp. 104-106. Leidy describes three species: “Oreodon” affinis, “O” hybridus, and “0” bullafus
supposed to be from the lower Oligocene of Nebraska and Dakota.

YTrans. Amer. Philos. Soe., Vol. XX, 1901, pp. 260, 262. Douglass describes Limnenetes platyceps
and L. anceps from the basal Oligocene of Montana.

7 Ann. Car. Mus. Vol. XV, 1924, p. 370-373. Loomis erects Oronetes as a genus using the type of
Limnenetes anceps Douglass and assoeiated material in the Carnegie Museum as the basis of his deserip-
tion.

"Thorpe in a recent publication (Jour. Mammalogy, VI, No. 2, May, 1925, p. 73) follows Cope in
advancing the idea that Leptauchenia was aquatic from the peculiar position of the eye, ear, and other
features of the skull.
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suggest the same mode of life as that of Leptauchenia, whatever it was, while the
limbs, especially the hind limb, are of a decidedly heavier type and the hind foot
is relatively shorter, which plainly indicates an animal having less speed than the
Leptauchenia and perhaps more closely confined to denser vegetation, as a means of
protection.

PosTscRIPT.

Since the manuseript of the foregoing paper was prepared in 1909 and re-
viged in 1914, much work has been done on the Oreodonts. Loomis of Amherst and
Thorpe of the Peabody Museum, have contributed a great many papers from time
to time. A study by Loomis of the cranial, and especially the dental structure of
the premolars of the Artiodactyla in general, and the Oreodontidz in particular,
resulted in the division of that family into five distinet phylogenetic groups. While
it is true that the axial skeleton (excepting the skull) and the appendicular skeleton
of the Oreodonts from the earliest to the latest forms, are all quite generalized in
character, we learn from careful detailed study of complete skeletal material that
there are definite characters, which together with those of the cranium, may prove
of greater value in phyletic study than is now generally admitted. From the
comparative study of the three genera, Merycoidodon, Phenacocelus, and Leptau-
chenza, with which the foregoing pages chiefly deal, there is for instance revealed
the fact that Phenacoceelus had the hind limbs, especially the hind feet, more nearly
like those of Agriocherus than any other Oreodont, of which those parts are known,
and would no doubt be placed in phylogenetic relationship with that genus, if no
other parts of its structure were known. Loomis (L. ¢. p. 15) places Phenacocelus
in the line of more direct descent from Eporeodon, and also advances the idea that
Phenacocelus belongs to the line of Ticholeptus because of the relatively slight
change in the structure of the teeth.'* While my limited comparative study of the
Oreodonts does not at this time warrant proposing any change in Dr. Loomis’
proposed scheme, I, however, am undisturbed in my views as to the systematic
position of Phenacocelus, which I reached, many years ago. When the full de-
seription of the skeleton of Eporeodon socialis, promised by Thorpe* appears;
when we know more fully the skeletal structure of other species of Eporeodon, as
well as of other genera from the John Day and the upper Oligocene; when we get
more complete information than is furnished by Thorpe®, on the extensive material

1Bull. Amer. Mus. Nat. Hist., Vol. LI, p. 12, 1924.

Amer. Journal Science, (5) Vol. VII, 1924, p. 224.
*Thid. Vol. IT, December 1921, p. 339,



168 MEMOIRS OF THE CARNEGIE MUSEUM.

of Merycoidodon affinis in the Yale Museum; when we have more complete know-
ledge of the genera of this family already found in the basal Oligocene, and others,
perhaps vet to be discovered somewhere in the lower horizons of the Oligocene, we
shall be in possession of much needed and welcome information in support, or non-
support, of our hypothesis and guesses in connection with the phylogeny of the

Oreodontid .
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EXPLANATION OF PLATE XVI.

All figures from 1 to 39 inclusive are from the type specimen of Phenacocelus typus No. 1263,
except figure 31 which is a view of the paratype of Phenacocelus typus No. 1335.

Figs. 1-7.  Views of cervical vertebraz, left side.

Fig. 8. Dorsal view of atlas.

Fig. 9. Ventral view of atlas.

Tigs. 10-29. Views of vertebral column from the first dorsal to and including a portion of the
first sacral in their relative order of sequence; seen from the left side.

Fig. 30. Views of anterior caundal vertebrea; left side.

I'ig. 31. Skull and lower jaws of Phenacoewlus typus; paratype No. 1335. View of right side.

Fig, 32. Seapula; external face.

Fig. 33. Humerus; anterior face.

Fig. 34. Radius and ulna; anterior face.

Fig. 35. Fifth and sixth lumbar vertebra and a portion of the first sacral vertebra as found in
position; view from above.

Tig. 36. Right side of pelvis.

I'ig. 37. Left tibia; anterior face.

Fig. 38. Left tibia and fibula; anterior face.

Fig. 39. Left tibia and fibula; fibular face.

All figures one-half natural size.
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EXPLANATION OF PLATE XVII.

Upper cheek-teeth, Phenacocwlus typus, paratype No. 1335,
Lower cheek-teeth, Phenacocelus typus, paratype No. 1335.
Palmar face of right manus, Merycoidodon culbertsont, No. 1391.
Dorsal face of right manus, Merycoidodon culbertsoni.
Dorsal face of right manus, Phenacocelus typus, No. 1263.
Palmar face of right manus, Phenacocelus typus, No. 1263.
Left calcaneum and astragalus, dorsal face, Phenacocalus typus, No. 1263.
Left caleaneum and astragalus, plantar face, Phenacocelus typus, No. 1263.
Plantar face of pes, Phenacocelus typus, No. 1263.
Dorsal face of pes, Phenacocelus typus, No. 1263.
Top of skull, Phenacocelus typus, paratype No. 1276.
Palatal view of skull, Phenacocelus typus, paratype No. 1276.
All figures two-thirds of nature.
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EXPLANATION OF PLATE XVIII.

1. Portion of right side of pelvis, Phenacocelus munroénsis, type No. 1288.
2. Left lower jaw, Phenacocelus munroénsis, type No. 1288.

3. Lower dentition in outline, Phenacocelus munroénsis, type No. 1288.

4. Dorsal face of pes, Phenacocwlus munroénsis, type No. 1288,

5. Posterior face of femur, Phenacocwlus munroénses, type No. 1288,

6. Tibular face of femur, Phenacocwlus munroénsis, type No. 1288,

7. Anterior face of radius, Phenacocalus munroénsis, type No. 1288.

8. Dorsal face of manus, Phenacocalus munroénses, type No. 1288.

9. Anterior face of right tibia, Phenacocelus munroénsis, type No. 1288.
10. Top view of skull, Cyeclopidius No. 1307.
11. Side view of skull, Cyclopidius, No. 1307.
12. Skull and jaws, view of left side, Phenacocwlus typus, paratype, No. 1278.
13. Palatal view of skull, Phenacocwlus typus, paratype, No. 1278.

All figures one-half of nature, except figure 10 and 11 which are natural size.
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