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PAL^EONTOLOGICAL BULLETIN.

By Edward D. Cope.

Preliminary.

The papers included in the following numbers, are thirteen, as follows :

No. 1. Descriptions of some new Vertebrata from the Bridger Group of

the Eocene. Published July 29th, 1872 ; reprinted in the Proceedings of

the American Philosophical Society, early in January, 1873.

No. 2. Second account of new Vertebrata from the Bridger Eocene.

Published August 3d, 1872 ; reprinted with the last.

No. 3. Third account of the New Vertebrata from the Bridger Eocene

of Wyoming Territory. Published August 7th, 1872, reprinted with the

last.

No. 4. On the existence of Dinosauria in the Transition Beds of Wy-
oming Territory. Published August 12th, 1872 ; reprinted with the last.

No. 5. Telegram describing extinct Proboscidians from Wyoming
;

published August 19th, 1872 ; reprinted with the last.

No. 6. Notices of new Vertebrata from the upper waters of Bitter Creek.

Published August 20th, 1872 ; reprinted with the last.

No. 7. Second notice of Extinct Vertebrates from Bitter Creek, Wyo-
ming

;
published August 22d, 1872 ; reprinted with the last.

No. 8. On a new Vertebrata genus from the northern part of the Ter-

tiary Basin of Green Biver. Published October 12th, 1872 ; reprinted

with the last.

No. 9. Descriptions of new Extinct Reptiles from the Upper Green
River Eocene Basin, Wyoming. Published October 12th, 1872 ; reprinted

with the last.

No. 10. Remarks on the Geology of Wyoming. Published December,

1872, in the Proceedings of the Academy of Natural Sciences, Philadelphia,

for that month.

No. 11. On two new Perissodactyles, from the Bridger Eocene. Pub-
lished January 31, 1873.

No. 12. On some extinct Mammals, obtained by Hayden's Geological

Survey of 1872. Published March 8th 1873, not reprinted.

No. 13. On some of Pr6f. Marsh's criticisms. Published in the Ameri-

can Naturalist for April 1873 ; extended.

The preceding papers, from No. 1 to No. 9, are printed in the precise

form in which they originally appeared, with an exception stated below

including all typographical errors. This is done because the edition of

each as first issued was small, not exceeding 100 copies, and they will be
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difficult to procure in consequence. Verification of the dates will be

found in Bulletin No. 13, a point to be observed in connection with Nos.

4 and 5, which were issued without date attached, through the inadver-

tence of the printer. In the original issues of Nos. 3, 4, 7, and 12, the

printers inserted at the head of each article "Read before the American

Philosophical Society" without corresponding date; a statement untrue at

.that time, though the papers were all so read at a subsequent date. This

insertion was not authorized by the author in any way, and is therefore

erased at present, excepting in the case of No. 12, where it was inserted

in spite of the especial request to have it omitted.

Philadelphia, July 16, 1873.
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into. i.

DESCRIPTIONS OF SOME NEW VERTEBRATA FROM THE
BRIDGER GROUP OF THE EOCENE.

By E. D. Cope.

Mesonyx obtusidens. Cope.

Represented by a large part of.the skeleton of an individual of about

the size of the wolf {Ganis lupus). The lumbar vertebrae display the

short acuminate, and anteriorly directed cliapophyses, characteristic of

carnivora, while the astragalus resembles that of the same group. The
claws are flat and not curved. The molar teeth exhibit two principal

lobes and a thin rudimental at one extremity. The middle lobe is a com-

pressed cone, the posterior, a cutting edge, but medially placed, and less

acute than in Hyoenodoii, and the sectorial teeth of other carnivora, form-

ing a less specialized cutting apparatus. The canines are well developed.

A premolar is stout conic, with rudimental tubercle at base.

M.
Length of a sectorial (crown) 0.018

Greatest width 008

Elevation of crest 006

Length of crown of a second 015

Width 0065

Elevation of middle lobe 014

Length of crown of canine 026

Diameter near base. . . , 014

The number of the teeth cannot be determined, owing to the injured

condition of the jaw bones. The enamel is entirely smooth.

Found on the bluffs of Cottonwood Creek, Wyoming.

Tkiacodon actjleatus. Cope.

Established on two teeth of the molar and premolar series. The molar

is subtriangular at the base of the crown, one side being convex ; the op-

posite angle nearly right, and the two remaining sides flat. The crown

is divided into three elevated trihedral cones, One at each angle. Their

adjacent angles are acute, and the angle of union is fissured, like the same
point in the sectorial tooth of a carnivora. The smaller lobes are of equal

elevation, but the crown of one is expanded so as to be slightly spade-

shaped. The enamel is smooth.

M.
Elevation of highest cusp 0.009

" shorter " 007

Long diameter base of crown 006
" " " flat side 005

The premolar is smaller, with shorter cusps, and one of the laterals re-

duced to a rudiment.

This species is near the T. fallox of Marsh, but the tooth he describes

is narrower in proportion to its length, and has the anterior lobe little

over half as high.



LOPHIOTHERIUM PYGMJITJM. Cope.

Represented by a portion of the right mandibular ramus with the

penultimate and ante-penultimate molars in perfect preservation. These

teeth present four cusps, of which the inner are crescentoid in section,

the outer conic. They are all elevated, and the outer anterior is in both

teeth compressed and bifid ; it receives an oblique ridge from the inner

posterior. Enamel smooth.

Lines.

Length penultimate molar 2

Width 1.5

Depth of ramus at do 3

This is much the smallest of the genus, being about equal to the

Hyopsodus paulus L. The penultimate molar in the nearest species,

L. ballardii, Marsh, measures 3.2 lines in length.

Anostira trionychoides. Cope.

This species is about the size of our existing Ghrysemys fricta. It dif-

fers from the A. omata, Leidy, in various respects. Thus the sculpture

of the costal bones is pit-like, as in many species of Trionyx, instead of

striate-ridged. There is no keel on the pygal bone behind. The first

marginal bone is longer, and does not exhibit the prominent shoulder

seen in A. omata. The marginal bones are not unlike those of that

species, having central small tubercles, and radiating ridges. The species

is not uncommon in the Bridger beds on Cottonwood Creek, Wyoming.

Anostira cedemia. Cope.

This species is nearly twice the size of the last. It is distinguished by
its peculiar ornamentation. This consists of bosses or swollen portions

of an oval shape, which stand transversely to the long axis of the body,

from a quarter to a half an inch apart. They sometimes form short

ridges, surface otherwise smooth. Locality same as the last species.

Anostira molopina. Cope.

This species is intermediate in size between the two last described.

It is distinguished from both by its ornamentation. This consists of a

delicate and rather scattered impressed punctuation on the costal bones.

Across this extend oblique ribs extending in a diagonal direction out-

ward near the extremities of the costals. The width of one of the cos-

tals is M. .023. The costals in this species display no suture for the mar-
ginals, and the extremity of the rib projects a very little.

Trionyx concentkicus. Cope.

This species is not uncommon in the Bridger sandstone. It is well

characterized by its sculpture, which is coarsely and distinctly pitted.

Across the costal bones run parallel ribs, which enclose between them
from three to one row of pits.

M.
Width of a costal bone near the middle 02

Thickness " " " 003



Thus the carapace is thin. Besides being smaller than the T. guttatu?,

Leidy. This species differs in its longitudinal ribs.

Trionyx thomasii. Cope.

This tortoise is again distinguished from all those known by its sculp-

ture, this being very delicate and obscure when compared with the thick-

ness of the carapace. It consists of small tubercles of more or less elon-

gate form, which may or may not emasculate ; eight may be counted in

M. .01. Width of a marginal costal, .02; thickness on suture, .0055. So

in T. concentrica. The costals have very little curvature. The faintness

of the ornamentation is a marked character.

Dedicated to my former teacher, Joseph Thomas, M.D., author of Lip-

pincott's Biographical Gazetteer, the Pronouncing Gazetteer of the

World, Baldwin's Gazetteer, and other important works.

Found with the T. concentrica, on Cottonwood Creek, Wyoming.

Axestxjs eyssimus. Cope.

Genus et species novae Trionyxchidarum.

This genus is represented by a species which is allied to Trionyx, but

which differs in some important respects. The sternal bones are pro-

vided with an enamel stratum exterior to the usual dense layer of the

bone, which is not sculptured. The post-abdominal bone has no sutural

connections, but sends out tooth-like processes at its angles. The caudal

vertebras are proccelian, furnished with stout diapophyses and not very

elongate ; ball depressed, undivided. The cervical vertebras are elongate

and relatively very large. The claws are very large, and one at least flat

and straight ; the phalanges have broad trochlear surfaces, which indi-

cate a moderate amount only of vertical movement. Both humeres and

femur are curved and with extensive trochanters. The procoracoid and

scapula are of equal lengths and the coracoid is much dilated distally.

Char, specif. The portions of plastron preserved are thin for the size

of the animal, and all the bones are especially dense and smooth. The

(?) post-abdominal has the free margins acute and serrulate. There is an

(?) external gently convex edge with a long process extending backwards;

and one long narrow one inwards. The enamel is white and is marked
with decussating lines of osseous deposit, as in woven linen. This is not

the result of wearing. The cervical vertebra is without spine ; it is com-

pressed in the middle and is without any pneumatic foramen.
M.

Length cervical vertebra 068

Diameter at middle , 020
" end 035

" caudal do. at ball ,010

Length " " 023

" of an ungueal phalange 043

Proximal depth do. .013

Length post-abdominal (broken) .... .180

Width do 120

Locality of the last.



Baena hebraica. Cope.

Established on a large and nearly complete fossilized tortoise, which

acks the posterior lobe of the plastron, and a corresponding part of the

carapace. The component elements are coossified.

The costal scuta are very wide, excepting the first pair, whose posterior

margin is sigmoidally flexed. The anterior vertebral is concave behind,

and has convex lateral margins. The marginal scuta in front are very

narrow, but the fourth on each side is suddenly widened in front to meet

the suture between the first and second costal scuta. The sutures are all

perfectly regular. There are only four inframarginal scuta, of which the

second from front is the largest, forming, with the third, an angle project-

ing inwards.

The carapace and plastron are smooth, excepting in the lines of the

sutures of the costal bones. In this position there is, in each case, a series

of short pit-like grooves parallel to each other, and transverse to the axis

of the bone, forming figures like some Hebrew letters, the Greek //, etc.

The borders of the carapace are obtuse, and the general form is almost

round. The diameter is almost eighteen inches.

This species may only be compared with the B. undata, Leidy, with

which it agrees in having the humeral scuta crowded to the front of the

plastron, and having a common centre with the gulars, which they little

exceed in size. It differs in having four instead of five inframarginals,

a differently formed first costal, toider lateral marginals, and in the smooth

carapace with the peculiar sculpture mentioned.

Testtjdo hadriana. Cope, spec. nov.

Indicated by two individuals, one nearly perfect, the other chiefly re-

presented by a complete plastron.

This proves the existence of a very massive species of the terrestrial

genus Testudo. The plastron presents a short wide lip in front, which is

turned outwards, forming a strong angle with the plane of the upturned

front of the lobe. This lobe is bordered by a thickening of the upper

surface, which cuts off the basin from the lip, as a high ridge. The pos-

terior lobe is deeply bifurcate, each post-abdominal projecting as a trian-

gle. There is a notch at the outer angle of the femoral scute. The
hyposternal bone is greatly thickened within the margin above, and an

elevated ridge bounds the basin of the plastron behind, as before. The
middle of the plastron is thin.

The carapace is without marked keel or serrations. It is remarkable

for its expanded and truncate anterior outline, which is nearly straight

between two lateral obtuse angles.

Length carapace, M. .750=29 inches ; width, .630.

The marginal scuta ai'e narrow, and there is a large nuchal plate.

Same locality as the last.

Pal^eotheca polycypha.

This genius and species of tortoises are indicated by vertebral, costal



and marginal bones of very small individuals. These bones are, hoW-

ever, not only thoroughly ossified, but are very stout, indicating the adult

age of the animal. The deeply impressed scutal sutures and heavy pro-

portions, as well as the elevated carnia of the carapace, indicate affinity

with Cistudo, or perhaps, Testudo, as another generic character, it may be

noted that the vertebral bones are subquadrate, and support the neural

canal without intervening lamina.

The carina of the carapace is abruptly interrupted occasionally ; some-

times with, sometimes without, a pair of pits, one on each side. Trfe

marginal bones are well recurved, and the scutal sutures are deeply im-

pressed on them. M.
Length of vertebral bone 009

Width " " 0085

Length marginal " 01

This is least of the tortoises of the Bridger Formation.

Pal^otheca terrestris. Cope.

Represented by three individuals, one of which may be regarded as the

type. They are all thinner than the P. polycypha, and larger, being

about equal to the Aromeclielys odoratas of our ponds.

In the type specimen the carina of the vertebral bones is interrupted

by a deep sutural groove, which is less pit-like than in P. polycypha,

The bone itself is broader than long, being, perhaps, from the hinder

part of the carapace. The clavicular (episternal) bone is preserved. It

is characterized by the considerable and abrupt projection of that part

enclosed by the gular scutum, which resembles what is sometimes seen

in Testudo. The edge of this part is entire and acute. The posterior

part of the projection forms a step-like prominence behind, on the supe-

rior or inner face. The bone is almost as wide as long, and the meso-

sternal causes a very slight median truncation, but overlapped much on

the inner side. The gular dermal suture does not reach it. M.
Length vertebral bone 009

Width " " 018

Length episternal 02

Width " (transverse to axis of body) • 017

Width of the costal 011

Thickness proximally 003

In the second specimen, a strong groove is seen to bound the lip of the

front lobe of the plastron as in the species of Notomorpha. In it the

marginal is seen to be stout, a little recurved, and sharp-edged. A ver-

tebral differs from those described in being longer than wide.

In the third individual the gular lip is not so prominent as in the type,

and the mesosternal bone truncates the clavicular extensively, giving it

thus a more elongate form. The gular scuta expands to its front margin.

Tiie marginal bone is stout and sharp edged, and is not so deeply im-

pressed by the dermal suture, as in P. polycypha.

Length episternal 016

Width " 026
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Length marginal Oil

Width " 016

The three specimens are from the bluffs of Cottonwood Creek, "Wy-

oming.
Naocbphalus porrecttjs. Cope.

Gen. et sp. nov. Lacertiliarum.

Established on an incomplete cranium, with vertebrae found associated.

No teeth are preserved, nor any part of the mandible. The remaining

portions of the cranium are, however, highly characteristic.

Tbe occipital descends posteriorly and bears a pair of lateral ridges,

which converge rapidly posteriorly. This bone is united with the pari-

etal by suture, which is transverse ; its outline is rectangular, so as

almost to reach the frontals, which are prolonged backwards on each side

the parietal, leaving but a narrrow exposure of the posterior processes of

the parietal. These extend backward, and are broken off in the speci-

men, but they probably formed parts of arches. The parietal is single,

and there is no parietal fontanelle. The bone is triangular in outline

with the apex anterior, dividing the frontals. These are contracted at

the orbits, and have a projecting superciliary head ; anteriorly they are

thickened. The postfrontals are of remarkable form. They are mas-

sive, and compressed from before backward ; they rise considerably

above the level of the front, and bear on their summits a cotyloid cavity,

which is transverse to the exis of the cranium ; the use of this projection

is obscure. There is an exoccipal foramen, and a large one in the poste-

rior part of the frontal opposite the postfrontal elevation.

The sphenoid is a compressed keel-shaped bone, round below, and

with broad alse along much of its length. The occipital condyle is sub-

condate depressed in outline, with a vertical obtuse angle in the middle

and the sides somewhat plane.

A dorsal vertebra preserved has a single vertical capitular process, and

a short hypapophysis. The neural canal is large, and the neurapophyses

are attached by sutures. The cup is nearly round, very slightly trans-

verse, and vertical.

The cranium is smooth above, except the anterior part of the frontals,

which are finely rugose.

This genius is more or less allied to the Theeoplossa, but better material

will be requisite to decide the question of affinities fully.

Found with the preceding specimens.
M.

Width cranium at postfrontals 072
" parietal behind 012

Depth postfrontal 018
" pre-sphenoid anteriorly .. . .014

Diameter dorsal vertebra (cup) 007

This genius differs from Qlyptosourus, Marsh, in the total lack of cra-

nial shields, and from tiauiva, Leidy, in the nearly round vertebral centra.

July 29, 1872.
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SECOND ACCOUNT OF THE NEW VERTEBRATA FROM THE
BR1DGER EOCENE.
By Edward D. Cope.

Helotherium procyoninum. Cope.

Spec. nov.

This species is distinguished from those already known as pertaining

to this genus, by its small size, as it does not much exceed the raccoon in

dimensions. The size of a right superior molar is as follows :

M.
Length 0.007

Width posterior 0085

" anterior 006

The crown presents four tubercles, of which the inner are flat on the

posterior, the outer flat on the external side. The posterior external has

a small posterior supplementary lobe, and a low tubercle intervenes be-

tween the two posterior. An anterior and a posterior cingulum. Enamel
smooth.

Stypolophus punoens. Cope.

Gen. et spec. nov.

This genus is supposed to embrace a small species of carnivorous ani-

mal found by the writer in the Eocene formation of the Bridger Group,

It is represented by the posterior portion of the left mandibular ramus,

which contains the last two molars.

The generic characters are seen in the composition of these molars,

which have but two roots, and a posterior table, as is seen in tubercular

molars of some mustelidce. The anterior, two-thirds of the crown is com-

posed of conic cusps. On the last molars these are in two series, two
lower of the inner, and one more elevated, of the outer, opposite the in-

terval between the outer. Its Outer face is regularly convex, but its

posterior forms, with that of the outer series, a single flat vertical plane,

which forms a sharp angle with the inner and outer faces of the cusps.

The structure is, in general, somewhat like that of Mesonyx, Cobe but
the lack of cutting edge on the posterior lobe, and the two rows of tuber-

cles separates it at once. Dr. Leidy describes Sinopa, as having a sec-

torial tooth as in ordinary Carnivora, with an interior cusp, hence it is

not probably the present form, although this species was about the size

of the S. rapcex.

The enamel is smooth. The measurements ax*e :

M.
Depth ramus at last molar 0.011

Length last molar 0072

Width " posteriorly 0040

Height inner tubercle 0062
" external " 0040

This species was about the size of the gray fox.

From the bluffs of Cottonwood Creek, Wyoming.



Pantolestes longietjndus. Cope.

Gen. et sp. nov.

This form is one of those mixed types which are so abundant in the

Bridger Group. Its dental formula is M. 3, P. M. 3 ; c. 1. incisors un-

known. The molars in the only specimen known are worn as to pre-

clude exact description. They evidently possessed anterior and posterior

lobes, separated by a valley, which was most expanded on the inner side.

The last molar exhibits a projecting keel posteriorly, which probably

supported a small tubercle. The three premolars are all two-rooted and
compressed in form. The last presents a crown composed of one large

anterior compressed cusp, and a much lower posterior one. There is a

slight cingulum in front. The canine is lost, but its alveolus indicates

that it was a stout tooth.

So far as the known dental structure goes, this genus resembles nearly

the Notliarctus of Leidy (Limnotherium of Marsh), but possesses one

premolar tooth less.

The mandibular ramus is quite slender, and there is a large foramen

below the first true molar. The masseteric fossa is pronounced.

M.
Length of dental series to canine 0.0280

" " three molars ,0140

" " second " -0041

Width " " " 0030

There- were found associated with this jaw some caudal vertebrae of

very attenuated form, which point to the possession of a long tail by this

animal. One of these displays six short processes arranged round the

articular extremity, the neural arch not being completed.

M.
Length 0.016

Proximal diameter 003

Median " .-., 0018

PSEUDOTOMUS HIANS. Cope.

Gen. et sp. nov.

This form is interesting as the only member of the Edentate order yet

discovered in our early Tertiary formations. It is represented by a

species of which a nearly perfect cranium is in my possession. This is

about the size of an agonti and is of a depressed form. It has a thin

molar and zygomatic arch, but no postorbital. There is a large suborbital

foramen. The dentition consists of two pairs of long curved teeth, hav-

ing much the form-wand position of the cutting teeth of Bodentia. These

are placed widely apart in the upper jaw, allowing space for the greater

portion of the premaxillary between them . The mandibular cutters are

less widely separated by a narrow prolongation of the symphysis. The
exposure of the tooth is lateral, its direction nearly anterior. It projects

anteriorly very little beyond the symphysis, and has a horizontal triturat-

ing surface below the level of the latter. Neither pair of cutting teeth



are faced with enamel, but have only smooth cementum without sculpture.

There are no molars, but the inferior face of the maxillary bone is

rugose as though alveoli had been absorbed. There are traces of very

shallow alveoli.

The cast ofthe brain indicates smooth oval hemispheres which leave

the cerebellum and olfactory lobes entirely exposed. The latter are ovoid

and expanded laterally.

The cranium is depressed, and has a trace of interparietal crest. The
anterior margin of the temporal fossa is marked by a curved angle on
each side of the frontal bone. The supra-orbital arch is very short.

This curious animal reminds me of a small Megalonyx with flattened

cranium. The cutting teeth above are, however, more like those of

rodents.
M.

Length cranium (3.5 in.) 0.090

Width " (without zygomas) 040
" " near end of nasals 027
" upper cutting tooth 007

Depth " " " 0085

Length exposed part lower tooth 009

Width " " " " 006

Hadkianus octonakia. Cope.

Gen. et sp. nov.

This is genus of true Testudinidai, designed to include those with
double anal scuta, and posterior lobe of the plastron bifurcate . In addi-

tion to the species above named, the H. quadratus (Testudo hadriana
Cope), and probably the species to which belong a small piece named by
Leidy, T. corsoni, pertain to the genus.

The H. octonarius is distinguished from its congener in many ways.
It is of elongate form, strongly contracted at the bridges, but expanded
and arched above the limbs. The carapace in quite convex. The plas-

tron has the posterior lobe emarginate rather than bifurcate, as seen in

H. quadratus. Each projection represents a right-angled triangle rather

than a wedge. The anterior lobe presents an elongate lip, which is ex-

panded, and slightly emarginate at the end. The mesosternal bone is

heart-shaped, the posterior.emargination being wide and deep.

The anterior margin of the carapace is somewhat flared above the

limbs. The muchal scutum is very narrow transversely, but elongate.

The carapace descends and is incurved in the middle of the posterior

margin. M.
Length (below) 730

Width at middle 437
" at hind limbs 525

This species differs from the H. quadratus in many important points.

It is perhaps the largest of our extinct land tortoises, and is founded on
a beautifully perfect specimen from the bluffs of Cottonwood Creek.

August M, 1872.
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THIRD ACCOUNT OF NEW VERTEBRATA FROM THE BRIDGER
EOCENE OF WYOMING VALLEY.

By Edward D. Cope.

Stypolopus insectivortjs. Cope. Sp. nov.

Represented by a posterior molar and a premolar of the right side of

an animal less than half the size of the 8. pungeus, Cope. The molar

presents three anterior trihedral acute tubercles, of which one is exterior

and more elevated than the others. Its posterior plane forms one trans-

verse face with that of the inner posterior. The posterior tubercular

heel is low, and supports an oblique ridge which bounds a deep groove

behind the outer cusp, no doubt to receive that of the upper jaw. This

arrangement is not seen in 8. pungeus. The premolar is a flat cone with

faint traces of a tubercle behind and cingulum on inner side.

M
Length crown molar 0.0050

Height inner cusp 0040

Length heel 0025

Width crown 0030

Height crown premolar 0040

Length " " -0040

Found in the Eocene Bad Lands of Black's Fork, by tbe writer.

Stypolophtjs BREVicot,CARABrjs. Cope. Sp. nov.

Established on a portion of the left mandibular ramus, containing the

penultimate and ante-penultimate molars, of an animal of a larger size

than the type of the genus 8. pungeus. The molars have the general

characters of the corresponding ones of that species, but differ in tbeir

greater elevation in comparison with their length, and the greater convexity

of the outer side. The shortness is occasioned by the abbreviation of the

heel, which in the last molar present, is very small and flat, without keel

or tubercle on its surface. That of the molar preceding it is larger,

and presents in its elevated outer margin, a trace of the keel seen in the

smallest species. Enamel smooth.

M.
Length of two molars 0.016

" " penultimate crown 008

Width " " " 0047

Length" " " 002

There is some relation between Stypolophus and Triacodon, Marsh. If

the heel of the molars of the former were wanting, they would be those

of the latter. The premolars might be supposed to have this structure,

but the form seen in 8. insectivorus disproves this view. In fact, I have

seen both molars and premolars of Triacodon aculeatus, Cope, and the

former lack the heel of the 8typolop7ii entirely.



Miacis parvivortts. Cope. Gen. et sp. nov.

Established on a portion of the right ramus mandibuli, containing por-

tions of three molars, the penultimate being perfect. As in Canidce, the

molars diminish in size posteriorly, the last being single-rooted, the

penultimate being two-rooted. The structure of that tooth is approx-

imately that of Stypolophus, i. e., with three trihedral cusps in front and

a heel behind, but the cusps are of equal height, and their point of union

not raised above the surface of the heel . This is a valley bounded by a

sharp margin which is incurved to the outer cusp, leaving a vertical

groove on the outer side, as in Stypolophus sp. This genus further

differs from that one in the single-rooted small tubercular posterior molar,

which is wanting in that one. The ante-penultimate molar is much
larger than the penultimate. The crown of the latter is laterally ex-

panded, and bears a cingulum at the base antero-externally. Enamel
smooth.

M.
Depth ramus st penultimate molar 0.0080

Length crown of " " .0040

Elevation " " » 0025

Width " " " 0033

Found on Black's Fork of Green River. An ally of Stypolophus and

Triacodon.

Tomitheritjm rostratum. Cope. Gen. et sp. nov.

Allied to Notharctus, Leidy. Dental formula \ \ ||, in an uninter-

rupted series. Last molars with five tubercles, others with four ; all

low and slightly alternating, the outer wearing into crescents. Canines

quite small. Incisors very promiuent, the median pair with transverse

cutting edges. Symphysis coossified, projecting in front.

I base the distinction between this genus and Notharctus on the small

canine, and the sub-horizontal position of the incisors ; believing that

when other portions of the skeleton are studied, other differences will

appear. This, I have the opportunity of doing with material now in my
hands.

The adjacent horns of the two outer crescents unite with the anterior

outer tubercle
; the posterior outer is insignificant. There is a projection

but no tubercle in front of the outer anterior tubercle. The first and
second premolars have but one root, the base of the second being about
the size of the base of the canine. The latter are cylindric at base. The
inscisors form a parabolic outline, and have entire edges, the middle pair

transverse ones. Enamel generally smooth, premolars somewhat striate
;

an indistinct inner cingulum.
M.

Length of entire dental series (straight) 0.044
" symphysis mandibuli 020

Depth ramus at second molar 010

Length crown of " " 006



M
Width crown of second molar 0045

" between two " " 014
" ". " canines 005

From near Black's Fork of Green River.

I would refer to Notharctus, my LopMotherium vasachiense, adding the

fifth species to the genus. These are JV. gracilis, Marsh. jV. tyrannus,

Marsh, N. tenebrosus, Leidy, JV. robustior, Leidy, and N. vasachiensis,

Cope.

Hadrianus allabiattjs. Cope.

This large land tortoise is nearer in general form to the H. quadratus

than to the H octonarius, but differs from both in the absence of the pro-

jecting lip of the anterior lobe of the plastron, which is thus simply

truncate. The mesosternum is not cordate, but has much the shape of

that of H. quadratus, that is, rhombic. The scutal sutures are deeply im-

pressed. The plastron is strongly concave. Carapace without irregu-

larities of the surface. Length eighteen inches.

From the Bad Lands of Cottonwood Creek, Wyoming.

Emys latilabiatus. Cope.

Represented by a perfect specimen of a tortoise of a broadly oval form,

and somewhat terrestrial habit. Its prominent characters are to be seen

in the plastron, of which the posterior lobe is deeply bifurcate. The an-

terior lobe is peculiar in the unusual width of the lip-like projection of

the clavicular ("episternal") bone, which is twice as wide as in E. cyo-

mingensis, and not prominent. Bones all smooth ; margins of lobes of

plastron thickened. Length of shell, one foot.

M.
Width of lip of plastron 06

Depth of posterior notch 02

From near Black's Fork of Green River.

Protagras lacustris. Cope.

Gen. et sp. nov.

A serpent of about the size of the existing "Pine Snake " (Pityophis

melanolencus), and allied to the water snakes of Tropidonotus and allied

genera.

A vertebra before me has the longitudinal hypapophysial groove of that

group, which terminates in a very obtuse point. The ball looks exten-

sively upwards. The upper articular extremity of the parapophysis is

short and obtuse, and the inferior equally so, and directed shortly down-

wards. The articular face being continuous with each other. It sends

an obtuse keel backwards, which terminates in front of the ball. The
angle connecting the diapophysis and zygapophysis is strong, while

the former was narrow ; in the specimens it is broken.
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M.
Length, of centrum below 0.009

Depth to base neural spine, in front Oil

Width cup 0054

Depth " 0045

Expanse parapophyses above 012
" " below 008

From the Bad Lands of Cottonwood Creek, Wyoming,

August 7, 1872.



IsTO. 4.
ON THE EXISTENCE OF DINOSAURIA IN THE TRANSITION

BEDS OF WYOMING.
By Edward D. Cope.

During the present season, F. B. Meek, of Dr. F. V. Hayden's Geologi-

cal Survey of the Territories, discovered some large bones near Black

Buttes Station, on the Union Pacific Railroad, fifty-two miles east of

Green River, and near the Hallville Coal Mines. Shortly afterwards I

visited the spot with a branch expedition, and commenced excavations

with a view to the recovery of the remainder of the animal. The posi-.

tion was discovered to be between the thinner or lower strata of the

Bitter Creek series of coal, which at this point occupy a position of

elevation and crop out high on the bluffs. Two strata appear above the

sandstone in which the bones occur, and one below it. The portions of

the skeleton found, rested in the midst of vegetable debris, as sticks and

stems, and was covered with many beautiful dicotyledonous leaves, which

filled the interstices between the bones. The plant-bed gradually passed

into a shell-bed, containing numerous thin dimyaria, and close by, some
oysters were found. The whole question as to geologic age and aqueous

conditions during which these beds were deposited, being unsettled, I

gave especial attention to the recovery of the bones, with the view of

reaching a definite conclusion on these points.

"We succeeded in recovering sixteen vertebrae, including a perfect

sacrum, with dorsals and caudals ; both iliac and other pelvic bones,

those of one side nearly perfect ; some bones of the limbs, ribs and other

parts not determined.

The vertebras are large. The dorsals are short, with vertically oval

centra, and small neural canal. The diapophyses originate well above

the neural canal, diverge upwards, and are triangular in section. The
neural spine is very much elevated, and the arch short antero-pos-

teriorly. The zygapophyses are close together in both directions, those

of the same aspect being separated by a narrow keel only. They do not

project, but consist of articular surfaces cut into the solid spine. The
latter is flat and dilated distally. The articular faces are nearly plane

with a slight median prominence.

The ribs have two articular surfaces, but I found no capitular pit on

the dorsal centra.

Elevation of centrum, 7.5 in. ; width of the same, 5 in. 7.5 lines ; length

of do., 3 in. 8.5 lines. Total elevation of a dorsal vertebra, twenty-eight

inches three lines. The sacrum consists of five vertebras, the anterior

centrum not depressed. They give out huge diapophyses which are

united by suture. They are themselves united distally in pairs, each

pair supporting a longitudinal convex articular face for the ilium. Each

pair encloses a perforation with the centra. The first diapophysis goes

off from the point of junction of the first and second vertebrae, the second

from the third only, and is more slender. The total length is 25 in.

;



and the width 30 in. Its vertebrae are flat below, with latero-inferior

angles. The last centrum gives off a simple diapophysis.

Another vertebra exhibits a diapophysis as low as the floor of the neural

canal and united by coarse suture. Others posterior to the sacrum are

more elongate with slightly compressed centrum, and with diapophysis

opposite floor of canal and not united by suture. Centra flat below
;
no

chevron bones discoverable. Length centrum, 4 in. 4 lines ; depth of

articular face, 4 in.; width of do. 4 in. 3 lines. .

The iliac bone is extended antero-posteriorly. One extremity is thick

and rather obtuse, but of little depth. There is a large protuberance

above the acetabular sinus. The other extremity is dilated into a flat

thin plate of rather greater length than the stouter extremity. From
one of its margins, a rod-like element projects. Its total length is about

four feet, of which the acetabular sinus measures about 8.10 inches.

A short bone pertaining to the limbs has the articular surfaces at a

strong angle to each other, hence the shaft is twisted. It is deeply

grooved on one side near the extremity. The other extremity bears a

rather flattened hour-glass shaped articular face, and below it on one

angle is a crest. The convexity of the surface is not great, and this

extremity resembles that of a Dinosaurian or Crocodilian reptile. Its

length is, however, only eight and a quarter inches ; apparently too small

for a humerus, though this is not certain, while it is decidedly too small

for a metatarsal of such an animal.

From the above description, it is evident that the animal of Black

Buttes is a Dinosauran reptile, the characters of the sacral and iliac

bones alone sufficing to demonstrate this point. If the reader will

compare the measurements given for species of this group already known,

he will observe that those of the present animal exceed those yet described

from North America. It is possible that if the corresponding parts of

Iladrosaurus tripos, Cope, or Thespesius occidentcdis, Leidy, are dis-

covered, they may approach it.

It is thus conclusively proven that the coal strata of the Bitter

Creek Basin of Wyoming Territory, which embraces the greater area

yet discovered, were deposited during the Cretaceous period, and not

during the Tertiary, though not long preceding the latter. It ap-

pears that the forests that intervened between the swamps of epochs,

during which the coal was formed, were inhabited by these huge mon-
sters. That one of them laid down to die near the shores of probably a

brackish-water inlet, and was soon covered by the thickly fallen leaves of

the wood. That continued subsidence of the level submerged the bones,

which were then covered by sand.

The form of the ilium differs very materially from that of Iladrosau-

rus, and the vertebrae are plane, thus differing from Thespesias. The
limb bone is distinct from anything in Lmlaps, which, moreover, probably

resembles Thegalosaurus in its ilium. The present form recalls rather

Cctiosaurus. As it is evidently new to our system, it may be called

Agatiiatjmas sylvestris.
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2STO. 5,

The Secretary announced that he had received, August

17th, 1872, a telegram from Professor Cope, dated Black

Buttes, Wyoming, Aug. 17, 1872, reading (with conjectural

corrections of specific names) as follows :

—

Black Buttes, "Wyoming, August, 17, 1872.

I have discovered in Southern Wyoming, the following species :

Lepalaphodon, Cope. Incisor one ; tusk canine none
;
premolars four,

with one crescent and inner tubercle ; molars two ; size gigantic.

—

Discor-

natus ; horns tripedral, cylindric ; nasals with short convex lobes.

—

Bifurcatus, nasals with long spatulate lobes.

—

Excressicornis, horns

compressed sub-acuminate.

Edwakd D. Cope,

TJ. 8. Geological Survey.

Published Aug. 19, 1872.
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nsro. 6.

NOTICES OF NEW VERTEBRATA FROM THE UPPER WATERS
OF BITTER CREEK, WYOMING TERRITORY.

By Edward D. Cope.

Synoplotheritjm lanius. Cope. Gen. et sp. nov.

This genus possesses the dental formula so far as known, I. f c.JMj. In

the only specimen with molars, the crowns are much worn, but in all

the antero-posterior much exceeds the transverse diameter, and consisted

of two lobes. The posterior molar had no more lobes, and is smaller

than the penultimate. The first is two rooted, and is separated by a wide

space from the inferior canine. The superior canine is of disproportion-

ately large size, and issues a little behind the premaxillary suture. The
incisions are crowded closely together, and are of conic form. The ex-

terior is several times as large as the others. The inferior incisors are of

huge size, project upwards after the manner of rodents, and are inserted

by a short base into the solid symphysis. They are separated by a short

interspace, which is without alveoli.

The fore foot possesses four digits, of which the inner is considerably

the shorter. *Phalanges not slender ; ungueals fiat, deeply fissured above.

Caudal vertebrae slender.

This most remarkable genus is not at present referable to its proper

order. The superior anterior teeth are of carniverous type ; the opposing

teeth look like those of rodents, while the molar teeth differ from both.

It is allied to AncMppodus, Leidy, which is only known from mandibles.

This form Dr. Leidy has called the '
' gnawing hog, '

' but, as it probably

exhibits a structure similar to that seen in the present genus, it is obvi-

ous that the huge symphyseal teeth were not designed for gnawing in

the usual sense. I suspect these animals have lived largely on turtles,*
'

and that the structure in question was adapted for crushing their shells.

This is the more likely from the prodigious number of turtles which must
have existed contemporaneously with them. There are twenty species

described from the Bridger formation, and their numbers are legion, as

already described by Professor Marsh. Their bones are always in sight,

and six or eight are not unfrequently found lying together.

Char, specif. The mandibular rami, posterior to the symphysis, are not

heavily constructed. The symphyseal teeth are very stout, and exhibit

two longitudinal grooves on the outer and outer inferior face ; the shaft is

compressed, and the worn surface is on the outer side, as produced by
the canines, and on the extremity, produced by the outer incisor. The
superior canine is compressed, and as large as that of a grizzly

bear. The outer incisor is nearly straight, and with conic crown. A
large part of its shaft is exposed at the bottom of a wide vertical

groove, which extends upwards between the canine tooth and a ridge de-

scending from the edge of the nares. The external nareal opening is en-

*This view was already expressed in The Friend, Philada. , 1872, Winter.



tirely anterior, and is narrowed below, in accordance with the narrowing

of the premaxillaries.
M.

Length of interior dental series to bases of symphyseal

tooth , 0.170

Depth ramus at last molar 050

Length symphysis 060

" muzzle from canine 017

• " symphyseal tooth projected 010

Diameter " " " 026

" canine " " 023

If the body of this animal were of usual proportions as relates to the

skull, it was about the size of the black bear ( Ursus americanus). The
worn condition of the teeth indicates an old animal, and one that had
lived on hard food.

EOBASILETJS CORNUTUS. Cope.

Gen. et sp. nov.

Established on remains of five individuals of the average size of the

Mastodon ohioticus. These indicate clearly a form of proboscidian not

before recognized. The structure of the tibia and astragalus, clearly

indicate that the species is not artiodactyle, while the perfectly simple

femur is not perissodactyle. The posterior part of the cranium, and the

short stout phalanges are proboscidian. The existence of horns on the

frontal bones separates it at once from Dinotherium, Mastodon, Stegodon,

or Elephas, and indicates a remarkable combination of structure not

before known to naturalists. The gigantic size of the typical species

adds to its interest, and shows it to have been the monarch of the remark-

able fauna disclosed by recent researches in Wyoming.
The distal extremities of both humerus and femur are flat, the former

•with oblique trochlear face and shallow olecranar fossa. The great tro-

chanter of the femur is flat and not recurved ; little trochanter wanting.

Spine of tibia very obtuse; distal extremity little excavated. Distal

extremity of phalanges not divided by trochlear ridge.

Articular extremities of vertebrae plane ; the cervicals very short.

Cranium with vertical occiput with broad convex superior outline.

Temporal fosste lateral, posteriorly small. Horn-cores obtuse, com-

pressed, most at base ; direction divergent.

Number 1. M.
Length of horn-cores (6 inches) 0.152

Elevation occiput from the foramen magnum .180

Width across supra-occipital crest 315

" of condyles with foramen .206

" " paramastoid process 087

Number 2.

' Transverse diameter condyles humerus 185
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Number 3.

Diameter extremity tibia (transverse) 126

" " " (antero-posterior) 096

" head •" (transverse) 140

" glenoid cavity scapula 150

Further details of the structure of this animal will be sought for with

interest. From the manner of its occm-ence, it probably went in families

or herds.

Crocodiles cl wis. Cope.

This is a large species with a muzzle of narrowed proportions and

sufficient depth to give it a broad oval section. The nasal bones appear

to have reached the nareal orifice. The anterior superior teeth are very

large, especially the canine. The inferior tooth corresponding is large,

and occupies an emarginafcion which approaches near to the nasal suture.

The pitting of the muzzle is fine, and the swollen interspaces much the

wider. The teeth have stout conic crowns, with well developed cutting

edges and coarse striate sculpture. The mandible is acuminate to the

narrow extremity, and has a long symphysis, which extends to opposite

the third tooth behind the notch. The cervical vertebrae preserved, have

round cups ; they have a simple elongate hypapophysis with a pit behind

it ; shoulder very prominent.

M.
Length of ramus with teeth

" " symphysis.. 135

Width do. at end of symphisis 085

" do. " mandible 020

" maxillary at third tooth above. 060
" " "notch above ....020

This species has a more slender muzzle than those described by Marsh
and Leidy, and is of larger size.

Rhineostes peltatus. Cope.

Gen. et sp. nov. Nematognatnorum.

Established on cranial and other bones, with spines of a siluriform fish

of the size of the largest species of Amiurus. The form, in the excessive

rugosity of the external long surfaces, reminds one of some of the Bra-

zilian Dorades. The frontal fontanelle is closed, though very distinctly

marked by a groove of the surface not rugose. The rugosity consists of

innumerable, packed osseous popillse. The cranial ossification is con-

tinued posterially as a shield, which is strongly convex from side to side.

The spine is symmetrical, and probably dorsal. It is compressed and curved
antero-posteriorly, and is deeply grooved behind. Laterally it is closely

striate grooved ; the anterior face is narrowed, obtuse, and minutely ser-

' rate with cross ridges ; each side of it is rugose with several irregular

series of pronounced tubercles, arranged transversely.



M.
Width frontal bone near front of fontanelle 0.012

Thickness at do . . 004
" " casque 005

Width spine. .005

Depth " 009

Rhineostes smithii. Cope.

Indicated by a dorsal spine of an individual of smaller size than the

type of the last named. It is less rugose, and more firmly striate, and

possesses a row of short reverted spines in its posterior groove. The
anterior edge is furnished with a finely serrate keel, which has a groove

on each side at the base. The section is oval, the posterior face not being

flattened as in the last species. Anterior-posterior diameter near middle

M. .005 ; at base .006 ; width behind above base .006.

Named for my respected friend, Daniel B. Smith, of Germantown

;

many years Principal of Haverford College, and a student and lover of the

Natural Sciences.

August 20th, 1872
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nsro. 7.

SECOND NOTICE OF EXTINCT VERTEBRATES FROM BITTER
CREEK, WYOMING.
By Edward D. Cope.

Pal^eosyops vallidens. Cope, sp. nov.

Represented by the dentition of one maxillary bone with other bones

of one individual ; a portion of the same dentition of a second ; with

both rami of the mandible with complete dentition of a third. The spe-

cies is distinguished by the details of the dental structure, and by the

superior size. It exceeds, in this respect, the Palceosyops major, Leidy
;

while the three posterior lower molars measure 4.5 inches in length, the

same teeth of the present animal measure 5.25 inches. The last superior

molar of another specimen measures 2 inches in length ; in the third the

first true molar is 1.5 inch in length, while the last inferior molar is 2.25

inches long. The peculiarity in the structure ofthe superior molars consists

in the existence- of two strong transverse ridges, which connect the inner

tubercle with the outer crescents, enclosing a pit between them. These
are most marked on the premolers, where also is found the peculiarity of

the almost entire fusion of the outer crescents into a single ridge. These
united crescents are narrower than in P. major, and the summits of all

the crescents are relatively more elevated. The number of inner tubercles

is the same as in that species ; all the teeth have very strong basal cin-

gula, which rise up on the inner tubercle. The last inferior molar is

relatively narrower than in P. major, and the posterior tubercle is larger

and longer, and is an elevated cone.

This species is after those next described, the largest mammal of the

Wyoming Eocene.

Loxolophodon. Cope.

(Proceed. Amer. Philos. Soc. Feb. 16, 1872.)

The discovery of the remains of numerous animals of this genus con-

firm the propriety of its separation from BatJimodon. The characters are

as follows

:

Type of extremities Proboscidian. Femur without third trochanter,

toes short, stout. Dentition : I. 1 ; C. : P. M. 4 ; M. 2. The premax-

illary is at the posterior margin of that bone, and is a large recurved

trenchant tusk. There is a long edentulous interval between it and the

first premolar, which is smaller than the others. These support an outer

crescent and a small inner tubercle. In the anterior premolars, the cres-

cent is nearly straight, in the posterior more curved. With use, the cres-

cent and tubercle wear together and form a short lance-head surface.

The crescent is angular, and occupies the whole crown in the molars, and
the tubercle is small and not symmetrically placed. The teeth on the

maxillary bone are remarkably small for the size of the animal. Lower
jaw not observed.

The cranium presents a remarkable appearance on account of the pro-



longation of the muzzle. In front of the zygomatic arches, the form is

compressed and roof-like above. Above the tusks the nasals expand, and

are produced to a great distance, terminating in osseous prominences.

The premaxillaries are also much produced ; their anterior part is slender

and toothless, and does not extend so far as the nasals.

The orbit is not enclosed behind, and has no marked superciliary or

other margin. Above it, on each side, a horn-coYe is given off, the pair

diverging from approximated bases. Occiput vertical.

The affinities of this genus are not close to any known, excepting Bath-

modon. This has the six premaxillaries of usual proportions, at least

three true molars, and the posterior premolars with three crescents. The
general relationships are proboscidian, and associated in some measure

with Synoplotlierium, AucMppodus and Pseudotomus.

Besides the L. semicinctus, Cope, originally described, the l-esearches

under Prof. Hayden's Geological Survey, have determined the existence

of two or three other species of much lai'ger size.

LOXOLOPHODON CORNUTUS. Cope.

Eobasileus comutus. Cope.

Established on portions of several skeletons, including one with femur,

pelvis, scapula, vertebrae and cranium. The latter measures about thirty-

four inches in length. The horn-cores are very stout and sub-triangular

in section at base and with a rudimental knob on the inner side ; height

seven inches about. A massive protuberance of a recurved lobate

outline rises on the anterior margins of the nasal bones on each

side. They meet, leaving an emargination in front, giving the nasal

bones a bi-lobed outline. The iliac bones are very wide, the expanse of

both together being fifty-four inches . The centrum of a sacral vertebra

is four inches in diameter.

LOXOLOPHODON PURCATUS. Cope.

This species is indicated by portions of the nasal bones. These have

differed in form materially from those of the L. comutus. The convex

protuberances seen in L. comutus were here represented by processes of

singular form. They were compressed, narrowed at the base, and

expanded distally into a flat spatulate body. The whole process measures

seven to eight inches in length, and three and a-half in width distally.

The animal could not have been materially smaller than the L. comutus.

LOXOLOPHODON PRESSICORNIS. Cope.

Established on numerous remains, including horn-cores of species simi-

lar in size to the last. Its marked peculiarity, as first noticed, consists

in the compression of the horn-cores throughout the proximal half of

their length, with-.their more acuminate form, than in L. comutus. They
measure also about seven inches in length.

The affinities of these remarkable animals will be shortly discussed.

They were the gigantic mammals of our Eocene period, representing

the Elephants and Mastodons of the Miocene, which they equalled in

size. Aug. 22, 1872.



usro. 8.

ON A NEW VERTEBATE GENUS FROM THE NORTHERN PART
OF THE TERTIARY BASIN OF GREEN RIVER.

By Edward D. Cope, A.M.

Anaptomorphtts cumulus. Cope.

Dentition of the ramus mandibuli, In. 2, C. 1, P.M. 2, M. 3, total 1G
;

identical in number to those of Limia and Homo. It differs in many re-

spects from these ; there is no interruption in the series near the canine,

and the symphysis though massive, is not co-ossified. Further details

are, the last molar is three-lobed and elongated behind. The composition

ofthe crowns of the preceding molars consists of four opposite lobes, which

are very stout, and connected transversely by a thin ridge behind, or in

close contact in front. The premolar tooth which is best preserved, is a

perfect second, which, while having two roots, possesses a crown which

stands almost entirely on the anterior, presenting a curved sectorial crest

forwards and upwards.

Measurements. M.
Length dental line 0.0148

•' of last molar 0030
" " ante-penult .0025

Widthof " 0020

Length of three molars preserved .0070

October 12th, 1872.





DESCRIPTIONS OF NEW EXTINCT REPTILES FROM THE
UPPER GREEN RIVER EOCENE BASIN, WYOMING.

By E. D. Cope.

Grocodilus (Ichthyosttchus) sublai us. Cope, sp. nov.

Some of the cervical vertebrae without hypapophyses. Their cups

round. Dentition peculiar. One or two very long smooth compressed

straight teeth in the front of the ramus mandibuli. These are followed

abruptly by a closely set series of sub-equal teeth of not one-fourth the

size, varying little to the back of the jaw. The long teeth have sub-

compressed crowns with opposed cutting edges, and are smooth except

at their bases. These are distantly sulcate, the separating ridges being

acute. The smaller teeth are perfect cones and resemble those of Gars

without their sulci.

There are more long teeth in the premaxillary bone than below. Pit-

ting of the cranium distinct, elegant. Length of skull about one foot.

Length of long teeth 1.25 inches ; of small ones .5 inch.

Crocodilus sulcifertjs. Cope, sp. nov.

A medium sized species with cranium deeply and roughly pitted. The
chief character is at present visible in the teeth. The larger of these

are of sub-cylindric and short conic crown, which is superficially grooved

from basis near apex ; sulci coarse, open.

Anostira radtjlina. Sp. nov.

Based on two marginal bones one from the front, the other from the

rear, of the carapace of an animal of twice the bulk of the largest Anostere

yet found. Apart from size, the sculpture is peculiar. It consists in the

anterior of closely packed vermicular ridges which run out fiat on the

posterior and upper edge. In the posterior, it consists of only closely

placed minute tubercles over the whole surface.

M.
Length front one on free edge 0.025

Width " " " .028

Length posterior on free edge 025

Width " " " , 025

October 12th, 1872.





3STO- lO.

Prof. Cope made some remarks on the Geology of Wyoming, especially

with reference to the age of the coal series of Bitter Creek. He said that

the discovery of the Dinosaur Agatliaumas sylvestris had settled the ques-

tion of age, concerning which there had been much difference of opinion,

in favor of the view that they constitute an upper member of the Creta-

ceous series. In the sections made, he had succeeded in tracing the line

of demarkation between these and the lower beds ofthe Green River epoch,

and had found the leaf beds of the former to be immediately covered by
deposits of mammalian remains, with an interval of a few feet only. Iii

the same way, the close approximation of Evanston cretaceous coal to

tertiary strata was determined by the finding of numerous mammalian
and reptilian remains in the lower part of the Wahsatch beds of Hayden,

or even in the sandstones overlying the coal. Here two species of

Batlimodon were found, corresponding with the nearly allied genus Meta-

lophodon from the Bitter Creek locality. So far as is yet known, the

BatJimodontidce are diagnostic of the Green River formation, and on this

and other grounds, the "Wahsatch beds of Evanston were regarded as be-

longing to it. A further extension of the Green River formation was
found at a point 400 miles westward (see Proc. Am. Philos. Soc , July,

1872), near Elko, Nevada, where fishes and insects occur in thin shales.

Some of the former are nearly allied to species from the fish-beds of

Green River.

He added that exception had been taken to his claiming the final deter-

mination of the cretaceous age of the Bitter Creek coal strata (see Silli-

man's Journal, 1872, Dec, p. 489) ; his critics presuming that he was un-

acquainted with previous publications on the subject. It was, however,

his knowledge that pi-evious authors had expressed either adverse or

doubtful opinions respecting it, that induced him to print the short pre-

liminary notes that had appeared. He was well aware that Messrs. King
and Emmons had considered the lower part of these beds as cretaceous,

and the upper as tertiary (see Exploration 40th Parallel, III. p. 458), on

stratigraphic grounds. Since the cretaceous was represented in different

parts of the country by clays, sands, glauconite, chalk, limestone, and
sandstone, he thought that palsenotological evidence was needed to com-
plete the demonstration. This had not been produced for the locality in

question, but the nearest point (Hallville) had been called Tertiary by
Mr. Meek, and Prof. Lesquereaux (Hayden's Survey of Terrs., 1870, p.

306) had considered the fossil flora of Point of Rocks, forty miles west-

ward, as of "unknown age," and those of Evanston as miocene. Hay-
den himself is well known to regard the strata as of uncertain or transi-

tional age. Palsenotological determinations of cretaceous age of the Bitter

Creek series were very indefinite up to the publication in question. But,

first he would remark, that his critic was doubtless uninformed as to the

geography of Wyoming, when he cited Prof. Marsh's determination of the



cretaceous age of the coal of Brush Creek, a locality from 150 to 200 miles

distant. So with the determination from "Weber River (Coalville) 200 miles,

and Evanston and Sulphur Creek 150 miles distant, on the opposite side

of the Bridger Basin. He did not regard these as determinations affect-

ing the age of the Bitter Creek Beds any more than they did of the Eoeene

coal of Osino, 200 miles west of them.

The only approximations to the point were made by Mr. Meek. In

King's Survey of the 40th Parallel ( 1. c. 462), Mr. Meek's nearest points

of investigation were the shell beds of Sulphur Creek (Bear River) ; of

these he says, '
' While I am, therefore, willing to admit that facts may

yet be discovered that will warrant the conclusion that some of these

estuary beds should be included rather in the Cretaceous than in the Ter-

tiary, it seems to me that such evidence must either come from included

vertebrate remains, etc." This is not vei*y conclusive, and acknowledges

in advance the importance of the determination of vertebrates from the

same neighborhood ( Evanston), and from Bitter Creek, above described.

Secondly, in Hayden's Survey, 1870, p. 298, the only determination of the

age of coal of the Bitter Creek area is tertiary (Hallville). Thirdly, in

Hayden's Survey Montana, etc. (1871, p. 375), Mr. Meek enumerates

three species from this region (Point of Rocks) as cretaceous, every one

with question as to determination, which, therefore, decides little as to

the age of the beds. In the same way all his Coalville species are marked
with question. In his earliest investigation in connection with Mr. Engle-

man, in Capt. Simpson's Report (1860), he expressly states that the age

of the Bitter Creek coal series is unknown.

Thus it seems that a knowledge of the literature of the geology of the

Bitter Creek coal, shows : I. The Messrs. King and Emmons on strati-

graphic evidence referred the lower part to the cretaceous and the upper

to the tertiary. That on Palseontological grounds, II. Mr. Lesquereaux

regards them as tertiary; III. Mr. Meek's evidence is doubtful; * and, IV.

Dr. Hayden has believed in a transition series.

Hence it appeared to the speaker, that the explorations directed by Dr.

Hayden during the past season had contributed largely to our knowledge,

proving the existence of an interruption between the cretaceous and ter-

tiary formations ; less it is true than that which exists elsewhere, and
similar to that insisted on by Clarence King's survey in the region of

Bear River and the Wahsatch country.

* This gentleman has stated in a letter to the writer that Bitter Creek Beds constitute a "new
zone."
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ON TWO NEW PERISSODACTYLES FROM THE BRIDGER
EOCENE.

By Edward D. Cope.

LlMNOHYUS LiEVIDENS. Cope.

This species is one of the larger forms of the group originally repre-

sented by Palceosyops, and which has turned out to be so numerous in

species. Thanks to the labors of Prof. Marsh, these have been placed on

a recognizable footing, and I have been enabled to distinguish not only

the species he has described but a few others in the collections obtained

by Dr. Hayden's expedition of 1872.

The present species is chiefly represented by a nearly complete cranium

with dentition, from Bitter Creek, and a cranium lacking the posterior part

of one side and the lower jaw, from Cottonwood Creek. The molars have

the general form of those of L. robustus, but the second superior premolar

has but one outer tubercle. The cingula are much less developed than

in that species ; those between the inner cones of the molars being entirely

absent. These cones are low, and with the rest of the crowns of all

the teeth, covered with smooth and shining enamel. The anterior me-
dian small tubercle of the first true molar is wanting. The last true

molar has but one interior cone.

The canine tooth is powerful and bear-like ; the outer incisor is the

largest. The premaxillary bones are short, and the side of the face eleva-

ted and plane to the convex nasal bones. Zygomatic arch massive.

M.
Length molar series (No. 1) 0.140

" true molars 085

" three incisors 034

" crown canine 030
" " lastmolar. 039

Width " " ". 036

Length cranium to occipital crest 345

" true molars (No. 2) 101

" last " " (oblique) 030

Width " " " (transverse) 038

The measurements of this species are intermediate between those of

Palceosyops paludosus and P. major, ofLeidy; those of the latter agreeing

with the Limnohyus robustus, Marsh, and perhaps other species.

Palceosyops fontinalis. Cope.

A small species agreeing with the P. paludosus in the two interior

cones of the last superior molar. It is represented especially by a con-

siderable part of the cranium of an individual in which the last superior

molar is not quite protruded, but with the other molars and last pre-

molar of the permanent dentition in place. The enamel of these teeth

is in accordance with the age, delicately rugose, and while the cingulum
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is present fore and aft, it is wanting internally and externally. The
anterior median tubercle is present on all the true molars, and the bases of

the acute inner cones are in contact. The sagittal crest is truncate, and

the squamosal portion of the zygoma very stout. The nasal bones are

together very convex in transverse section.

M.

Length of true molar series (2.75 in. ) 0. 067
" last " 025

Width " " 026

Length of penultimate molar 026
" " " .026

Depth of squamosal process 025

Found by the writer on a bluff on Green River, near the mouth of the

Big Sandy, Wyoming.
The papers descriptive of fossils from the Wyoming basin published by

the writer during the year 1872, were issued at the following dates :

On Bathmodon, an extinct genus of Ungulates, February 16th.

On a new genus of Pleurodira from the Eocene of Wyoming, July 11th.

On the Tertiary coals and fossils of Osino, Nevada, July 29th.

Descriptions of some new Vertebrata from the Bridger Group of the

Eocene, July 29th.

Second account of new Vertebrata from the Bridger Eocene, August 3d.

Third account of new Vertebrata from the Eocene of Wyoming Terri-

tory, August 7th.

On the existence of Binosauria in the Transition beds of Wyoming,
near August 12th.

Notice of Proboscidians from the Eocene of Southern Wyoming,
August 19th.

Notices of new Vertebrata from the upper waters of Bitter Creek, Wy-
oming Territory, August 20th.

Second notice of Extinct Vertebrates from Bitter Creek, Wyoming,
August 22d.

On the Dentition of Metalophodon, September 20th.

On a new Vertebrate genus from the northern part of the Tertiary

Basin of Green River, October 12th.

Descriptions of new Extinct Reptiles from the Upper Green River

Eocene Basin, Wyoming, October 12th.

I have just received a paper "On the Gigantic Fossil Mammals of the

Order Dinocerata, by Prof. O. C. Marsh," wnich contains a formidable

catalogue of errors which the author appears to suppose I have com-

mitted in describing animals of this type. All this is explained by the

fact that Prof. Marsh has never seen the genus Eobasileus, Cope, and er-

roneously supposes it to resemble Uintatlierium, Leidy (Binoceras,

Marsh). The descriptions which I have given are correct, as will pres-

ently appear, as well as the fact that I have anticipated the Professor in

the descriptions of some of the allied species.

Issued January 31st, 1873.
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INTO. 12.

ON SOME EOCENE MAMMALS, OBTAINED BY HAYDEN'S
GEOLOGICAL SURVEY OF 1872.

By Edward D. Cope, A. M.

(Bead before tJie American Philosophical Society, , 1873.)

Hyopsodus paulus. Leidy.

Hayden's Survey, Montana, etc., 1871, p. 363.

From Cottonwood and South Bitter Creeks.

Microsyops vicarius. Cope, sp. nov.

Founded on portions of the mandibular rami of two individuals from

the Bad Lands of Cottonwood Creek, Wyoming. These represent an

animal considerably smaller than the Hyopsodus paulus, and with prob-

ably only three premolars. This is believed to be the fact from the small

size of the last premolar, and the anterior contraction of the first molar.

The molars have no external cingulum nor antero-external tuberosity

described to exist in the M. gracilis, by Marsh. The cones have simple

apices, and the oblique connecting ridges of both genera.

H. paulus. M. vicarius.

M. M.
Length of three molars 0.0136 0.0115

last molar 052 .0045
" first molar 040 .0038

Width " anteriorly 041 .0026
" " posteriorly 043 .0029

Antiacodon pygm^eus, Cope.

Lophiotherium pygmceum, Cope. Proceed. Amer. Philos. Soc, 1872,

Extras July 29th. Antiacodon venustus, Marsh, Amer. Journ. Sci. Arts,

1872 (published, August 13th). Hyopsodus pygmceus, Cope, loc. cit., p.

461. From Cottonwood Creek, Wyoming.

Antiacodon furcatus. Cope, sp. nov.

Established on a part of the right ramus mandibuli with the three

molars and last premolar in perfect preservation. The crowns of the

molars are composed of two external chevron-shaped tubercles, the apices

rising as acute cusps, and two internal cones, the interior of which is

flattened and strongly bifid, both points being more elevated than any of

the others. The cusps are nearly opposite to each other, and behind the

interval between the two posterior rises another, not so elevated as the

others, except on the posterior molar. Here it is elevated, and nearly

equidistant from the two in front of it. The enamel is smooth, and there

is no cingulum on either side. The premolar consists of a principal sec-

torial cusp, and has a smaller but stout acute anterior cusp, with a small

rudiment of another behind ; a stout cusp l'ises from the inner posterior

margin of the principal one, giving it a subbifid appearance.



Measurements . M.
Length of four molars 0.0195

'* three true molars > . . .0149
" last " molar 0055
"

first " " 0043

Width " " " in front 0025
" " " " posteriorly 0031

Depth ramus at front of M. 3 0075
" " P. M. last 0055

This species differs from the last in the presence of the posterior

tubercles on the M. 2-3, and the absence of external cingulum. The
sizes are not very different.

From the Bluffs of the Upper Green River.

The genus to which this species belongs differs from Hyopsodus in the

carnivorous form of the last premolar, which has a well-developed an-

terior cusp. I refer it to the same genus as the last species, though its

characters have never been pointed out by the author of the name (Prof.

Marsh), nor are the characters which distinguish it from Homacodon of

the same author discoverable. He states that the cusps in H. vagans are

"isolated," a character which does not apply to A. furcatus, in which
they are related much as in Hyopsodus.

Oligotomus cinctus. Cope, gen. et sp. nov.

Char. Gen. Molars constructed much as in Hyopsodus and LopMo-
therium, viz. : with two external subtrihedral cusps which wear into cres-

cents, the posterior connected by a low oblique ridge with the basis of

the anterior cone of the inner side ; the latter with two conic cusps. It

differs from these genera and Orotlierium in the possession of but two
premolars; the inferior molars are probably six, leaving four true molars.

Char, specif. In this animal the cusps of the molars are elevated, the

external most so, the anterior being somewhat bilobate. Premolars with

two fangs. There is a rudimental posterior tubercle in M. 1 and 2, and

a strong cingulum round the outer side of the crown. In an adult with

worn teeth the enamel is obscurely rugose.

Measurements. M.
Length of five molars 0.0326

" two premolars 0120
" M. 2 .0067

Width " anteriorly 0050
" " posteriorly 0050

Depth ramus at front of P. M. 1 0126

From Cottonwood Creek, Wyoming.

Orotheeitjm sylvaticum. Leidy.

LopMotherium sylvaticum, Leidy. Proceed. Acad. Nat. Sciences,

Philadelphia, 1870, 126. Orotliermm, Marsh, Am. Journ. Sci. Arts,

1872, August 13. From Black's Fork, Wyoming.



Orotherium yasacciense. Cope.

Lophiotherium vasacciense, Cope. Proceed. Am. Philos. Soc, 1872,

July 11th (extras). Notharctus vasaeeiensis, Cope, 1. c, 1872, 474.

This species is similar to the last in most respects, the corresponding

molars differing in the more elevated yoke between the tubercles of op-

posite sides, and the presence of a posterior median tubercle.

From Green River beds near Evanston, and the same near Black Buttes,

Wyoming, on opposite sides of the Bridger Basin.

TOMITHERIUM ROSTRATUS. Cope.

Proceed Amer. Philos. Soc, 1872, August 11th, p. 470.

This genus differs from Orotherium, among other points, in the simple

second premolar, which is without posterior cusp. It appears to be

nearly allied to the Thinolestes of Marsh, and was published on the same

day. That genus was, however, not distinguished by Marsh from

Notharctus and Limnotherium, so as to be recognizable. The species

differs from all those described by the same author, so far as I can

discover.

NOTHARCTUS LONGICATJDTJS. Cope.

Pantolestes loiigicaudus, Cope. Proceed. Amer. Philos. Soc, 1872, p.

467 (August 3d).

I originally assigned but 3 P. M., to this species, but now find that it

possesses four, and must be referred to Notharctus. It differs from all

the species described by Marsh, in having the second premolar two-

rooted, and from Leidy's two species in its slender proportions.

Triacodon acttleatus. Cope.

Proceed. Amer. Philos. Soc, 1872, p. 460, July 29th.

The measurements of this species are somewhat larger than those

given by Marsh, for his T. grandis (Amer. Journ. Sci. Arts, August 13,

1872) ; but the species may prove to be the same. The allied genus Sty-

polophus, Cope, is no doubt marsupial.

VlVERRAVUS PARVIVORTJS. Cope.

Miacis parvivorus, Cope. Proceed. Amer. Philos. Soc, 1872, 470,

(August 7th).

This species appears to belong to the genus Viverravus of Marsh, which
bears date July 22, 1872, consequently sixteen days earlier than Miacis,

which thus becomes a synonym. The species is different from those

described by that author.

Paramys leptodus. Cope, sp. nov.

Established on a right mandibular ramus with all the teeth pre-

served. It indicates an animal of about the size of the P. delicatus,

Leidy, and P. robustus, Marsh, but with smaller incisors, which have

little more than half the diameter of the same tooth in those species.

The molars have two anterior separate, and three posterior contiguous



cones, the median smallest. The anterior and posterior of both sides

separated by a deep excavation. The anterior tooth is peculiar in its

greater compression. The posterior tubercles are not separated, and the

anterior inner situate behind the outer, and connected with the posterior

inner by a concave ridge.

Measurements.
M.

Length molar series 0.0221

M. 4 0060

Width " 0055

Length M. 1 0060

Width " 0048

Diameter lower incisor, transverse 0024
.'• " " anterior posterior 0038

From the South Bitter Creek, Wyoming.

Paramys ttndans. Marsh.

Sciuravus unclans, Marsh. Amer. Journ. Sci. Arts, 1871 (June 21st).

A smaller species than the P. delicatissimus, Leidy. The dental charac-

ters of the mandibular series are generically indentical with those of the

species of Paramys.

From Upper Green River.

Paramys delicatissimus. Leidy.

Black's Fork.

Paramys delicatior. Leidy.

Cottonwood Creek and Black's Fork.

Paramys delicattjs. Leidy.

Black's Fork.

Pal^eosyops diaconus. Cope, sp. nov.

Belonging to the genus Palceosyops as understood by Marsh, that is,

with two cones on the inner side of the last superior molar. The species

is as large as the Limnohyus major of Leidy, but differs in the relative

proportions of the teeth. Thus the last three molars have the same

antero-posterior length, while the space occupied by four premolars is

shorter. The anterior and posterior cingula of the true molars are very

strong, but it is not well marked on the inner side between the cones.

The latter are acutely conic, and the median anterior tubercle is strongly

developed. Although the wearing of the teeth indicates maturity, the

enamel is coarsely and obtusely rugose. The fourth premolar differs from

that of L. major in its smaller size relatively and absolutely, and in the

presence of a prominent vertical tubercle on the outer face, rising to the

angle of the deep notch between the lobes. The third premolar is as wide

as the fourth and about as large as the corresponding tooth in L. major,

but different from it in the absence of tubercle and ridge that mark its

external face. The first premolar has two roots, and the canine is large

and short.



Tliis large Paheotheroid is represented by parts of the two maxillary-

bones, which present the crowns of the third and fourth premolars, and

of the second and third true molars with the bases of the other molars

and premolars.

Measurements.
M.

Length of entire molar series 0.1710

" " true molars 1060

'• " last molar (crown) 0420

Width li " " " 0437

Length second molar 0350

" fourth premolar 0260

Width " " 0260

" third " 0200

Length " '.' 0200

Diameter of basis of canine 0263

In comparing this species with P. paludosus, which also has the dental

crowns rugose, I have Dr. Leidy's descriptions of 1870* and '71. In the

first he describes a superior molar as "22 lines fore and aft, and 18 lines

transversely, " which measurement would nearly apply to the penultimate

of this species were the directions of the lengths exchanged. But
in the second description,! the true molars are said to measure " 3J
inches '

' in length, which is nearly an inch less than in P. diaconus.

The species must therefore be different. In comparison with Marsh's

description of his P. laticeps, the measurements are all larger, and the

enamel is as rugose as in L. major, instead of smooth. The shortening

of the premolar series is greater in P. diaconus; thus in P. laticeps the

two sets of molars are related as 94 mm. to 61; in the present one, as 106 :

65; were the proportions similar, the length of the premolar series

should be 69 mm.
From Henry's Fork of Green River.

The species of this genus then are, in the order of size : P. diaconus,

Cope ; P. laticeps, Marsh ; P. paludosus, Leidy ; P. fontinalis, Cope-

There is however still some question as to the true position of P. pal-

udosus.

Htrachyus implicatus. Cope, sp. nov.

This tapir is smaller and more slender than the H. agrestis, Leidy, but
exhibits an equal size of posterior molar teeth, which are thus relatively

larger than in that species. It is represented first, by both maxillary

bones with most of the molars complete, from Cottonwood Creek, Wyo-
ming

; then by the side of the face with molars of both jaws complete,

with symphysis and portions of all the incisors, from South Bitter Creek
;

and by part of mandibular ramus with teeth, from Green River, with

probably other specimens.

* Proceedings Academy, Philadelphia, 1870, 113.

t Hayden's Geological Survey of Wyoming. 1871, p. 359.
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The molars differ from those of the larger Hyrachyi, and resemble those

of the smaller, in the presence of a prominent ridge which descends on

the inner side of the principal (median) outer cusp, not quite reaching

the valley below. It wears into a prominent loop. The anterior cusp is

much less elevated than the median, and is separated from the latter by

a considerable ridge. The only cingulum on the molars is on the outer

side of the first ; enamel smooth.

Measurements, No. 1. M.

Length of five molars 0710

" three posterior molars 0470

" last molar 0159

Width " 0200

" penultimate molar 0210

Length " 0168

In the more perfect specimen, all of the molars have two transverse

crests except the P. M. 1. The lower molars possess strong anterior pro-

longations of their posterior crests ; the 3d and 4th premolars have one

elevated transverse crest near their middle, and the second is much com-

pressed. The first I cannot find. Symphysis rather short for the genus.

Measurements No. 2. M.
Length superior molar series 0.085

" true molars 046
" penultimate .015

Width " 019

Length inferior molar series 078
" " true molars 0475
" penultimate 0170

Width " .0110
" last premolar 0080

Length " " 0120

Depth ramus at last premolar 0235

Length diastema 0190
'

'

of bases of three incisors 0180

Hyrachyus pbinceps. Marsh.

South Bitter Creek.

Hybachyus eximius. Leidy.

Cottonwood Creek, common.

Hybachyus agbarius. Leidy. Lophiodon bairdianus. Marsh.

Common everywhere.

Hybachyus boops. Marsh.

Bitter Creek, Black's Fork.

Hyrachyus nanus. Marsh.

Cottonwood Creek.

Published, March 8th, 1873.







ZfcTO. 13.
ON SOME OF PROFESSOR MARSH'S CRITICISMS.

By E. D. Cope.

I.

I have already (hi " The Short-footed Ungulata of the Eocene of Wyo-
ming ; " Naturalists' Agency, Salem, Mass.) shown, by figures and des-

criptions, the absence of foundation for Professor Marsh's recent animad-

versions, and though these latter present internal evidence of idiosyncracy

which almost disarms reply, yet as some of the readers of this journal

may not see the above essay, I make a few specific contradictions of some
of his statements which may be regarded as serious.

In an article "On the Gigantic Fossil Mammals of the Order Dinoce-

rata, '

' he writes as follows :

"(1) What Prof. Cope has called incisors are canines, etc." I had
determined and stated them to be canines, in the American Naturalist,

previous to the appearance of this criticism.

"(2) The stout horus he described are not on the frontals but on the

maxillaries. " I was the first to determine these bones to be nasals, and

find that in Eobasileus p?*essicornis tney compose the inner face of the

horns to the apex, while the maxillaries form the outer face.* It was on

this sj>ecies that my original determination was based. In the original

specimen the middle portion of both nasals is wanting.

"(3) The orbit is not below these horns but quite behind them, and

has over it a prominent ridge on the frontal." In Loxolophodon comutus
the naso-maxillary horn is largely above the orbit, and there is no super-

ciliary ridge of the frontal.

" (4) The occiput is not vertical, but extends obliquely backwards, the

occipital crest projecting behind the condyles." Prof. Marsh has been

perhaps led into this error by the imperfection of the occipital condyles

in his specimen. He does not appear to know that in life the head was
directed obliquely downwards, so that the occipital crest was vertical as

I described it in Loxoloplwclon and in Uintatherium robustum.
" (5) The temporal fossa is not small posteriorly but unusually large ;"

and " (7) the spine of the tibia is not obtuse but wanting," are frivolous

;

vide my descriptions, I. c.

" (6) The great trochanter of the femur is recurved, though Prof. Cope
says not. " It is flat, as in the elephants.

"(8) One of the species named by Prof. Cope, Eobasileus furcatus, is

based on what he regards as portions of the nasal bones. The descrip-

tion, however, indicates that these specimens are merely the posterior

horn-cores of well-known species." In the location of these cores Prof.

Marsh may be correct, but demonstration is yet wanting. How "well-

known" these species are to Prof. Marsh, will be evident shortly ; and

how they could be well-known to anybody else, may be determined by

*(See my paper, p 18). Professor Marsh has since contradicted the former statement flatly.



reference to Ms brief notices of a few of them published to the date of

his writing.

Omitting notice of sundry insignificant questions raised in a postcript

to the paper, as well as those which are more or less repetitions of criti-

cisms already made, I pass to his denial of the possession of a proboscis

to these animals. I retain my belief that they had such an organ, and

refer to my essay above cited for the proofs. Leidy has suspected its

presence in Megaceratops. He then says "(7th) the malar bone does not

form the middle element of the zygomatic arch, but the anterior as in

the tapir." It forms the middle element in Loxolophodon, as maybe seen

from my figures. Below, its maxillary support forms one-third of the

zygoma, at the side a little less, and above, a narrow lamina of the malar

extends nearly to the lachrymal.

"(9) The nasal bones are not deeply excavated at their extremities."

They are excavated, etc., as I have described.

Now it is easy to see by an examination of Prof. Marsh's figures of

ZFintatherium mirabile, where all this blundering criticism comes from,

and I have pointed out to him that this is the source of error. But Prof.

Marsh evidently desires no such consideration from my hands, but "mira-

bile dictu^"1 repeats his statements, as though the Uintatherium were a

Rosinante, and the ninth commandment a wind-mill.

Professer Marsh asserts that I have reversed the positions of the tusks

of Loxolophodon, placing that of the left side on the right, etc. This

statement is not true, and I have carefully distinguished the sides in my
description (Short-footed Ungulata, etc., p. 10). In my Plate 2nd, the

inner side is not represented as the outer, as the inner surfaces of attri-

tion are omitted, and the external represented. Like his other charges,

this one results from a misapprehension. Having seen a photograph in

which, for the assistance of the artist, the left tusk was taken on the

right side, he at once concludes that my lithograph represents it in the

same position.

There is no inaccuracy in my statement of dates of publication of

Prof. Marsh's genera. I have never stated that the name Tinoceras was

proposed August 24th, but that it was referred to the Proboscidia at that

date. This name was published in an erratum on August 19th, but was

never described until September 21st and then only by implication in the

description of a species. Loxolopliodon and Eobasileus were described

August 19th and 20th, with separate diagnoses.

I am charged with giving an erroneous date to his communication of

December 20th before the American Philosophical Society. This will

also be found to be correct by reference to the report of my communica-

tion (Proceedings Academy Natural Sciences, January 14th, 1878).

Prof. Marsh's standard of honesty is however so high, that he seems

to think it essential that in redescribing the objects of our studies, all

errors of first work must be faithfully transcribed. In order as it were

to enforce this view, he faithfully ignores corrections of their own work



published by both his contemporaries, laborers in the same field.* I will

not imitate this course in my treatment of Prof. Marsh's writings, but

will on the other hand, as in duty bound to the truth, correct my own
whenever and wherever I have opportunity, always holdiug to the ouly

tenable position, that no statement of scientific fact bears date other than

that on which it" was printed and published, no matter to what previous

publication it may refer.

Haviug already gone into the discussion of the affinities of these ani-

mals, I run rapidly over the characters assigned by Prof. Marsh to a

supposed new order Pinocerea (which he now spells as corrected Dino-

cerata . Those from the first to and including the fourth are entirely

trivial ; the last, which denies air cavities to the cranium is moreover

untrue, as they exist in the squamosal region as I have stated. The fifth

is not true of all the genera. The definitions from the seventh to the

eleventh are of no weight whatever. As the twelfth, he gives "the very

small molar teeth and their vertical replacement." This is precisely the

state of things in the proboscidian Dinotherium, a form which Prof.

Marsh has overlooked. The 13th and loth, "the small lower jaw,"

and "absence of hallux" are of no weight if true ; but the lower jaw
has marked proboscidian features in the symphysis and teeth, and it is

probable that some of the species had a hallux. The 16th, "absence of

proboscis" is probably an error, certainly so for two of the genera. I

have passed over the (6th) "the presence of large postglenoid processes,"

and (14th) "the articulation of the astragalus with both navicular and

cuboid bones," as of some value. They are, indeed, the only characters

of any wide systematic significance adduced by Prof. Marsh, since they

point indubitably to the Perissodactyla and are common to all of the

Eobasileidm. Nevertheless they form but a slim basis of support for an

order of mammals, especially when compared with the uniform testi-

mony of proboscidian affinity derived from the structure of the posterior

palatal and maxillary regions, the cranial expansions, cervical vertebrae,

sacrum, pelvis, hind leg, hind foot scapula, fore leg, fore foot, and the

concurrent evidence derived from dorsal and lumbar vertebrae, dentition

and proboscis.

If Prof. Marsh desires to see an equal or greater degree of variation in

dentition in an order of mammals, let him compare Equus and Rhinoce-

rus among Perissodactyla, or Bos, MoscJius, Hippopotamus and Phaco-

climrus in the Artiodactyla ; in the length of the nasal bones, DelpMnus
and Squalodon among Getaceo, or Homo, and some of the lemurs ; in the

number of toes, Felis and Mustela, Ursus, etc., all members of the same

orders

.

I should be glad, on the principle of Demortuis nil nisi bonum, to com-

mend our critic's remarks on the relations of this supposed order. But
Prof. Marsh's ideas on classification are derived from unusual sources.

The absence of incisor teeth no more relates these animals to the Artio-

dactyla than it relates the sloth to the same order. The presence of paired

*See Leidy, Proceedings Academy Natural Sciences, 1872, p. 241,



hovns no more constitutes affinity to the ruminants than it does in the

case of the "horned-toad."

They are simply an analogous development on a proboscidian basis.

The few affinities which this group exhibits outside the Proboscidia, are

to the Perissodactyla, as I was the first to show, and among these, to

Palaotlierium and RMnocerus. As to the name " Dinocerata," I have

been induced to use it in the sense of a suborder, but am now satisfied

that even this vise is uncalled for, and shall employ the family name
Eobasileidce instead. On equally good bases the camel and Tragulus

should be erected into new orders.

Another critic less courageous than Prof. Marsh, since he hides under
the aegis of the "Eds." has attacked (Am. Jour. Sci. Arts, 1872, 489) my
statement of determination of the Cretaceous age of the Bitter Creek

coal, citing five authorities as having previously made the same determi-

nation. I have shown (Proc. Acad. Nat. Sci., Phila., Jan. 14, 1873) that

but one of these references relates to the region in question, and that the

critic was ignorant of the geography or literature of the subject, or both.

He, however, repeats (loc. cit., 1873, 231) that Mr. Meek "referred Dr.

Hayden's collection from Bitter Creek at Point of Rocks to the Creta-

ceous." a fact I had previously pointed out, and adds that I am in error

in asserting that Mr. Meek attached interrogation marks to all his Coal-

ville determinations (200 miles west), as he cites two Gardia and two
Inocerami as from Coalville and without the question. More careful ex^

amination would have shown my critic that the two Oardia and one Ino-

eeramus are stated to be from localities remote from both Coalville and
Bitter Creek.

But there is no indication in my original note of a design to ignore the

useful labors of the gentlemen who have written on this subject ; nothing

was farther from my intentions, in so issuing an early notice of my own
observations, than to ignore the opinions of Mr. Meek, with which I have

become pretty well acquainted through pleasant association on the same
geological survey. Had they been coincident with my own, I should

have mentioned them, although unpublished. Mr. Meek will, however,

soon speak for himself. It requires but a casual examination to show
that the criticism is captious and uncalled for, and that its author is only

playinj aid to the champion above considered.

II.

I now turn to another subject, the raising of which is due also to Prof.

Marsh. He has very commendably made himself acquainted with the

literature of the .authors who had previously written on these extinct

Probosaidia, though not in time to prevent his redescribing some of the

genera and species. But unfortunately he does not tell us all that he

knows. He knows perfectly well that my descriptions antedate his by a

month and more, and that he is posterior to Dr. Leidy, by two months

at least. He is however not strong enough to state the nomenclature



accordingly, but endeavors to prove something else. In order to do this,

he is willing to write (Amer. Journ. Sci. Arts, 1873, p. 114), "the dates

on the papers (Aug. 20th and 22d) certainly do not represent those of

actual publication ;" and again (American Naturalist, 1873, p. 151) "no
less than seven of Prof. Cope's papers are antedated, as the records of

the society will show. '

' Prof. Marsh is not careful to prevent the natu-

ral deduction from these statements, that the dates are fraudulent
;

though he well knows to the contrary, and disagreeable though it may be

to the mens conscia recti, I am compelled to prove that such is not the

case !

I therefore append testimonials from the proprietors and foremen of

the printing establishment from which the essays in question were issued,

and from my assistant who received and distributed them :

—

Philadelphia, March 2ith, 1873.

Professor O. C. Marsh having stated in the "American Naturalist" (1873, p. 151)

that some of the papers published by Professor Oope during the summer of 1872, and
printed by us, bear dates "which do not represent those of publication " and that " at

least seven of them are antedated," we hereby state that these dates are true, and that

on the days stated from fifty to one hundred copies of these papers were delivered by us

into the hands of Pendleton King and Stephen G. Worth, assistants of Professor Cope,

except that on Melalophodon, which was issued to Professor Lesley.

McCALLA & STAVELY.
Jno. S. Scheidell, Foreman of Composing Room.

John Dardis, Foreman of Press Room.

Louisiana State University,
Baton Rouge, March 2ilh, 1873.

Professor E. D. Cope, Academy Natural Sciences, Philadelphia

:

Dear Friend :—On looking over my papers, 1 find that I have, among papers writ-

ten by you, the following :

—

On a new genus of Pleurodira from the Eocene of Wyoming, July 11, 1872.

On the Tertiary Coals and Fossils of Osino, Nevada, July 29th.

Descriptions of some New Vertebrata from the Bridger Group of the Eocene,

July 29th.

Second Account of Same, August 3d»

Third " " " 7th.

On the Existence of Dinosauria in the Transition Beds of Wyoming.
Short notice of Species of Loxolophodon (misprinted Lefalophodon), Cope, near

August 17th.

Notices of New Vertebrata from the Upper Waters of Bitter Creek, Wyoming Ter-

ritory, August 20th.

Second Notice of Extinct Vertebrates from Bitter Creek, Wyoming, August 22, 1872.

These I brought with me from Philadelphia, leaving early in September, 1872.

I laid them aside during July and August, and am confident that the dates which I

find on them, as above, correspond with the times I received them from the printer.

Your instructions were for immediate distribution, which 1 followed, using the list

of names of persons to whom they were to be sent. Some received them very soon,

others after a short delay, as suited convenience in mailing; and I think all were mailed

by the 1st of September.

You are at liberty to use this letter if desirable. Very truly,

PENDLETON KING,
Professor of Natural History in the University of Louisiana.
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I now add testimonials from some of the persons to whom the papers

in question were sent, although I consider this part of the evidence as

quite immaterial, that which has gone before being sufficient as to the

date of publication. It is indeed not to be expected that persons will

generally remember the exact dates at which printed matter has been

received. Nevertheless in a few clays after making inquiry I received

the following :

—

" Professor O U. Marsh having stated in the " American Naturalist " (1873, p. 151),

that some of the above papers were not published at the dates which they bear, and that

" at least seven of them are antedated," I hereby state that most or all the above were,

received at my address <>r by me, at or near the dates printed on them, especially those

of the summer months."

JAMES- ORTON, Prof, of Natural History in Vassar College, Poughkeepsie, N. Y.

JAMES S. LIPPINOOTT, Corning, New York.

E. T. COX, Stale Geologist, Indianapolis, Indiana.

CHAS. M. WHEATLEY, Phcenixville, Pennsylvania.

WM. C. KERR, Slate Geologist, Raleigh, North Carolina.

JOSEPH SAVAGE, Lawrence, Kansas.

GEORGE DAVIDSON, President of Academy of Sciences, San Francisco, Cal.

JOHN H. JANEW AY, M.D., Post Surgeon, Fort Hays, Kansas.

I have also received letters from Principal Dawson of Montreal and

Professor Mudge of the State Agricultural College, Kansas, stating that

they received the papers, but did not keep exact account of the date of

reception. Among many others to whom they were sent, I may mention

Professors Seeley, Huxley, Gegenbauer, Peters, Hyrtl, Du Bocage and

others in Europe, and Messrs. Gotch and Rijgersma in Australia and the

West Indies respectively.

I also add that they were received at my address at Fort Bridger, and

mostly forwarded by me promptly after the dates of distribution.

The little that interests students in this matter is the dates of publica-

tion of the essays in question. The dates of reading are of secondary

importance and have been abandoned by naturalists generally as furnish-

ing basis for nomenclature, so that Prof. Marsh's able criticism of the

rlates on the cover of the American Philosophical Society's Proceedings

for 1872 may be regarded as purely antiquarian. The papers in question

were, in fact, issued independently of the society, and almost always in

advance of the time at which they were read before it.*

The first descriptive notice of the new genus and species of Probos-

cidians was published on August the 19th, and two other papers describing

the species and genera in more detail were published on the 20th and 22d

respectively. An account embracing the same facts was also read by
Prof. Winchell before the American Association for the Advancement of

* But lest our bibliophile again charge me with fraud, let me here correct an error in the report

of the proceedings of that society for August, 1872, in "Nature" for 1873, p. 335. Here it is

stated that my first note on the Proboscidians was read on August 16th -

T I hasten to say that

this is an error probably derived from the wording of the note as published on August 19th, in.

which it was stated (without my knowledge) that "The Secretary announced that he had re-

ceived from Prof. Cope," etc. This could only have referred to the last meeting preceding,

(on the 16th) ; hut r in fact , it was not read until the meeting- following (September 20th).



Science, which opened its sessions at Dubuque, on August 21st (or 23d),

of which an abstract has, after great delay, appeared in the American

Naturalist for March, 1873. Finally a description of Eobasileus appeared

in the scientific column of the "New York Independent" for August

22d, 1872.* The papers published in Philadelphia were issued without

my revision, and hence contain a few typographical errors which Prof.

Marsh finds of great use to himself. But under" the circumstances the

number is surprisingly few.

I now present a table of the nomenclature of the three genera of Pro-

boscidia, synonymy being in italics :

—

MONTH.
AUTHOK.

Lieid y. Cope. Marsh.

August, 1872.

1st.

Uinta therium
described with one
species.
Uintamastix do.

19th.

20th.

Loxolophodon
described with
three species, f

Eobasileus de-
scribed and one
species.

Tinocevas used in
erratum, not de-
scribed : no species
described.

22d. Loxolophodon
again described
with three species.

24th. Tinocei-as named
;

no description.

September.

21st.

Tinocevas dessrib-
ed with one species
described.

27th.
Dinoceras describ-
ed with two species.

Though Prof. Marsh has published five papers and six notes on these

animals, but one of his species has been so far partially described as to

be of any use fo science. Publishing of bare names:): may constitute a

caveat, but not an injunction, but in the present case the dates are too

late. Hence the trouble. " Heu quantus erat sudor," etc.

In one of Prof. Marsh's late catalogues, he asserts that Loxolophodon

comutus and Tinoceras grandis are identical. If this be true, the latter

* Not having the number at hand, I write from a loose note.

tin this communication the name Loxolophodon was misspelled Lefalophodon. As Prof.

Marsh finds some difficulty in adopting the former name , I can accept the latter , should he in-

sist on it.

% See the rule "adopted and practiced by most students. In case of a genus there must be a

definition giving the essential characters. " From "Thorell's European Spiders, " quoted in

Wallace's Address before the Entomological Society, London, and by W. H. Edwards in
*

' Entomological Nomenclature "in " Canadian Entomologist, '

' 1873, p. 32.
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name must stand as a synonym of the former, and Tinoceras be with-

drawn from the synonymy of TJintatherium, where it might well remain

so far as his description characterizes it. But if so, his statement that

there are five superior molars must be altered, as the genus Loxolophodon

possesses six. He has also stated that JJintatJierium robustum possesses

a small tubercle on one of the molars not found in U. mirabile, and bases

a generic distinction between the species thereon ; for use he at last suc-

ceeds in defining the latter as a species only.

Perhaps, however, Prof. Marsh desires to impose upon scientific litera-

ture the numerous names he has proposed for species he has never de-

scribed.* This he has attempted in the case of the fossil American Tur-

key, Meleagris superbus, Cope, which was described by the writer over a

year sooner than by him. At the latter date this species was discovered

to have been called 31. altus, Marsh, some months prior to my descrip-

tion, but without any allusion to its chai-acters or other means by which

it could be identified. If Prof. Marsh desires students to use his museum
labels, without descriptions, he might refer to Bronn's " Lethsea Geog-

nostica," and other works, where he will find all such names consigned

to the rubbish of synonymy so soon as it can be ascertained to what they

refer.

Since the above was written, Prof. Marsh has published charges re-

specting "breach of promise " to send papers, etc. As "it is a bad rule

that does not work both ways," shall I question the dates on Prof. M.'s

papers because I did not receive them until December ? It would re-

ceive more of the frons aenea than I possess for such an enterprise.

To sum up the matter, it is plain that most of Prof. Marsh's criticisms

are misrepresentations, his systematic innovations are untenable, and

his statements as to the dates of my papers are either criminally ambigu-

ous or untrue. I might now characterize the effrontery of these pro-

ceedings, by saying, that for the first time in the history of American

Science has politics raised its hydra head, as those connected with the

Geological Survey of the Territories, etc., are aware. Hence it is, that

the recklessness of assertion, the erroneousness of statement, and want
of appreciation of both ordinary ethics and scientific jurisprudence ex-

hibited by these attacks are simply unparalleled. The incapacity of their

author, of comprehending our relative positions, render further discus-

sion of the trivial matters upon which we disagree unnecessary ; and the

time thereby diverted from scientific pursuits being only lost, he will re-

ceive no further personal notice from the present writer.

N. B. The reader is requested to compare Prof. Marsh's criticisms

with my plates published in " The Short-Footed Ungulata of the Eocene

of Wyoming."

* Several of which owe their existence in literature to the descriptions which I have given,
,

e. g., Thecaehampaa sguankensis " Marsh," Hadrosaurus minor "Marsh."
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ON SOME NEW EXTINCT MAMMALIA, FROM THE TERTIARY
OF THE PLAINS.

By Edward D. Cope.

Aeltjrodon mustelinus, sp. nov.

A small single-rooted second molar of the lower jaw. First molar

sectorial, with a rather narrow posterior heel, one-third its length, and

a small inner tubercle at the base of the second outer cusp. Last pre-

molar with a short posterior heel and distinct outer tubercle on the pos-

terior side of the cusp. Margin of jaw strongly everted below the mas-

seteric fossa.

M.
Length of three last molars 018

" " sectorial " 010

Width " " " (greatest) 005

Height posterior cusp, do 005

This species was about as large as the domestic cat, and less than one-

third that of Ac. ferox, Leidy.

ACERATHERITJM MEGALODTJS, Sp. llOV.

Represented by a perfect cranium with dentition of both jaws nearly

complete, with large portions of fekull and dentition with other bones of

other specimens.

The nasal bones are not coossified, and but little little convex. They
are smooth, and long and slender, indicating that this rhinocerus was
without a horn. The inion is anterior to the line of the occipital con-

dyles and is considerably elevated and bilobed. The temporal fossae ap-

proach each other, being separated by a narrow rib only. The ramus

mandibuli is rather slender, and projects well in front of the line of the

nasals. The dentition is I. |; C. %; P. M. - (^'M. f. The usual anterior

premolars are wanting in the lower jaw, and in the upper jaw in one

specimen, and on the right side of the other ; hence I suspect § to be the

normal dentition of the species, are £ in Rhinoceros and Aceratherium, the

present animal may be placed in another genus under the name of Aphe-
lops. The middle incisors were cardicous. The outers are very large

and cylindric at base ; the attrition of their inner faces would indicate an

opposing pair, but these I did not find, and the premaxillary sutures of

the maxillary are exceedingly slender.

The first lower premolars are not very narrow. The transverse crests

of the superior molars widen inwardly, but do not come into contact

with each. On the posterior margin of the posterior is a deep notch

which almost divides it across. There are no other lobes. The last

molar is narrowed. These teeth are notable for their. very large size, as



compared with that of the skull generally. In one specimen P. M. 2 (the

anterior) is .8, the second molar in transverse diameter, but in another

specimen it is less than half the same.

M.
Length molar series 255

" second molar, crown 050

Width " " " 050
" " premolar " -033

Length " " 032

" first (2d) lower premolar 028

Width " " " " 076

Total length cranium 560

From inion and to end nasals 1 456

From foramen magnum to inion 138

Width at orbits 173

Depth mandible at first molar 070

About the size of the Indian Ehinorcerus, but with much larger teeth.

Published July 25, 1873.
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SECOND NOTICE OF EXTINCT VERTEBRATA FROM THE TER-
TIARY OF THE PLAINS.

By Edward D. Cope.

Bodentia.

PALiEOLAGTJS AGAFETILLTJS, Sp. nOV.

Molar teeth six ; the first of a single column, the others of two, antero-

posteriorly arranged, each surrounded by its distinct enamel sheath, with

a narrow intervening band of cementum. Posterior molar much reduced

in size
;
posterior column of molars with a median posterior rib, which

forms a loop in section. Anterior column much more elevated than pos-

terior. The section of the slender incisor is nearly a right-angled spheri-

cal triangle.

M.
Length of molar series 0100

" penultimate molar 0020

Width " " 0020

Depth jaw at " " 0065

Diameter incisor 0015

Size a little greater than that of the Sagomys princeps.

CoiiOTAXIS CRISTATTJS, Sp. nOV.

Order Rodentia, Char. Gen. Inferior molars 3 ; crown plicate, with

two connected cusps with crescentric section, on the outside, each of

which gives rise to two transverse crests, which are unconnected. Of
these crests the anterior and posterior are marginal and less developed

than the median pair. Intervals deep, without cement.

Char, specif. Anterior molar narrower than the others, the cusps

partly alternating, the connecting crest of the exterior wall internally

placed, the transverse crests from the posterior forming a V. Anterior

cusps well separated. Enamel of all the molars smooth.

M.
Length of molar series No. 1 0110

" penultimate molar 0037

Width " " 0030

Length of first " 0033

Width " " 0025

Second and third specimens display the incisor, whose outer anterior

faces form a regular convex.

Hyracodon quadriplicates, sp. nov.

Represented by four superior molar teeth of one maxillary bone, and

two from the other, with several fragments. The transverse crests are



little curved, and the outer elevated crest, uninterrupted. A short

elevated fold proceeds from the latter, dividing the head of the trans-

verse valley. A compressed conic tubercle stands between the inner ex-

tremities of the crests. The first premolar has two transverse crests

and an anterior tubercle. The posterior creet is strongly curved back-

wards at its inner end. A strong cingulum surrounds the base of the

crown except on the outer side.

Measurements.
M. '

Length of three anterior molars 090
" third molar 030

Width " " 033

Length of first " 026

Width " " 019

This species is twice as large as the largest known species of the

genus.

Hyracodon arcidens, sp. nov.

Established on the premaxillary and molar dentition, as far as the fifth

tooth of the left upper jaw. The species is intermediate in size between

the two last, but is nearer in this and other respects to the H. tapiranus.

The molars have the outer longitudinal aud inner transverse crests, the

posterior short, the anterior much curved backwards round it, and thus

forming the inner boundary of the tooth wall. The first premolar is

shorter than the others and has a short anterior lobe . The milk molars

show more nearly transverse crests as in RMnocerus, but the first pre-

molar had the anterior lobe. Canine and first incisor short, conic

;

second incisor with an outer lobe ; median incisor transverse. Enamel
smooth.

M.

Length of four superior molars 0.072
" diastema 006
" canine and incisors 020
"

first premolar 014

Width " " 012

Length of third " 021

Width " " 022

Height " " 025

Portions of two or three individuals found.

Symborodon torrus. Gen. et sp. nov.

The horned mammals of the present period are, as is well known, the

Artiodactyla. In the discovery of the genera Loxolophodon, Eobasileus,

etc., I was afforded opportunity of showing that the horned types of the

Eocene were Proboscidians of an aberrant type. The present notice in- .

troduces a series of forms from the Miocene with a familiar armature of

osseous horns, which are all true Perissodactyles, and allied to the



Rhinoceros and Palceotherium.* The present genus is established on

mandibular rami only, which cannot be certainly associated with crania.

Char. gen. Dentition : I. ? ; C. 1 ; Pm. 3 ; M. 3 ; the canines slightly

separated from each other, but not from the first premolar. Crowns of

the premolars with L-shaped crescents as in Rhinoceros ; of the molars

with completed c'rescents ; the last molar with third posterior crescent.

Symphysis manclibuli coossified ; crowns of canines not projecting, conic.

Char, specif. Symphysis oblique, ramus rather shallow. Last molar

with three columnar ribs on the outer side, four on the inner, produced

by the continuance inwards of the ridges from the anterior and posterior

outer cusps. Enamel nearly smooth ; a cingulum round inner basis of

crown of canine.

Measurements.
M.

Length mandibular ramus 520
'

' symphysis 144

" series of molars 320
" " true molars 215

" last molar 088

" penultimate do 072

The genus differs from Titanotherium and Brontotherium in the ab-

sence of incisors, and from the former in the presence of but three pre-

molars. If there had been a deciduous incisor on each side I was unable

to detect any trace of it.

Miobasiletjs ophryas. Gen. et sp. nov.

Established on a cranium with nearly complete dentition, but without

mandibular ramus. Head elongate, concave in profile from the inter-

orbital region to the supraoccipital crest. This is transverse and con-

cave, the posterior borders of the temporal fossae extending behind it.

These fossse leave a narrow flat vertex between them. Zygomatic arch

stout and rather deep ; a strong postglenoid process. Nasal bones very

massive, their free portion elongate, hornless. A massive horn-core

rising from above each orbit, no superciliary angle or ridge. Orbit not

enclosed behind. Of molar teeth only Pm. 2, M. 3, preserved, the M.
with two, the Pm. with one inner cone, and two outer continuous cres-

cents. The latter send inwards to one side of the cones a transverse

ridge. Incisors and canines unknown.
Char, specif. Front concave transverse just behind between the horns.

Latter massive and little compressed. Nasal bones convex longitudinally

and transversely, slightly rugose. Transverse ridges of teeth with trans-

verse expansions at their inner extremity being thus T-shaped.

* Leidy and Marsh have described two genera of this group, viz. , Titanotherium and
Brontolherium, hut without certain indication of their possession of horns.



Measurements.

M.
Length from apex of nasals to occipital condyles (axial)

(thirty-four inches) 684

" from occipital condyles to femoris of palate 376
" " occipital condyles to end of palatine lamina

pteryzoidea 270

" of four last molars : . . .242
" three " 195
" last molar 068

Width of palate at nareal notch 116

This remarkahle mammal shows several points of approximation to

the Rhinocerotidos as compared with others of the same group. Its

physiognomy is also a remarkable parallel of the Loxolophodon comutus,

Cope, of the Eocene, which animal it did not equal in size, although it

exceeds the largest living Rhinoceros. Two specimens of crania seen.

Megaceratops acer, sp. nov.

Another huge mammal, second only to the preceding in size, but more

formidably armed, was its cotemporary. It is represented in my collec-

tion chiefly by a single cranium without under jaw. Top of head fiat,

forming a narrow plane between the temporal fossae ; latter produced

backwards. Orbit not enclosed behind, an overhanging superciliary

ridge. Nasal exceedingly short and massive, each supporting a large

acute horn-core, which is connected with its fellow by a ridge at the

base, and diverges widely from it with an outward and forward curve to

the acutely compressed apex. Each horn-core about one foot long. The

top of the head is plane between the orbits, and little concave fore and

aft. The zygoma is very deep, and the postglenoid process well de-

veloped. End of nasal bones short and thick, but flat.

Measurements.
M.

Length cranium (thirty-five inches) 895

" from posterior rim temporal fossa to middle of

superciliary ridge 345

Width front between eyebrows 210

Length horn-core on inner side (10 in.) 254

The elemental origin of the horn-cores is probably different in this

genus from that which exists in Miobasileus.

This was a truly formidable beast, exhibiting a position of the -horns

strangely the reverse of that seen during the present period. Its size

exceeded that o£ the Indian Rhinocerus.

Megaceratops helocertjs, sp. nov.

Founded on a cranium of an animal of larger size than the last, with •

nearly complete maxillary dentition. There is a prominent horizontal

superciliary ridge without horns, and two short obtuse horn-cores on the



muzzle. These diverge outwards, the outer sides being flattened and
the summits contracted aiid truncate. They are mere rudiments of the

horns seen in M. aceronsor, M. coloradoensis. The molar teeth do not
exhibit the T-shaped cross-ridges seen in Miobasileus, and the two outer

crescents are continuous with each other.

Measurements.

M.

Length from posterior rim of temporal fossa to middle

of osseous eyebrow 472

Least width of parietal plane 104

Superciliary width 260

Elevation of horn-core 050

The premaxillary region of this specimen was destroyed, so that no

account of the anterior dentition can be given.

Of the horned Perissodactyla four species are described above, but

there is little doubt that they represent but three. The lower jaws of

the genus Symborodon pertain to the cranium of one of the species re-

ferred to Miobasileus or Megaceratops, but to which, it is impossible to

state at the present time. Opportunity for solving this point will no

doubt soon occur. All of these species are abundantly distinct from the

Megaceratops coloradoensis, Leidy. Known from a fragment of the snout.

As to the generic distinctness of the two genera here proposed, it is

obvious that Miobasileus is distinct from Megaceratops, but whether Sym-

borodon be so, is not determinable. Until the dentition of that form be

known, its relations both to Symborodon and Brontotherium will remain

in uncertainty.

The two genera of the formation in question correspond with those

described last summer from the older period, thus :

Horn over orbit,

Miobasileus. Loxolopliodon.

Horn anterior to orbit,

Megaceratops. Uintatherium.

Reptilia.

Peltosatjrus granulosus. Gen. et sp. nov.

Order Lacertilia. Premaxillary undivided, with spine ; a parietal fon-

tanelle and parieto-quadrate arches. Teeth pleurodont, with obtuse

compressed crowns, of similar form on all the jaw bones. Body covered

with osseous scuta, which are in places united by suture. Vertebras de-

pressed, with simple articulations. Median hexagonal dermal scuta on

the parietal bone. Parietal united.

Char, specif. Parietal bone broad and flat, frontal little narrowed,

gently convex, both with finely granular upper surface. Scuta not

keeled, finely granular. Number of teeth on premaxillary bone seven
;

teeth on dentary ten in M. 010. Surfaces of dentary smooth.
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M.

Median width of parietals .014

" " frontals 008

Length mandibular ramus to cotylus 040

Diameter vertebral centrum (transverse) 003

Length. " " 0055

Size about that of the American Heloderma.

The genus is allied to the Glyptosaurus of Marsh.

Testudo culbratus, sp. nov.

This species introduces several from the same formation as the Pelto-

saurus, which agree with the existing genus Testudo in their short, stout

metapodal and phalangeal bones, and single anal scutum of the carapace.

In the present species the prominent peculiarity is seen in the form of

the hip of the anterior lobe of the plastron, each half of which is an

elongate pyramid, its depth and width being equal. The marginal bones

were short, stout and recurved ; length of carapace nearly 18 inches.

Testudo laticuneus, sp. nov.

In this species the anterior hip of the lobe of the plastron is very

prominent and wedge-shaped, and with dentate margin, and is flat and

thin. The posterior lobe is sub-truncate. The mesosternal bone is

hexagonal and broader than long, and is pointed behind. The pygal

bone is triangular and the anal marginal is convex in both sections and

abbreviated below. Each marginal bone behind the bridge presents a

mucro where a dermal suture reaches the margin. Anal scutum very

wide. All the sutures double lines. Length from eighteen inches to

two feet ; width two -thirds of the length. Carapace rather flattened.

This is the most abundant species of the formation ; several good
specimens obtained.

Testudo amphithorax, sp. nov.

Anterior lobe of plastron broadly truncate, scarcely lipped
;
posterior

lobe openly emarginate. Mesosternum longer than broad, acute in front,

very obtuse behind. All the sutures simple. Aual marginal shortened

but convex. Form depressed. Length and width as in the last.

Testudo ligonius, sp. nov.

Posterior lobe of plastron produced into two flattened sharp-edged,

wedge-shaped processes separated by a deep notch, as in Hadrianus
eorsonii. Marginal bones behind very wide, or considered separately,

long and narrow, with a step-like angle and notch where the scutal

suture reaches the margin.

The form of the anterior lobe of the plastron is yet uncertain, though

fragments found with the type, resemble that of T. laticuneus. At least

those incomplete specimens obtained.

Issued August 20, 1873.



USTO- IS.
THIRD NOTICE OF EXTINCT VERTEBRATA FROM THE TER-

TIARY OF THE PLAINS.

By Edward D. Cope.

Insectivora.

Domnina gradata. Gen. et sp. nov.

Represented by a portion of the right mandibular ramus with three

entirely preserved molars. These teeth increase in size regularly from

behind forwards, so that the anterior is relatively large ; there are no

indications of alveoli anterior to this one, but a considerable internal

canal rises in front of it, and the mental foramen issues below it. The
crowns of the molars are composed of two rows of alternating tubercles

with an odd one in front. The inner tubercles are much the more
elevated and form the apices of Vs, of which the inner commence the

limbs.

Char, specif. Three rows of acute tubercles on the inner, two on the

outer side of each dental crown, the last pair of the last crown fused into

a heel ; the middle inner and anterior outer forming together a notched

yoke. A low cingulum on outer, none on inner basis of tooth crown
;

enamel smooth.
Measurements.

M.
Length of basis of three molars 0055

" "
first " 0023

" " last " 0015

Depth of ramus at first molar 0026

Width of first molar 0015

Herpetotheritjm: euzax. Gen. et sp. nov.

Established on a left mandibular ramus incomplete at both extremities,

but exhibiting the crowns and alveoli of five molar teeth. These dimin-

ish in size anteriorly, and there is no anteriorly exposed canal or alveolus,

and there is no mental foramen visible. The crowns are composed of

two rows of tubercles, but the inner are low and sometimes obsolete, and
there is an anterior lobe. The inner lobes are much the higher.

Char, specif. Enamel smooth, no cingulum on either side. Molars

truncate behind. Outer anterior lobe acute, considerably the higher.

Measurements.
M.

Length of bases of four molars 0070
" " second " .0020

Width " « " 0012

Depth of ramus at " '• 0030

This species and the last were about the size of our mole, and no

doubt possessed similar insectivorous habits.



Daptophilus squalidens. Gen. et sp. nov.

General character of dentition as in MacJiaerodus, but the mandibular

teeth are L. 1 ; Pm. 3 ; M. 1 ; a premolar tooth being added. Second

premolar three lobed ; carnassial tooth with short cutting heel ; tuber-

cular none. Superior canine much compressed, denticulate, not grooved.

Char, specif. Third premolar with the anterior basal tubercle very-

large, equalling, relatively, the corresponding lobe of the carnassial

(much smaller in Dinictis felina) . Second premolar two-rooted. Enamel
smooth. Ramus decurved at symphysis. Superior canine in shape like

a tooth of a shark of the genus Oxyrhina ; flat within, slightly convex

without ; the front cutting edge turned inwards at the basis.

Measurements.

M.

Length basis of three posterior molar teeth 040
" " second " " 010

Elevation crown " " " 009

Length " fourth " " 017

Elevation " " " " 013

Depth ramus at " " " 015
" " second " " 018

Length fragment upper canine 025

" at base 011

Size of the Panther

Tomarctus brevirostris. Gen. et sp. nov.

Established on a mandibular ramus supporting a perfect carnassial

tooth and fangs of the following dentition : C. 1 ; M. 4 ; the last incom-

plete, hence the number of posterior teeth unknown. The ramus is

much narrowed in front. The carnassial has an inner tubercle behind

the median lobe, and a large posterior heel supporting both inner and

outer tubercles. The succeeding tooth was wide.

Char specif. First premolar one, second two-rooted. Anterior half

of the carnassial with the usual sectorial structure, the anterior lobe the

smaller. The inner tubercle about the same height. The heel constitutes

one-third the length of the tooth, and its lateral tubercles are angular,

the posterior low. Enamel slightly rugose.

Measurements.
M.

Length of first three molars 041
" third molar (carnassial) 023

Elevation " " 014

Width -.
" " at middle 009

Length of heel do 00?

Depth ramus at do 021

In the abbreviation of the dental series in front, this species resembles

the Feline group, while its expansion behind and the tubercular charac-
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ter of the carnassial tooth reminds me of bears. The species resembles

the black bear in the size of the mature molars.

,
Stirarus obtusilobus. Gen. et sp. nov.

Represented by a portion of a mandibular ramus which supported the

three anterior premolars. The form of the last indicates that it im

mediately preceded the sectorial, so that the series numbered one less

than in Canis, to which the genus appears to be allied. The teeth are

elongated and compressed with low crowns and flattened roots ; the

crown of the third is four-lobed.

Char, specif. Thin premolar with large anterior lobe and posterior

heel. Median lobes obtuse ; three last lobes connected by a low edge.'

Enamel slightly rugose.

Measurements.
M.

Length bases of three premolars 016
" " third " 008

Elevated crown " •

'

004

Depth ramus at " " 007

Canis gregarius, sp. nov.

Abundant in the Oreodon beds of the Miocene formation, and about

the size of the red fox. First premolar one-rooted, second molar two-

rooted and with two transverse tubercles. Fourth premolar with median

and basal lobes, forming a cutting edge in line. Sectorial with stout

inner tubercle and short heel.

M.
Length molar series. 036

" premolar " 019
1

' fourth premolar 006

" sectorial 009

Width " 004

Height " 006

Depth ramus at sectorial 010

A second and larger species occurs with the preceding.

Isacus caniculus. Gen. et sp. nov.

Established on a mandibular ramus with two molars including the

sectorial, which is illustrated by a similar specimen with two posterior

molars. The genus has three tubercular molars, of which the two
anterior are composed of two elevated cross-crests, which form partial

Vs, opening to the inner side. The sectorial supports three anterior

conic tubercles, the inner and outer equal, and a heel with a conic tuber-

cle on the outer side.

CJiar. specif. Tubercular teeth with anterior limbs of Vs much shorter

than posterior, the posterior connecting the longer limbs. A cingulum

in front only. Lobes of sectorial acute, anterior and posterior lower,

sub-equal.



M.
Length sectorial and two tuberculars 0210

" " alone 0045

Width " 0020

" first tubercular '. 0030

Length" " 0032

Depth jaw at do 0060

This genus differs from Amphicyon in the large development of the

internal tubercle of the sectorial and in other points.

Bodentia.

Pal^eolagus turgidus, sp. nov.

The largest species of the genus. Molars with two simple columns,

the first and fifth grooved on the outer side only, the interior grooves of

the others weaker. A porous enlargement on the inner inferior part of

the ramus just behind the symphysis. Diastema obtuse.

Measurements.
M.

Length of molars 016
'

'

three median 010

Depth ramus at central 011

Width central tooth 0035

Length three central molars in a second specimen 0115

Larger than P. Jiaydenii and still larger than T. agapetilla.

Pal^eolagus triplex, sp. nov.

Size of the last ; first and last molars deeply grooved on both sides as

well as all the rest ; first molar with a trifolium-lobate crown. Median

three molars with a narrow posterior column as in P. agapetillus. Punc-

tate patch on inner face of ramus extensive

.

M.
Length molar series 016

" median three molars , 010

Width of median molar 003

Depth ramus at " " 011

This species and the last are rather larger than the prairie marmot

(
Cynomys ludovicianus).

The superior dentition in this genus is I. 2 ; C, ; M. 5. The molars

are fissured on the inner side in all the species, and on the outer also in

one of them.
Tricium avunculus. Gen. et sp. nov.

Char. gen. Inferior molars ? 4, the first composed of three columns,

well rooted. Otherwise as in PakBolagus. The larger species referred

to this genus may possibly have five inferior molars, a point I cannot

now decide. The first molar is more distinctly rooted than in Lepuso and

I suspect that the present genus has, like Paloeolagus, not more than five

superior molars.



Char, specif. Size very small. The molars, except the first, with a

distinct but narrow posterior third column, their sides grooved nearly

to the centre. Incisor sub-triangular in section.

Measurements.
M.

Length of anterior three molars 0066
"

first molar 0024

Width " " 0018

Depth ramus at first molar 0060

Other specimens are a little smaller than the above.

Tricitjm leporinum, sp. nov.

This species is larger than the last, and the molars lack the posterior

column which it possesses. The first molar is narrowed in front, and is

not grooved to the base on either side ; the second is grooved to the

alveolar wall on the inner side only, the others on both sides.

Measurements.
M.

Length of anterior three molars 0076
"

first molar 0025

Width " " 0020

Depth of ramus at first molar 0070

Tritium agapetilla is allied to this species ; I originally referred it to

Palceolagus (see Bulletin No. 15).

Tricium paniense, sp. nov.

This species is similar in the dentition of the anterior part of the jaw
to the last species, but is quite distinctly larger, as the following measure-

ments explain. The region of the diastema is quite stout, and the

incisor convex on the anterior face.

Measurements.
M.

Length of two anterior molars 0068
" first molar 0032

Width " " 0021

Depth ramus at first molar 0085
" " diastema 0061

Gtmnoptychus chrysodon. Gen. et sp. nov.

Char. gen. The essential features are, dentition ; I. \ ; C. % ; M. f ;

the molars with two crescents on the inner side above, each of which

gives rise to a cross-ridge to the outer margin. In the mandibular

series the crests and crescents have a reversed relation. No cementum.

Char, specif. First upper molar a single cone. Incisors, quite com-

pressed. First inferior molar a broad oblong, the cusps opposite, the

anterior close together. The two posterior cross crests do not form a V,

the anterior being interrupted at the cusp. There is a delicate tubercle
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between the outer cusps of the three last molars. The incisor is com-

pressed, the anterior and outer faces being separated by an angle.

M.
Length of molars 0140

" penultimate molar 0033

Width " " 0035
" first molar 0030

Length " " 0035

Depth jaw at penultimate do 0090

" incisor tooth 0040

Width " " 0020

The skull is broad and stout, but not depressed ; muzzle broad above,

short. Front moderately contracted, no postorbital processes.

GYMNOPTYCHUS NASUTUS, Sp. UOV.

Much smaller than the last. Inferior molars with two cross-crests and

two cingular from the external cones, each posterior crest of a pair ter-

ninating in an interior cone. First molar narrower. The anterior part

of a cranium probably belongs to the same species. The first molar has

a sub-round crown with four tubercles ; the second is constructed like

the corresponding inferior. Muzzle much compressed, nasal bones flat,

extending to beyond above incisors.

Measurements.
M.

Length anterior three molars 0045

" first molar 0015

Diameter inferior incisor 0008

Depth ramus at second molar 0036

Length diastema above 0080

Width at pre-orbital region 0073

" end of muzzle 0030

Gymnoptychus trilophus, sp. nov.

Ramus depressed, elongate. Molars with two Outer crescents separated

by a deep notch, each of which gives rise to a single cross-crest, an

anterior and posterior, without cingula. The inner apices of the cres-

cents unite and give origin to a short median cross-crest.

Measurements.
M.

Length four molars 0070

second " 0017

Width " " 0015

Depth ramus at second molar 0035

Width of lower incisor 0010

Gymnoptychus minutus, sp. nov.

A very small species. Middle pair of molars with the anterior and
posterior cross-crests bifurcate, and a short median cross-crest. Only



three cross-crests on the fourth, and four tubercles on the first. Ramus
deep.

Measurements.

M.

Length of inferior molars 0040
" second " 0010

Width " " 0010

Transverse diameter incisor 0008

Depth ramus at second molar 0030

Scarcely larger than the house mouse.

Perissodactyla.

Anchitheritjm cuneatum, sp. nov.

Represented by the superior molar teeth of several individuals one-

third smaller than those of the A. bairdii. The prominent peculiarity

consists in the anterior production of the anterior external cusp anterior-

ly, giving a wedge-shaped outline to that part of the tooth. The first

premolar is quite small. The fore and aft cingula are well developed,

and the basal parts of the transverse ridges are partially separated into

tubercles, the posterior one sending a low ridge backwards.

Measurements.

M.

Length of M. 2 and 3 of No. 1 0260
" M. 1 " 0130

Width " " 0110

Length of Ms. 1-4, No. 2 0410
" M. 2 " 0115

Width " " 0130

Artiodactyla.

Leptauchenia calcarata, sp. nov.

Established on a superior maxillary bone which supports Pm. 3 and

4, and M. 1, 2 and 3 in perfect preservation, and probably by other re-

mains.

The species is characterized by the presence of an additional narrow

column with acute apex behind the posterior outer crescent. A similar

cusp exists in front of the anterior cusp, as in other species. The third

premolar is little longer than the fourth, and the inner cusp is very

small.

Measurements.

M.
Length of five molars 0.0260

'

'

three true molars 0175
" last " " 0080

Width " " " 0070

This species is smaller than the smallest of the genus yet described.



Leptauchenia minima, sp. nov.

Represented by numerous remains of a species not larger than a gray

squirrel

.

The antero-exterior vertical ridge is more prominent, and overlaps the

preceding tooth more extensively than in the other species. The pos-

terior superior molar is narrowed behind, and has a small heel column.

In the mandible the third premolar is three-lobed, and the first premolar

is not' separated from the second by a hiatus. Enamel smooth. The
valleys of the anterior lower molars disappear with use more frequently

than in some of the allies.

Measureme nts.

M.
Length of true molars above (No. 1) 0120

last " 0050

Width " " 0030

Length three inferior posterior molars (No. 2) 0130
" " last molar 0058

Width " " " 0025

Probably the least known species of Artiodactyle.

Trimerodus cedretjsis. Gen. et sp. nov.

Char. gen. Molars constructed as in Leptauchenia ; the last premolar

three-lobed externally, internally with one, a posterior lobe. Exterior

ribs prominent.

Char, specif. Eirst true molar with anterior and posterior cingulum,

and with the inner crescents more elevated on the anterior limb. Last

premolar with a broad cingulum within the two anterior lobes.

Measurements.
M.

Length first molar 0060

Width " " 0055

Length last premolar 0070

Width " " 0040

Size equal to that of Leptauchenia calcarata.

Published August 20, 1873.







q otf

DEC 5 W» R.

<yW

PALjflONTOL OICAL B ULLETIN.

IsTO. 17.
FOURTH NOTICE OF EXTINCT VERTEBRATA FROM THE

BRIDGER AND THE GREEN RIVER TERTIARIES.

By Edward D. Cope, A.M.

EOBASILEUS GALEATUS. Sp. nOV.

Represented by the greater portion of a cranium of an individual of

the size of the Loxolophodon cornutus. It possesses a greatly elevated

occipital crest, whose superior border presents a median angle upwards.

A short distance in front of it and connected by a very stout lateral ridge,

there arises on each side a large erect horn-core. The base is very

massive, subquadrate in section, and flattened in front. Posteriorly it

presents a very shallow groove, which is bounded on the outer side by a

low ridge. The shaft expands gradually and is proportionally flattened

from behind forwards. The posterior face is flat, the anterior gently

convex. The extremity is transverse convex, and fitted for cartilaginous

or corneous attachment. These horns stand on the parietal bones. The
frontals extend to their bases, and send a laminar expansion back-

wards to the margins of the lateral and posterior crests, covering the

parietal in the fundus of the basin which the former enclose.*

The median horns are very stout, and are connected with the posterior

by an acute supratemporal ridge. Their inner face is composed to near

the apex by the nasal bones. Where they terminate, the apex contracts,

and is composed of a cylindric production from the maxillary. The
section of these cores at the middle is subquadrangular, and longitudin-

ally oval at base.

The extremity of the nasal bones is small and contracted, and is ex-

tensively overhung by the cornice-like flat cores above them. Thus the

end of the snout has a bilobate outline when viewed from above.

The occipital face is concave in vertical section and presents a V-shaped
depression with the angle downwards, and a low ridge on the middle line

to the transverse superior border.

Measurements. M.

Width of the foramen magnum and occipital condyles. .2100

Elevation of occiput (eight in.) 2500

Width of basin between lateral crests 3250

Height of posterior horn-core (seven in.) 2300

Width base do. antero-posteriorly 1300

" " transversely 0900
" of summit 1230

Height of median horn-core 1750

* Marsh, originally stated that these horn-cores in Uintatherixim rnirabile stand on the
frontal ; but later that it was doubtful whether the frontal supported horns.
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Measurements. M.

Diameter of base antero-posteriorly 1060
" '

' transversely 0800

" of summit 0650

Projection of nasal cornice beyond apex 0630

Length posterior molar, crown 0450

Width " " " 0550

This species is equal in size to the largest known from the Bridger

formation. It differs from Eobasileus (Loxolophodon) comutus in the

angulate base of the posterior horn-cores, the acute supra-temporal

ridge, the stoutness of the median cores, and extent of their inner face,

covered by the nasal bones, and the relatively greater width of the

second true molar. It much more nearly resembles the Eobasileus pres-

sicomis, Cope, and may possibly prove to represent an old male of that

animal. There is, however, a considerable disparity in their sizes ; the

horns differ in the greater stoutness, having twice the diameter, with

little greater height. They differ also in form and in the abrupt con-

traction just below the apex. The cornice-like cores of the nasal bones

represent the tubercles of the E. pressicomis. The posterior horns

differ in many ways from those of the E. furcatus, and are alone suffi-

cient to indicate a different species.

From the bad lands of South Bitter Creek.

Archaenodon insolens. Gen. et sp. nov.

Char. Gen. Dentition of mandible. In. 3 ; C. 1 ; P. m. 3 (? 4) M. 3
;

forming an uninterrupted series throughout. Molars consisting of two
pairs of obtuse tubercles, those of each pair fused transversely by a lower

yoke. Last molar with a large posterior fifth tubercle. Last premolar

enlarged, and with a posterior heel
;
penultimate with a simple conic

crown and two roots. It is uncertain whether one or two teeth intervene

between this one and the canine. The alveoli are round, and look as

though designed for two single-rooted premolars.

This genus presents many points of resemblance to Eloth&rium, but

the continuous dental series is characteristic of many genera of the

Eocene. In the only known species there are no osseous tuberosities on

the rami. The symphyseal suture is persistent.

Char, specific. Last premolar with longer basis than first molar ; its

posterior heel tubercularly plicate. The crown of the penultimate pre-

molar is a slightly compressed cone with elongate base, but little shorter

than that of the first molar. Molars with smooth enamel ; an anterior

cingulum on the second and third. A small posterior median tubercle

on the second molar, and a short cingulum from the base of the posterior

cone forwards, on the third. Canines very large, sub-erect, enamel

smooth. Ramus of mandible very stout.
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Measurements. M.

Length of molar series 180

Diameter of canine tooth 033

Length of premolars 093
" " No. 3 035
" molar No. 1 024
" " No. 2 027

Width " — 022

Length " No. 3 041

Width " " 024

Depth ramus at molar No. 2 073

This species betrays more of suilline character than any yet discovered

in the Bridger series, but that it has any such affinity has yet to be shown.

It was about as large as a fully-grown cow.

Bathmodon.

Some of the species of this genus possess powerful cylindric tusks of

considerable length. The inferior tusks are sub-horizontal and promi-

nent. In metaloplwdon the superior tusks are compressed and knife-like.

Phenacodus primaeous. Gen. et sp. nov.

Char. Gen., as expressed by a posterior superior molar tooth. Crown
transverse, a little narrower and more strongly convex at the inner than

the outer extremity. It supports five rather low and obtuse tubercles,

two exterior and those on the inner side. Outer tubercles well inside the

outer margin of the crown, the one sub-triangular in section, the other

more nearly conical, the two connected by a low ridge which encloses a

concavity with the outer margin of the crown. There inner tubercles

arranged on the segment of a circle, sub-equal the lateral of one side,

connected with the exterior tubercle of the opposite side by a low ridge,

which encloses a basin with the inner tubercles.

Char. Specif. Median of the three inner tubercles stouter than the

others. No noticeable basal cingulum. Two compressed roots with

axes at right angles to each other, and very large pulp cavities, and thin

walls.

Measurements M.
Width of crown 0.0140

Length " 0093

Elevation of outer cones above shoulder 0050

Width between apices of outer cones 0060

median " 0050

This tooth more nearly resembles the type of those of the lower

quadrumana of the Bridger Eocene, but also more remotely of the suil-

line genus Elotherium. It would represent an animal as large as the

orang. The only one of the genera named by Marsh, to which I can

trace any likeness is his Thinotherium, described from inferior molars.



This name is pre-occupied ; see TMnoiherium annulatum, Cope (Pro-

ceed. Am. Philos. Soc. 1870-1).

Locality.—Found by myself in the Bathmodon bone bed, near Evans-

ton, Wyoming.

OltOTHERITJM INDEX. Sp. nOV.

Represented by both mandibular ramus with many of the molars in

good preservation. These number P. M. 3, M. 3. The last premolar is

somewhat like the first molar, but has but one posterior tubercle, and

adds a cingular projection in front of the anterior pair. The first pre-

molar has two roots ; the second is compressed, and with a broad heel

behind. In the molars the anterior tubercles are connected by a cross

ridge ; the posterior are a little more distinct from each other. The inner

anterior tubercle is obtuse but not bifid, and its base is connected with

the apex of the posterior outer by a diagonal ridge. There is a small

median posterior tubercle on the No. 2, and a large heel on the last molar.

It supports a conic tubercle, which is connected by sharp ridges with the

tubercles preceding it. There is a cingulum on the outer face of the

true molars, which does not extend on the base of the tubercle of the

posterior pair.

Measurements. M.

Length of molar series 0.0350

" " first premolar 0032

" "third " 0055

Width " " " 0040

Length " second molar 0065

Width " " " 0045

Length " last " 0098

Depth of ramus at first premolar. . 0021
" " " second molar .0023

Note. In determining the vertebrata of the Bridger Eocene, I have

had recourse to the papers published by Prof. Marsh on this subject. It

is well known his descriptions are short, yet, for the species, they are

frequently sufficient. The case is otherwise with the genera, of which at

least forty are named, very few of which are defined or characterized.

In thirty, no mention is made of the numbers of either the premolar or

molar teeth. In these manifold omissions we may discover not only

the wisdom of silence, but also the silence of wisdom. It is to be hoped
that Prof. Marsh will soon place his important results within reach of

students, and allow his names to take a place in nomenclature, by an
early publication of explanatory diagnoses.

October 25th, 1873.

r
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Extracted from the Proceedings of the Academy of Natural Sciences, April, 1876.

J

On a Gigantic Bird from the Eocene of New Mexico.—Prof.

Cope exhibited a tarsometatarsus of a bird, discovered by himself
during, the explorations in New Mexico, conducted by Lieut. G.
M. Wheeler, U. S. A. The characters of its proximal extremity
resemble in many points those of the order Cursores (represented

by the 8truthionid.se and Dinornis), while those of the distal end
are, in the middle and inner trochlea, like those of the Gastornis
of the Paris Basin. Its size indicates a species with feet twice
the bulk of those of the ostrich. The discovery introduces this

group of birds to the known faunae of North America recent and
extinct, and demonstrates that this continent has not been desti-

tute of the gigantic forms of birds, heretofore chiefly found in

the Southern Hemisphere faunae. The description is as follows :

—

The hypotarsus is moderately prominent, with broad truncate
face, and does not inclose the ligamentous groove of its inner side.

Its superior angle is broken away in the specimen. The two fora-

mina which pierce the shaft just below the head, are well separated
from each other both on the posterior and anterior faces, marking
nearlj' equal thirds of the transverse diameter of the bone. The
cotyloid cavities for the tibio-tarsus are bounded by an elevated

margin, and are separated medially by a single low oblique ridge.

The groove of the posterior face is particularly wide, and the inner

part of the shaft is thinned, while the outer border is broadly con-

vex. The proximal part of the inner border (as far as it is pre-

served) is marked with a flat surface which is roughened with
ridges, which is perhaps the sutural articulation of the proximal
end of the metatarsus of the hallux. No such surface exists on
the corresponding bone of the ostrich or emeu. Only two of the

free distal phalangeal extremities are preserved. The shaft is

broken, showing that its interior is filled with cancellous tissue.

The free extremities are remarkable for the great inferior extent of
the articular trochlear face. The median is strongly grooved with

an obtuse excavation, and the lateral or bordering ridges are equal

and rounded. The groove is continuous with the superior surface,

but not with the inferior. There the convergent lateral ridges in-

losing the open groove, terminate in an abrupt elevation above the

adjacent surface of the shaft. The sides at this point are concave.

The inner free condyle has an oblique articular face, the external

ridge dropping away internally as in many birds, and produced
beyond the inner ridge, distalty. The articular face becomes then

a part of a spiral, and is little grooved above, but strongly grooved



medially. The vertical diameters of the sides differ, the inner

being much greater, and both are concave. A strong foramen
pierces the shaft just within the point of junction of the inner and
medial free extremities.

Measurements. m.

Transverse diameter of proximal end of tarsometatarsus . . .100

Antero-posterior do. (partly inferential) 070

Interval between penetrating foramina on anterior face shaft . .017

i Long diameter 050

Median distal condyle < Vertical diameter 048
(Transverse diameter 040

5
Long diameter 037
Vertical diameter 040
Transverse diameter . . . .031

The large size and wide separation of the penetrating foramina,

and the thin internal edge with sutural articular facet, distinguish

this form as distinct from any of the genera of Struthionidse and
Dinornithidse. It is therefore named Diatryma gigantea.

On the Theory of Evolution.—Prof. Cope gave a history of the

progress of the doctrine of evolution of animal and vegetable

types. While Darwin has been its prominent advocate within

the last few years, it was first presented to the scientific world, in

a rational form, by Lamarck of Paris, at the commencement of

the present centuiy. Owing to the adverse influence of Cuvier,

the doctrine remained dormant for half a century, and Darwin re-

suscitated it, making important additions at the same time. Thus
Lamarck found the variations of species to be the primary evi-

dence of evolution by descent. Darwin enunciated the law of
" natural selection" as a result of the struggle for existence, in

accordance with which " the fittest" only survive. This law, now
generally accepted, is Darwin's principal contribution to the doc-

trine. It, however, has a secondary position in relation to the

origin of variation, which Lamarck saw, but did not account for,

and which Darwin has to assume in order to have materials from
which a " natural selection" can be made.
The relations exhibited by fully grown animals and plants with

transitional or embryonic stages of other animals and plants, had
attracted the attention of anatomists at the time of Lamarck.
Some naturalists deduced from this now universally observed
phenomenon, that the lower types of animals were merely re-

pressed conditions of the higher, or in other words, were embry-
onic stages become permanent. But the resemblances do not
usually extend to the entire organism, and the parallels are so

incomplete, that this view of the matter was clearly defective, and
did not constitute an explanation. Some embryologists, as Lere-

boullet and Agassiz, asserted that no argument for a doctrine of

descent could be drawn from such facts.



The speaker, not adopting either view, made a full investigation

into the later embryonic stages, chiefly of the skeleton of the Ba-
ti'achia, in 1865, and Prof. Etyatt, of Salem, Mass., at the same
time made similar studies in the development of the Ammonites
and Nautili. The results as bearing on the doctrine of evolution

were published in 1869 (in " The Origin of Genera"). It was there

pointed out, that the most nearly related forms of animals do
present a relation of repression and advance, or of permanent em-
bryonic and adult type, leaving no doubt that the one is descended
from the other. This relation was termed exact parallelism. It

was also shown, that, if the embryonic form were the parent,

the advanced descendant was produced by an increased rate of

growth, which phenomenon was called acceleration ; but that if

the embryonic type were the offspring, then its failure to attain

to the condition of the parent is due to the supervention of a

slower rate of growth ; to this phenomenon the term retardation

was applied. It was then shown that the inexact parallelism was
the result of unequal acceleration or retardation; that is, accele-

ration affecting one organ or part more than another, thus dis-

turbing the combination of characters, which is necessary for the

state of exact parallelism between the-perfect stage of one animal,

and the transitional state of another. Moreover, acceleration im-

plies constant addition to the parts of an animal, while retardation

implies continual subtraction from its characters, or atrophy. He
had also shown (Method of Creation, 18*71), that the additions

either appeared as exact repetitions of preexistent parts, or as

modified repetitions, the former resulting in simple, the latter in

more complex organisms.
Professor Haeckel, of Jena, has added the keystone to the doc-

trine of evolution in his gastrsea theory. Prior to this generaliza-

tion, it had been impossible to determine the true relation existing

between the four types of embryonic growth, or, to speak other-

wise, than that they are inherently distinct from each other. But
Haeckel has happily determined the existence of identical stages

of growth Cor segmentation) in all of the types of eggs, the last

of which is the gastrula ; and beyond which the identity ceases.

Not that the four types of gastrula are without difference, but this

difference may be accounted for, on plain principles. In 18T4,
Haeckel, in his Anthropogenie, recognizes the importance of the

irregularity of time of appearance of the different characters of

animals, during the period of growth, as affecting their permanent
structure. While maintaining the view that the low forms repre-

sent the transitional stages of the higher:, he proceeds to account
for the want of exact correspondence exhibited by them at the

present time, by reference to this principle. He believes that the

relation of parent and descendant has been concealed and changed
by subsequent modifications of the order of appearance of charac-

ters in growth. To the original, simple descent he applies the



term palingenesis ; to the modified and later growth, coenogenesis.

The causes of the change from palingenesis to coenogenesis, be re-

gards as three, viz. : acceleration, retardation, and heterotopy.

It is clear that the two types of growth distinguished by Prof.

Haeckel are those which had been pointed out by Prof. Cope in

"The Origin of Genera," as producing the relations of" exact" and
" inexact parallelism ;" and that his explanation of the origin of
the latter relation by acceleration or retardation is the same as

that of the latter essay. The importance which he attaches to

the subject was a source of gratification to the speaker, as it was
a similar impression that led to the publication of " The Origin of

Genera" in 1869.

It remains to observe that the phenomena of exact parallelism

or palingenesis, are quite as necessarily accounted for on the prin-

ciple of acceleration or retardation, as are those of inexact paral-

lelism or coenogenesis. Were all parts of the organism accelerated

or retarded at a like rate, the relation of exact parallelism would
never be disturbed ; while the inexactitude of the parallelism will

depend on the number of variations in the rate of growth of dif-

ferent organs of the individual, with additions introduced from
time to time. Hence it may be laid down, that synchronous ac-

celeration or retardation produces exact parallelism, and hetero-

chronous acceleration or retardation, produces inexact parallel-

ism.

In conclusion, it may be added that acceleration of the segmen-
tation, the protoplasma or animal portion of the primordial egg,

or retardation of segmentation of the deutoplasma or vegetative

half of the egg, or both, or the same relation between the growth
of the circumference and centre of the egg, has given rise to the

four types which the segmentation now presents.

An analysis of the laws of evolution may be tabulated as fol-

lows :

—

» § O a S"^ CB §
-* c& T3 s^ <a S s?* ^> h* ^ ~ C*. ^?

5 * a &

acceleration,

which proceeds by !
Exact repetition *
Modified repetition *
Heterotopy *

retardation, •- ( Exact atrophy *
which proceeds by ( Inexact atrophy (or senility) 1

. . *

1 So called by Professor Hyatt.



On the Tseniodonta, a new group of Eocene Mammalia.—Prof.

Cope described the characters of some mammalia from the Eocene
of New Mexico, obtained by him during the Wheeler expedition

of 1874, which he regarded as allied to the Insectivora. The feet

are armed with compressed claws. The dental characters are seen

first in the supposed superior incisors. Unfortunately, they have
not yet been found in place in the cranium, but their association

with a rodent type of inferior incisors, which have been found in

place in the mandible, confines us to the alternative choice between
superior incisors and- canines. From the small size, or absence, of

inferior canines, a similar character may be inferred for the supe-

rior canines.

These superior incisors present two bands of enamel, an anterior

and a posterior. They are compressed in form, the sides pre-

senting a surface of dentine or cementum. Attrition produces a

truncate or slightly concave extremity. The inferior incisors are

rodent-like.

Two families represented this suborder in the Eocene period in

New Mexico. The first, or Ectoganid.se, possesses molar teeth

with several roots ; in the Galamodontidse, each molar has a

simple conic fang. But one genus of each family is known. In

both the enamel of the molars is principally a band on the outer

side of the crown ; the deficiency is supplied in Calamodon by a

deposit of cementum, which invests the molar and superior incisor

teeth, covering the crowns, excepting where the enamel bands are

present. The latter investment is so much thinner, that the

cementum forms a raised border all round at the point of junction

of the two substances. The general structure of Calamodon
affords some points of approximation to the Edentata, which
indicate that the Tseniodonta partially fill the interval between
that order and the Insectivora, presented by the existing fauna.

Prof. Cope also pointed out the close resemblance between the

mandibular dentition of the cotemporary Eocene genus Esthonyx,
and the existing Erinaceus, and stated that that of Anchippodus
and allies chiefly differs from the latter in the persistent growth of

the incisor teeth.

Philadelphia, April 18, 1876.
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ABSTRACT OF REMARKS MADE BEFORE A MEETING OF THE
ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA,

JUNE 8th and 15th, 1875.

On some new fossil Ungulata.—Prof. Cope exhibited specimens
of the following ungulates, found by himself in New Mexico.

PUATTCHENIA HTJMPHREYSIANA, Cope, gen. et Sp. nOV.

Char. gen. Represented in the collection of the expedition by
a left mandibular ramus which includes alveolae of all the teeth,

and greater or less portions of all the molars except the last, and
the first premolar. In the specimen the dental formula is I.? C.

1 ; P.m. 3 ; M. 4; or one premolar less than in Procamelus, and
two more than in Auchenia. On this ground the present animal
is regarded as representing a new genus of Gamelidse, intermedi-

ate between the genera named. A portion of the left maxillary
bone of a larger species is thought to belong to the same genus,

although it presents the number of premolars found in Procame-
lus, viz., four. The first and second are, however, very close

together, so as to leave about the same relative interval between
the first and third as is seen in the P. Humphreysiana, should the

second premolar be omitted. The latter tooth is wanting from
the lower jaw of the P. humphreysiana. The difference in dental

formula between the superior and inferior dental series admitted
provisionally in Pliauchenia, finds justification in the formula of

the llamas (Auchenia), where the premolars are f.

Char, specif. The animal now described is of about the size of

the Procamelus occidentalism or somewhat larger than any of the

existing llamas. The mandible is stout and deep, contracting

rapidly forwards. The canine and first premolar are especially

stout, and separated by a very short diastema ; that separating

the first and third premolars is also short, being less than that

which separates the first and second in Procamelus occidentalis ;

could it be supposed that the second premolar is abnormally absent
from the P. humphreysiana, the diastema would be reduced to a

very small compass. Without this supposition the diastemata,

both before and behind the first premolar, are shorter than in any
of the Procameli, as P. robustus, P. angustidens, P. heterodontus,

and P. gracilis. The mental foramen issues below the anterior

border of the first or caniniform premolar, and the anterior

border of the latter marks the posterior margin of the symphyseal
suture. The third premolar is nearly as long as, but narrower
than the fourth, and the true molars increase rapidly in size pos-

teriorly.



2

Measurements. m.

Length of dental series from front of canine to front of
last molar 125

Length from canine to P. m. No. 1 010

Long diameter of first premolar 010
Diastema to third premolar 023
Length of third premolar 011

" " first true molar 019
Width of crown of first true molar 011

Length of crown of second true molar 025

This species is dedicated to General A. A. Humphreys, Chief of

the Topographical Engineers, in recognition of the enlightened

interest in all departments of scientific investigation, exhibited in

his long and able administration.

Pliatjchenia vulcanorum, Cope, sp. nov.

Represented by the left maxillary bone of a camel of about the

size of the existing dromedaiy, and considerably larger than the

species last described. The dental formula is, molars 4—3. The
first premolar is only removed from the second by a diastema
equal to the long diameter of the latter. The latter has no inner

cingulum, while in the third it is so strong as to constitute an
internal crescent. The third is much larger, and exhibits the

usual single external and single internal crescents. The first

molar is stout, long rooted, and furnished with a strong ridge on
the outer side, bounding the posterior crescent-bearing column in

front. There is a weak ridge on the middle of the anterior column,
and only a rudiment on the last premolar. There are no cingula

on either the inner or outer bases of the crown. The enamel is

nearly smooth. A palato-maxillay foramen issues opposite the

anterior border of the base of the third premolar.

Measurements. m.

Length from posterior border of first premolar to poste-
rior border of first molar ...... .090

Length of first true molar 030
Width of bases of crown of first true molar . . . .024
Length of fourth premolar . 019
Width of base of crown of fourth premolar . . . .018
" " palate of first true molar 040

The typical specimen was found near Pojuaque, a village of the
Pueblo Indians. Various bones of camels of the size of the P.
vulcanorum were also found, some of which doubtless belong to it.

Hippotheritjm calamaritjm, Cope, sp. nov.

This three-toed horse is indicated by the oral and palatine

parts of the skull with the superior dental series of both sides,

together with-one mandibular ramus with all its teeth, of an indi-

vidual from near San Ildefonso, and also probably by molar
teeth of two individuals from the Loup Fork beds of Colorado.
The species is allied to the H. paniense, Cope, and differs from



the H. occidentale, H. speciosum, and H. gratum of Leidy, in the

relative form and size of the interior dentinal column. In the two
species first named, this column is subcylindric and equal to or

smaller than the posterior internal columnar fold; in the three

species last named the anterior column is flattened or oval in

section, and often larger than the posterior columnar fold, and
submedian in position.

In the typical or New Mexican specimen the anterior column is

large, and its centre is anterior to the middle transverse line of the

crown. In the present state of attrition, which has left two-thirds

of the crowns of the median molars, this column presents an
angular projection towards the inner anterior crescent, betraying

an approach to the union seen in Protohipjms, which is in the

fifth molar of the right side of the present horse, actually accomr
plished through the medium of a narrow isthmus. The dentinal

band, connecting the inner crescents, throws out two, rarely one,

fold towards this column. The borders of the lakes are much
plicate, the posterior border of the anterior lake having from
four to six inflections. The posterior border of the posterior lake

exhibits one deep inflection, which is generally bifurcate.

The first premolar is quite small, and is two-rooted ; the second
is a wide tooth, different in form from the elongate corresponding
tooth of the H. occidentale, its anterior lobe being but little

prominent. The palate is wide and well arched. The mandibular
teeth are elongate, but not narrow, and the interior lobes are well

developed, especially the median ones. No basal cingula on teeth

of either jaw. The last molar is smaller than the three preceding
it, and the anterior lobe of the first is quite narrow.
The molars of one of the specimens from Colorado are closely

similar in all respects, except that the anterior lobe of the second
premolar is a little more produced. I also refer here the tooth
described as " No. 2," under H. paniense, in Report U. S. Geol.

Survey, Terrs. 1873, p. 522-3. As compared with the molars of
that species those of H. calamarium differ in the much greater
complexity of the enamel folds, those of the H. paniense being the
simplest in the genus, even more so than in H. affine. The ante-

rior inner column of H. paniense lacks the characteristic inner
angle seen in the present horse.

Measurements.

Length, of seven superior molars .

" " three true molars .

" " second premolar
Width of crown of second premolar
Greatest length of second premolar

" width " " "
" length " penultimate molars
" width " " "

Width of palate (chord) between middle of third pre
molars

Length crown antepenultimate lower molar .

Width " " " "

M.

.134

.062

.026

.020

.022

.024

.022

.022

.042

.021

.012



The typical specimen belongs to an adult animal, and was
taken from the matrix by myself without admixture of others.

Aphelops jemezanus, Cope, sp. nov.

That a second species of rhinoceros, even larger than the

other species of Aphelops, formerly existed in the region of New
Mexico, is demonstrated by a right mandibular ramus obtained

by Dr. H. C. Yarrow, from near the town of Santa Clara, on the

west side of the Rio Grande. The specimen in its present con-

dition includes the condyle, angle, and ramus as far as the last

premolar, and supports the three true molars. The latter are

worn, indicating the full age of the animal. They still retain the

enamel surface of the sinus between the posterior and median
transverse crests, and the lower end of the sharp inner margin of

the anterior transverse crest.

While the ramus exhibits the compressed form seen in A.mega-
lodus and A. meridianus, it differs from these and the A. crassus

in many striking respects. Thus the inferior margin near the

angle does not exhibit the protuberance and following contradic-

tion of the inner side seen in the first two species. In another
feature it differs from" all the other species, i. e., in the form of the

ascending ramus. This rises very gradually from the basis of

the last molar, leaving a subhorizontal edentulous space behind
the latter as long as the second true molar. Its anterior face,

instead of being flat and bounded by strong, lateral, angular
ridges, as is the case in A. crassus and the two other species, is

rather narrowly convex. Instead of the usual ridge of the outer
side, the anterior border of the area of insertion of the masseter
muscle is marked by a permanent curved protuberant margin,
which is wanting in the three other species, the surface in them
being plane. Behind the condyle is seen the tuberosity character-

istic of the Rhinoceridse. The internal pterygoid fossa is well

marked. Rugosities for insertion of the lower border of the mas-
seter muscle are strong.

The relations of the dentition of this species are also peculiar.

The last molar is nearly half as large again as that of specimens
of A. megalodus, and A. meridianus of similar dimensions of
ramus, and the teeth diminish in length anteriorly more rapidly
than in width. Thus, while the first true molar is as long as in

the two species named, the width is between one-half and one-
third greater. There are no external basal cingula.

Measurements. M.

Length of ramus from fourth premolar (behind) to mid-
dle of masseteric fossa . 240

Length of series of true molars 148
" '* first true molar 044

Width " " "" " . .... . . .033
Length " third " " 058
Width " " " " 035
Diameter of ramus at first molar . . . . . .080

Depth of ramus of third " 092



The Geology of New Mexico.—Prof. Cope stated that the ground
covered by the geological investigation conducted mainly in New
Mexico during 1874 in connection with the Wheeler U. S. topo-

graphical and geological survey, embraces the eastern slope of the

Rocky Mountains from Pueblo to the Sangre de Christo Pass
;

both sides of the Rio Grande Valley from that point to Algodones,
N. M. ; the western or Sierra Mad re range, and the country for

forty miles to the westward of it, from the latitude of Sierra

Amarilla as far south as the road from Santa F6* to Fort Wingate.
Little of novelty has been added from the first two named re-

gions, as they have been previously traversed by competent geol-

ogists ; but the last named has remained up to the present time
almost unknown. The analysis of the structure of the Sierra

Madre range is believed to indicate that its elevation took place,

near the close of the period known as Cretaceous No. 4, and that

the elevating force was in New Mexico, more powerful at its south-

ern extremity than along the middle portions of its line. Another
important discovery is the lacustrine character of the triassic beds
which form a part of the axis of the range ; indicating the exist-

ence of extensive areas of dry land at that #period, of which no
portion is remaining in the region examined by me, but which may
be supposed to be represented by the palaeozoic beds further south
and west. A third important point is the determination that the

plateau drained by the eastern tributaries of the San Juan River
it composed of the sediment of an extensive lake of Eocene age,

which was probably at one time of great extent, but whose
deposits have been greatly reduced in extent through erosion.

The boundaries of this lake to the east and south were determined.
It is believed that additional light has been thrown on the ques-

tion of the age of the Galisteo sandstone ; and that its paleontology
has decided definitely that of the Santa Fe marls. The first fossils

discovered in the " trias" of the Rocky Mountains, have enabled
me to reach more definite conclusions as to its position in the scale

of periods.

The remains of vertebrata obtained from the latter formation
are those of fishes and reptiles. The former are rhomboganoid
scales of small species which are numerous in the coprolites of the
reptiles

; the latter represent the three orders of Crocodiles, Dino-
sauria, and apparently of Sauropterygia. The dinosaurian order
is represented by a part of the crown of a tooth of a species of
large size, of the general character of Laela.ps. Both faces are

convex, the one more so than the other, and the long axis of the
crown is curved towards the less convex side. Both cutting edges
are sharply and closely crenate denticulate as in Laelaps, Aubly.
sodon, etc.

;
otherwise the enamel is perfectly smooth. There was

not enough of this animal discovered to enable me to identify it.

The suspected sauropterygian species is represented by a single

vertebra with the centrum slightly depressed, circular section,



and about as long as wide. The nenrapophysis appears to haAre

been united by suture, although this point is not so clear as de-

sirable, and the bases of thediapophysis are very stout, extending
the entire length of the upper half of the lateral surface of the

centrum. Of the articular faces, one is much more concave than

the other. Length of centrum, m. .05; width, .057 ; depth, .055.

The crocodilian remains consist of a portion of a jaw bone with

alveoli for four teeth, of a broken vertebra, and a number of dermal-

scuta and fragments of other bones. At another locality not far

distant, were found numerous remains of saurian bones, embracing
dermal and cranial pieces, coprolites, a fragmentary tooth, etc.,

which may have some affinity to these. The species indicated by
the former may be named and described as follows :

—

Ttpothorax coccinartjm, Cope, genus et species nova.

Character genericus. The fragment of jaw belonging to this

genus is probably maxillary in position, for the following reasons:

the interior face of the bone is sutural, and for the most part solid.

This would refer it to the position of the symphyseal portion of
the dentary bone of % gavial-like form, but for other considerations.

Supposing the piece to be dentary, and the suture therefore verti-

cal, the incongruity follows that the alveolar face becomes very
steep, so much, so as to prevent the interlocking of the teeth,

which become lateral in position. If, however, the jaw fragment
be reversed in position, and the alveolar face placed in a horizon-

tal position, the suture of the inner side forms a sharp angle with
the vertical plane, as it should on the supposition of its being the
maxillary bone. The wedged-shaped section necessary to fill the
space between it and the median plane, will then be that of the pro-

longed posterior spine of the premaxillary bone. The solidity of
this portion of the muzzle is inconsistent with the gavial genera of
the Jura and later times, but not with the structure of the triassic

Belodons. The posterior part of the inner face is, however, strongly
excavated, and the sutural margin exhibits an outward deflection,

which is either the boundary of the nostril, or the suture for the
apex of the prefrontal or nasal bone. In either case the nasal
cavity and the nostril are posterior in position in conformity with
the structure of the " thecodont" crocodilia. The alveoli are large
and arranged in a curved line, one of them somewhat exterior in

position and isolated by a short diastema like a canine. Surface
of the bone pitted. The dermal scuta found close to the jaw frag-

ment, have a flat upper surface marked with shallow pits rather
closely placed, having resemblance to an obsolete Trionyx sculp-

ture. JS
T ear one of the margins of the bone, the pits run out in

shallow grooves. A portion of a vertebral centrum found with
the jaw exhibits one articular face ; this is shallow, concave, of the
type of the Amphicoelian division of crocodilia. The body of the

centrum is much compressed.



The other remains include a portion of a dermal bone like those
described, and the crown of a tooth among other fragments.
This crown, which has lost most of its enamel, is triangular in

section, and somewhat curved in its long axis. A convex face is

directed forwards and outward (on the supposition that the tooth
is superior), and a nearly plane face posteriorly. The inner face

is worn flat by the attrition of an opposing tooth. The pulp-

cavity is minute or wanting.
Char, specif. The pitting of the maxillary bone is not linear,

and is sometimes round ; it is rather remote. The outside of the

bone is steep, indicating that the muzzle is not depressed. Its

face is swollen opposite the supposed canine tooth. The alveolae

are round, and longitudinally oval. The alveolar face is decurved
near the end of the muzzle. The superficial layer of the cranial

and dermal bones is dense and fine grained. The second series

of specimens, whose reference is by no means certain, but which
contains a dermal bone like that of the type, includes fragments
apparently of the upper surface of the cranium. This is marked
with irregular tuberosities and excavations resembling that seen
in the Belodonts of the Carolinian and Wiirtembergian Trias. A
section of a narrow dermal bone displays an elevated obtuse me-
dian keel, the only bone which displays this form in the collection,

the usual form being either flat or slightly concave. Accompany-
ing the same, are numerous coprolites, which are apparently too
small for an animal of the dimensions of the type specimen. They
are slender, and display rectal folds, which do not exhibit a con-

tinuous spiral. They are found, wherever fractured, to be filled

with the rhomboganoid scales of some small fish.

Measurements. m.

Length of fragment of maxillary 095
Depth (oblique) at ? nostril 050
Depth (vertical) " 045
Width (median) " 025
Width at front alveolus 035
Diameter canine alveolus 015
Diameter of another alveolus 011

Diameter centrum (? caudal) vertebra
j
^^^ ' '022

Thickness of dermal shield 008
Measurement across four fossse of do 020
Diameter of crown of tootb No. 2 018
Length of coprolite of No. 2 045
Diameter " " 011

The flat and regularly pitted dermal bones distinguish this genus
from Belodon. The species was of large size, the cranial fragments
equalling corresponding portions of the Gangetic gavial.

The evidence derived from the Typothorax coccinarum is favor-

able to the identification of this horizon with that of the Trias,

although it cannot of course be regarded as conclusive, until more
perfect specimens are obtained.



Besides the overlying sandstone bed, the red marls are traversed

below it by a conglomerate, which is in some places of a bluish

tint. At some points it weathers to gravel, and near this horizon

the vertebrate remains occur.

In review I give the following section of the Eocene rocks of

the region west of the Sierra Madre range:

—

Red and gray marls ( Wahsatch ) 1500

Sandstone ( Group J 1000

Green and black marls—Puerco group .... 500

3000

The following is an approximate estimate of the mesozoic beds

in the same region ; as they were not accurately measured, the

numbers will have to undergo revision ; their relative thickness is

nearly. as given :

—

Uncertain (concealed in the sage plain .... 500
Cretaceous No. 4 1500
Cretaceous No. 3 400
Cretaceous No. 2 2000
Cretaceous No. 1 . . . 500
Jurassic .......... 600
"Trias" (bottom not seen) . . . . . .1000

Total 6500

The mesozoic beds of this section (excepting some of the higher

members of the cretaceous) have been examined over extensive

areas to the west and south, by Messrs. Marcou and Newberry,
whose valuable reports accompany those of Lieutenants Whipple
and Ives, on the routes surveyed by them through Arizona and
New Mexico. The horizon here termed, after Hayden, "Triassic,"

has been referred to this formation by Marcou also, who had the

opportunity of examining it in Texas and the Indian Territory.

So far as the latter region is concerned, I can confirm the identifica-

tion, having examined bones from the in beds of that country,

which appear to be those of Belodonts. Dr. Newberry terms it,

in Arizona, the u salt group," or " saliferous sandstones," referring

to it as probably including both Triassic and Permian strata.

The formations here called Jurassic are partially included by
Marcou in his triassic series ; and are termed the " variegated

marls" by Dr. Newberry, who is inclined to refer them to the

Jurassic.

June 28, 1875.
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On the supposed Garnivora of the Eocene of the Rocky Moun-
tains Animals which fulfilled the functions of the existing Gar-
nivora were abundant in North America during the Eocene period.

The Wahsatch beds of New Mexico have yielded remains of more
than a dozen species, which ranged from the size of a weasel to

that of a jaguar. Investigation into the structure of these shows
that while they differ in minor points among themselves, they
agree in possessing characters which distinguish them from the
true Garnivora. I have already pointed out, 1 that, in the genera
Ambloctonus, Oxysena, Stypolophus, and Didymictis, the tibio-

tarsal articulation differs from that of the existing Garnivora, and
suggested that these forms might prove to be gigantic Insec-

tivora. Further investigation has satisfied me that they cannot
be included in the order Garnivora, and their systematic position

proves to be of considerable interest.

A greater or less part of the cranial chamber is preserved in

specimens of Oxysena forcipata and Stypolophus Mans. In these

animals it has a long, narrow form like that of the opossum, and
in the first named, where the interior form can be seen, it is evi-

dent that the cerebral hemispheres were small and narrow, and that

the olfactory lobes were relatively large, and were entirely un-

covered, projecting beyond the hemispheres.

In Ambloctonus, Didymictis, and three undetermined forms, the
femur supports a third trochanter. In all the genera the ilium

has a well-marked external anterior ridge, which continues from
the acetabulum to the crest, distinct from the internal anterior

ridge. The ilium has, therefore, an angulate or convex external

face, as in Insectivora and Marsupialia, and does not display the

usual expansion in a single plane of most of the placentals. In
all the genera there is a strong tuberosity in the position of the
anterior inferior spine, which is wanting in the Mammalia, except-

ing certain Insectivora and Prosimise* although it marks the posi-

tion of the origin of the rectus femoris muscle in all types.

The glenoid cavity of the squamosal bone is transverse, and
well defined anteriorly and posteriorly, as in the Garnivora. Of
the first series of carpal bones of the four genera named, I have
been able to learn nothing, but in the genus Synoplotherium from
the Bridger Eocene of Wyoming, which probably belongs to this

group, the scaphoid and lunar bones are separate and not united
as in the Garnivora.
The above characters point to the Marsupialia or the Insec-

tivora as the proper location for the flesh-eaters under considera-

tion ; and the evidence is much more weighty in favor of the lat-

ter order as their true position. For in the genera Oxysena and
Didymictis the posterior part of the inferior border of the mandi-
bular ramus is not inflected as in Marsupialia, nor are the ante-

rior interior iliac tuberosity and third trochanter seen in that or-

der, while both exist in the Insectivora.

Cuvier describes3 the tibia of Garnivora as follows: "Quanta

1 Systematic Catalogue of the Vertebrata of the Eocene of New Mexico,
1875, p. 7.

2 See the figure of Solenodon by Peters, and Chiromys by Owen.
3 Ossemens Fossiles, vii. p. 112.



la tete infe*rieure, tous les carnassiers se distingue*nt de l'homme
par sa figure plus e'troite du cote externe que le l'interne, et par sa

division en deux fosses oblique, au moyen d'une arete arrondie

qui repond a la partie de l'astragale. . . Le phoque l'a cepen-

dant d'une forme tres-particuliere par l'excessif aplatissement de
sa moitie supe'rieure, et par sa facette particulaire inferieure, qui

est en concavitd simple et peu profounde."

The astragalar articular face of the tibia in the genera above
named is not divided into the two oblique fossae by " a rounded
crest which is applied to the groove of the superior pully-shaped
face of the astragalus." It is uninterrupted and more or less ob-

lique in the transverse direction ; always so at the posterior bor-

der. The inner malleolar process is produced downwards, and
rests in a concavity on the inner side of the neck of the astragalus.

The astragalus, which I have seen in several of the species, pre-

sents a corresponding trochlear face. That is, instead of a groove,

it presents an open angle upwards, which separates the superior

from the oblique internal face. The superior plane is flat, but is

interrupted on the posterior side by a groove. This groove is the

posterior extremity of that which divides the superior face of the

astragalus in the higher Mammalia, but here it contracts to a
point and disappears next the fibular face just as it reaches the

superior surface. The fibular face is vertical, and shares on its

posterior part a large ligamentous fossa with the opposed part of

the fibula. The distal end of the fibula is remarkably stout.

This structure finds its counterpart in the internal half of the
astragalus of the opossum. The arrangement permits a rotary
movement of the astragalus and thus of the whole foot, on the
tibia, the fibula with its fixed articulation with the astragalus,

rotating on the tibia, as in thepedimanous Marsupialia. The flat-

ness of the inner malleolus in some of the species indicates that
the capacity for rotation was less in them than in others. This
arrangement exactly reverses the extensive oblique fibulo-astraga-

lar articulation seen in the opossum, the Petaurista, Dasyurus, etc.

Prof. Owen, in describing the astralagus of the wombat (Phasco-
lomys), says :

" The upper articular surface for the tibia is as usual

concavo-convex, the internal surface for the inner malleolus flat-

tened, and at right angles with the preceding, but the outer articu-

lar surface presents a triangular flattened form, and instead of
being bent down parallel with the inner articular surface slopes

away at a very open angle from the upper surface, receiving the
articular surface of thefibula so as to sustain its vertical pressure.
* * * This form of astragalus is also characteristic of the
Koala, Petaurists, Dasyures, and the Pedimanous Marsupialia."

In one species where the cuboid bones are preserved, it is evi-

dent that the distal end of the astragalus articulated with this as

well as with the navicular bone, although the facet of the astraga-

lus is single and continuous. As the extensive transverse distal

astragalar face is characteristic of all the species where it is pre-

served, the contact of the cuboid and astragalus is probably com-
mon to all of this division.

The dentition of this group is consistent with its reference to



the sarcophagous Marsupialia or to the Insectivora. It has, how-
ever, decided resemblances in the form of the molars, and in the

deficiency in the number of the inferior incisors, to such genera
of Insectivora as Mythornys and Solenodon, while in the large

canines, it more nearly approaches Sarcophaga and Garnivora.
I propose to include the genera Ambloctonus, Oxysena, Stypolo-

phas, and Didymictis in a special division under the name of

Greodonta. This division may be regarded as a suborder of the

Insectivora. It is possible that the genus Diacodon Cope belongs

here also ; its species resemble Chiroptera in the inferior dentition,

and are of small size. The genus MesonyxJ which I discovered

in the Bridger beds of Wyoming, cannot be referred to the Greo-

donta as here constituted, since the trochlear face of the astragalus

is completely grooved above as in the true Carnivora, and its

distal end presents two distinct facets, one for the cuboid and the

other for the navicular bones. It represents on this account a
peculiar family, the Mesonychidae.

To the Greodonta must be referred the genera Pterodon and
Palseonictis of De Blainville, from the French Eocene. This
author and Pomel placed them in the Marsupialia, but Professor

Gervais remarks (Greologie et Paleontologie Francaise) that the

evidence is insufficient for such a course. Here also doubtless

belong supposed Garnivora from the Wyoming Eocene, stated by
Marsh to be allied to the Viverridae.

The remarkable type first introduced to the notice of paleonto-

logists by Leidy, represented by the genera Anchippodus, Ecto-

ganus, etc., has been looked upon as an order of Mammalia by
Marsh, and termed the Tillodontia. He gives,2 as its characters,

the possession of claws, plantigrade feet with five toes, a third

trochanter of the femur, and separate scaphoid and lunar bones.

Also, that the dentition is characterized by " molars of the ungu-
late type," small canines, and large scalpriform incisors in both
jaws, faced with enamel and growing from persistent pulps as in

the Rodentia. He says this order " seems to combine characters

of the orders of carnivores, ungulates, and rodents."

Except in the dentition, the definition above given applies to

the Greodonta ; and an analysis of the dentition shows so many
points of resemblance as to render it probable that they pertain

to the same order of Mammalia. Also, except in the dentition,

the characters given by Prof. Marsh do not differ from those of

the Insectivora. The structure of the superior molars is not in-

consistent with the same order, and the small canines and large

incisors are even more like those of most Insectivora than are

Greodonta. The singular form of these incisors, and their growth
from persistent pulps, is rather characteristic of Rodentia. The
transverse or tubercular premolars also distinguish this group
from both the Greodonta and the true Insectivora. The defini-

tions of the order and sub-orders will then be as follows:— ,,

1 Ann. Rept. U. S. Geol. Surv. Terrs., 1872, p. 550.
2 Amer. Journ. Sci. Arts, 1875, 231.



Insectivora.—llammalia with small cerebral hemispheres which

do not cover the olfactory lobes, nor the cerebellum ; with numer-
ous clawed digits, and a third trochanter of the femur ; with a

transverse glenoid cavity for the mandible.

Superior incisors normal, not growing from persistent pulps;

canines large
;
premolars compressed. Astragalus not grooved

above, articulating with the cuboid as well as the navicular ; five

toes on the hind foot

;

Greodonta.

Superior incisors large, growing from persistent piilps, and
without enamel on the sides ; superior canines small when present

;

premolars wide or tubercular; Tillodonta.

These suborders of the order Insectivora do not differ among
themselves more than do those of the Marsupialia, and constitute

a series of parallels with them. Thus the Greodonta resemble the

Sarcophaga, the Insectivora vera the Entomophaga, and the Tillo-

donta the Rhizophaga, typified by Phascolomys.
The genera of the Greodonta differ as follows :

—

I. First and third inferior true molars without internal cusp.

Last superior molar longitudinal ; last inferior molar carnassial

;

Ambloctonus.

II. Inferior carnassials with interior tubercle ; no tubercular

molar ; last superior molar transverse.

Three tubercular carnassials; 1 Stypolophus.

Two tubercular carnassials
;

Oxysena.

III. Inferior carnassial with interior tubercle ; a tubercular
molar.
One tubercular carnassial

;

Didymictis.
The number of toes on the hind foot cannot be certainly stated

in all the genera, but in Stypolophus Mans and another species

there were probably five, the inner being of reduced size. There
is present in those species an ento-cuneiform bone which resem-
bles that of Canis; it is compressed, with one truncate concave
terminal facet, and an internal oblique one at the opposite and
proximal extremity. The form of the truncate articular face of
the distal end indicates the existence of an inner metatarsal bone
of moderate proportions, which probably supported a small hallux.

This thumb could not be opposable as in the opossum.
In general appearance the Greodonta differed from the Carnivora,

in many of the species at least, in the small relative size of the
limbs as compared with that of the head, and in some instances,

as compared with the size of the hind feet. The feet were probably
plantigrade, and the posterior ones capable of some degree of
rotation. The probable large size of the rectus femoris muscle
indicates unusual power^of extension of the hind limb. They were
furnished with a long and large tail. Probably some of the species

resembled in proportions the Mythornys and Solenodon, now exist-

ing in Africa and the West Indies, but they mostly attained a much
larger size. Published December 22, 1875.

1 For the meaning of these expressions, see Syst. Cat. Eoc, New Mexico,
1875, p. 6.
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PALEONTOLOGICAL BULLETIN,

No. 21.

(Read before the Academy of Natural Sciences, April 11, 1867.) *»""

On the Geologic Age of the Vertebrate Faunse of the Eocene of
New Mexico.—Prof. Cope presented a synopsis of the species de-

scribed from the Eocene of New Mexico, arranged in the following

manner :

—

Mammalia.
Perissodactyla
Amblypoda

Pantodonta
Incertse sedis

Quadrumana
Prosimice

Rodentia. .

Insectivora
Tceniodonta

Creodonta
Aves
Reptilia

Crocodilia
Testudinata
Lacertilia .

Pisces
Ginglymodi
Plagiostomi

10

4
2
13

10
9

3
10

*3

19

7
15
2

2

6

54

1

24

This total number of eighty-seven species may be considered in

two aspects, viz., in regard to their geological position, and their

anatomical structure.

As regards the former, it may be observed, that the record
preserved in these beds is doubtless more imperfect than that
found in many others, owing to various physical conditions. One
of these is an evident disturbance of temperature and moisture
which they have sustained, perhaps in connection with the vol-

canic phenomena which played so important a part in New Mexico
during the later tertiary times. The fossils are generally found
in a fragmentary condition, and often distorted by pressure. The
fractures of the surface are often of such a kind as to indicate
that the bones have been in a plastic state (see the figures of
Stypolophus hians) during which the fissures thus created in

them have in many instances been filled with a siliceous limestone.
This material now presents a rough external surface of great hard-
ness, and sometimes incrusts the teeth in such a way as to render
it a difficult matter to expose them. Nodules of the same material
abound on the bluffs (see the geological report). Not unfrequently
the bones are covered with an incrustation highly charged with
the red oxide of iron, and this substance gives its characteristic

color to a large percentage of the fossils, the others being gene-



rally black or dark brown. The light colors of our miocene beds

are almost unknown, and the bones are always much harder than
these, or even than the fossils of the Bridger group of Wyoming.
These facts, in connection with the reduced number of exposures

of the beds, account for the comparatively small number of species

obtained, and the feeble representation of certain groups, e.g., the

birds, lizards, rodents, etc. Nevertheless a large number of in-

dividuals were obtained, and a considerable extent of country

explored, and I believe that the synopsis above given is an approxi-

mation to an expression of the characteristics of the most abund-
ant types, or, of the relative numerical representation in the fauna

of the different genera, orders, etc.

Compai'ison with the established scale of geological horizons of

Europe has established the fact that the beds in question belong

to the Eocene category, as I have already shown 1 to be true of the

longer-known Bridger beds of Wyoming. It remains to collate

them with the numerous subdivisions of that period. The differ-

ences between the Wahsatch and Bridger fauna? have been in part

pointed out in my Report on the Vertebrate Fossils of New Mexico,

18Y4,
2 and may be more fully stated as follows:

—

1. Divisions found- in the Wahsatch beds not yet reported from
the Bridger beds. Aves, genus Diatryma (allied to Gastornis)

;

mammalia, Teeniodonta; Phenacodus ; Goryphodon

;

3 Meniscothe-

rium; most species of Hyracotherium.
2. Divisions found in the Bridger beds not yet found in the

Wahsatch: fishes, Amiidse; reptiles, Ophidia; Anostira; mam-
mals, Mesonychiidse ; Tillodonta; Achsenodon; Dinocerata; Pa-
leeosyops; most species of Hyrachyus.
The Wahsatch horizon of Wyoming has not yielded so many

species of vertebrata as those of New Mexico, but the close re-

semblance of the two faunae may be observed in the following list

of forms which I obtained at several localities : Fishes, Siluroids ;

mammals, Hyracotherium, two species; Phenacodus; Goryphodon,
two to three species. As is well known the Wahsatch beds under-

lie those of the Bridger group, and we therefore look for their

European equivalent in the lower part of the series. It has been
already pointed out5 that the absence of Hyopotamus and Anoplo-
therium and allied genera, from the Bridger horizon precludes an
identification with the upper Eocene of Europe. The comparison
of the Wahsatch fauna with that of the lowest of the three divi-

sions into which Professor Gervais has arranged the European

1 Proceedings American Philosophical Society, 1872, February and July.
2 Annual Report of Chief of Engineers, p. 592.
3 The species described by me as Batlimodon constitute a section of this

genus, characterized by the absence of tubercle or ridge between the inner
cusps of the last lower molar. I do not maintain this section as a distinct

genus.
1 See Report of the U. S. Geol. Surv. Terrs., 4to. ii. p. 33-39.
5 Ann. Rept. U.S. Geol. Surv. Terrs., 1873 (1874).



Eocene, shows a remarkably close correspondence. This epoch,

the Suessonien of D'Orbigny (Orthrocene Gervais), includes the

marls of Rilly and lignites of Soissons, the Thanet sands, London
clays, etc. Fossils from these beds appear to have been no better

preserved than those of the Wahsatch beds of the Rocky Moun-
tains, yet some of the genera are identical, and others closely cor-

respondent, as follows :

—

Wahsatch. Suessonien.

Ambloctonus. Palaonyctis.
Hyracotherium. Hyracotherium.
OorypJiodon. Ooryplwdon.
Diatryma. Gastomis.
Lepidosteus. Lejridosteus.

As a point of difference between the beds, may be mentioned
the absence of the Tseniodonta from the Suessonien, a suborder
not yet known out of North America.
The Wahsatch formation includes the Geeen River beds of Hay-

den, a name which I formerly applied to the entire series. It,

however, applies properly to the fish shales of Green River, con-
taining Asineops, Clupea, Osteoglossum, etc., which are probably
local in their character.

The Bridger formation will then represent on the American
continent more nearly than any other, the middle Eocene or Pa-
risien of Cuvier, Brogniart, and Renevier.
The teeth of sharks described in the reports quoted are of un-

certain origin. They are associated with oyster shells, and both
have the appearance of having been transported; nevertheless

some of the mammalian teeth found associated with them have
a similarly rolled appearance. It therefore remains uncertain

whether the ocean had for a limited time access to the Eocene
lake, or whether the shark's teeth and Ostrese were derived from
the cretaceous beds which formed its shores. Similar, and in one
instance the same species of sharks were found in both formations,

the division of the cretaceous being No. 3 and 4 of Hayden. 1

In conclusion, the classification of the North American Eocene
may be represented as follows :

—

Formation. Equivalent. Locality. Characteristic Fossils.

(Palcsosyops,
Tillodonta.

Dinocerata.

Wahsatch. Form. Lower Eocene.
\

f N. B ,%wMe*i-f?3S

//X
{ oo, 8.W. Wyo-

j Phenac„dm [

(_ mmg.
^ Diatryma.

1 The same state of things exists in the siderolitic deposits of the canton
of Vand, Switzerland. Mingled with the mammalian remains are teeth of
sharks, of which M. La Harpe remarks that their appearance does not war-
rant the belief that they have been transported, or are not indigenous to the
Eocene fauna.

Published April 26, 1876.
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PALEONTOLOGICAL BULLETIN No. 22.

[Extracted from the Proceedings of the Academy of Natural Sciences of Philadelphia,

October 31, 18T6.]

DESCRIPTIONS OF SOME VERTEBRATE REMAINS FROM THE FORT UNION
BEDS OF MONTANA.

C~
BY E. D. COPE.

Aublysodon lateralis, sp. nov.

Established on some teeth, one of which is of the size of those

of the A. horridus, and which differ in some important particu-

lars. The posterior crenate ridge is as in that species, lateral in

position, separating a posterior face from the lateral at a right angle.

The posterior face is separated from that of the other side by a

very obtuse angle. The anterior aspect of the crown is without

crenate cutting edge, but the latter is present as a border to the

front, passing along the front of the side opposite to that which

bears the posterior angle. It is directed laterally, and projects

beyond an open groove which follows its posterior base. The
base of the crown is broad elliptic in section. Enamel smooth.

A much smaller tooth was found with the preceding, and pre-

sented similar characters, excepting that the posterior face is not

so strongly truncate.

Measurements. M.

Length of crown preserved .025

.018Diameter of base of crown \
on&

v short

Width of posterior face

Length of smaller crown . . •

Long diameter of base of do.

.010

.006

.011

.006

The apices of both crowns are considerably worn by use. Both

were found by Charles H. Sternberg of my exploring party.

Laslaps incrassatus, sp- nov.

Represented by two teeth, a larger and a smaller, which were

found near each other, but not sufficiently so as to warrant the

belief that they pertain to the same individual.

The characteristic feature of these teeth is, that the transverse

diameter of the base of the crown exceeds its anteroposterior, a

point in which it differs from all the other carnivorous dinosau-

rians yet known from the formation. Nevertheless, the posterior

cutting edge is median, and is denticulated. The anterior cutting

edge, which is also denticulated, is nearly median at the apex, but



continues along one side of the widening anterior face to the base

of the crown. The posterior cutting edge is nearly straight, while

the anterior is rather abrubtty curved at the apex.

The anterior and posterior edges are not lateral in position as

in Aublysodon lateralis.

Measurements. m.

No. 1. No. 2.

Length of crown 025 .014

Diameter at base
{anteroposterior

. . . .012 .006

(transverse 0135 .008

A large species. Discovered by Jno. C. Isaac.

Laelaps explanatus, sp. nov.

An abundant species, but as yet represented only by teeth which

are about the size of those of the largest of living Varanidse.

The crowns are strongly compressed and curved; one side is

flat, the other gently convex; the posterior cutting edge is median

and concave. The anterior edge is not continued to the base of

the crown, and disappears before attaining the apex; it is feebly

denticulate, and only at its convex curvature towards the apex

;

its course is median. The flat face has a slight bevel to the pos-

terior edge. Surface smooth, without transverse undulations.

Measurements. m.

Length of crown . . 0110

Diameter crown at base
{anteroposterior

. . . .0066

'transverse 0028

Lselaps falculus, sp. nov.

Represented by several teeth of about half the size of those of

the last described reptile. They differ in form in several respects,

being relatively shorter and stouter, and less sectorial in character.

The lateral surfaces are about equally convex, while the anterior

face is narrowly obtuse, and without cutting edge. The posterior

edge is concave and furnished with a serration of smaller denticles

than in the L. ex-planatus ; it is median in position.

Measurements. m.

Length of crown 0090

~
. . - , e ( anteroposterior . . . .0056

Diameter of base of crown 1
l

t transverse 0040

Found by Jno. C. Isaac.



Dysganus encaustus, Gen. et sp. nov.

Char. Gen.—A large number of teeth exhibit the characters of

this genus, which is a peculiar form of herbivorous Dinosauria.

The crowns are compressed, so that the fore and aft diameter

much exceeds the transverse. The body of the crown is a flattened

shaft of dentine, one face of which is the denser, and produces the

cutting, edge. This face is flat or weakly keeled, while there are

two other faces uniting at an open angle, thus giving a subtri-

angular section. On each of these faces is adherent a shaft of

cementum-like material of a dense character, whose external face

is longitudinally concave. These inclose between them on the

median line a deep groove, which expands below into a wide con-

cavity, which appears to be enlarged as the age of the tooth in-"

creases preparatory to shedding. The other parts of the base of

the crown below the cutting face, are inclosed in a rather thick

deposit of rugose cementum, which rises a distance on the sides

of the tooth.

The method of replacement of the teeth in this genus appears

to resemble that of Cionodon, except that there is no indication

of the existence of as many series in the transverse direction. The

longitudinal grooves in the anterior and posterior cement columns

are probably occupied by the borders of the apices of successional

teeth. The presence of these columns, etc , distinguishes this

genus from that and other allied genera.

Char. Specif.—The cutting face is more or less concave, and is

impressed or sunken, its lateral borders, and the cement of the

basis, projecting beyond it. The inferior border is also usually

oblique, that of one of the sides rising diagonally. In the same

propoi'tion, a weak keel is also unsymmetrically placed, lying close

to the opposite border, and dividing the face into a wide and a

narrow concavity. The oblique border is also incurved, the edge

of the posterior cement column curving round the cutting face of

the dentine. The latter is delicately rugose in unworn specimens.

The external basal cementum rises highest on the incurved border

of the crown ; its surface is minutely rugose, the rugosity being

generally punctiform. It is also of a different color from the

dentine in the specimens as preserved, and is occasionally found

nearly worn away. The edge of unworn teeth is not serrate.



Measurements. m.

Length of basis of tooth 012

i anteroposterior 009
Diameter of crown

| trangverse 0Q4

Transverse diameter below crown 008

The teeth are rather smaller than those of Hadrosaurus foulkei,

The borders present no indication of the crenation seen in that

and other species, either in worn or unworn specimens.

Dysganus haydenianns, nov. sp.

Represented by a number of teeth found in such relation that

they are supposed to belong to two individuals.

They differ materially in form from those of the D. encaustus,

and exceed any of them in size.

The base of the tooth possesses the thick investment of rough

cementum, and has a slope away from the base of the crown. The

form of the crown is peculiar in possessing a lateral face placed

at a strong angle to the usual face, and separated from it by a

strong protuberant angular ridge. This angular cutting face would

resemble that of the Diclonii were it not that the body of dentine

of which it is composed is a flat plate instead of a triangular seg-

ment of a subquadrate prism. Each face has a separate plate,

which is separated from the other by a suture. A solid mass fills

the angle between them, which is divided by a groove produced

by the pressure of the angle of the face of the succeeding tooth

which fits it. The wider of the "front" faces is divided by a low

longitudinal ridge. Both of the faces are bounded by an external

incurved ridge which cause them to have a concave surface.

A tooth of a size equal to that of the one just described was

found with it, has a form more nearly like that of D. encaustus, in

the less degree of prominence of the lateral angle. It displays but

a single posterior cementum-like mass, which presents considerable

lateral faces as well as a posterior one, as in the first described

tooth.

Measurements. m.

Length of base of crown 010

Elevation of remaining part of crown 006

!

anteroposterior 015

transverse, total 010

" dentine . . . .004

Dedicated to Doctor F. V. Hayden, U. S. Geologist.
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Dysganus bicarinatus, sp. nov.

This dinosaurian is represented in the collections by some of the

teeth of three individuals. Two of the teeth represent immature

stages, while the others are worn by continued use. They all

present characters not found in the D. encaustics, from which they

differ in a direction the opposite of that which characterizes the

D. liaydenianus.

The crowns present a nearly flat face without incurved lateral

angles, nor prominent median keel. The basis is wide, projects in

a rim beyond the face, and is invested with rough cementum. The
face is peculiar in being divided into three planes by two low

angular ridges, and its surface is smooth. The dentinal column

is triangular, and there are two posterior columns separated by a

fissure, in mature teeth.

The absence of the lateral incurved angle, and the presence of

the two median ones distinguish this species from the D. encaustus.

Measurements. m.

Length of basis 009

Width " Oil

Length of worn face .006

( anteroposterior .... .011
Diameter of crown { . Ar,„

( transverse 007

Dysganus peiganus, sp. nov.

In the typical tooth of this species the form approaches the

genus Paleeoscincus, Leidy, in the compression of the crown, and

the contraction of the base; it is a limital species of Dysganus if

realty properly placed in that genus.

The widest portion of the crown is above the base ; from this

expansion it contracts in both directions, and in the unworn tooth

forms an angular median apex. This is not the case in D. encaustus,

which is regularly rounded. The margin of the crown is narrowed,

expanding but little towards the expansion, and is quite rugose.

From these rugosities low ridges descend on the face of the tooth,

whose surface is also minutely rugose. The face is divided by a

prominent median rib, which extends to the apex. No cementum

is visible on the basis, in the only specimen in which this part is

preserved.
Measurements. m.

Length of crown 008

{transverse 005

anteroposterior i
at base

• • -
008

l greatest . . .011



Diclonius pentagonus, Gen. et sp. nov.

Char. Gen.—Herbivorous dinosaurians, in whicli the teeth are

'elongate and without distinct root, and present dense material

only on one side of the crown (the "front"), whose section pro-

duces a cutting edge. The other face of the tooth (the "back")

is coated with cementum, and is absorbed during the protru-

sion of the successional tooth from below, which thus rises from
" behind." In the anteroposterior direction the teeth are pro-

truded alternately, and the lower parts of the crowns are con-

tracted to give space for the apices of the adjacent young teeth.

In the t}7pe of the genus there is but a single series of teeth.

In the known species of this genus, the dense face ("front") of

the crown presents a longitudinal keel, but this is not necessarily

a generic character. The terms "front" and "back" are not in-

tended to be accurate, as the faces so termed are either external

or internal, the direction being probably reversed in the two jaws.

This genus is allied to Hadrosaurus and Cionodon. From the

former it differs in the mode of succession of the teeth, which, as

determined by Prof. Leidy in that genus, is from the " front" of

the base of the tooth, whereas, in Diclonius, the succession is as

in Cionodon, from the "posterior" base of the tooth. This ar-

rangement allows of a more continuous use of the dense face than

in Hadrosaurus, where that face terminates as the young crown

rises into functional position. A species from the Fort Union

bad lands of the Judith River was described b}T Dr. Leidy as Tra-

cliodon mirabilis. Specimens of this species from the locality

furnishing those of Diclonius, present the mode of succession

ascribed by that author to Hadrosaurus, to which genus he after-

wards referred the species under the name of H. mirabilis.

The dentition of species of this genus shows that but one

tooth in mature functional use existed in a line transverse to the

axis of the jaw at one time, and that alternating with these, one

partially protruded crown, and one stump of a crown, present

masticating surfaces in transverse relation. The formula for this

genus should then be written 2— 1, while in Cionodon it is 3—3—2.

The type of this genus exhibits a mode of nutrition of the

young teeth similar to that seen in the genus Saurocephalus

among fishes. The bone is perforated by a series of foramina,

each of which conveyed an artery directly into the base of the

growing crown.



Char, specif.—The front of the crown is divided longitudinally

by a prominent median keel and the borders are not serrate. The
keel is only moderately prominent at the lower part of the crown.

The back of the crown is divided into three faces by two straight

longitudinal parallel solid angles, and the crown is contracted near

the base by the lateral bevels for the adjacent growing teeth, All

these faces are covered by cementum, whose roughness is granulai

in character. The external surface of the jaw-bone has precisely

the same character, so that the apices of the teeth only appear as

prominences of its border.

The typical specimen is that of an individual of moderate dimen-

sions; measurements of a tooth of a gigantic individual are given

below.

Measurements. m.

Length of a series of five teetli 023

Protrusion of crown of largest tooth 006

Diameter " " " 006

Length of crown above lateral apical facets of larger animal .013

Diameter of crown at same point f anteroposterior -OH
transverse . . . .009

Width of median face of "back" 005

Diclonius perangulatus, sp. nov.

This abundant species of herbivorous dinosaur has left its shed

teeth in many localities of the Fort Union horizon, in company
with those of the Trachodon mirabilis, Palseoscincus costatus,

and other large reptiles. Teeth with complete apices are rare.

The marked character of the species is seen in the prominence of

the median angular ridge which divides equally the cutting face

of the crown from apex to base. The prominence increases down-

wards so that the transverse diameter becomes greater than the

antero-posterior, in some cases being diamond-shaped in the trans-

verse direction. Its position is symmetrical, or nearly so. The

lateral borders are smooth, one specimen displaying a faint trace

of crenation near the apex. There is no shank or root in any of

the teeth preserved, and the basis is excavated on the side away
from the cutting edge for the apex of the succession al tooth. A
band of roughened cementum extends round the base, and is con-

tinued upwards on each side opposite the cutting face. This side

presents three faces, a narrow median, and two wider lateral. The

latter are slightly concave, and are probably adapted to the apices



t antero-posterior
Diameter of crown \ . „ „ „„

( transverse

of the successional teeth; the former is often slightly concave,

and is the seat of most rapid attrition. The lateral facets disap-

pear at a distance below the apex, where the non-cutting side is

strongly convex, and covered with a coarsely rugose cementum

;

the rugosity including pits.

Measurements. M.

Length, of a shed tooth Oil

.010

.012

Width of facet for successional crown 006

"Width of posterior facet 005

Width of cutting face of another near apex . . . .008

Antero-posterior diameter of do. at do 010

The prominence of the median angle with other points distin-

guishes this species from the Cionodon arctatus. The size is larger

than that of the known specimens of that species, equaling that of

the largest of the order. (See Report of U. S. Geological Surv.

Terrs. II., 4to, for description of genus Cionodon.)

Specimens of this species have been referred by Dr. Leidy to his

Trachodon mirabilis.

Diclonius calamarius, sp. nov.

This species, as represented by teeth, is the smallest of the

genus, but the adult size is a point, however, not easily deter-

mined among extinct reptiles. The teeth are slender, and the

front has parallel borders and a median keel. The borders are

entire, and, in two of the crowns, twisted slightly round the long

axis of the tooth. The keel is thus twisted also, and towards the

base, when it becomes quite low, is nearer one border than the

other. The back of the tooth displays two lateral facets, sepa-

rated by a narrow median facet. The former have a thin, deli-

cately rugose, cement investment, with a minute rugosity; the

latter is smooth in the specimens, apparently from friction. The

characters of this saurian readily distinguish it from its congeners.

Measurements. m.

Length of portion of crown 012

( antero-posterior 004

.004
Diameter of crown

-J
,

Monoclonius crassus, Gen. et sp. nov.

Char. Gen.—Teeth with obliquely truncate face and distinct

root, which is grooved for the successional tooth on the front.



No external cementurn layer, caudal vertebrae biconcave, and brim

narrow. Fore limbs large and massive.

The teeth of this genus resemble those of Hadrosaurus, and like

them, are replaced from the " front," an arrangement which pre-

cludes the possibility of more than one series of teeth being in

functional use at one time. The robust fore limbs and elongate

ilium distinguish Diclonius from Hadrosaurus. From Trachodon

it differs in the absence of the rough cementurn layer on the back

of the tooth.

Char. Specif.—The faces of the teeth are acuminate oval in form,

and are divided by an elevated keel, which is median above, but

turns to one side at the base. Margin crenate, the grooves ex-

tending more or less on the convex "back," which is otherwise

smooth.

Sacrum with ten vertebrae, the last centrum much compressed,

the diapophyses extending horizontally from the neural arch

above, and connected by a vertical lamina with the iliac supports

;

length 27.33 inches. The bones of the limbs are robust, the hinder

the longer, but not so much so as in some other genera. Length

of femur 22 inches; width, proximally, 7.4 inches; distally 6 inches.

Length of tibia 20 inches; greatest diameter, proximally, 8 inches;

distally 7.25 inches. The three antei'ior dorsal vertebrae are co-

ossified, and the first exhibits a deep cup for articulation with the

preceding vertebra. The episternum is a T-shaped bone, thin and

keeled on the median line below. Length of transverse portion

21 inches.

Paronychodon lacustris, Gen. et sp. nov.

Char. Gen.—The teeth which characterize this genus have the

genera] character of those of Plesiosaurus, Elasmosaurus, etc.

The crowns are subconic, and the enamel is thrown into longitu-

dinal plicae. The special characters of the genus are seen in the

form of the crown, one side of which is convex, and the other side

plane, so that the section instead of being circular is semicircular.

It is also strongly curved in the direction of its plane face.

Char. Specif.—Both anterior and posterior edges are curved,

and are not acute nor denticulate. There are four plicae on the

flat face, only two of which approach the apex. There are six

keels on the convex face, all of which approach the apex. All

the carinae are rather obtuse, and the enamel is otherwise smooth.

The apex is very acute.
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Measurements. m.

Length of tooth .0130

( antero-posterior 0040
Diameter at base \ . nnnA

I transverse 0024

Length of crown 0100

It is probable that portions of skeleton of this reptile are in my
possession, but the means of positive identification are yet wanting.

Compsemys imbricarius, sp. nov.

This species, like the others of the genus, has the scutal sutures

well defined, and the superficial surface of the carapace sculptured.

The character of this sculpture distinguishes the species, and in

the present instance in a special manner. It consists, in the

G. imbricarius, of excavations bounded on the sides by a short

ridge each, which alternate with each other. Thus each bounding

ridge terminates abruptly at the fundus of one of the fossae, while

the other end of the fossa rises and contracts to another ridge.

The result is precisely that seen in the interior sculpture of Sara-

cenic domes or niches, and is one which is quite unique among
tortoises. The direction of the ridges is at right angles to the

costal dermal sutures. This species was about as large as the

snapping tortoise
( Ghelydra serpentina).

Measurements. m.

Thickness of a costal bone 0050

c lengthwise .... .0065
Three fossae measure < aaka

( crosswise 0050

Compsemys variolosus, sp. nov.

One of the most abundant, and the largest species of the Fort

Union beds. The carapace is convex and the plastron flat ; the

marginal bones are heavy and strongly convex on the inferior

side. The margin of the plastron is thickened and heavy, char-

acters which also belong to all parts of the carapace. The sutures

of the dermal scuta are deeply impressed, and the surface of the

bone is strongly sculptured above and below, and even on the

superior face of the thickened margins of the free lobes of the

plastron. The sculpture consists of round fossse, which are deeply

impressed and are arranged quincuncially, so that their borders

never form straight lines. The latter are also more or less angu-

late on the edge, so that the surface has a more than usually ru-

gose character.
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The typical specimen equals those of the large land tortoises

of the Eocene in dimensions.'

Discovered by C. H. Sternberg.

Polythorax missuriensis, Gen. et sp. nov.

Char. Gen.—Plastron with contracted fixed lobes and wide

bridge; carapace with well-developed marginal bones; mandibular

ramus narrow; alveolar face with acute external margin; the

symplvysis neither produced nor recurred. Dermal scuta every-

where distinct, those of the plastron the usual ones, with the addi-

tion of the two marginal intergulars, and two large interhumerals.

The latter scuta are separated from the numerals by sutures run-

ning parallel with the humeral margin of the anterior lobe between

the gular and pectoral scuta.

In the possession of interhumeral scuta, Polythorax differs from

any known genus of Testudinata. The general structure is much
like that of Adocus and Baena, with nearer resemblance to the

latter in its double intergular scuta. It is impossible to ascertain

whether there are intersternal bones, as the plastron is coossified

throughout. The presence or absence of interna arginal scuta can-

not yet be determined, although it is clear, that if existing, their

position is quite external.

This genus is interesting as connecting in its stratigraphical

position allied types of Cretaceous No. 5 (Adocus), with those of

the Wahsatch and Bridger Eocenes (Baena).

Char. Specif.—Carapace with openly dentate posterior border.

The surface is irregularly swollen, especially on the median line

near the margins of the vertebral scuta. The vertebral scuta are

wide, the costals short, and the marginals narrow. The anterior

lobe of the plastron is a little shorter and more contracted than

the posterior; its base is narrower than the antero-posterior extent

of the bridge. Its extremity is rounded, while that of the pos-

terior lobe is truncate with rounded angles. The gular and in-

tergular scuta are each wider than long, while the interhumerals

are much longer than wide. The humerals are narrow while the

pectorals are wide from the anterior position of the pectoro-

humeral suture. Each anal scutum is longer than wide.

The surface of the plastron is obsoletely but coarsely rugose

;

the roughness greatest anteriorly, where it consists of short raised

lines irregularly disposed.
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Measurements. m.

Length of plastron 183

Length of anterior lobe 049

Length of bridge 076

Width of bridge . 076

Width of extremity of posterior lobe 035

Thickness at inguinal region ..... .010

Hedronchus sternbergii, Gen. et sp. nov.

Char. Gen.—The bone on which this genus reposes has the ap-

pearance of the crown of a young tooth. Its central cavity is large

and expands to the margin of the basis; its apex is unworn. It

appears to be too protuberant for the position of a dermal tubercle.

It may be distinguished as a short crown on a shorter slightly

constricted portion or neck. The crown culminates in three crests,

which together form a letter T, and which descend towards the

neck. There is no investment of enamel or cement, and the ma-

terial of which it is composed resembles dense bone.

Char. Specif.—The faces on each side of the stem of the T, are

concave and divided by an oblique crest, which descends from the

common apex. The other face is gently convex, and the inferior

part of each of its bounding crests projects ear-like. The base is

an oval.

Measurements. m.

Elevation of crown 006

Diameter of base
{longitudinal

. . ... . .005

(.transverse ..... .004

Discovered by Charles H. Sternberg.

Ceratodus erueiferus, sp. nov.

A basal lamina separable from the dentigerous lamina. The

latter supports ribs which diverge from a single marginal rib

which extends along one side. The marginal rib is separated by

a deep groove from the radiating ribs, which is continuous with

the grooves between the latter. The ribs are of irregular diameter

and not perfectly straight; they are interrupted by weak trans-

verse ridges which project beyond the margins. The ridges rises

abruptly from their common base and are separated distally by

notches of the margin.
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Measurements. m.

Long diameter of dental surface Oil

Short diameter of dental surface 007

Thickness of plate 003

There are six ridges in the length.

Ceratodus hieroglyphus, sp. nov.

This species is materially different from the last, and was more

abundant, judging from the occurrence of its remains.

The dentigerous plate is thin and dense, and has the appearance

of a short toothed comb with a handle. The tooth-like points are

the extremities of low ridges, which are arranged nearly at right

angles to a wide longitudinal elevated half of the osseous base.

They are separated by shallow grooves from each other, and are

not continuous with the basis just mentioned, which rises abruptly

above them. They are smooth. The " handle" above alluded to

is triangular in section having two bevels on the side supporting

the tooth ridges. The lower face of the bone is smooth.

Measurements. m.

Total length 013

Length of dentigerous portion 010

Total width 0045

Width of dentigerous portion .0020

There are thirteen teeth in the length.

Myledaphus bipartitus, Gen. et sp. nov.

Char. Gen.—Crowns of the teeth molar in character, truncate,

wider than long, standing table-like on the root. The latter par-

taking of the shape of the crown, short, straight, split equally and

at right angles to the greatest diameter of the tooth. The crowns

form a pavement having a regularly hexagonal outline. Their

composition is different in the halves on each side of a line which

divides the crown equally, running in the long direction. On one

side the dentine is striate at right angles to the long diameter

;

the structure is not distinguishable by the hand lens on the oppo-

site side of the line.

The affinities of this genus cannot now be stated, but the form

of the root recalls the Elosmobranchii, and that of the crown,

some of the rays.

Char. Specif.—The staining on opposite sides of the line that

divides the crown, is different, on the one paler than on the other.
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The face of the crown is nearly plane, and its border is vertical

and overhangs the root all round in a narrow ledge; it is vertically

striate, as is also the root. The antero-posterior diameter exceeds

the transverse, and the facets are subequal, and are continued less

perfectly on the root. The fissure of the latter does not reach the

base of the crown.

Measurements. m.

Length of tooth . . .0053

Diameter of crown /antero-posterior . . . .0060

I transverse 0045

Long diameter of root 0050

Length of root . . . . . . . . .0030

Discovered by Charles H. Sternberg.

Published November 13, 1876.
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PALEONTOLOGICAL BULLETIN, No. 23.

[Extracted from the Proceedings of the Academy of Natural Sciences of Philadelphia,

December, 1876.]

ON SOME EXTINCT REPTILES AND BATRACHIA FROM THE JUDITH
RIVER AND FOX HILLS BEDS OF MONTANA.

BY E. D. COPE.

LiELAPS, Cope.

Proceed. Acad., Phila., 1866, p. 275. Extinct Batr. Rept. N. Amer., 1869, p. 100.

Two species of this genus were described in the latter memoir

above cited, the L. aquilunguis, Cope, and L. macropus, Cope, both

from the greensand or Fox Hills group of the cretaceous of New
Jersey. A considerable portion of the skeleton of the former

was described, including the peculiarities of the ankle-joint, which

led me to the conclusion, previously unsuspected by naturalists,

that the Dinosauria present affinities to the cursorial birds. The

teeth of this species were described and figured, but in the L. ma-

cropus they were, and still remain, unknown.

In a preliminary report on the extinct vertebrata obtained b}^

the writer on the Upper Missouri the present year, three addi-

tional species were referred to this genus, viz. : the Lselaps

incrassatus ; L. explanatus, and L. falculus. Their characters

were ascertained from teeth alone, so that their pertinence to the

genus Lselaps is not fully assured. A fourth species of carniv-

orous dinosaurian was described under the name of Aublysodon

lateralis.

One of the most valuable specimens obtained by my expedition

of 18*76, is the nearly entire left dentary bone of the Lselaps incras-

satus, which exhibits the teeth of its two extremities. The different

forms of the teeth of the carnivorous Dinosauria graduate into each

other by such easy stages, as to have given rise to question in ref-

erence to their proper interpretation ; whether they indicate differ-

ent species or only different positions in the dental series. In de-

scribing the Aublysodon horridus, the first known of the species of

the Judith River beds, Dr. Leidy expressed the suspicion that a cer-

tain form characterized the teeth in the position of incisors, another

those in the position of canines, and another form the remainder

of the series. The teeth of the last kind have the form of those

of Lselaps; in others the posterior serrulate cutting edge is

1



latero-posterior, the posterior aspect being thickened, and either

transverse or convex in section. In the supposed canines the

anterior serrulate edge is wanting, or represented by a second

posterior edge parallel with the original one, thus forming a com-

pressed chair-shaped crown. Numerous specimens of all these

forms were obtained by the expedition.

Examination of the dental series of the Lselaps incrassatus

shows that the antero-posterior diameter of one or two teeth

in the position of canine, becomes oblique in the curved long

axis of the dentary bone. The transverse diameter is also greatly

increased so as to equal or even exceed the antero-posterior ; the

serrate edges are opposite to each other. A tooth of this tj^pe

was the first of this species which I observed, and the name has

reference to its peculiar form. A tooth in the position of first or

anterior incisor, differs in having the anterior serrate crest re-

moved to the middle of the inner aspect of the apical portion of

the crown, while tbe posterior edge retains its usual position.

Further posterior transfer of the anterior cutting edge and a

grooving of the posterior face, would produce a tooth of the form

suspected by Leidy to be the canine of Aublysodon horridus,

while the canine just described is different from any tooth refer-

red by Leidy to the same species. But a large tooth found in

immediate association with the jaw, but separated from it, has the

posteriorly truncate form described by Leidy as typical, and is very

probably the tooth of the maxillary bone, near the position of the

superior canine of a mammal.

It may be observed in conclusion, that if the teeth suspected

by Leidy to be canines of Aublysodon horridus, but which I sup-

pose to be incisors, are really such, Aublysodon must be regarded

as a genus distinct from Lselaps ; while, on the other hand, should

such determination prove to be inadmissible, and the two genera

be the same, the name Lselaps must be preserved as the older; it

was published in 1866, while Aublysodon 'bears date 1868.

In examining the very numerous teeth discovered by the expe-

dition, I find four species in addition to those already named. A
list of all the species is now given.

Lselaps incrassatus, Cope, Proceed. Acad. Nat. Sci.1876, Oct.

The dentary bone of this species, above alluded to, is of com-

pressed form, and becomes thin and plate-like in its posterior por-

tion. The latter is excavated on the inner side, where it is proba-



bly applied to the opercular and surangular lbones, if they exist,

and a large foramen is continued from the concavity into the

remaining part of the dentary, as a tubular canal. Above the

foramen there originates a groove which runs parallel to the inner

alveolar border to the posterior edge of the sj^mphysis. The

latter is short, and scarcely distinguished from the other surfaces;

the attachment of the rami was evidently ligamentous and more

or less movable. The anterior alveolar portion of the ramus is

produced, so that the symphysis slopes backwards below. The

inferior border of the dentary bone is gently concave behind its

middle. It is throughout convex in the transverse direction.

The external alveolar wall is an inch higher than the internal.

The inner portions of the septa are apparently subject to exfolia-

tion and subdivision in connection with the renewal of the teeth

as a groove which is continuous with the inner alveolar borders,

cuts them off from the other interior surface of the dentary bone.

The external face of the dentary is in general plane, but is vari-

ously excavated along its superior border. An inch below the

latter there extends a series of large foramina, each one of which

is situated opposite to an interalveolar septum. They are more

numerous anteriorly, a foramen being opposite each alveolus as

well, and each foramen is connected with the border by a shallow

groove. Similar foramina extend down the outer side of the

syrnphyseal border, and along the inferior border of the dentary

for two-thirds of its length. The same proportion of the external

face is obsoletely rugose through the presence of delicate lines of

growth. Such lines extend on the lower part of the interior face

obliquely upwards and backwards.

There are alveolae for fifteen teeth in the dentary bone. Of
these only the second, third, fourth, fifth, twelfth, and fifteenth

contained teeth capable of functional use at the time the jaw was
inclosed in the lacustrine mud. Successional teeth occupy the

first, tenth, and twelfth, but no two teeth are in an identical stage

of protrusion. The section of the crown from and including the

fourth to the last is nearly equilaterally lenticular. Their surface

is smooth.



Measurements.

Length of entire dentary bone ....
Depth at posterior border of symphysis .

" " last tooth

" to internal groove .....
" " " foramen ....

Length of crown of second tooth

( antero-posterior
Diameter of second tooth at base { .

( transverse .

Length of crown of twelfth tooth

( antero-posterior
Diameter at base of twelfth tooth <

tl .QT, 0T7OI._.
^ tlaliovclati

Length of crown of superior Pcanine

Antero-posterior diameter of do.

M.

.525

.110

.192

.060

.074

.029

.013

.018

.043

.025

.017

.062

.028

As compared with the Lselaps aquilunguis, of which a portion

of the dentary bone is known, this species differs in the greater

diameter of its inferior border anteriorly, in the presence of the

internal groove, in the greater elevation of the external alveolar

wall, and, if the character be constant, in the greater robustness

of the form of the dental crowns. The individual here described

is rather larger than the type of L. aquilunguis, but it is probable

that the species were not very different in dimensions.

Laelaps hazenianus, sp. nov.

Seven teeth from different localities present constant charac-

ters which readily distinguish them from all other species of the

genus. Their size is less than those of the two species above

mentioned, and is greater than in the species enumerated below.

The crowns are short and robust, and are abruptly terminated

by the strong recurvature of the anterior cutting edge. The apex

has, therefore, a more posterior direction than in the L. incrassa-

tus, while the anterior cutting edge is shorter. The latter is short-

ened below also, not extending to the base of the enamel, but ter-

minating in a short lateral curvature. At the base, therefore, the

anterior border is rounded, while the posterior is acute. The
denticulations are of medium size, measuring M. .00033.

Measurements. m.

Length of crown 014

( antero-posterior 011
Diameter of crown < . nn~

( transverse 007

Both sides are convex, but not equally so, and the surface is

smooth, and without facets.



This saurian is dedicated to General Hazen, now in command at

Fort Buford, Dakota, as a token of respect for his qualities as a

man and his services in the interest of science.

Lselaps lsevifrons, sp. nov.

A tooth half the size of those referred to the L. hazenianus, and

exceeding by a little the largest of those of L. explanatus, pre-

sents such characters as induce me to believe that it belongs to a

species distinct from either. It is of the elongate acuminate form

of some of those referred to the L. incrassatus, and both sides are

convex, but not equally so. A shallowly concave plane occupies

the middle of the more convex side. The posterior cutting edge

is denticulate to the base, but the anterior, though of the same

form as in the other species, and unworn, is absolutely smooth.

In this respect it differs from the other species, excepting L.fal-

culus. The denticulations are finer than those of any other spe-

cies, measuring M. .00020 ; in L. explanatus they measure M.

.00022.

Measurements. m.

Elevation of crown 015

n ( antero-posterior 007
Diameter of crow { transverse 004

Lselaps explanatus, Cope, Proceedings Academy, October, 1876.

Lselaps falculus, Cope, loc. cit.

Lselaps cristatus, Cope, sp. nov.

Another small species well distinguished by the form and

coarse denticulation of the teeth, approaching the genus Troodon.

The crowns of the teeth are short, stout, compressed, and

curved. Both sides are convex, and neither is facetted. The

denticles are large, those of the posterior cutting edge the largest,

and measuring M. .0005. A characteristic feature is the full devel-

opment of the denticulate anterior cutting edge of the crown.

This extends to the base, becoming more prominent as it descends.

Surface smooth.

Measurements. m.

Elevation of crown 011

_. c antero-posterior 006
Diameter of crown \ . noo(transverse 003

ZAPSALIS, Cope.

The teeth of this genus are intermediate in form between those

of Lselaps and Paronychodon. They have one flat and one con-



vex side, whose junctions form the anterior and posterior edges

of the crown, as in the latter genus ; and like the latter, there is

no anterior cutting edge, but instead, a solid angle. But the pos-

terior edge is denticulate as in Lselaps, and the plicae or keels of

Paronychodon are here only recognizable in low angles. Some
light may be cast on the affinities of the latter genus by the dis-

covery of Zapsalis.

Zapsalis abradens, sp. nov.

This reptile was apparently about the size of the Lselapts

Isewfrons. The best preserved tooth is that of a probably adult

animal, as it displays considerable attrition, especially on the

flat side. Here three worn lines indicate the former existence of

as many low longitudinal angles of the surface, of which the

median is basal and short. The convex side exhibits four low

angles of nearly equal length, all stopping short of the apex.

The facets between them, excepting the anterior two, are slightly

concave. The denticles are of moderate coarseness, measuring

M. .00033.
Measurements. m.

Elevation of crown 0120

( antero-posterior 0065
Diameter of crown

| transyerse 0030

URONATJTES, Cope.

Genus novum Sauropterygiarum. Cervical vertebrae, like the

dorsals and caudals, short and transverse, and distinct from each

other. Neural arches and transverse processes coossified at ma-

turity. Transverse processes of the cervicals simple and depressed.

Extremities plesiosauroid.

This genus might be referred to Polycotylus, Cope, were it not

for the distinctness and greater abbreviation of the cervical ver-

tebrae. From Cimoliasawus, Leidy, it differs in the coossifica-

tion of the caudal diapophyses and the much greater abbreviation

of the cervical vertebrae. The centra are amphiplatyan in Cimo-

liasaurus, biconcave in Uronautes. From Pliosaurus, Owen,

which resembles the present form in the shortness of the cervical

vertebrae, the coossified transverse processes of the cervicals sepa-

rate it. The present is pre-eminently a short-necked genus of the

order.

The remains on which it reposes are the cervical, dorsal, and

caudal vertebrae, with portions of limb and rib bones.
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Uronautes cetiformis, sp. nov.

The cervical vertebra of this species is of unusual form, being

short and transverse, and not wider than deep. In Polycotylus

latipinnis this vertebra is much wider than deep, and as long as

wide. The neuropophyses are compressed so as to be antero-

posterior, and they inclose a rather wide neural canal. The para-

pophyses are directed equally downwards and outwards, occupy-

ing the position of the angle of a subquadrate outline, since the

sides are nearly vertical. The articular faces are slightly concave,

and the centrum is perforated vertically by the usual two fora-

mina.

A dorsal vertebra found in immediate proximity to the cervical

just described is much like that of the Polycotylus latipinnis.

That is, it is exceedingly short antero-posteriorly, and has con-

cave articular faces, the concavity with flat fundus, and marked

with a few obscure concentric grooves. The sides are also slightly

concave, and are pierced with a foramen at the superior portion.

The vertical foramina are also present. The neural arch is in

this specimen separated from the centrum, not having become

coossified. This circumstance might lead to a doubt as to the

proper reference of the specimen to this animal, but such doubt

has little foundation. In one of the caudal vertebrae one of the

diapophyses is coossified, and the other is not. The suture of the

surface thus exposed is of a very fine texture, and evidently not

like that seen in the genera where it is to act as a permanent

articulation. In the case of the dorsal vertebra, the suture for

the neuropophysis has the same character. This vertebra is

much larger than the cervical, but does not much exceed the

proximal caudal in size
;

pi'eserving the relations seen in the

Polycotylus latipinnis. Adjoining the border of the fossa of the

neuropophysis is a small parapophysial tuberosity.

A proximal caudal vertebra has a very small fore and aft diame-

ter, and the vertical exceeds the transverse diameter. The dia-

pophyses spring from the middle of the sides of the centrum,

while the inferior face is separated from the inferior lateral faces

by an obtuse longitudinal angle. In general, the form is that of

a transverse hexagon. The chevron facets are very slightly de-

veloped. Another probably distal caudal vertebra considerably

resembles that in the corresponding part of the skeleton of a

cetacean. It is without neural arch, transverse, flat below, and
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with the two lateral faces of unequal length, the superior being

the longer. The vertical perforating foramina join at the neural

canal, and there is a short subquadrate plane on each side of the

latter. There are no indications of chevron facets. These verte-

brse are different from any of those yet known in Polycotylus.

Measurements. m.

, anteroposterior . . .016

Diameter of a cervical centrum ' vertical .... .026

(transverse . . . .029

/ antero-posterior 030

Diameter of a dorsal ? vertical 055

(transverse . . 056

/antero-posterior . . .022

Diameter of a proximal caudal ? vertical 040

(.transverse 062

!

antero-posterior . . . .015

vertical 017

transverse 038

Diameter of neural canal of the proximal caudal above mea-

sured 012

Do. of diapophysis of do. at base . . , . . .018

The distal end of a proximal limb bone is much like the corre-

sponding part of Polycotylus latipinnis. It is relatively of large

size, flat, and strongly convex at the extremity, which is not

transversely truncate. A portion of another limb bone, perhaps

belonging to the distal segment, is symmetrical. The shaft is

broken off, and displays a large medullary cavity, with thin walls,

which soon terminates towards the articular end, in a fundus with

a fissure in the bottom. The proximal portion of a rib has a

truncate head of an oval outline. The inferior border presents a

low tuberosity, which may represent the capitulum.

Measurements. m.

Width of distal end of proximal limb bone . . . .109

Thickness of the same '. .032

_. , (longer 030
Diameter of proximal end of a rib

-j s
ilorter qoq

The bones above described were found together by the writer,

on a slope of the cream-colored soft sandstone, which lies above

the black shales of Cretaceous No. 4, near Amell's Creek, Mon-
tana. I suppose the formation to be the No. 5, or Fox Hills

group of Meek and Haj^den. Near them were found shark's teeth
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of the genera Otodus and Lamna, and a species of Enchodvs.

Above them I fouod lying loose a fragment of a Baculites.

CHAMPSOSATJRUS, Cope.

Genus novum. Vertebrae of more than a hundred individuals

referable to several species, which I obtained from the Judith River

beds of the Upper Missouri region, present characters which de-

mand the establishment of a new genus for their reception.

The characters presented by the vertebral column are the fol-

lowing: The ribs have a single head, which articulates with a

prominent tuberculum, excepting those of the cervical vertebrae.

On these there is a small capitular tubercle below the diapophysis.

It commences very small, and inferior in position, being removed,

in fact, but a short distance from the inferior middle line in the

first vertebra in which it appears. It rises rapidly in the suc-

ceeding centra until it is merged in the tuberculum of the diapo-

physis. The latter projects from the neural arch, which is free

from the centrum, but in none does the base of the diapophysis

rise from a point above the floor of the neural canal. On the dor-

sals it is vertically compressed. One of the anterior cervicals,

probably the axis, is obliquely truncated below its anterior articu-

lar face, for a free hypopophysis or os oclontoideum. This vertebra

has no parapophysis, and the articular faces for the neuropophysis

are superior. The few vertebrae in each of several series, probably

from the sacral region, are more depressed than the others, and

the facets for the diapophyses present a greater antero-posterior

extent, but none are coossified. The caudal vertebrae are distally

quite compressed. In all, except the anterior ones, the neural

arch is coossified with the centrum, and in such there are no dia-

popl^ses. In those with free neural arch, the facets for the

neuropophyses turn down on the sides of the centrum.

The articular extremities of the centra are plane, those of the

caudal series slightly concave. There are no hypapophyses be-

hind the axis, excepting a longitudinal carina, which ceases to

exist on the dorsal vertebrae. The zygapophyses are simple. The
chevron bones are free.

The relations of the atlas and axis, though not fully elucidated

by my specimens, are peculiar. The former has separate neura-

pophyses, which have nearly the shape of those of the Strepto-

stylicate Rejrtilia, resembling much those of the Pythonomorpha.
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Although I procured numerous cervical vertebrae, there are but

few which exhibit the anteroinferior facet for supposed hypapo-

pli3'sis, already described. The position of this vertebra was in

front of the first cervical which displays a parapophysis, and is,

on this account, likely to be the axis or the third cervical vertebra.

It is the more probably the axis, as there is no other among the

large number of vertebrae in my collection which can be referred

to that position. Its anterior articular face is smooth and like

the posterior, showing that the odontoid bone was not coossified

with it. Now in the Crocodilia the odontoid bone is united with

the anterior extremity of the axis by suture, which may become

coossified with age, while the free hypapophysis is wanting. In

the streptostylicate orders the hypapophysis is present, and the

odontoid is above it, but united to the axis by suture. On the

other hand, in the Rhynchocephalia, the axis is coossified with both

odontoid and hypapophysis, and a few succeeding vertebrae possess

free hypapophyses. Thus it is possible that I am yet unacquainted

with the axis of Champsosaurus.

One entire rib and the heads of several others are all that were

obtained. The former is from the anterior part of the dorsal

series, and is stout and short. The head is truncate and com-

pressed, its articular face is contracted, forming a narrow figure

eight. The shaft is obliquely flattened. The extremities are sepa-

rated from the lateral surfaces by a narrow angle, as though capped

with cartilage in life, as in the Pythonomorpha.

Bones of the extremities are very rare. One fragment resem-

bles the proximal end of a crocodilian tibia, and another is like

the distal half or more of the tibia of the same type.

There is considerable resemblance between the vertebra? of this

genus and those of Hyposaurus, Ow., from Cretaceous No. 5, of

New Jersey, but the relations of the axis and atlas in that genus

are as in other Grocodilia, and not like those seen in Champso-

saurus. The absence of sacrum precludes the possibility of regard-

ing this form as dinosaurian. It rather seems to share some

rhynchocephalian characters with general amphiplatyan crocodi-

lian resemblances. The shortness and robustness of the thoracic

ribs is a feature quite unique, and reminds one of the Batrachia.

The teeth are unknown in their true relations, but there are several

types in the collections which may be found to belong here. These

are of the rhizodont character.
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As a summary of the preceding, I propose to refer the genus

Champsosaurus to the order Rhynchocephalia, provisionally. It

differs very much from the typical genus of that order, Sphenodon,

in the non-coossification of the sacral vertebra?, and non-union of

the neural arches of the vertebra? with their centra, and the absence

of the chordal perforation of the latter. It differs from the ex-

tinct genera Glepsydrops and Gricotus, Cope, in the last men-

tioned two characters. On these grounds it may constitute a dis-

tinct suborder, under the name of Choristodera.

It is possible that the tooth, which I referred to a new genus

and species, under the name of Paronychodon lacustris (Proceedings

Academy, 1876, October), may belong to one of those of the pre-

sent genus. In that case the older generic name takes precedence

of the later. I may add that some vertebrae of this genus have

been figured and described by Dr. Leidy in the Transactions of

the American Philos. Society, 1860, without name.

I recognize four species among the vertebra?, chiefly by charac-

ters observed in the cervical region. There is a great discrepancy

of size among them, and the small ones may be immature.

Champsosaurus profundus, sp. nov.

This species is chiefly known from a series of vertebra? found

together, and having every appearance of pertaining to the same

animal. It consists of a cervical, three dorsal, and a sacral ver-

tebra?. Other isolated vertebra? of several individuals present

similar characters.

The primary feature is the great vertical diameter of the dorsal

vertebra? as compared with the transverse measurement. This is

occasioned by the great development of the inferior keel, to which

the sides of the centrum converge, without concavity. In corre-

sponding centra of the G. annectens the inferior face is merely

angulate. Another character is the obliquity of the articular

faces to a vertical plane drawn at right angles to the long axis of

the centrum. This is most strongly marked on posterior dorsals,

where the inferior keel is less prominent. The sacral vertebra has

a depressed form.

An anterior caudal vertebra may belong to this or an undescribed

species. It has rudiments only of the chevron-facets, and having

a large neural arch, is doubtless from the anterior part of the

series. It is more compressed than the corresponding one in G.



Diameter of cervical centrum < vertical

'transverse .

r antero-posterior

Diameter of anterior dorsal centrum ? vertical

' transverse

12

annectens, and has an acute inferior angle, which is wanting in

the latter.

Measurements.

No. 1. M.

^-longitudinal 020

.020

.018

.020

.022

.019

No. 2.

!

antero-posterior . .023

vertical . . . .019

transverse . . .019

Champsosaurus annectens, Cope, sp. nov.

The greater number of vertebras obtained belong to this saurian,

which may therefore be looked upon as the type of the genus.

The cervical which bears the hypapophysial facet presents a

carina below, which is only prominent between the articular faces.

One such cervical in the collection is rounded below, and may be

anterior in the series, or may belong to another species. The in-

ferior keel is strong on the other cervicals, but soon disappears

on the anterior dorsals. The remaining centra are rounded be-

low. The parapophyses where present are knob-like, and the

corresponding part of the transverse process is similar in the

anterior dorsal vertebrae. The base of the neural arch is nearer

the anterior than the posterior articular face. These faces are

nearly round in the anterior caudal centra, but soon become ver-

tical ovals, with the compressed form. There is a fossa below

and in front of the parapophysis, which continues to beyond the

anterior dorsals. The dense layer of the surface of the centrum

is smooth, except some delicate striatums near the articular

borders. These are most marked along the median inferior face

of the caudal vertebras, which is flat, grooved, and distally acute.

I cannot certainly connect the vertebrae of a series as those of

a single individual.

Measurements.

No. 1. M.

/ antero-posterior .023

Diameter of a cervical with hypapophysis < vertical . . .021

'transverse . .020
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No. 2.

r antero-posterior

Diameter do. without hypapophysis^ vertical

' transverse

No. 3.

/ antero-posterior

Diameter do. without hypapophysis -? vertical

' transverse

No. 4.

!

antero-posterior

vertical

transverse

.

No. 5.

!

antero-posterior

vertical

transverse

No. 6.

!

antero-posterior

vertical

transverse .

No. 7.

r antero-posterior

Diameter of an anterior caudal \ vertical

i. transverse

No. 8.

/ antero-posterior

Diameter of a median caudal < vertical

' transverse .

No. 9.

!

antero-posterior

vertical

transverse

.

M.

.017

.0165

.017

.011

.0105

.011

.023

.023

.023

.008

.0072

.0075

.010

.009

.009

.083

.053

.058

.017

.011

.011

.014

.0086

.007

A vertebra not distinguishable from the corresponding one of

this species was found near Amell's Creek, on a bank of deposit

of the Fox Hills group (No. 5), with the bones of the Uronautes

cetiformis, supra. I cannot account for this circumstance, as it

is the most abundant fossil of the Judith River beds (No. 6).

Champsosaurus brevicollis, sp. nov.

On one occasion the writer discovered a number of vertebrae

of this genus close together, and in such relation as to induce the

belief that some of them belonged to the same individual. Parts

of several were obtained, however, adding another evidence of the
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manner in which the fossils of this formation have been dislo-

cated and scattered. The evidence for the existence of this

species must be allowed to rest at present on a cervical vertebra,

with free hypapophysis. This body differs from the corresponding

one in the G. annectens in its greater brevity as compared with

its length. The vertical and transverse diameters exceed the

longitudinal in the G. brevicollis, while in the G. annectens the

length exceeds both. The inferior aspect of this centrum is

broadly rounded, not carinate as in C. annectens. The value of

this character is uncertain, but a centrum similarly rounded be-

low (above alluded to) has the more elongate form of the C. an-

nectens.

Measurements. m.

Santero-posterior 013

vertical 014

transverse 015

Champsosaurus vaccinsulensis, sp. nov.

This reptile is indicated by a posterior dorsal vertebra in which

the common base of the neural arch and diapophysis is decurved

to below the middle of the side of the centrum. This surface has

somewhat the outline of the section of a T-rail, the inner portion

being on the superior face of the centrum. The centrum is shorter

than the corresponding ones of the G. annectens and C. profundus,

so that the basis of the neural arch approaches near the borders of

the articular faces above. The centrum is perforated by two ver-

tical foramina as in most ^.uroipterygia. The osseous tissue of the

bone is quite dense, and the surface is smooth.

Measurements. m.

r anteroposterior . . . . .026

Diameter of centrum < vertical . . . . . . .029

'transverse . 045

Besides the much larger size, this species differs from those

previously referred to this genus in almost all details of propor-

tion, etc.

SCAPHERPETON, Cope.

Genus novum Batrachiarum. Vertebrae deeply biconcave,

with opposed, but not continuous, foramina for the chorda dor-

salis. Neural arch with zygapophyses, and well-developed neural

spine. Centrum with vertically compressed, short diapophysis
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near the posterior extremity, a prominent lrypapophysial keel,

and prolonged neural spine. Supposed proximal limb bone with

a branch-like trochanter. Supposed teeth in several rows, at-

tached in shallow alveoli, those of the marginal series larger; the

crowns obtusely conic and simple.

In the above diagnosis are expressed the general characters of a

genus of probably tailed Batrachia which has left remains of seve-

ral species in the Judith' River beds of the Upper Missouri region.

Although the vertebras resemble no little those of clepsydrops,

Cope, a rhynchocephalian lizard from supposed triassic or permian

formations, the atlas is that of a batrachian. The limb bone pro-

bably belonging to it, is unlike that of any genus of the Proteida

or Trachystomata, differing also from that of Menopoma, but

approaching nearly that of the typical salamanders. The diapo-

physes are different in form from those of the Trachystomata

Proteida and Amphiumidse, but resemble in their vertical com-

pression those of Menoptoma. They are generally broken in the

specimens, but where preserved, are much shorter than in that

genus, being even less produced than in most of the recent sala-

manders. The prominent keel of the median line below is not

found in salamanders, and it has no posterior prolongation resem-

bling the structure seen in Amphiuma and Gseciliidee. The

produced neural spine is a character not found among tailed

Batrachia. and the posterior direction which it takes reminds one

of the Brinosauria more than anything else, and is not like the

form seen in Lacertilia. It is a prolongation of the roof-like

extension of the neural arch seen in some of the tertiary sala-

manders of France.

The structure of the proximal limb bone, and the form of the

diapophyses of the vertebrae refer this genus with much proba-

bility to the Urodela. The produced neural arch, and the pro-

bably complex disposition of the teeth, indicate a family different

from any of those now living. The biconcave centra place it

nearest to the Amblystomidse.

The teeth above mentioned are attached to a fragment of a jaw-

bone. The crowns are all imperfect, and inostty broken off. There

are three series of smaller teeth and a mai'ginal series of teeth of one

half greater diameter. They exhibit a moderate pulp cavity, and
the superficial investment of the crowns is not inflected. It has a

minute granular rugosity, and the bases of the teeth are rugose



16

with impressed punetae. The teeth are described here because it

is not known to which species they belong. It is, indeed, not

certain, but only probable, that they belong to this genus.

Four atlases preserved indicate two species ; one being more

depressed than the other three, and the anterior cotyli therefore

more transverse.

The vertebrae indicate four species. It is probable that they

present some pecularities at different points in the same column,

the caudals at least differing in some degree from the others. The

characters of the species are quite well marked.

Scapherpeton tectum, sp. nov.

Represented by a vertebra which is one of the best preserved

in the collection. The most prominent specific character is seen

in the entire roofing over of the neural canal between the anterior

zygapophyses, and in the downward production of the inferior

median line of the centrum, and accompanying downward pro-

longation of the articular cups. The chordal perforation is at the

superior fourth of the vertical diameter of the cups. The neural

spine is produced backwards and curved upwards, and is narrowed

between the posterior z}Tgapoplryses, and is striate grooved on the

under surface. About half of the posterior zygapopirysis projects

beyond the edge of the cup of the centrum. Immediately below

the anterior edge of the posterior zygapophysis, the diapoplrysis

begins. It is vertical, of an irregular figure 8 in section, and is

directed outwards and backwards. A foramen passes under its

middle, emerging a little before the middle of the same horizontal

diameter of the centrum. It is joined by another which strikes it

from below at right angles. There is a deep notch embraced be-

tween the superior part of the diapophysis and the posterior

zygapophysis. The neural canal is wider than deep.

A fragment accompanied this vertebra when found, which resem-

bles the articular portion of the mandible. There is no angle

projecting behind the quadrate facet, which is oblique, truncating

the extremity of the ramus. The lower edge is acute, behind

roughened, and a thickening extends along the middle of the inner

side of the ramus so far as preserved. The character is that of a

Urodele Batrachian.
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Measurements. M.

Santero-posterior 0875

vertical 0750

transverse 0500

Vertical diameter of diapophyses 0500

Transverse diameter of neural spine between posterior zyga-

pophyses 0500

Depth mandibular ramus at front of quadrate cotylus . .0800

Scapherpeton laticolle, sp. nov.

"Vertebrae of several individuals of smaller size than those

referred to the S. tectum differ' in the less extensive development

of the roof connecting the anterior zygapophyses, and the greater

compression of the centrum, in consequence of the downward pro-

duction of the inferior keel. The neural arch is openly notched

between the anterior zygapophyses, but the notch is bounded by

a recurved lamina distinct from the zygapophyses. The dia-

pophyses are much as in S. 'tectum.; the riclge from the inferior

portion of it is quite prominent, and includes with the base of the

neural arch a deep fossa.

Accompanying a dorsal vertebra like those of this species, and

probably belonging to the same skeleton, is an atlas of a more

depressed form than those presumably belonging to the other

species. The median tuberosity is well developed, constricted at

the base, and much flattened. The condyloid facets are narrow

and transverse.

Measurements. m.

Santero-posterior . . . .070

vertical 050

transverse 030

Width of the neural canal 020

Vertical diameter of base of diapopbysis .... 030

If it should appear that the dorsal vertebrae do not represent a

species distinct from the S. tectum, the S. laticolle may rest on

the atlas described.

The limb bone above mentioned is associated with the neural

arch of a vertebra of the character ascribed to this species. Both

extremities are eroded so as not to display the forms of the con-

dyles, though almost the entire length is preserved. The tro-

chanter is imperfect, but its base is that of a subcylindric process.

The head of the bone is subtriangular, and the section of the

2
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distal end an oval with a flat side. The diameter contracts

gradually to the middle.

Measurements. m.

Length of bone 0150

!proxinially . 0036

medially ' .0019

distally 0037

This bone is plainly that of a urodele salamander.

Scapherpeton excisum, sp. nov.

This salamander is represented in the collection of the expedi-

tion by vertebrae of three individuals of different sizes. They all

agree in having the anterior zygapophyses separated by the con-

cave excavation of the roof of the neural canal usual in ordinary

salamanders, and in the moderate development of the hypapophy-

sial keel. As a result, the articular extremities of the centra are

not produced so far inferiorly as in S. laticolle. The longitudinal

ridge from the inferior part of the diapophysis is pronounced, and

separates a deep fossa above it from another below it. The longi-

tudinal perforation of the base of the diapophysis issues in the

superior fossa, while in the two smaller specimens a vertical per-

foration joins it from the inferior fossa. As in the preceding two

species, one articular face is a little deeper than the other.

Measurements.

{longitudinal

vertical

transverse .

Width of neural canal do. .

Depth " " ...
t longitudinal

Diameter centrum No. 2 < vertical

1transverse .

ding por

M.

.009

.006

.005

.003

.0015

.0060

.0033

.0030

tion of anSpecimen No. 1 is as large as the correspon

Amphiuma means.

Scapherpeton favosum, sp. nov.

The vertebra which I select as typical of this species is more

distinct in character from those of the three species above

described, than they are from each other. Although the centrum

presents a strong inferior keel, its border is not horizontal or con-

vex, but concave, and the articular cups are proportionally little

elongated downwards. The diapophyses have at their bases a
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relatively small vertical diameter, and the longitudinal perforation

enters below and before the base and not behind it. The longitu-

dinal ridge from the inferior part of the latter is very prominent

and horizontal, bridging over the vertical perforation, which enters

the superior lateral fossa. It is separated below from the posterior

perforation by a short oblique bridge. The neural arch is lost

from this specimen.

There are other vertebrae which display a slightly developed in-

ferior keel, and articular cups little produced downwards, but the

fossa? are less developed than in the one described.

Measurements. m.

/ antero-posterior 006

Diameter of centrum < vertical 004

'transverse 003

The typical individual was about as large as the Menopoma.

HEMITRYPUS, Cope.

Represented by a vertebra of the general character of those of

the genus Scapherpeton, but which lacks the foramen chorda?

dorsalis of the posterior half of the centrum, and is not carinate

on the inferior surface. The diapophysis is directed backwards

just below the posterior zygapopl^sis, inclosing with it a notch

into which the anterior zygapophysis is received. Anterior zjrga-

pophyses connected by a prolongation of the neural arch.

I had suspected that this vertebra might be one of those of the

cervical region of a species of Scapherpeton, but the position of

the foramen chorda? dorsalis renders this highly improbable. The
only position to which it could be assigned in the column of this

genus would be that of the axis. But the foramen is present in

the posterior half of the atlas and thus probably in the axis in

Scapherpeton, as in vertebra? from all other regions of the column,

so that such an exception as is presented by the present centrum

is not to be looked for. The absence of the carina, and the cylin-

dric form of the centrum, add to the belief that the species does

not belong to Scapherpeton.

Hemitrypus jordanianus, Cope, sp. nov.

No emargination between the anterior zygapophyses ; neural

spine directed upwards and backwards. The diapophyses verti-

cally compressed, directed downwards, inwards, and backwards,
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and not giving origin to a strong ridge on the side of the cen-

trum, as is seen in the species of Scapherpeton. Neither is there

any fossa on the side of the centrum as in that genus. There is a

small longitudinal foramen which enters the inner base of the in-

ferior half of the diapophysis. There is a low ridge on each side

of the neural arch, which extends backwards and inwards. The
anterior articular face is a wide oval somewhat contracted below,

and is pierced bjr a foramen at a point within the superior third

of the vertical diameter. It is not so deeply excavated as in the

species of Scapherpeton. The posterior articular face is a regular

vertical oval, is concave, but not excavated, as is seen in the centra

of the genus just mentioned. The inferior face of the centrum is

rounded, with some feeble lateral ridges.

Measurements. m.

/longitudinal 0070

Diameter of centrum < vertical 0050

'transverse . . . . .0040

Total elevation at middle 0090

Expanse of posterior zygapophyses 0070

diapophyses 0095

About the size of the Menopoma allegheniense.

This batrachian is dedicated to Prof. D. S. Jordan, of the North-

western Christian University, author of the Manual of the Ver-

tebrate/, of the Eastern United States.

Published January 10, 1877.
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PALEONTOLOGICAL BULLETIN No. 24.

A continuation of Researches among the Batrachia of the Goal Measures

of Ohio.

By E. D. Cope.

{Bead before the American Philosophical Society, February 8, 1877.

The material described in the following pages was obtained from the

coal strata at Linton, Ohio, during the Summer of 1876, by Prof. J. S.

Newberry, Director of the Geological Survey of Ohio. -

IcHTHYCANTHUS ohiensis. Cope. Gen. et sp. nov.

Char. Gen. These are derived from the posterior dorsal and caudal

vertebrae, with adjacent parts. Posterior limbs well developed, with dis-

tinct tibia and fibula, osseous tarsus, and probably five digits. Ribs elon-

gate, simple, curved. Abdominal armature consisting of bristle-like rods

in anteriorly directed chevrons. Dorsal vertebrae not elongate, with sim-

ple neural spines. Tail large, its vertebrae ossified, and furnished with

slender chevron bones which terminate in a haemal spine. Neural spines

slender and directed backwards ; the caudal series somewhat resembling

that of a fish. All the centra amphicoelian.

This genus differs from all those with enlarged and sculptured neural

spines, and from those with abdominal scuta. It is equally distinct from

those without ribs, abdominal rods, or limbs. It is possible that some of

the species referred to Tuditanus, in which these parts are unknown, may
belong to it. or that it may be established on a small species of Leptophrac-

PROC. AMEK. PHILOS. SOC. XVI. 99. 3T
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ius, a genus only known as yet from cranial remains. With present knowl-

edge the reference of the 1. oMensis to the latter genus is inadmissable. The
cranium, thoracic region, and fore-limbs of IcJithycanthus are unknown.

Char. Specif. The centra of the dorsal vertebrae are about as long as

deep, and their sides are deeply concave : there are four anterior to the

pelvis which are without ribs . The caudal vertebrae are robust, and seven

from the first, support a small tubercule-like diapophysis. The chevron

bones are short and acuminate ; the neural spines are a little shorter, nar-

row and truncate, and directed backwards at the same angle as the chevron

bones. They are much reduced on the eighteenth caudal vertebra, where

the chevron bones are considerably longer.

The abdominal rods are quite slender. The hind limb is quite stout for

this order. The femur is regularly expanded at both extremities, but the

distal is deeply and openly grooved, distinguishing the condyles, while the

proximal' end is plane. There is no trochanter visible. The ulna and ra-

dius are well separated, and are three-fifths the length of the femur. There

is a large fibu lare tarsal bone of a subquadrate outline. In immediate con-

tact with it is the probably external digit with five phalanges or segments
;

the ungual is simply conic. The femur is as long as five dorsal vertebrae.

The ribs have expanded, undivided heads, and extend to the abdominal

armature.

Measurements. M.

Length of last ten dorsal vertebrae 047

" first twenty-three caudal vertebrae 117
'

' a posterior rib 029
" " dorsal vertebra 005

" twenty-second caudal vertebra 005

"femur 025

Proximal diameter of femur 008

Width of lower leg 009

Length of fibula 015

" " tarsal bone 006

"digit 027

This salamander is about the size of the Menopoma allegheniense.

ICHTHYCANTHUS PLATYPUS. Sp. nOV.

This batrachian is represented by almost the same portions of the skele-

ton as the preceding species, furnishing a good basis of comparison . It is

very well preserved, displaying the characters especially of the hind foot,

which is almost entirely represented.

Several features distinguish it from the I. oMensis, one of which is of

more than usual value if correctly indicated by the fossil. There are ten

vertebrae from anterior to the sacrum preserved in place, and none of them
supports a rib, nor are there any ribs visible anywhere on the block of

shale. I suspect that they exist on more anterior vertebrae, or may have

been displaced to a more anterior position than they normally occupy.
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The abdominal chevrons are more anterior in position than are those of

the I. o7iiensis. The hind legs are longer than in that species ; in this

one the femur equals seven and a-half vertebral centra in length. The
external digit on the other hand, while bearing five phalanges, is distinctly

shorter. The fibular tarsal is of a transverse oval, not quadrate, form.

The dorsal centra are short and deeper than long ; the neural arches are

elevated, with short but distinct zygapophyses, and a flat subquadrate,

superiorly truncate neural spine. They bear short, vertically compressed

diapophyses near the bases of the arches. The neural spines of the caudal

vertebrae become rapidly more slender, and also diminish in length, while

the zygapophyses are continued to the fifteenth vertebra, where the series

is broken off. The chevron bones are slender, and enclose a moderate

haemal arch.

The femur is gradually expanded to the extremities. Proximally there

is a trochanteric ala besides the obtuse head. Distally the condyles are

well distinguished, the external or fibular being truncate. The fibula is

less than three-fifths the length of the femur, and is expanded at both ex-

tremities. Two proximal tarsals are distinct ; the one next the fibula is

larger than the other and transverse suboval in form. It has a median

dividing ridge as though composed of the fibula/re and intermedium coossi-

fied. The tibiale is subtriangular. There are five distinct phalangeal tar-

sals. The toes are in the order of their lengths beginning with the shortest,

1—2—5—3—4. Their phalanges (including metatarsals) are, in the

proper order, commencing with the hallux, 3—3—4—? 5—5 ; the distal end

of the fourth finger being lost. These bones are rather stout, and the un-

guals are simply conic. The form of the foot is short and wide. The
number of phalanges is nearly similar to that I have found in the AmpM-
bamus grandiceps, excepting that in that species the fifth digit has but four.

They are more numerous on most of the digits in Sauropleura digitata.

Measurements. M.

Length of ten dorsal vertebrae 045
" " fifteen caudal " 055

" " the centrum of a dorsal 0038

Total elevation of a posterior dorsal 014
'
' of posterior of zygapophysis of dorsal 010

Length of femur 032

Diameter of femur medially 0045

" " distally 0083

Length of fibula 018

Diameter of fibula proximally 007

Width of sole at second row of tarsal bones 017

Length of foot to end of third digit 031

" first digit 010

"third " 022

"fifth '* 020
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Leptophkactus lineolatus. Sp. nov.

This large batrachian is represented by the middle portion of a cranium,

including parts of both jaws with numerous teeth. It is not easy to deter-

mine which of the tooth-bearing bones preserved is maxillary and which

dentary, but the lighter and thinner of the two is presumably the latter,

although it has the greatest vertical depth. The opposing bone supports

two types of teeth, and as this is only the case in the maxillary of Lepto-

phractus obsoletus, the present bone may be provisionally referred to that

position,

There is a great difference in the sizes of the two types of maxillary

teeth, the larger having nearly three times the linear dimensions of the

latter. The small ones are rather distantly placed, being separated by in-

terspaces nearly equal to their lengths. They are cylindric at the base, but

become compressed, and have two opposite cutting edges on the apical

third. They are of rather slender form, and are striate at the base. The
longer teeth have a similar form, but are less strongly compressed distally,

where there are two opposite cutting edges. The basal portion is quite closely

striate. These teeth are on a different basal line from the small ones, since

when their bases are removed the latter appear behind them. Three smaller

teeth stand in the spaces between two large ones.

The mandibular teeth are intermediate in size between the large and

small ones of the maxillary series, having a little more than half the linear

dimensions of the former. Their terminal three fifths are compressed, and

furnished with fore and aft cutting edges.

The surface of the bone, where visible, does not display the punctate

sculpture of that of the L. obsoletus, but is nearly smooth, displaying only

fine parallel incised strise.

Measurements. M.

Depth of dentary bone at middle. 030

Length of mandibular tooth 009

Antero-posterior diameter of mandibular tooth at base. . . .0035

Length of long maxillary tooth 022

Antero-posterior diameter do. at base 006

Length of small maxillary tooth 007

Antero-posterior diameter do. at base 002

The smaller size and slender form of the smaller maxillary teeth, as well

as the peculiar sculpture distinguish this species from the L. obsoletus.

Another specimen of Leptophraotus resembles the one above described in

the form and disposition of the teeth, and has the osseous surface of both

maxillary and dentary bones marked with shallow grooves and punctate

impressions which do not inosculate. In this it resembles the maxillary

bone of the large specimen figured on Plate XXXVII of the second volume

of Paleontology of the Report of the Geological Survey of the State of

Ohio.
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TUDITANUS TABULATUS, Sp. nOV.

This species is indicated by a specimen which includes a cranium, and

the anterior part of the vertebral column. It is very well preserved on a

block of shale, on both faces, and exhibits the constituent pieces of the cra-

nium, the vertebrae, one of the thoracic shields with probable ribs. In all

respects it conforms to the genus Tuditanus in characters
;
presenting a

broad, flat head ; osseous vertebrae and ribs ; thoracic shields present, and

abdominal chevrons probably absent. The last character is not abso-

lutely assured, since the posterior two-thirds of the vertebral columns are

wanting.

The cranium is wider than long, and the muzzle is broadly rounded.

The orbits are wide ovals, and their posterior borders fall little behind the

transverse line dividing the skull equally. The interorbital width equals

the longitudinal diameter of the orbit. The posterior outline of the cra-

nium is truncate in a straight, transverse line between the prominent epi-

otic angles. The distal extremities of the quadrates do not project so far

backwards as the epiotic angles, and are still further removed from a trans-

verse line marking the extremities of the occipital condyles. In this re-

spect this species presents a strong contrast to the Pelion lyellii, where the

ends of the quadrates extend posterior to the latter points. The composi-

tion of the superior cranial walls much resembles that of the Tuditanus

radialus. The epiotics are large bones, longer than wide, and present

outwards strong angles, which correspond with the horns of Ceraterpeton.

They enclose between them the posterior portion of the parietal, and the

supra-occipital. The latter is a transverse bone, and not quite symmetrical

in the specimen, one end having a greater antero-posterior extent than the

other. The parietal is the largest cranial bone, is undivided, and is pierced

by a median foramen behind the centre. Its general form is broadly wedge-

shaped, the lateral borders expanding in front of the fontanelle, and con-

tracting between the epiotics. The frontals are distinct and rather narrow.

The post-frontals are rather large, are in close connection with the parie-

tal on one side and the jugal on the other, and send a point backwards be-

tween the epiotic and supratemporal. The jugal widens fan-shaped back-

wards, joining two bones distally, a superior and an inferior. The former

is the supra-temporal, but whether the inferior is quadratojugal or squa-

mosal, I cannot determine. The boundaries of the bones of the extremity

of the muzzle are not distinct.

The sculpture of the surface of the cranium consists of parallel ridges

which are separated by grooves equal to them in width. The ridges radiate

inwards on the epiotics and frontals, and outwards on the squamosal, and
are transverse and interrupted on the supraoccipital. The lateral thoracic

shield is covered with a similar sculpture of uninterrupted somewhat
radiating ridges. The vertebrae are osseous, and rather small compared
with the size of the skull. Opposite to the posterior extremity of the pec-

toral shields is a pair of slender bones, which are gently expanded and
truncate at the extremities. It is not certain whether these belong to the
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forearm, or are a pair of short ribs. Impressions only of the teeth remain
;

they indicate small pleurodont denticles like those of the Anura.

Measurements. M.

Length of cranium above 029

Width " " 037

between epiotic angles 018
'

' of interorbital space 007

orbit 006

Length " " 007

skull to fontanelle 008

from orbit to nares 005

" " " to end of snout 003

lateral pectoral shield 015

atlas 004

Width " " 004

This species of Tuditanus differs from the T. radiatus in the larger and

less anteriorly placed orbits, and in the large truncate posterior table of the

skull. The proportions of the latter are more those of P. obtusus, but the

epiotic angles have not been observed in this species, the sculpture is punc-

tate not linear, and the form of the supraoccipital is quite different. Com-
parison with the other species referred to that genus is unnecessary, ex-

cepting in the case of the T. mordax. Further examination of the speci-

men on which the latter was founded leads to the belief that it is an imper-

fect cranium of Geraterpeton punctolineatum Cope. The latter name, as the

preferable one, may be adopted, and the former becomes a synonym.

Colosteus scutellatus, Newberry; Cope, Rept. Geol. Surv. Ohio,

Paleontology Vol. II, p. 407.

Another specimen of this species was obtained by Prof. Newberry during

the past season, which includes some parts of the skeleton not previously

observed.

The specimen presents a superior view of the ventral and thoracic pro-

tective armature, and of the posterior portion of the cranium. As hereto-

fore, I find no indications of vertebrae, but along one side of the ventral

scutellation, a series of slender ribs lies in the matrix. These I have not

previously found in this genus. The cranial surface is only preserved on

the lateral portions. Its sculpture consists of coarse grooves closely placed,

directed outwards and forwards.
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On a Dinosaurian from the Trias of Utah.

By E. D. Cope.

(Bead before the American Philosophical Society, February lQth, 1877.)

Dystrophias, Cope.

This genus reposes on scanty remains, but which are in good preserva-

tion, and which present marked characters. The bones consist of the hu-

merus, three metatarsals, some ? tarsals, and the distal end of an ? ulna,

with a probable sternum and an inferior element of either the scapular or

pelvic arch, probably the latter. There is aiso a number of fragments,

which are not easily identified. The specimens were discovered by Prof.

J. S. Newberry in South-eastern Utah, while acting as Geologist to the

Engineer Exploring Expedition under the command of Captain McComb,
United States Army, He excavated them from the red and green rocks

usually referred to the Trias, hence from the same formation which yielded

the Typothorax already described. Professor Newberry made sketches of

the bones as he exposed them . They were all, he states, found in close

proximity, the bones of the limb in nearly normal relation. It is alto-

gether probable, according to Professor Newberry, that they belong to a

single animal. I find nothing to forbid this supposition and much to con-

firm it.

One of the most remarkable bones is a broad, flat element, one of whose

borders is digitate, the processes being long, and separated by deeply entrant

sinuses. Two sides of the bone are broken away, but the others give ori-

gin to five digitiform processes. Two of these are larger and longer than

the others, and externally on the right side is a shorter one. Outside of

this is a larger process whose extremity is recurved so as to be subparallel

with the longer processes, and which was connected with another bone by

an articular surface. This information is derived from Prof. Newberry's

notes made in the field. It is probable that this bone is the sternum, and

that the articulation mentioned is costal. It is not certain whether the

longitudinal meridian line passes through a sinus or a digitation, but a pro-

jection of the surface of the plate, which is probably median, is opposite

one of the latter. Supposing then that the sternum is produced into a

median posterior process, we find a resemblance to the corresponding ele-

ment in many birds not heretofore known among reptiles. There are in that

case three postero-externally directed processes on each side, of which the

two posterior are free. Another interpretation might be that it is a cora-

coid with anterior digitations. In this case the articulation above men-

tioned would be anomalous. The number of digitations is too great for

this element, and the space remaining for contact with the sternum is too

small.

Another large flat bone approximates a right-angled triangle in form;

the length greatly exceeding the width. The right-angle is massive and
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produced, and is evidently the point of connection with the other parts of

the skeleton. The bone is flat on one side and convex on the other, and

can only be identified with probability, with the scapula of a Dinosaurian

reptile.

The large size of the anterior limb, which might be inferred from this

scapula, is justified by the humerus, which is preserved in almost perfect

condition. This humerus is one of the longest, and is distally the most

contracted known in the Dinosauria; the proximal extremity is of the form

usual in that order. A short distance below the head, the section is T-

shaped, with one end of the transverse limb shorter than the other. The

ridge of which this limb is a section, is almost wanting at the head, which'

is thus T-shaped. The limb representing the stem of the T is stouter than

the others, and forms the summit of a massive column, which soon sinks

into the shaft. Its free extremity is obtuse and rounded, and though repre-

senting the head, does not rise above the level of the other crests, or tuber-

osities. The distal extremity of the humerus looks much like that of a

tibia. It is truncate, and its long axis is in the plane of the tuberosities of

the head. Its outline is oval, one end narrowed to an angle, and the other

broadly rounded. The surface is roughened with coarse pits.

The distal extremity of another long bone, most probably the ulna, is

more robust than that of the humerus. The shaft is a flattened oval, and

the articular extremity is a wide and somewhat irregular oval, the greatest

transverse diameter being nearer one end. The articular surface is

roughened with coarse pits.

Three metatarsals were found in immediate proximity to each other,

two in nearly their normal relations, and one slipped forwards. They are

neither remarkable for length nor abbreviation. The proximal ends are

truncate, and. the distal ones convex, but without distinct median grooves

or lateral angles. Both extremities are moderately expanded, and the

shafts are contracted at the middle. The external bone is a little shorter

than the two others, and is more flattened. It has a slightly-defined con-

vex head, with an adjacent prominent, but ill-defined, lateral crest. The
larger of the longer bones has a crest at one angle, like that of an olecranon

process. The proximal end of the same bone is massive, and is trapezoidal

in outline ; the outline of the corresponding head of the adjacent bone is

triangular. A marked character of these bones is the rough or pitted sur-

face of their articular extremities, except the distal end of the shorter bone.

The shafts are solid, and filled with nearly equal, coarse cancelli.

The bones above described are evidently those of a Dinosaurian reptile,

and they present characters which have not been previously observed in

any other genus of the order. The form of the condyles of the humerus
distinguishes it from the other known genera, especially from those of the

European Trias, where the crest is weak or wanting.

The rugose articular surfaces are also peculiar, indicating less than the

usual mutual movement of the bones upon each other. A cartilaginous

cap is indicated, which was probably the element from which the mam -
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malian epiplrysis was derived. The sculpture of the surfaces is coarser

than that to which epiphyses are attached in the Mammalia, The name
of the genus expresses this character.

It is altogether prohable that this genus embraced terrestrial animals,

with powerful fore- and hind-limbs subequally developed. The typical

species is of gigantic proportions.

Dtstkoph^kus vi^mal-e, Cope.

In the supposed sternum of this animal (which I have not seen, but

which was sketched by Professor Newberry), a rather small, slender and

compressed process projects from near the middle of one of the sides at right

angles to it. Only two of the lateral processes are represented as complete.

The longer is subspatulate ; the shorter subacuminate. The scapula pre-

sents three complete borders,—the proximal and two lateral ; but the distal

is not known. Without it, the length is two and one -half times the breadth.

The point of junction of the longer (and perfect) short border with one of

the long borders, is much thickened, terminating in a mass of bone which

is unfortunately broken, but whose section in the line of the end border is

a wide oval. From this point, the plate thins away to the various borders.

The greatest thickness is nearer the border which terminates in the en-

largement described. This surface is then gently convex in transverse sec-

tion, while the opposite one is concave to a less degree. It is thicker at the

middle than at the anterior border in a longitudinal direction.

The proximal extremity of the humerus is much expanded. The greater

tuberosity is a huge crest, as prominent as the head, and separated from it

by a marked concavity which constricts the mass connecting it with the

head, thus forming a neck. This concavity extends about one-third the

length of the shaft. On the opposite side of the head a similar concavity

excavates the shaft, separating the internal from the interior ridge. The
latter is in its middle portion as prominent as the external ridge, and ex-

tends as far downwards. The extensive external face of this part of the

bone is nearly flat.

The internal ridge descending from the head, continues into the poste-

rior border of the interior face of the shaft The great tuberosity continues

into the single external ridge of the shaft, which is thus near the middle tri-

angular in section, the base of the triangle internal. The external extremity

of the distal end is therefore an angle, and the internal a convex side,

shorter than the anterior and posterior sides. A ligamentous groove marks

the posterior border of the extremity at a point measuring one-third of its

length from the external angle. The expanse of the distal extremity is not

more than three-fourths that of the proximal. The entire bone so resem-

bles a tibia, as to have induced me to refer it at first to that element. The
characters of the proximal end are such as to render such identification

highly improbable. Such reference would also require that the distal ex-

tremity should have a fore and aft direction, an arrangement incompatible

with the tibia.

PKOC. AMER. PHILOS. SOC. XVI. 99. 3u
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The displaced metacarpal is flattened, and expanded at the extremities.

One side is nearly flat, but slightly concave in the longitudinal direction;

the other side is convex and nearly level in the longitudinal direction.

The lateral borders of the shaft are thus narrowed. The distal end displays

a convex condyle, and a flat, prominent ala, which is in the general plane.

The ala is separated from the condyle by a deep groove on the convex side.

The condyle is a half-hemisphere only, presenting only with the convex

side of the shaft, from which it is not separated by a constriction. It is

bounded at its distal edge by an angle, which is a continuation of the

proximabedge of the ala. The proximal extremity is injured at one angle,

but, with this complete, would be nearly a regular rhomboid with parallel

longer and shorter outlines ; the acute angle of the latter being the con-

tinuation of the lateral border of the shaft. The extremity is subtruncate,

and part of. the surface is irregularly excavated by pits and grooves. The
transverse extent of the proximal end, when perfect, was probably a little

greater than that of the distal.

The two adjacent metacarpals are subequal in length, and longer than the

displaced one by one-fourth the length of the latter. One of these bones is

throughout rather thicker than the other, although the transverse diameter

of the shafts is equal ; but the stouter bone is considerably more dilated at

the extremities. The distal end of the stouter bone is thickened in the

direction at right angles to the plane of the limb ; but the chief expansion

is in that plane. The angle next to the other bone is protuberant, while

the other angle is expanded into a sharp, convex crest, or ala. A section

of this extremity is diamond-shaped, with one of the lateral planes pro-

duced into this crest, while the corresponding border of the opposite side

drops down, being represented by a mere convexity of the surface which

continues to the crest. The surface of the extremity is irregular. The
section of the shaft is a broad oval, becoming subcircular near the proximal

extremity. The latter is enlarged in both directions. It is a rectangle in

outline, a little extended in tlie plane of the limb, with one of the angles

cut off" from the corresponding angle to the middle of one side. The long

side thus left is slightly convex, and ends in an angle. The side subtended

by this angle is slightly concave, and is approximated to the other bone.

The opposite side is slightly emarginate near the middle. Its surface is

very slightly convex, and is irregularly grooved and pitted.

The more slender of the two bones is but little and about equally ex-

panded at the opposite extremities. The distal end would have an ovoid

section, but for the fact that it is obliquely truncate at the extremity next

to the other bone. It is convex in the antero posterior direction and plane

in the transverse ; its surface is grooved and pitted. The side next to the

other bone is flat or slightly concave at the distal end, and, though thicker

than the external b&rder, becomes rounded at the middle of the shaft, and

is again flattened at the proximal extremity. The external border is dis-

tally produced into an obtuse angle ; lower down, the shaft has a thin,

angular border. The proximal end has less antero-posterior diameter than
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the distal, and is subtriangular in outline; the apex being acute and ex-

ternal. The surface is flat, and is strongly marked with deep grooves.

The other surfaces of the limb-bones are smooth, except a few weak ridges

near the distal ends of the two distal bones.

Measurements. M.

Length of part of scapula preserved 0.680

Width at middle 0.270

Thickness at middle 0.048

Thickness at proximal angle 0.117

Total length of humerus 0.7G5

Diameter of proximal end
rat head..... 0.080

( at tuberosities 0.225

__ _ .,. .„ (antero-posterior 0.080
Diameter of shaft i . ' „ Ar,

( transverse 0. i 8

t,. „ ,. , , , ( antero posterior. 0.085
Diameter of distal end < ^-a*

( transverse-. U. 145

Transverse diameter of head of humerus 0.160

-r.. „ c a . c antero-posterior 0.110
Diameter of extremity of ? ulna < „ .,,_,.

( transverse 0. 150

Length of external metacarpal 0.210

( antero-posterior < 0.045

( transverse 0. 100
Proximal diameter

-r.

.

„ , „ ( antero-posterior 0.033
Diameter of shaft \ ,

l
„ n„„

( transverse 0. 067

-r.. ,. , ,, (antero-posterior 0-050
Diameter distally i

l

n **~
( transverse 0. 115

Length of median metacarpal (stouter) 0.245

-.. . -,. (antero-posterior 0.057
Diameter proximally-J ,*.,*-J

(transverse 0.115

Diameter of shaft (transverse) 0.055

t.. ,. , ,. f antero-posterior 0.074
Diameter distally { l

J
(transverse 0.088

Length of median metacarpal (slender) 0.240

-r.. , „ . , ( antero-posterior. 0.057
Diameter of proximal end

-J „ ^o^
(transverse 0.089

Diameter of shaft (transverse) 0.049

t,. , ,. , ,-, i antero-posterior 0.041
Diameter distally < * . _ oc_J

(transverse , 0.083

More than usual interest attaches to this fossil. It is the first one found

in the Triassic beds of the Rocky Mountain region, and was derived from

an inhospitable region rarely traversed by white men. The locality is

in the Painted Canyon not far from the Sierra Abajo in South-eastern

Utah, near the Colorado boundary ; lat. 38° 15' ; Ion. 110°. This canyon

is one of those tributary to the Great Colorado River, and is without water.

The rock is described by Prof. Newberry as the same as that which I
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have identified in New Mexico as the Trias, and is of the usual red color.

The occurrence of a terrestial Dinosaurian at that locality tends to con-

firm the conclusion to which I have already attained, that this immensely

extended deposit is of lacustrine character.

On a New Proboscidian.

By E. D. Cope.

{Bead before tlie American PJiilosophical Society, March 2, 1877.)

I recently received from a correspondent in one of the Southern States,

a fossil of unusual interest. It is a molar tooth of a proboscidian, whose

color and mineral character indicate that it was derived from beds of the

Upper Miocene or Loup Fork epoch. Its roots are largely broken away,

while the crown is nearly perfect.

The crown consists chiefly of two transverse crests, which are separated

by a deep uninterrupted valley. There is no general cingulum. Each

crest is divided into three lobes, which are not deeply separated, but cause

the edge of the crest to be serrate with three conic eminences. Of these

the median apex has a rounder section, while the lateral are more trans-

verse, rising at the external borders like the extremities of the crests in

Mastodon ohioticus. The appearance of the base of the crown at one ex-

tremity indicates that it was in contact with the preceding tooth. The
opposite extremity of the base presents no such surface, and hence points

to the conclusion that the tooth is the last one of the series. From the

middle cone of the anterior crest a cingulum descends on each side, passing

round the anterior base of the external cones. It is wanting at the ex-

tremity of the base of one of these, and little developed on the other, but

they reappear on the side of the base bounding the valley. They are

crenately tubercular, except at the base of the median anterior tubercle.

There is no cingulum at the base of the posterior crest, except the ordinary

filling between the bases of the lobes. One of the extremities of the crests

is a little higher than the other, and the basis is a little wider than at the

other end ; it is therefore probably external in position. At the posterior

base of this end is a fractured surface indicating a cingular tubercle of

stout proportions, such as is more in place at the external posterior angle

of the last superior molar than in any other tooth.

The external cone is defined from the median by a fissure, while a better

defined depression separates the median from the internal. This depres-

sion is filled by a worn tubercle in the anterior crest. Ridges descend

along the adjacent borders of the constituent cones nearly to the fundus of

the valley, and the bases of the external ones are considerably wrinkled.

Measurements. M.
Transverse diameter of crown 130

Longitudinal " " internal 070
" " " external 090

J
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Elevation of external cusp. 065
" internal " 055

Length between apices of external cusps 043

The molar tooth described exceeds in transverse dimensions that of the

Mastodon oMoticus, and evidently belonged to one of the most colossal of

land animals. Its generic posit ion is near to Mastodon and Binotherium, but

if the tooth on which my observations are based be complete, it is distinct

from either. The possession of only two transverse crests separates it

.

from the former, and would, were the tooth an anterior molar, refer it to

the latter. As it appears to be a posterior molar, this view of its affinity

becomes untenable, and I therefore establish for it a new genus, under the

name Cjenobasiletjs. The tooth described resembles that of the genus

Tapirus, but differs in the absence of the external trihedral enlargement

of the cross crests seen in the superior molars of the former, and also in

the tubercular and fissured character of the crests proper. The species

may be called C. tremontigerus.

The typical specimen was probably obtained in Texas, but I am not yet

informed as to the precise locality.

Issued March 19, 1877.
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Verbal communication on a New Locality of the b'refin River Shales con-

taining Fishes, Insects and Plants in a good stats of preservation.

By E. P. Cope.

Owing to the rather softer character of the matrix the characters of the

fishes could be worked out with much nicety. A collection which he had

recently received includes sixteen species, all new. Their names are as

follows:

? Chromididse.

Priscacara serrata Cope.
" cypha Cope.
" Hops Cope.

Percidse.

Mioplosus abbreviates Cope.
" labracoides Cope
" longus Cope.
" beanii Cope.

Asineopidse.

Asineops pauciradiatus Cope.

1 Aphredodiridae.

Erismatopterus endlichii Cope.

Amphiplaga brachyptera Cope.

Clupeidse.

Biplomystus dentatus Cope.
" analis Cope.
" pectorosus Cope.
" humilis Leidy.
" alius Leidy.

Osteoglossidse.

Dapedoglossus testis Cope.
"

? encaustus Cope.

Of the above genera all but two are new to science, and all of the species

but three are likewise new. From the present collection something like

a general view of the ichthyological fauna could be obtained, since the

predominant types were probably represented in it. Priscacara is a

Pharyngognath allied to the Chromididce and Pomacentrida, most nearly

to the former ; and Dapedoglossus is not far removed from Arapcema and

Osteoglossum. The facies of the fauna is of a mixed character, both fresh

water and marine types being present. The largest species is the Osteo-

glossum encaustum ; the second in size the Diplomystus dentatus, which
exceeds the moss bunker (Brevurtia menhaden).

The descriptions of the species and genera are in process of publication

in the Bulletin of the U. S. Geol. Survey Terrs.

<L



On a New Species of A&ocidm from the Tertiary of Georgia.

By E. D. Cope.

Professor George Little, State Geologist of Georgia, placed in my hands

for determination a Chelonite from a Tertiary formation in Macon Co. of

that State. The matrix is a rather soft limestone of a light drab color.

When the specimen was first obtained it was nearly perfect, lacking only

the posterior part of one side, and the posterior border of the carapace.

Having been mutilated by destructive curiosity hunters, there remain now
the plastron and the anterior half of the carapace, with a considerable por-

tion of the posterior part of the left margin. The surface has been exposed

to the weather so as to obscure, and in some places to obliterate the dermal

sutures, while the skeletal sutures are distinct. The form has been slightly

distorted by lateral pressure, but not much.

The obscurity of the dermal sutures renders the determination of the ge-

neric affinities somewhat difficult. The skeleton preserves the Emydoid
type, not exhibiting intersternal bones, and having a well developed me-

sosternum. The vertebral bones extend to between the sixth pair of cos-

tals, beyond which the specimen is imperfect in that region. The costal

capitula are well developed, but whether they reach the vertebral centra,

the specimen does not permit me to discover. The plastron is of peculiar

form, the lobes being short and contracted. The anterior is rounded from

a base of usual width, while the posterior, from a similar base, narrows

rapidly to a point, as in the genus Aromochelys.

An important point is observed in the direction of the abdomino-pectoral

dermal suture. At its lateral extremities instead of continuing to the mar-

ginal scuta as in Emydoid genera, it turns forward and terminates at the

inguinal notch, as in genera with intermarginal plates, as Adocus and Der-

matemys. But the sutures of the intermarginals in the specimen are, if

they ever existed, very obscure, owing to exposure to the weather. Never-

theless there is sufficient indication of them on one side, to render it toler-

ably safe to infer their existence. Anterior to the abdomino-pectoral

suture, the border of the plastron is crossed by emarginations representing

three scutal sutures, defining the humeral, gular, and intergular scuta.

The courses of these sutures across the plastron are obscure. The huinero-

pectoral suture commences on the margin just in front of the axilla and ex-

tends forwards parallel with the border, becoming a deep open groove,

which is apparent on both sides of the plastron. It then turns backwards, and

appears to cross the plastron behind the mesosternum, presenting a concav-

ity forwards. The next suture in front appears to cross near the middle of

the mesosternal bone, presenting a strong concavity forwards. The rela-

tion between the intergulars and the gulars is difficult to discover. The

suture between them at the free margin is distinct, but after proceeding in-

wards a short distance it appears to divide and take two directions. One



depressed line extends backwards to the humero-gular suture, cutting off

triangular gulars and extending the intergulars back to the numerals as in

Adocus. The other depression extends directly across the anterior lobe,

cutting off small intergulars as in Baena. In either case the arrangement

represents a genus distinct from either of those named. If the intergulars

extend to the humerals they are double, the mesosternal region being di-

vided by a distinct longitudinal dermal suture. If the intergulars are

short, with the gulars in contact behind them, the arrangement is equally

distinct from Adocus. From Baena the absence of intersternal bones, and

the Emydoid mesoslernum distinguish it. It approaches also Polythorax*

and may indeed belong to that genus. But it does not appear that the hu-

merals and interhumerals are distinct in tbe Georgia turtle, and no inter-

marginals are observed in Polytlwrax. It is therefore necessary to give the

present genus, a name to be used until its relations to the latter are posi-

tively ascertained. I propose Amphiemys for the genus, and A, oxystern-

um as the specific name.

Specific characters. The plastron is nearly plane in the transverse direc-

tion ; longitudinally the posterior lobe is a little raised above the plane,

and the anterior lobe rather more so.

The general form is elevated, the vertical diameter being large when
compared with the longitudinal and transvere, which preserve usual pro-

portions. The border of the carapace is not flared at the sides, and rises

anteriorly to the nuchal bone. The free anterior margin is somewhat un-

dulate. The anterior half of the carapace does not display any median or

lateral keels.

The nuchal bone is considerably wider than long, and the costal and

marginal sutures are of about equal length. The vertebrals are all longer

than wide, and of the usual form, with truncate antero-lateral angles, ex-

cepting the first. This one has both the sides and extremities convex, the

latter being of subequal width. The costals are thick, and have parallel

borders. The marginals are all higher than long, especially those of the

bridge.

The sutures of the plastron are fine and straight. The portion of the

mesosternum enclosed by the episternal or clavicular bones has greater

longitudinal'extent than the part embraced by the hyosternals. The su-

tures with the clavicular bone are nearly straight, and are parallel with the

free border. The common suture of the hyosternals is a little longer than

that of the hyposternals, and is a little shorter than that of the post-

abdominals. The anterior suture of the latter has a slight posterior ob-

liquity, and is abruptly turned backwards at the free borders of the lobe.

The dermal sutures of the carapace are mostly obliterated. Enough re-

mains to show that the second vertebral was wider than long, while the

nuchal shield is considerably narrower than the nuchal bone. The mar-

ginal scuta are much narrower than the marginal bones, and become nar-

rower forwards. The region of the nuchal marginal is obscure.

* Cope, Proceed. Acad. Philad'a, 1876, Nov.



Measurements. M.
Length of carapace to the posterior border of seventh

costal .250

Depth at third vertebral bone 150

Length of second vertebral bone - 031

Width " " " " 032

Thickness " " " 013

Length of first marginal " 035

Width " " " 033

Length of first do. of the bridge 028

Width " " " " 060

Width of second costal. 033

Thickness of " " 012

Greatest width of carapace 182

Length of plastron (axial) 211

" " anterior lobe (axial) 073
" " posterior lobe " 070

Width of base of anterior lobe 115

" " "posterior" 086

Length of bridge , . 090
" " mesosternum 042

Width " " 046

Length of clavicle 051

" " common suture of clavicles 014
" " " " " hyosternals 051

" " " " " hyposternals 047

Width of postabdominals at anterior border 057

The shell of this species is thicker than in any species of tortoise now
living in North America, a peculiarity characteristic of most of the species

of the Cretaceous period, and of many of those of the Eocene. Its size is

about that of the Pseudemys serrata.



On a Gigantic Saurian from the Dakota epoch of Colorado.

By E. D. Cope.

Not long since I was informed by the Superintendent of Public Scbools

of Fremont County, Colorado. Mr. O. W. Lucas, that he had discovered

the bones of an enormous saurian at an outcrop of the rocks of the Dakota

group, not far from Canyon City. I encouraged him to proceed with the

exploration, and asked him to send some specimens which should explain

the character of his discovery One of the first objects sent is a fragmentary

lower jaw of a carnivorous dinosaurian, which he found on the surface of

the ground. This fossil was found to belong to a species heretofore un-

known, which I referred to the genus Lcelaps under the name of Lcelaps

trihedrodon* The second sending included a number of vertebrae, which
apparently represent a much more gigantic animal, and I believe the

largest or most bulky animal capable of progression on land, of which we
have any account.

The vertebra? comprise a cervical, three dorsal and four caudal vertebrae.

The dimensions of the animal to which they belonged may be inferred from

the fact that the first is twenty inches in length, and twelve in transverse

diameter ; and that one of the dorsals measures three and a half feet in the

spread of its cliapophyses, two and a half feet in elevation, and the centrum

thirteen inches in transverse diameter. Another dorsal is two feet ten

inches in elevation.

The centra of these vertebrae have a ball and socket articulation of the

opisthocoelian type, the cups and balls being well pronounced. Just be-

neath the diapophysis is situated a huge foramen. A broken centrum from

which Mr. Lucas removed the matrix, shows that this foramen communi-
cates with a huge internal sinus, which occupies almost the entire half of

the body of the vertebra. Those of opposite sides are separated by a sep-

tum which is thin medially. Thus the centra of the dorsals are hollow.

The neural arches are remarkable for their great elevation, and the great

expanse of the zygapophyses. They are more remarkable for the form of

the neural spines, which are transverse to the long axis of the centrum.

That of one of the vertebrae is strongly emarginate so as to be bifurcate.

The widely extended cliapophyses support the rib-articulations, and there

are no capitular articular facets on the centra, but such are found on the

basal region of the cliapophyses in some vertebrae.

The supposed cervical vertebra is depressed, the anterior or convex ex-

tremity of the centrum the most so. It is remarkable for its elongate form

exceeding the proportions found in known Dinosauria and Crocodilia, and

resembling that seen in some fiuviatile tortoises. Near the anterior ex-

tremity a short, robust parapophysis has its origin, from which it extends

outwards and downwards, and soon terminates in a truncate extremity

which presents downwards. A deep fossa occupies its upper base, and above

* Bullet. IT. S. Geol. Surv. Terrs. Ill, 1877.
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this a deep linear foramen extends throughout the greater part of the length

of the centrum. If this vertebra possesses a diapophysis it is rudimental.

. The caudal vertebrae are amphiccelian, but not deeply so. They are

subquadrate in section and not so short as the corresponding ones of Hadro-

saurus. The most anterior one of the series has short robust diapophyses,

and is more concave anteriorly than posteriorly. The other caudals are

more equally bi-concave, but the cavity is very shallow on the most distal

of them. The centrum is also relatively more elongate and compressed

than those of the others. None of them display the lateral pneumatic

fossa which exists in the dorsals, and, where broken so as to permit a view

of the internal structure, the latter appears to consist of rather finely spongy

tissue. The chevron facets are not very well defined, and the neural

spines are of usual forms, and on the anterior two vertebrae, elongate.

Several genera have been described which possess some of the features

presented by the one to which the present animal belongs. The following

are characterized by the presence of the lateral sinuses of the vertebral

centra: Megadactylus Hitch., Getiosaurus Owen., Omithapsis Seeley,

Botlirospondylus Ow., and Pneumatosteus Cope. The first of these may
be dismissed with the remark that its caudal vertebrae possess the sinuses

as well as the dorsals, which we have seen is not the case with the Colo-

rado animal. The centra of Cetiosaurus, according to Owen, and those of

Pneumatosteus do not exhibit the cavernous structure above described,

but are uniformly spongy interiorly. Ornithopsis, of Seeley, which Owen
refers to his subsequently described Botlirospondylus, possesses a cavernous

cellular internal structure, which I have not found in the reptile from

Canyon City, Colorado, but which occurs in another huge saurian discov-

ered by Prof. Lakes near Golden, Colorado, in the same stratigraphical

horizon. Another name (Chondrosteosaunos) has been introduced by
Prof. Owen, but he specifies no generic characters* nor points out how it

differs from Ornithopsis, which it resembles in its cellular structure.

Prior to the reception of the present specimen, I was negotiating with

Prof. Arthur Lakes, of Golden, Colorado, for the acquisition of another

fossil skeleton of a gigantic saurian which he had discovered in that region.

This gentleman sent for my inspection two vertebral centra with other

fragments. Anticipating their purchase I made some remarks on their

characters before a meeting of the American Philosophical Society held on

July 20th of the present year. Before my arrangements with Prof. Lakes

were completed, the bones which he had found were purchased by Prof.

O. C. Marsh, of Yale College. The specimens in my possession were

thereupon sent to Prof. Marsh, and my proposed article withdrawn from

the hands of the printer. A short time previous to this, a portion of a

sacrum of a saurian found by Prof. Lakes had been noticed by Prof. Marsh

in the July number of the American Journal of Science and Arts, and he

had given names generic and specific to the animal to which it belongs.

That of the genus not being accompanied by any specific diagnosis nor

specific reference to its characters, has no claim to adoption according to



the rules of nomenclature, nor can the genus be distinguished from some

of those above enumerated from the few characters of mixed significance

which are mentioned. Especially is there nothing to indicate that it

differs from Omithopsis or Botlirospondylus.

The opportunity of studying the dorsal and caudal vertebrae of the sau-

rian discovered by Professor Lakes, enables me to point out the characters

in which the animal from Canyon City differs from it. The centrum of

the dorsal vertebra from near Golden is concave posteriorly and plane an-

teriorly, instead of being convex anteriorly. The supposed caudal is

larger than the dorsal vertebra, while that of my specimen is smaller

than that of the dorsal centra. The articular faces are nearly plane, not

bi-concave, and the antero- posterior diameter of the centrum is dispro-

portionately small, as in Hadrosaurus. It has a lateral fossa, and its in-

terior is cavernous. A detached neural spine of this saurian has a form not

widely different from what is usual in these reptiles, and totally unlike the

extraordinary shape of the present genus.

On such grounds I regard the present species as representing a genus

hitherto unknown, which may be called Camarasaurus and the species :

Camarasaurus supremus.

Many peculiarities are exhibited by the vertebrae of this species, which

are not described in saurians known up to the present time. Many of these

would have been lost in less careful hands .than those of Mr. Lucas, and

science is much indebted to him for the preservation of many thin os-

seous walls and buttresses. In general, the external walls of the cen-

tra are thin, and the processes are composed of laminae, united by narrow
margins. The vertebrae are lighter in proportion to their bulk than in any
air-breathing vertebrate.

The anterior extremity of the centrum of the cervical vertebra is promi-

nently convex, and much depressed. The posterior and concave extremity

is wider, and of rather greater vertical diameter. The base of the neural

arch only occupies half of the length of the centrum, an equal extent of

the superior surface extending freely beyond it at its anterior and posterior

extremities,

The linear lateral foramen commences a little behind the anterior base of

the neural arch, and descending somewhat in its direction, terminates be-

neath the posterior extremity of the base of the neural arch. The base of

the latter overhangs the foramen and the base of the transverse process.

The inferior surface of the centrum is concave, the concavity being

bounded in front by the inferior convex thickening of the extremity. Be-

hind the middle the surface becomes plane, and is, near the posterior ex-

tremity, bounded on each side by a short, angular ridge.

Measurements. M.

Length of centrum between anterior convexity and pos-

terior lip 565

Depth of posterior cup .090
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M.

t^. . e (vertical 310
Diameter of cup <

i transverse 160

Length of parapophysis 095

Width of neural canal 063

The dorsal vertebra which I suppose to be the anterior one of those re-

ceived is characterized by its undivided transverse neural spine. The en-

tire neural arch is of enormous elevation, but as the zygapophyses are

above its middle, the neural spine is not as long relatively as in various

other genera, or as in the caudals of this one. The sides of the centrum

are strongly concave, and tbe borders of the cup flaring. The neural arch

is everywhere excavated, so as to reduce the bulk, and produce lightness

so far as consistent with strength. The diapophyses rise from a point above

the neural canal, and are directed upwards as well as outwards.

It sends a narrow ridge down to the sides of the centrum, on each side of

which its shaft and base are deeply excavated. The posterior of these fossse is

overlooked by the wide zygapophysis ; and the roof of the anterior one sup-

ports the anterior zygapophysis. The former are separated by another and

vertical septum, which bifurcates below, forming two prominent borders of

the neural canal. At each side of the base of the neural canal there are

two trilateral fossse, of which the anterior is much the larger, and extends

higher up on the lateral edge of the spine. They are separated by a lam-

ina. The diapophysis is not very long, and is subtriangular in section near

the extremity. The neural spine is thickened at the extremity as though

for the attachment of a huge ligament. At the summit of its posterior basal

fossa, at the middle of its height, is an outwardly curved process with a

smooth, extero-superior face.

Measurements. M.

. Length of centrum 275

Total elevation of vertebra 830

Elevation to posterior zygapophyses 550
" of superior edge of diapophyses above centrum .350
" of neural spine above posterior zygapophyses.. .295

Length of diapophysis behind 215

Depth of extremity of do. (restored) .075

Transverse extent of summit of neural spine 215
" " neural spine at middle 330

Another dorsal vertebra is better preserved than the last described. It

is distinguished by the lack of the median portion of the neural spine and

the extension outwards, of the median lateral processes described above.

The diapophyses are much larger, and the zygapophyses more extended

transversely. The centrum is constricted at the middle, and especially

just behind the convex articular extremity, whose circumference forms a'

prominent rim. The edges of the lip are flared outwards, forming a deep

basin, much wider than deep. The fossae described in the last vertebra
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are present in this one, but differ in proportions, owing to the greater size

and expanse of the superior parts of the neural arch. The fossa posterior

to the base of the diapophysis is nearly plane, while that at the anterior

base is deeply excavated, is narrower, and extends so far along the inferior

side of the process as to give it a semi-circular section near the middle.

Distally the diapophysis has a trialate section owing to its three longi-

tudinal ridges, and the articular extremity is large and antero-posterior in

direction. The process differs from that of the vertebra already described,

in the possession of a facet near the middle of its anterior inferior bounding

ridge, which is probably costal, as in the vertebrae of Crocodilia. The
lateral foramen of the centrum is subround. The general surface is smooth.

Measurements. M.

Total elevation of vertebra 770

Total transverse extent of diapophyses 1.010

C longitudinal 300

Diameter of centrum J
vertical of cup 250

J
transverse " 340

I " at middle 205

Elevation of zygapophyses above centrum 310

t.. . c , . (transverse - 170
Diameter of zygapophysis \

\ antero-posterior 090

Width of neural canal 085

Transverse extent of neural spine 440

Length of diapophysis from posterior zygapophysis 320

Antero-posterior width of end of diapophysis 135

|
fore and aft 170

Diameter of centrum of anterior caudal i vertical 245

(. transverse 245

Total elevation of do 545

Elevation of neural canal 040

Antero-posterior width of neural spine 075

{fore and aft 180

vertical 200

transverse 192

(fore and aft . . 155

vertical 175

transverse 145

Besides the characters above-mentioned under the head of the genus,

in which the vertebrae of this species differ from those found by Professor

Lakes, I may add that they also differ in general proportion. Those of the

Oamnrasaurus, are relatively shorter and wider, and more depressed, with

deeper cup, and less elongate lateral foramen or fossa. The proportions

of the caudals differ totally. The dorsal vertebrae are larger than those

of the Golden City saurian.

What the total dimensions of this saurian are, is not readily estimated
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without, further data. Six cervical vertebrae of the length of the one de-

scribed would give a neck of ten feet in length. The femur, which I have

not yet received, is stated by Mr. Lucas, to be six feet in length. I hope

ere long to be able to give a fuller account of this remarkable creature,

which exceeds in its proportions any other land animal hitherto dis-

covered, including the one found near Golden City by Professor Lakes.

Published, August 23, 1877.
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On some new or little known Reptiles and Fishes of the Cretaceous No. '6,

of Kansas.

Bx E. D. Cope.
\

(Read before the American Philosophical Society, August 17, 1877.)

TOXOCHELYS LATIREMIS Cope.

Final Report U. S. Geol. Surv. Terrs. II. pp. 98, 299.

Two nearly complete crania of this species found by Mr. Sternberg, en-

able me to give the genus a definite position in the system.

The prefrontals have an extensive mutual contact, and extend to the ex-

ternal nares, where they are somewhat contracted by the superior pro-

cesses of the maxillary. They descend to the vomer, and are extensively

in contact with it. There are no distinct nasal bones. Lachrymal foramen

rather small. The temporal fossa is extensively roofed, and the supraoccip-

ital crest much produced backwards.

The posterior nares are rather anterior, and are separated, and not

underroofed by the osseous vomer. This element expands in front of the

nares, where it sepai-ates the maxillaries.

A foramen separates the maxillaries from the palatines, and the ectop-

terygoids expand laterally. The superior alveolar surface is wide, and

slightly concave. The external border is elevated and acute, and the inner

border is slightly prominent and is roughened.

The characters above adduced show that the genus Toxochelys is one of

the Gryptodira, and that it is distinct from Euelastcs (Cope) of the creta-

ceous No. 5. In that genus the posterior nares are underrun by a produc-

tion of the vomer, and the alveolar faces of both jaws are much wider.

The general form of the skull of Toxochelys is much like that of many
Trionyehidm, but from these the characters of the marginal bones of the

carapace, and the form of the extremities separate it.

ICHTHYODECTES GOODEANUS Sp. nOV.

This largest species of the genus is represented by a right premaxillary

and a large part of the maxillary bones. The alveolar border is concave

at the anterior part of the latter, and then becomes convex. The maxil-

lary border is incurved at its anterior extremity, so that the line of teeth is

turned inwards as well as strongly upwards, the middle part of the border

being the most prominent. In this respect it differs from the other species,

where the anterior part of the alveolar border is the most prominent. The
anterior border is sigmoidally curved, and the vertical diameter is twice

the transverse. The premaxillary teeth number thirteen and are somewhat
compressed so as to have opposed cutting edges ; they are without grooves

or ridges. The maxillary teeth are round in section. The posterior maxil-

lary condyle is not protuberant, and is decurved anteriorly. The maxil-

'

lary underlaps the premaxillary to near its anterior border.
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Measurements. M.

Depth of maxillary behind condyle 047

at " 053
" preniaxillary 069

Length '

'

at middle 037

Four functional niaxillaries in 020

This species is dedicated to my friend Prof. G-. Brown Goode, of Middle-

ton, Conn., collaborator of the Bmitnsonian institution.

I may here state that another very distinct species of this genus is the

Iehthyodectes arcuatus (Portheus accuatus Cope. 4to Report U. S. Geol.

Surv. Terrs. II. p. 204). It is characterized by the attenuation of the bones,

of the face, and jaws, and the small size and large number of its teeth.

Those of the maxillary bone are so small as to become obsolete on the

posterior half in old individuals.

ICHTHYODECTES ACANTHTCUS Sp. nOV.

The smallest species of the genus, distinguished by the attenuated and

curved crowns of the teeth. It is represented in my collection by portions

of the dentary, parasphenoid, and other bones. The teeth on the anterior

part of the dentary bone are nearly round in section, and their enamel is

smooth. The crowns are curved inwards towards the apices, which are

slender and acute. The anterior tooth is on the extremity of the dentary.
1

The lateral processes of the parasphenoid are wide and flat, and are pierced

at the base by the usual two foramina. The interorbital portion of the

bone is concave in the section of its inferior surface.

Measurements. M.

Length of the crown of a tooth 005

Diameter " " " 001

Five mandibular teeth in 012

Width of parasphenoid at middle 006

Depth of parasphenoid at middle 004

This species and the last described were obtained by my assistant, Chas.

H. Sternberg, from the chalk of the Cretaceous No. 3 of Kansas.

Oricardinus tortus gen. et sp. nov.

Gliar. gen. Teeth inserted in shallow aveoli, with the roots more or

less exposed ; on the posterior half of the maxillary bone unequally so, so

as to be pleurodont. The anterior part of the maxillary bone depressed,

with superior articular facet, and united with the preniaxillary by a ging-

lymus.

This genus is apparently nearly allied to Pachyrhizodus as I have de-

fined it. In that genus the anterior maxillary teeth are strongly pleuro-

dont, and the maxillo-premaxillary suture is squamosal. To Orieardinus

must probably be referred the P. sheareri m.

Char, specif. This is derived from a right maxillary bone and a num-

PROC. AMER. PHILOS. SOC. XVII. 100. W. PRINTED NOV. 20, 1877.
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ber of vertebrae, supposed to belong to the same individual by my assis-

tant, Russell Hill, who discovered it.

The proximal extremity of the maxillary bone is depressed, both the ex-

ternal and internal aspects presenting prominent ribs. The inner rib soon

disappears, and the alveolar border becomes interior in position, the teeth

then assuming a more pleurodont character. The external rib continues,

and rises so as to form the superior border of the jaw, but continues to

have an oblique direction outwards. It is separated by a longitudinal con-

cavity from the portion that bears the alveoli. The teeth are subcylindric

in section, and the crowns are acute and incurved. The proximal end of

the maxillary forms a condyle for transverse movement, which is divided

by a transverse groove. Above this groove the extremity is fissured.

The vertebral centra are somewhat hour-glass shaped, and present a

deep longitudinal fossa on each side of the base of each neural and haemal

arch, which is divided by a vertical rod on partition of bone, which

strengthens the arch. The arrangement is that seen in the genus Empo,
The sides of the centra are marked with rather regular linear grooves,

which disappear at the contraction.

Measurements. M.

Length of maxillary bone preserved 066

Distal depth Oil
" width 005

Proximal depth 005

width 006

Eight teeth in. 020

( longitudinal 010

Diameter of caudal centrum -< transverse 009

vertical 010

( longitudinal 009

Diameter of anterior centrum -\ transverse 011

vertical 009

In the 0. shear•erii the dental alveoli are transverse to the long axis of the

maxillary bone, while here they are longitudinal or round ; the bone is

more laminiform in the O. tortus.

Anogmius favirostkis sp. nov.

The characters of the genus Anogmius Cope having up to the present

time rested upon but one species {A. aratus), it is satisfactory to be able

to confirm them by the study of new material. This, which was obtained in

Kansas by Mr. Sternberg, consists of the almost entire superior part of the

skulls of two individuals, one of them with thirteen vertebrae.

The vertebrae, which undoubtedly belong to the skull, have no lateral

grooves, but the superior and inferior pairs of fossae are present. The
inferior fossae are separated by a plane interval on the anterior cen-

tra, which rapidly narrows posteriorly. The centra are not elongate nor
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contracted at the middle, an<? are sculptured with fine longitudinal

grooves.

The cranium is depressed, and was so in life. The form of the muzzle

is the extremity of an oval, at the apex of which are the two short pre-

maxillaries, while the sides are composed of the long maxillaries. The
top of the head is nearly smooth, marked only posteriorly by a few delicate

radiating grooves and dots.

The inferior view displays the vomer, palatine, and maxillary bones with

their myriad teeth en brosse. Those of the maxillaries form a narrow

band, those of the premaxillaries a little wider one. The palatines are

long flat bones similar to those of the Stratodus apiealis, but of less elongate

proportions, and the teeth they bear are relatively smaller and not in

longitudinal rows as in that fish. The teeth of the median line of the pal-

ate form an elongate tongue-shaped patch, flat and acuminate in front, but

gently convex, and with lateral bevels more posteriorly. The teeth it

supports are very close together as on the palatine bones. The posterior

portion of this patch is broken away. The mandibular ramus is not deep

and the symphyseal surface is a rectangular truncation of the nearly par-

allel inferior and superior edges. The teeth are in many rows, the num-
ber diminishing posteriorly. The dentary is incurved to the symphysis.

The premaxillary bone is not smooth like the others of the cranium, but

is pitted anteriorly, and radiately ridged posteriorly.

Measurements. M.

Length of cranium 102

"Width of cranium behind 050

Length of premaxillary bone , 015

Depth of the dentary 009

Length of palatine bone 052

Width " " " 010
" " vomerine dentate patch 010

( longitudinal 005

Diameter of a cervical vertebra •< transverse 009

(vertical 007

Anogmitjs evoltjtus Cope.

This fish is represented by an entire left mandibular ramus. As corres-

ponding parts are preserved in the typical specimens of A. aratus and A.

favirostris, comparison with these species is easy.

The ramus is less curved than in either of the species mentioned, indica-

ting an elongate and wedge-shaped head. The symphysis is short ; deeper

than wide, and but little incurved. The ramus is much contracted verti-

cally at the glenoid cavity, which is deeply impressed and decurved on the

inner side, having thus a convex transverse section. The angle is re-

curved behind the glenoid cavity, and also produced for a short distance in

line with the inferior margin of the ramus, this portion being separated

by a sinus from the superior process. The form of the angle is then that
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of a boot with the toe elevated. The inferior edge of the inferior process

is acute.

The inferior border of the ramus is thin. The superior border is thick-

ened, and its tooth bearing surface descends on both the internal and ex-

ternal faces of the bone. Posteriorly, this face is presented inwards, but

this tooth-band narrows forwards on this side, and widens on the external

face. Its greatest width on the latter is posteriorly, an inch in front of the

widest internal exposure ; it then gradually contracts, its inferior border

rising to a short distance behind the symphysis.

The dental alveoli are small and round, densely packed, and sub-equal

in size. Near the middle of the ramus, thirty longitudinal rows may be

counted. Not a tooth remains. A transverse section of the greater part of

the length of the dentary is strongly convex ; anteriorly it is flat-

tened above.

Measurements. M.

Length of ramus 834
" " tooth band - 150

Depth of symphysis 016
" at posterior end of tooth band 050

" at glenoid cavity 019
'• at angle 030

Stkatodus oxypogon Cope.

This fish is represented in Mr. Sternberg's collection by a dentary bone,

a probable maxillary, and a portion of the palatine, both the latter without

their extremities. A number of vertebrae accompany the jaws, which prob-

ably belong to the same individual.

The dentary is narrow and cuneiform, and rather robust for its depth.

The tooth band is wide, covering more than half the vertical diameter of

the bone, and is bounded below by a groove. The external face is convex.

A delicate groove extends along the superior margin just below it ; and a

wide open groove commences behind the middle of the length and ahove

the middle of the vertical diameter, opening widely behind. The inferior

edge is compressed and flat, and is abruptly distinguished from the convex

portion. The symphyseal surface is short, and the infero-anterior border is

produced into an acute angle. The teeth are in six rows on the widest part

of the band. Of these one contains larger teeth than the others ; at one

point it is the second from the external margin, but its position becomes

more interior on the anterior part of the band. The teeth are recurved,

round in section, and with simple, very acute apices. These are transpa-

rent and vitreous ; the remaining portion ofthe tooth is opaque, and marked

with whitish dots. At the anterior extremity of the dentary, but two rows

of the smaller sized teeth remain.

The alveolar fossae of the teeth of the three interior series of the dentary

band, have a peculiar character. The internal half of the border has short

radiating lines touching its circumference, but the external half' supports
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three convex lobes of dense tissue. The lateral of these are divergent

and dorsal ; the median is narrower, and is radial to the circumference.

This structure does not appear in the alveolar fossae of the three external

rows. It is probably a hinge like attachment permitting elevation and

depression of the teeth of the inner rows.

The supposed maxillary bone presents a wide open groove on both sides

The superior border is convex in section and not so wide as the tooth

bearing face, which is slightly oblique. But for this obliquity the section

would be that of a T-rail. The groove of the internal face is contin-

ued further forward than that of the external face. There are six

rows of teeth arranged as in the dentary bone, but in reversed order.

The fragment of palatine bone is densely packed with teeth, which are

longer than those of the jaws. Their apices are as in the latter, simple.

Those of one border are longer than those of the other, and the alveolar

fossae of these (the only ones I can see) bear the three adjacent tuberosi

ties above described.

The vertebrae considerably resemble those of Empo. Their centra in

both abdominal and caudal regions are elongate and contracted medially.

There is a shallow longitudinal groove at the bases of the neural and

haemal arches, which are divided vertically by a median rib-like buttress

-

The median lateral portion is smooth or nearly so.

Measurements M.

Length of dentary bone preserved 0550 *

Depth " " " atmiddle •. 0080

•' " dentary tooth band at middle 0050

" ;
' " at symphysis 0045

Length of maxillary bone preserved ... .0530

tooth 0045

Depth " " atmiddle 0060

Width ' '• " " 0050

" palatine bone 0100

r longitudinal 0160

Diameter of an abdominal vertebra •< transverse 0115

(_ vertical 0125

This species differs from the 8. apiealis in the simple form of the apices

of the teeth. The type specimen is much smaller than that of S. apiealis.
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Descriptions of Extinct Vertebrata from the Permian and Triassic Forma-

mations of the United States.

By E. D. Cope.

{Meeting of the American Philosophical Society, November 2d, 1877.)

The Triassic formation of North America has yielded many of the rep-

tilian types which characterize the horizon in other parts of the world. A
Lahyrinthodont has been recognized in North Carolina, and I have deter-

mined .the existence of the genus Belodon in the formation in both that

State and Pennsylvania. Of Dinosauria three types occur in both Europe

and North America. The Palceosaurus of the former country is represented

by the American Olepsysaurus, and Zanclodon is somewhat similar in den-

tal characters to the Zatomus of North Carolina. Of genera with com-

pressed teeth which have a lenticular section, and both edges denticulate,

Bathygnathus has been found in North America, and Cladiodon and Ter-

atosaurus in Europe. This type has, however, been wanting heretofore

from the extinct Triassic fauna of Pennsylvania and North Carolina. The
present communication introduces it for the first time from the Tormer

State, under a form generically different from any of the preceding, and

with the name
PAL^OCTONUS APPALACHIANS.

The specimens on which this determination rests, were found by my
friend Charles M. Wheatley, A. M., in one of bis copper pyrites mines.

The most characteristic are two teeth which differ somewhat from each

other in form. One of them has a greater transverse, and less anteroposte-

rior diameter, indicating an anterior position in the series. The other is

more compressed, and presents a greater anteroposterior width. Judging

by the analogy of the genus Lcelaps, this tooth occupied a position poste-

rior to the first one. The two were found in close proximity, though not

in actual contact, . in a fragile, argillaceous portion of the copper-bearing

rock

.

The profile of the anterior tooth is regularly conic with a slight recurva-

ture, which is not seen in the apex, but in the basal portion of the crown,

and in the root. The section is almost semicircular at all points, but the

inner and flatter face is slightly convex ; rather strongly so at the apex.

The denticulation of the edges is minute, measuring M. .00033. It con-

tinues to the base of the crown both fore and aft. At this point the edges

are as elsewhere, at one side of the anterior and posterior aspects. There

are no ridges nor facets on the crown, and the enamel possesses an obsolete

minute rugosity of short linear ridges.

The crown of the second tooth is not only flatter and wider than that of

the first, but is lit :le more than half as long. Both edges are crenate -to

the base. The marked peculiarity of the tooth is seen in the division of

the crown into facets by angular ridges. The convex face is divided into

.

two, an anterior-looking and a posterior-looking, the former half as wide
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as the latter. The angle separating them is not continued on the apical

third of the crown. The section of the antero-external face is nearly plane.

The division of the interior or flatter face is similar, but the angle is less

pronounced. The anterior and narrower face is slightly concave. In this

crown, as in the first described, there are weak transverse undulations

near the basal third.

Measurements. M.

Length of anterior tooth preserved 080

Length of crown of same 055

antero-posterior 022f an

jtra

antero-posterior 010

Diameter of base of crown
,

ransverse 016

Diameter near apex ofsame .

( transverse 008

Length of posterior tooth preserved 040

Length of crown of second tooth 029

Antero-posterior diameter at base of crown .025
" " at middle of crown 019

Transverse diameter " " " 010

These dimensions indicate an animal of the general proportions of the

gigantic carnivorous Dlnosauria of the genera Lcelaps, Megalosaurus and

Teratosaurus. They exceed those of the Bathygnathus borealis and the

only known species of G ladiodon, G. lloydii.

The characters which demonstrate that this Saurian belongs to a genus

distinct from any of the above are, Firstly, the presence of the external and

internal longitudinal ridges which divide the crown of the posterior tooth

into four facets. Second, the shortness of the crown as compared with

its width, a point in which it approaches Palceosaurus. Thirdly, the

semicircular section of the anterior tooth, a form not found in either Ba-

thygnathus or Teratosaurus, where almost the entire series is known . It

is only approximated in some of the Western species referred to Lcelaps,

but is not inconsistent with the characters of that genus as represented by
them.

To the genus thus characterized, the name Palceoetonus is given, and

to the species, the name Palceoetonus appalachianus.

Associated with the teeth of this species, were found several leaves

resembling those of Pterophyllum; and stems of Galamites occur in the

same locality.

Additional specimens received from Mr. Wheatley include anterior, in-

termediate and posterior teeth of a larger animal than the one above

described, and intermediate and posterior teeth of a much smaller indi-

vidual of probably the same species.

The large half-conical tooth of the large individual, presents a slight

groove-like constriction at the basal portion of the posterior cutting edge.

Length of crown above base .060 ; width at base .025. "Width of posterior

tooth at base .030. The form of the intermediate tooth is between those

of the others. Its external face is very convex and is not faceted. The



Cope.] lo4 [Nov. 2,

approach of the external face to the anterior or cutting edge is much more
abrupt than to the posterior.

The teeth of the smaller saurian only differ from the others in their size.

The more posterior is probably anterior in position to those described

above, as its external face is more convex, especially anteriorly, and is not

faceted. Length of crown of the anterior tooth .032 ; width at base .019.

Width of base of posterior tooth .015 ; length .019.

Pal^eoctonus atjlacodtjs, sp. nov.

The teeth of this saurian differ from those of the P. appalachianus in

having their basal portion sculptured with parallel shallow grooves. These

are quite close together, leaving ridges between them which are narrower

than themselves. The surface of the crown displays the silky sculpture of

minute raised lines more distinctly than in the other species. But one

tooth of this animal has been so far obtained by Mr. Wheatly, and this

one is from the middle of the series of an animal rather smaller than the

second individual of the P. appalachianus. In accordance with this posi-

tion the crown is short and half conic with the external face strongly con-

vex, most so in front. The denticles are well exhibited on both edges,

but only descend on the anterior to the middle of the length of the

crown. In both large and small specimens of P. appalachianus the den-

ticles descend nearly or quite to the base. Length of crown .022 ; width

at base .011.

Clepsysatjrus ve A-Txeianus, sp. nov.

Represented by a single large tooth in perfect preservation. In accord-

ance with the characters of the type species, C. pennsylvanicus of Lea, the

tooth is straight, and possesses two cutting edges. The posterior of these

is denticulate and perfectly straight ; the other is less extensive and is sep-

arated from the posterior by very unequal surfaces.

In the present saurian the tooth is compressed, and rounded in front,

the section throughout the basal half being an oval with one end acute.

The antero-interior edge only exists on the apical half of the crown, and is

separated from the posterior edge by a somewhat convex face two-thirds

the width of the external face. It is not denticulated, and its lower

extremity falls behind the anterior margin of the crown when viewed in

profile. The enamel is perfectly smooth. Length of crown from base of

enamel layer .047 ; longitudinal diameter at base .018 ; transverse do. 011.

As compared with the G. pennsylvanicus of which several teeth are

known, the C. veatleianus differs in its more compressed form, and in

having the anterior cutting edge not denticulated. The position of this

edge is more internal than in the longer known species, but this may indi-

cate a more anterior position in the jaw.

This saurian is named in compliment to Charles M. Wheatley, A.M., of

Phoenixville, Pa., to whose exertions we owe nearly all the material hith- '

erto obtained from the Triassic formation of Pennsylvania.
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Suchoprion cyphodon, gen. et sp. nov

Char. gen. As no portion of the animals referred to this genus is known,

other than teeth, the characters are derived from these only. Their

crowns are elongate, conical and curved, and are furnished with denticu-

late cutting edges. In the teeth preserved these are separated by very un-

equal extents of surface, as they form the anterior and posterior borders of

the inner face. The crown is penetrated by a very minute pulp cavity,

and it consists of a number of distinct concentric cones.

It is probable that teeth have been discovered in Europe which belong

to saurians of this genus, but I cannot find that they have ever received a

distinctive name. They resemble those of Crocodilia rather than Dino-

sauria.

Char, specif. The only species of Suchoprion as yet known to me is

represented by four teeth found in the same beds and formation as those

above described. One of these is of large size, indicating that it reached

the adult dimensions of the Gangetic gharrial. They display some differ-

ence in the degree of convexity of the external surface, which is some-

times opposite the imaginary plane of the inner face, sometimes oblique to

it. The degree of convexity is always greatest at the base of the crown.

The inner face is also convex. The curvature in the long direction is not

great, and is directed to the inner side. The surface presents a minute

silky sculpture ; one tooth presents a very few shallow sulci.

Measurements. M
( antero-posterior C21

Diameter of largest tooth < .

,
~ „

Length of crown of tooth No. 2 045

f antero-posterior 009
Diameter crown tooth 2

} transverse 016

• Belodon carolinensis, Emmons.

Cope, Trans. Amer. Philos. Soc. 1869, p. 59.

Teeth of the anterior portions of the jaws were obtained by Mr.

Wheatley.

Belodon priscus, Cope.

Trans. Amer. Philos. Soc. 1869, p. 59.

Teeth from the anterior part of the jaws. In addition to the six species

of saurians above noted, Mr. Wheatley obtained the tooth of a Stegoce-

phalous Batrachian, probably a Labyrinthodont.

Cricotus gibsonii, Cope, sp. nov.

While examinations into the Clepsydrops shale of Eastern 'Illinois have

revealed a great abundance of individuals, and three species of Olepsydrops,

the genus Cricotus has remained without addition, and the three vertebrae

hitherto found, appear to belong to but one species, the G. heteroclitus. The
present notice describes a second form, represented, like the first, by but few

PROC. AMER. PHILOS. SOC. XVII. 100. X. PRINTED NOV. 20, 1877.
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remains. The vertebra which is best preserved, and which may be regarded

as typical, is probably from the caudal series, and is thus well contrasted

with the corresponding typical vertebra of the longer known species.

On this vertebra there is no trace of diapophysis, and the neurapophysis

rises from the external side of the superior face. The wall of the neural canal

is not preserved, but the inference is that the diameter of the latter is large.

This fact and the absence of definite chevron articulations leads me to doubt

the caudal position of the vertebra ; but the usual marks of the dorsal and
cervical vertebrae are totally wanting from it. As in 0. heteroclitus, the

foramen chorda dorsalis is large, its diameter being one-third of the total.

The articular faces descend steeply into it, that of one extremity more so

than the other. The rim of the latter face is beveled outwards, the plane

thus produced appearing on the inferior face something like the united

faces of the chevron bones.

The centrum is a little deeper than wide, and the inferior face is trun-

cate so as to give a subquadrate outline. The inferior plane is concave, the

concavity being divided by a longitudinal rib. The sides are somewhat
concave, with a longitudinal rib at the middle. Diameters of centrum :

vertical .010; transverse .009 ; longitudinal .008. Width of inferior plane

.005 ; width above, including neurapophyses, .008.

As compared with G. heteroclitus this species differs in the presence of

parallel ridges enclosing a median fossa on the inferior side of the centrum.

The small size may be here considered, but it is uncertain whether the

two animals represented by the vertebrae are fully grown.

This reptile is named in recognition of the services of William Gibson of

Newport, la., who has added a number of interesting facts to the geology

of the Wabash region.

Cricotus discophorus, Cope, sp. nov.

A vertebra, representing an animal as large as the (7. heteroclitus, presents

characters so much at variance with those ot the latter as to require special

notice. Three other vertebrae of smaller size present similar features.

The centrum is disciform, with very short antero-posterior diameter,

which is, however, greater at one part of the surface than at the opposite

point. The foramen chordae dorsalis occupies about one-fifth of the trans-

verse diameter, which is subequal in all directions. The articular faces of

the centrum are slightly concave. The margin of that of one side is beveled

for the superior two-thirds of the circumference, the bevel running out

below by turning into the articular face. The latero-inferior border of the

latter turns out into an obtuse angle at this point. The superior part of

the bevel runs into the lateral face of the centrum. The attachment of the

neural arch is obscure or wanting in the specimen, and the same is true of

any facet for chevron bones.

Diameter of articular face J vei ica

l transverse 025

Length of centrum below 009

above 007
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Another vertebra of nearly the same character, and one-half smaller size,

presents a greater difference between the long diameters of the upper and

lower sides. The superior diameter is only one-haff the inferior, and the

foramen chordae dorsalis much nearer the superior than the inferior mar-

gin. Its diameter is one-fourth the vertical and one-third the transverse

diameter.

From the same locality and discoverer as the C. gibsonii.

Lysorophus tricarinatus, Cope, gen. et sp. nov.

Char, gen. Vertebrae amphiccelian, perforated by the foramen chordae

dorsalis. Neural arch freely articulated to the centrum. Floor of neural

canal deeply excavated. No processes nor costal articulations on the cen-

.

trum, which is excavated by longitudinal fossae. Centrum not shortened.

This genus resembles in the proportions of the centrum, the genus Clep-

sydrops, but differs in many details.

Char, specif. Two centra and a portion of a third represent this species.

The former are a little longer than wide and a little depressed. The facet

for the neural arch is an elongate plane truncating the border of the fossa

of the neural canal on each side, for one-half to three-fifths the length of

the centrum. Two deep longitudinal fossae extend on each side of a

median rib of the inferior face ; and they are separated above by a narrower

rib from another longitudinal fossa which is below the base of the neural

arch.

Measurements. M.

( longitudinal 0055

Diameter of centrum -1 vertical 0038

(_ transverse 0040

Length of facet for neurapcphysis 0035

Width of neural canal , .0020

Discovered by Wm. Gurley, near Danville, Illinois.

DiPLOCAULus salamandroides, gen. et sp. nov.

Char. gen. Vertebral centra elongate, contracted medially, and per-

forated by the foramen chordae dorsalis ; coossified with the neural arch,

and supporting transverse processes. Two rib articulations one below

the other, generally both at the extremities of processes, but the inferior

sometimes sessile. No neural spine nor diapophysis ; the zygapophyses

normal and well developed.

The vertebrae of this genus much more nearly resemble those of a sala-

mander than any hitherto found in this formation, but it will be necessary

to observe the cranium before this point can be determined.

Char., specif. One of Dr. Winslow's and two of Mr. Gurley 's

eendings contain vertebrae of this species. One from the latter gentleman

is contained in a mass of clay in immediate contact with a mandibular

ramus which supports a number of teeth. The ramus appears rather too
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large for the animal to which the vertebra pertained, but the proportion is

not different from that which I describe below in the genus Eryops.

The surface of the centrum is smooth and is without grooves. The
diapophyses and parapoyhyses are rather elongate, and are closely approx-

imated one above the other. The superior process issues from the centrum

opposite the superior margin of the articular faces. They stand equidis-

tant from the extremities of the centrum, and are directed obliquely back-

wards. The anterior zygapophyses occupy the same level. The neural

spine is a compressed longitudinal ridge ; it divides behind, leaving a notch

between the posterior zygapophyses.

Measurement*. M
Hongitudinal 0060

Diameter of centrum -<j vertical 0025

( transverse 0025

Depth of centrum and neural arch ... 0060

"Width with transverse processes 0070

Expanse of posterior zygapophyses 0050

The mandibular ramus which accompanied one of the vertebrae is shal-

low and stout. Its external surface is sculptured with sharp longitudinal

ridges, which inosculate more or less. The teeth have cylindric roots

which occupy shallow alveoli sunk in a plane surface. The crowns are

rather elongate and compressed near the apex, and without grooves or

serrse. In contact with the jaw is an osseous fragment with a pitted or

reticulated surface.

Depth of ramus 0030

Length of crown of tooth ..:..; 0023

Four teeth in 0040

Eryops megacephalus Cope gen. et. sp. nov.

Char. gen. The details of the structure of this genus are derived

from an almost entire cranium with underjaw, which is accompanied

by numerous vertebrae and other bones. The form is Labyrinthodont, and

embraces the largest species of that group yet known from this continent.

The skull is not elongate, and the quadrate bones are produced far

backwards. The epiotic processes are present but not remarkably elon-

gate. The temporal fossa is covered in by the usual roof. The orbits are

round, posterior in position, and small. There is no postorbital depression

or groove, and the lateral epiotic sinus is not deep. The nostrils are large

and widely separated. There is no angular process of the mandible. The
maxillary teeth are of different sizes, although arranged in a single row.

The posterior are small and not closely placed ; large teeth appear anterior

to the middle. "The premaxillary bone supports a number of large teeth.

Those of the mandible which are visible in the specimen in its present,

state, those opposite the nares, are of medium size. The form of the

crowns of the teeth is conic, with weak fore and aft cutting edges. There
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are no distinct fissures of the surface although these may be represented by
some fine parallel lines.

Vertebras referred to this genus are small in proportion to the dimen-

sions of the skull. They are not discoidal but somewhat elongate ; are

biconcave, and are not perforated for the notochord. The middle portion

of the centrum is contracted. One articular extremity has the borders of

the concave centre, convex. Zygapophyses large. Ribs present short
;

neural spines elongate, stout.

In comparing this genus with those described by authors and arranged

by Mr. Miall in his family Euglypta, its exclusion from the latter is

evident in view of the absence of angular process of the mandible, and

the nondiscoidal vertebrae. Its posteriorly placed orbits distinguish it from

the genera of his second family, the Braclvyopina, excepting perhaps Bhi-

nosaurus. It is with the genera of the third family, the Chaulioclonta, that

affinity appears to exist. It is unnecessary to compare Hryops with Lox-

omma, which has immense and irregularly shaped orbital openings, and

trenchant teeth ; but with Zygosaurus and Melosaurus the affinity is closer.

The deep postorbital depressions, and the grooved maxillary teeth, de-

scribed by Eichwald in the former genus, separate it at once. The teeth

of Melosaurus are equally distinct, being, according to Meyer, conical and

deeply grooved at the base. In BMnosaurus the maxillary and mandib-

ular teeth are said to be sub-equal. Leptophractus has deeply grooved

teeth with strong cutting edges.

Char, specif.—In this category I include many of those introduced into

the generic diagnosis by Mr. Miall in the very useful report to the British

Assoc, for the Advancement of Science, 1874, p. 149, by the Committee
on the Structure and Classification of the Labyrinthodonts. Such are the

width of the interorbital space, the outline of the muzzle, the details of

the sculpture, the approximate number of the teeth, etc.

The cranium has a sub-triangular outline, with the sides a little longer

than the base, and the apex (muzzle) very obtuse. The profile is elevated

behind, and the sides slope steeply to the mandible ; the slope of the muz-
zle is rather steep, but less so than that of the cheeks. The extremity of

the snout is broadly rounded and depressed, and overhangs the mandible.

The supra-occipital outline is concave, and the epiotic angles only mode-
rately prominent. . The quadrate bones extend far posteriorly, and are

horizontal above at their distal extremities. The orbits are nearly round,

although somewhat wider than long, and they are directed equally out-

wards and upwards. The inner margin is slightly flared upwards, and it

terminates anteriorly and posteriorly in a slight tuberosity, at the junction

with the canthus rostralis and temporal ridge respectively.

The orbit occupies the anterior portion of the posterior third of the length

of the skull, including the epiotic angles ; and its long diameter is one-

seventh that of the skull from the epiotics to the muzzle inclusive. The
same diameter is about half of the interorbital width. The parietal re-

gion is plane, the frontal gently concave, and the muzzle depressed convex
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in cross-section. The face in front of the orbit is concave below the can-

thus rostralis. The nostrils are not large, and are sub-round. They are

widely separated, being nearer the maxillary border at its junction with

that of the premaxillary, than to the median line. The mandible is shal-

low, and not very stout. Its inferior border rises from below a point a

little in front of the fundus of the epiotic sinus to the angle, which is at

the quadrate articulation. Symphysis short.

The sculpture of the anterior portions of the muzzle is coarsely punctate
;

on the posterior portions of the upper and lower jaws it is ridged and pit-

ted. Most of the upper surface of the skull is still covered with a thin

layer of the matrix, so that the sculpture and the character of the lyra, if

any there be, remains unknown.
The teeth, as has been observed, are not visibly grooved, but the charac-

teristic feature of the group may be represented by numerous delicate

crack-like lines which one sees on the basal portions. These, however,

look like the result of weathering. The sections of all the teeth would be

round, but for the cutting edges, which are not very prominent. In addi-

tion, the premaxillary teeth are coarsely fluted on the median half of their

length. The fluting is not visible on an antero-lateral mandibular tooth,

nor on a posterior maxillary tooth. The microscopic structure of the teeth

is not yet investigated.

The bodies of the vertebrae have concave sides, and a sub-round section.

Their neural spines terminate in an obtuse enlargement. Many of the

characters of the vertebral column are yet concealed in the matrix. The
distal portions of the ribs are straight, cylindric, and become stouter at the

extremity.

Measurements. M.

Length of cranium from the extremity of the os quad-

ratum 433

Length of cranium on middle line . 335

Length from end of muzzle to nostril 073

Width of cranium between quadrates 306

" epiotics . . . . . . 118

orbits 086

at orbits 294

between nares 085

Diameter of orbits [
anteroposterior 048

I transverse 057

Length of premaxillary tooth 025

Diameter " " .007

Length of posterior maxillary tooth 010

Diameter.of median " " 007

Length of a dorsal centrum 024

Vertical diameter of do 025

Elevation of neural spine of do .050

Length of rib on curve 080
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This interesting fossil was found in the Triassic formation of Texas by

my friend Jacob Boll. The cranium and vertebrae were discovered in such

relation as render it evident that they were parts of one animal.

Strigilina guri,eiana, Cope, sp. nov.

This species is known by a single jaw or tooth in complete preservation,

which was found, like the type of the genus S. Ungumformis* near Dan-
ville, 111., by Mr. Gurley.

The tooth is quite small, its length only equaling the width of the

known tooth of S. lingumformis. It is also narrower in proportion to the

length. The root and the cutting edge are turned in opposite directions

as in the other species. The principal difference between the two is seen

in the character of the transverse ridges or crests of the oval face. There

are two crests less, or five, with a delicate basal fold, making six,

while, counting the fold there are eight in S. lingumformis. The anterior

ridge is transverse ; the others slightly convex backwards, and all are

equidistant and uninterrupted, which is not the case in the older species.

They are also of different form, being distinct ridges with anterior and

posterior faces similar. In 8- linguceformis the anterior face only is verti-

cal, the posterior descending very gradually, the whole forming a series of

steps. Length of ridged face .0060 ; width anteriorly .0035 ; width pos-

teriorly .0020.

This species is dedicated to William Gurley, of Danville, Illinois, to

whose zeal science is indebted for the species from that locality described

in this and other papers.

Twenty species have now been obtained from the Clepsydrops shales, the

exact geological position of which remains to be accurately determined.

Dr. "Winslow informed me that they are the bed No. 15 of Prof. Bradley's

section of the Carboniferous rocks of Vermilion county, Illinois. This

places them near the summit of the Carboniferous series, below two thin

beds of coal (which word is misprinted " coral " in my last paper, Proceed.

Amer. Philos. Soc. 1877, p. 63). I am now informed that this portion of

Prof. Bradley's scale is not correct, and that No. 15 occupies a much
higher position than he assigns to it. It lies unconformably above the

merom sandstone of Mr. Collett, which deposit is above the coal meas-

ures and unconformable to them. The stratigraphical evidence is thus

confirmatory of that derived from paleontology, that the Clepsydrops

shale occupies a position in the scale above the coal measures.

Ctenodxjs pusilltjs, Cope, sp. nov.

Form narrow, the width of the base about equal to the depth. The
eoronal portion is narrower than the base, because the inner face is

oblique, forming an acute angle with the inferior plane. There are but

four crests, of which the two longer are directed in one direction, and the

two shorter in another. The interior ones of both pairs form a continuous

* Proceedings Amer. Philos. Soc. 1877, p. 52.
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crest which is convex inwards. The crests are straight, elevated and

acute ; each one supports two or three denticles, which are rectangular and
little elevated. The longer ones project heyond the general outline ; the

shorter ones are less prominent at the extremities ; all are obtuse in the

vertical direction. The superior surface is smooth. The inferior is slightly

concave in the transverse sense. The tooth on which this species is found

is the smallest yet obtained from the formation. Length, .007 ; width,

.003 ; depth at inner crest, .003.

Two specimens were found by Wm. Gurley, in Vermilion Co., Illinois,

in the 'Glepsydrops shale.

I have referred two species from this formation to the genus Geratodus,

under the names of G. vinslovii and G. paucicristatus. While the form of

these teeth is that of the genus named, the structure of the superficial layer

differs in- wanting the punctse which are characteristic of Geratodus, but is,

on the contrary, uniformly dense, although frequently irregular. I there-

fore refer the two species above mentioned to anotner and allied genus,

under the name Ptyonodus, with G. vinslovii as type.

Orthacanthus qjtadriseriatus, Cope, sp. nov.

Represented by an incomplete radial spine. With it occur several frag-

mentary spines which resemble very closely one belonging to 0. gracilis,

Newb. (Geolog. Survey of Ohio, PI. lxix, fig. 7), and which only differ

in having the denticles shorter. As teeth of a Diplodus near to or identical

with J), compressus are common in the shale, the two may belong to the

same fish. Dr. Newberry has already suggested that Orthacanthus and

Diplodus are identical.

The 0. quadriseriatus is quite different from the other species. The
spine is wider than deep, and the series of denticles are widely separated.

The surface between them is gently convex and smooth. The anterior

face is strongly convex and presents at each side two shallow furrows.

The external groove is divided by a series of thin longitudinal denticles

which are smaller than those of the principal row, and which are some-

times somewhat confluent at the base. The principle denticles are closely

placed, stout, acute, and recurved. Transverse diameter of shaft .0035 ;

antero-posterior diameter .0025. The portion of the shaft preserved is

straight.

Arch^eobelus vellicatus, gen. et sp. nov.

"Species No. 4," Cope, Proceed. Amer. Philos. Soc. 1877, p. 55.

Several other specimens of the body described as above have been ob-

tained by Messrs Winslow and Gurley. In every instance it is a tooth-like

process attached to a solid base by anchylosis in the manner of the teeth

of fishes. From the appearance it presents I am led to suppose that it is

the only one of its series, and there are none of the numerous teeth of the

collections which can be associated with it. I therefore distinguish the

genus by a name and the following diagnosis.

The form is conical, and the surface is not grooved nor furnished with
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prominent ridges. The interior is hollow, and the walls are composed of

a few concentric layers without external enamel or cementum. The solid

base to which it is attached is shallow, presenting smooth surface on the

opposite side, which is deeply impressed by a longitudinal groove at one

end.

The characters of this species are pointed out at the place above quoted.

The measurements of a large specimen are : length .015 ; diameter of base,

long .008 ; short .005.

I am not sure as to the part of the skeleton to which this body should be

referred.

On Reptilian remains from the Dakota Beds of Colorado.

By E. D. Cope.

(Meeting of American Philosophical Society, November 2, 1877.)

Since the discovery of the huge saurian Ccmarasaurus supremus (Cope,

Paleontological Bulletin, No. 25, p. 5), Superintendent Lucas has explored

the horizon of the Dakota of the Eastern Rocky Mountains near the Ar-

kansas River for other indications of extinct life. His search has been re-

warded by the finding of several species of reptiles of interesting charac-

ter, which it is the object of the present paper to describe.

Caulodon diyersidens gen. et. sp. nov.

This large saurian is represented by ten teeth found together, but sepa-

rated from the cranial bones, and in a more or less broken condition. I se-

lect four of these exhibiting the characters most clearby.

Char. gen. Fang of the tooth of great length and hollow, and

contracted at the base. It is without excavation for successional tooth.

Crowns of the teeth of different forms in different portions of the jaw ; the

posterior are like the bowl of a spoon ; others have a similar form but

are more compressed, having double lateral ridges, while the crown of an-

other, supposed to be an incisor, is little wider than the root, and has the

section an oval with one side less convex than the other. All are coated with

an enamel-like layer of considerable thickness which extends on the fang

in some of the teeth. None of the crowns present cutting edges.

The characters presented by these teeth are quite distinct from anything

hitherto found in North American Saurians. The absence of indication of

the successional teetli is remarkable, and in connection with the contrac-

tion of the base of the root, suggests that the mode of succession of teeth

approximated that exhibited by the Mammalia.
Char, specif.—The roots of all the teeth- are cylindric. The crown

of the posterior tooth is convex on one (the external) side, and concave

on the other. The convexity is increased by a contraction of the ex-

ternal surface near and parallel to each border. The concavity is divided

by a longitudinal rib which disappears at the base. This edge of the
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crown is obtuse, as is also the apex. The outline of the apex is rather

broadly acuminate. The enamel is closely and strongly rugose, longitudi-

nal^ on the base, transversely at the edges, and reticulately on the middle

portions of the crown.

Measurements. M.

Length of crown with portion of root 0. 120

Diameter of root at middle 025

Length of crown 055

tv„ , , e (longitudinal 030
• Diameter of crown < &

\ transverse 020

The crown of the second tooth is a little less expanded laterally, and has

a greater transverse diameter. The outer side is more convex, and there

are two marginal ribs on the basal half of the crown. The interior are

not strictly marginal, but are situated within the exterior ribs. Both are

very obtuse, and they are separated by a shallow groove. There is no

median longitudinal rib.

Measurements. M.

Diameter of crown at middle i
anteroposterior 026

{ transverse 018

The third type is smaller in all its dimensions, and the crown is equal to

the root in long diameter. In my single specimen the distal portion of

the crown is lost ; the part which remains exhibits neither contraction

nor expansion of outline. The borders are very obtuse, and each surface

resembles a roll inwards which is bounded by a shallow parallel groove on

the inner face of the tooth. Between the grooves the surface is slightly

convex. The section is thus an oval with one side very little convex. The
enamel is thick and marked with longitudinal rugosities.

Measurements. M.

Length of fragment 060

"root 030

Diameter " ... 014

tv„™~+, e , •]„ (longitudinal 0135
Diameter of crown at middle < °

'transverse 0085

Tichosteus ltjcasanus, gen. et sp. nov.

Char. gen.—The characters of this genus are derived primarily from the

vertebrae. They are nearly amphiplatyan, but one extremity of the articu-

lar face is slightly concave, while the other is still more slightly convex

or concave. The borders of the former are expanded, while those of the

latter are not enlarged. The centrum is hollow, but the chamber does not

communicate with the external median by a lateral foramen, as in Camara-

saurus. The neural arch is attached by suture. There is no capitular ar-

ticulation on the centrum.

Char, specif.—There is no hypapophysis on either dorsal or lumbar ver-
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tebrse preserved, and the surface is smooth excepting some delicate longi-

tudinal ridges extending to the border of the expanded extremity. The
narrower extremity of a dorsal vertebra is nearly round and presents a

slight median tuberosity ; the opposite end is wider than deep, and its sur-

face is uniform. The smaller extremity of a lumbar vertebra is slightly

concave.

Measurements. M.

/longitudinal 023

Diameter of dorsal centrum < vertical , 020
' transverse 025

Width of base of neural arch with diapophysis 010

This species is dedicated to its discoverer, O. W. Lucas, of Canyon. City,

Colorado, the Superintendent of the Public Schools of the surrounding re-

gion. Through the scientific interest and energy of this gentleman the ex-

tinct vertebrata of the Dakota division of the Cretaceous Period hitherto un-

known to science are being brought to light. The care and skill exercised

by Mr. Lucas in the preservation of remains, which are often bulky, and

always fragile, deserve the thanks of all students of this department of

science.

COMPSEMYS PLICATTJLTJS, Sp. nOV.

Although tortoises have been discovered in older formations in Europe,

the present species is the earliest yet obtained in North America. Its

characters appear to coincide in important respects with those of the Lig-

nitic formation which I have referred to Compsemys Leidy. This name I

have proposed to retain for tortoises with marginal bones completely

united with solid plastron, and the usual dermal scuta, and which differ from

Emys in their Trionyx-like sculpture.

The 0. plicalulus is represented by portions of both carapace and plas-

tron of several individuals. While the distal extremities of the costal bones

display the suture for the marginals, they also possess an inferior true costal

prolongation, as in Trionyx. The proximal part is not preserved in any

marginal bone, but the adjacent portions were united by fine suture. The
proximal extremity of the costals exhibit the usual two directions, the

shorter being posterior, and relating to the anterior part, of the succeeding

vertebral bone. The sternal sutures are fine ; that between the hyo- and

hyposternal bone is transvere ; while that between the latter and the post-

abdominal is oblique, and at the margin quite squamosal. At that point

the hyosternal underlaps the post-abdominal for a considerable distance,

and the suture of the inferior side of the plastron, after bending forwards,

is abruptly recurved, running along the edge of the posterior lobe.

The scutal sutures are not wide nor deeply impressed, but the abdomino-

femoral, and the femoro-anal are distinct. The median, longitudinal, sternal,

and the costo-marginal sutures are irregular and serpentine. The sculp-

ture is rather fine, and consists of rather closely placed tubercles and ridges.

The borders of the elements of both carapace and plastron are marked
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with ridges at right angles to the sutures, which are not short. The mid-

dle parts of the costal bones are marked by short interrupted or inoscula-

ting vermicular ridges closely placed. On the middle portions of the sternal

bones the ridges are in places more broken, forming tubercles.

The surface of the bridge is angularly oblique to that of the plastron. The
buttresses are not produced inwards. The free marginal bones are rather

thin, and are not recurved.

Measurements. M.

Length of a costal bone 110

Width of the same. 032

Thickness " 005

Length of hyposternal bone 066 -

Width of the same at inguinal notch 048

Thickness of the same in front 007

Found by Superintendent Lucas with the foregoing species.

Clepsydrops limbattjs sp. nov.

The discovery of a species of the genus Clepsydrops in Texas, in a forma-

tion hitherto regarded as Triassic, adds weight to the view above expressed,

that the Clepsydrops shales of Illinois belong either to the Triassic or Per -

mian formations. As typical of the new species I select a vertebra, which

may be exactly compared with corresponding one of 0. collettii. The
centrum is about as wide as long, and its sides are very concave, much
more so than in C. collettii, and the rim like borders of the articular ex-

tremities are connected by a straight compressed hypopophysial keel. The
sides of the foramen chordae dorsalis are convex in the longitudinal sec-

tion, thus contracting the opening, as compared with the very wide flare of

the border of one of the extremities of the centrum. This flare receives

the wide recurved border of the opposite extremity of the adjoining cen-

trum, forming a kind of ball and socket articulation. This reflected sur-

face forms a ridge with the funnel of the foramen at this extremity of the

vertebra. The concave extremity is produced downwards, so that the for-

amen is considerably above the middle point. The di apophysis and para-

pophysis are not distinct nor elongate, but are represented by a projecting

scar on the superior part of the centrum, which is directed downwards and

forwards towards the rim of the articular face.

Besides the great contraction of the centrum, its relatively shorter form

distinguishes it from that of C. collettii. It is also much larger than that

species and the C. pedunculatus, being the largest of the genus.

Measurements. M.

Length of centrum 031

( vertical 039
Diameter of centrum

-j transverse 033

Width of neural canal 006

Discovered by Jacob Boll.

Printed November 21st, 1877.
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On Amphicaiias, a genus of Sauriaris from the Dakota epoch of Colorado.

By E. D. Cope.

The genus to which the above name is now given, is allied to Camara-

saurus, of which, and the gigantic species G. supremus, I have given an

account in my Paleontological Bulletin, No. 25. Both genera differ from

their nearest ally Ornilhopsis Seeley, in the excavation of the vertebral

centra, so as to include large chambers separated by a septum, which com-

municate with the external median by a lateral foramen. In the Omithop-

sis it is stated that the vertebral centra are occupied by a number of coarse

cells. In the more remotely allied Cetiosaurus, Owen has observed that

the tissue of the centra is coarsely spongy.

The vertebra from all parts of the column of Camarasaurus are known,

and those of the dorsal and lumbar regions present the extraordinary char-

acter, of which a trace is seen in Cetiosaurus, of neural spines expanded

transversely to the axis of the column. Numerous vetebra of AiwpMcce-

lias are known, and in the dorsals in which the neural spine is preserved,

the latter displays the usual form, that is, it is compressed in the direction

of the axis of the column. The centra differ from those of Camarasaurus

in the form of their articular extremities, resembling more nearly in this

respect the genus Tichosteus Cope (Paleontological Bulletin, No. 26, p.

194). They are unequally amphiwelous, the posterior extremitj^ being

more concave, and with concave prominent margins ; while the opposite

one is less expanded and is but slightly concave. The neural arch is

coossifieel to the centrum, and there is no capitular costal articulation on the

latter.

The manner of the mutual articulation of the neural arches in this genus

is peculiar, and is only paralleled in the genus Camarcosaitrus, so far as I

can ascertain. The anterior zygapophyses are separated by a deep fissure,

while the posterior zygapophyses are united on the middle line. From the

latter from the point of junction, there descends a vertical plate which

rapidly expands laterally, forming a wedge whose base looks downward.

The supero-lateral faces are flat, and articulate with corresponding facets on

the inferior side of the anterior zygapophyses, which look downward and

inward, on each side of the fissure above described. When in relation, the

anterior zygapophyses occupy a position between the posterior zygapophy-

ses above, and the hyposphen, as the inferior reversed wedge may be

termed, below. This arrangement accomplishes the purpose effected by the

zygosphenal articulation, that is the strengthening of the articulation be-

tween the neural arches, but in a different way. The additional articula-

tion is placed at the opposite extremity of the vertebra, audit is the anterior

zygapophysis instead of the posterior one which is embraced. This struc-

ture entitles the genera which possess it to family rank, and as the two

genera mentioned above belong to different families in consequence of the

different types of vertebral centra, the one opisthoccelous, the other amphi-



ccelous, they may be called Camarasauridw and Amphirceliidce respec-

tively.

The pubis is a stout bone with one slightly concave, thicker border, and

an opposite strongly convex, thinner margin. One extremity is truncate ;

the other presents one transversely truncate and one oblique face. The

femur is elongate, and presents a strong postero-external ridge or third tro-

chanter near the middle of the shaft. The head is not separated by a well

marked neck, and the great trochanter does not project beyond it.

Thus while there is a striking resemblance to Camarasaurus in what

may be regarded as adaptive characters, in some important essentials the

two genera are very different.

Amphicoslias altus sp. nov.

The centrum of the dorsal vertebra of this reptile is contracted both lat-

erally and inferiorly, so that the margins of the articular extremities flare

outwards. The sides are flat, and the inferior surface but little convex in

the transverse direction. The pneumatic foramen is situated at the bottom

of a large lateral fossa which extends nearly the entire length of the superior

portion of the centrum. Its inferior border is sunken abruptly, while the

superior gradually shallows on the external surface of the base of the neu-

ral arch. The foramen is longer than high, in contradistinction to that of

the Camarasaurus supremus, where it is round or higher than long.

The neural arch is very much elevated to the zygapophyses. It is

strengthened by a prominent rib, which extends from the posterior base

upwards and forwards to the base of the anterior zygapophysis. The sur-

face above and behind this is occupied by an extensive excavation whose

superior border is the line connecting the zygapophyses. The anterior

zygapophyses are separated medially by a deep notch which extends to the

base of the neural spine. The articular surfaces incline towards each

other. Just behind the anterior zygapophysis, a process extends outwards

and forwards whose extremity is lost in my specimen. Its posterior face

is excavated by the lateral fossa above described. This process is probably

the parapophysis which supports the rib. The diapophysis springs from

the line connecting the zygapophyses and extends upwards and outwards.

Its inferior surface is concave, or longitudinally excavated.

The neural spine is thin, but its anterior and posterior borders are thick-

ened and double, the lateral rib-like edges being separated by grooves

which expand at the base. The posterior groove continues to a more ele-

vated point than the posterior. Each side of the spine is divided into two
shallow wide grooves by a median keel. The apex of the spine is much
thickened transversely, its obtuse extremity having the fore and aft and
transverse diameters equal.

The pubic bone resembles that of the Camarasaurus supremus, but is

less robust in all its parts. It is also less extended in antero-posterior width

near the proximal extremity.

The femur is remarkable for its slender form. It is a few inches longer



than that of the Camarasaurus supremus, but is not so robust. The shaft

is nearly round and somewhat contracted at the middle, where it is slightly

convex backwards. It is slightly curved inwards at the great trochanter.

Here the shaft is moderately grooved on the posterior face. This trochan-

ter is only a prominent ledge below the head. The third trochanter is sit-

uated a little above the middle of the shaft ; it is a prominent obtuse ridge

directed backwards. The condyles are extended well posteriorly, and are

separated by a deep groove, which originates on the inferior portion of the

shaft. They are also separated anteriorly by a shallow open groove. The
external condyle is rather more robust than the internal.

The length of the femur is six feet four inches ; the elevation of the

dorsal vertebra three feet three inches.

Measurements. M.

i fore and aft 245

Diameter of dorsal centrum vertical 270

(transverse 265

Total elevation of vertebra 1 . 100

Length of neural spine 600

Elevation of anterior zygapophyses 500

f antero-posterior 160

Diameter of neural spine - transverse (at middle) 065

(_ " at summit 140

Depth of centrum below pneumatic foramen 120

Fore and aft diameter of pneumatic foramen 080

Length of pubic bone 1.060

Thickness of stoutest extremity 140

Length of femur 1.524

Transverse extent of proximal end .420

" "condyles 320

Diameter of middle of shaft 220

Distance from head to third trochanter 665

Diameter of head (compressed) 260

Amphicceltas latus sp. nov.

Of the wonderful fauna of the Dakota epoch of the Rocky Mountains

the Camarasaurus supremus was preeminent in several proportions, the

AmpMcceUas altus was the tallest, and the saurian now to be described, was

the most robust. It is represented in Mr. Lucas' collection by a right

femur and four caudal vertebrae which are in good preservation. They reveal

the existence of another saurian of huge dimensions, and of great mass in

proportion to its height.

The caudal vertebrae are apparently from the anterior part of the series.

They are ail strongly bi-concave ; the anterior face more so than the pos-

terior. They all possess diapophyses of depressed form which take their

origin below the base of the neural arch. The centra are short in antero-



posterior diameter, and do not present lateral angles. They are composed

of not very dense osseous tissue. The anterior zygapophyses are rather

elongate, and their articular faces are directed steeply inwards. They are

rceived by corresponding shallow excavations, one on each side of the pos-

terior base of the neural spine. The neural spines are compressed and

straight, and become very robust towards the apex.

The femur is extraordinarily robust. The great trochanter is low, but

the shaft is widest where it expands outward. The third trochanter is above

the middle, and is short and little prominent. It is on the inner edge of

the posterior aspect of the shaft, and looks backwards and inwards. The
shaft in its present state is compressed so as to reduce the antero-posterior

diameter. It is not however crushed or cracked. The condyles have

much greater transverse than antero- posterior extent. They are moderate-

ly produced backward, and are separated by a deep inter-condylar groove,

while the anterior trochlear groove is wide and well marked. The inner con-

dyle is narrowed posteriorly while the external one is obtuse and robust.

The articular extremity is marked with irregular pits as in Dystrophins and
Cetiosuurus.

Measurements.
M.

/ fore and aft.. . .150

Diameter of anterior caudal vertebra. 1 vertical 200
' transverse 260

Elevation to zygapophyses of the same 250

Total elevation of the same 480

Length of femur 1.400

Proximal diameter of femur j
fore and aft 105

I transverse 410

Distal diameter of femur {
foreaDd aft 360

I transverse 450

Diameter of middle of shaft of femur 280

The caudal vertebrae of this species are much more deeply bi-concave

than those of the Camarasaurus supremus ; they also differ in their rela-

tively and absolutely greater breadth of centrum.

Published December 10, 1877
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Descriptions of New Vertebrate from the Upper Tertiary Formations of the

West.

By E. D. Cope.

(Bead before the American Philosophical Society, December 21, 1877.)

PlTHECISTES BREYIFACIES geil. et Spec. 110 V.

Char. gen. These are chiefly known from a mandible which supports the

dentition of one side and part of the other. The dental formula is' I. 1
;

C. 1 ; Pm. 3 ; M. 3. The single incisor of each side is weak and easily lost,

and there is on one side only, a small alveolus for a minute second incisor.

It is therefore probable that in some individuals the incisive formula is 2.

The canine is not large, and closes in front of the superior canine in the

usual manner. The first and second premolars are one-rooted, and their

crowns are wider than long. That of the third premolar is robust, but

longer. The molars increase rapidly in size, and are not prismatic, but

are well rooted. They are worn in the specimen, but their structure is

probably shallow selenodont. The last molar has a long heel or fifth lobe.

Char, specif. The mandibular ramus is very deep posteriorly, and the

incisive border is not prominent. The canine tooth is quite small, its trans-

verse diameter being less than that of the first premolar, and equaling it

antero-posteriorly. The exterior incisor is weak, and the crown expanded

transversely, and obtuse. The crown of the first premolar is worn deeply

by the superior canine. The transverse diameter at tlie base of the crown

exceeds the antero -posterior. The crown of the second is wider than long,

and of the third longer than wide. The molars increase rapidly in size

posteriorly, so that the length of the third equals that of the three premolars

plus the canine. The heel is long, and is connected with the remainder

of the crown by a narrow plate, or in section, an isthmus. There are no

cingula, but an accumulation at the bases of some of the teeth resembles

the deposit of "tartar." The symplysis is very robust, and its upper sur-

face is marked on each side by a low longitudinal swelling. The opposite

premolar series are slightly convergent.

The form of the mandible of this animal, as well as the number and pro-

portions of the teeth, curiously resemble that of the corresponding part of a

monkey. The species was about the size of a red fox.

Measurements. M.

Length of ramus from heel of molar III 057
" molar series 048
" premolar series 015
" second true molar 010

Width " " 007

Length of last molar 018

Width of " at front 007

Length of symphysis in front 020

Depth of ramus at first premolar 017

second true molar * 025
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Brachymeryx feliceps gen. et sp. nov.

Char. gen. These are derived from the superior dental series. These

are I.'- ; C. 1
; Prn. 3

; M. 3
. The true molars have the bases of the crowns

little swollen, and the last two of the superior series are but shortly rooted ;

the anterior ones have longer roots. The true molars are simply seleno-

dont, with the anterior extremities of the external crescents forming promi-

nent ribs. The last superior premolar consists of two columns posteriorly

and a single trenchant one anteriorly, and the second (first of the series,)

is simple and trenchant. The worn posterior face of the canine shows that

the first inferior premolar is the functional canine as in Oreodon. There

is a very slight diastema in front of or behind the canine, the series being

continuous, as in Oreodon.

This genus differs from Pitheeistes in its canine like first inferior premo-

lar, and in the trenchant character of the anterior premolars. With Cyclo-

pidius it enters the family group of the Oreodontidce, but approaches the

suilline types still more nearly in its probably coossified symphysis man-

dibuli.

Char, specif. This ungulate was a little smaller than the species last

described, and is represented in my collections by two nearly complete

crania without mandibles. The head is depressed and the zygomata widely

expanded ; the palate is wide, and the muzzle short. The infraorbital fora-

men is double and issues above the adjacent parts of the second and third

(last) premolars. Immediately in front of it the side of the face is concave.

The projecting anterior angles of the external crescents of the molars

are very prominent, forming strong vertical ribs. The external border of

the last premolar is only interrupted by a little convexity. The anterior

narrow portion of the second premolar is incurved. This tooth is two-

rooted ; the first is one-rooted. The canine is small and strongly recurved.

It is cylindric at the base, but beyond this is narrowed antero-posteriorly

partially from the friction of the first inferior premolar. The anterior face

is regularly convex. The first premolar has a very slight internal basal

cingulum ; its cutting edge is directed obliquely to the long axis of the

cranium. There are no cingula on the other teeth. The enamel of the

true molars is smooth on the external side of the crown. There is no
enamel on the inner walls of the central lakes.

Measurements. M.

Length of dental series to anterior border of canine. 050
" premolar series 017
" last true molar 012

Width of " " 006

Length of first true molar 007

Widthof '" " ....006

Length of first premolar 006

Widthof " '• -. 006

Length of canine tooth 009
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Measurements. M.

Diameter of canine tooth (transverse) 004

Width of cranium between first premolars 016
" " " last molars 030

The cranium of this species is about the size of that of a large domestic

cat.

Cycloptdius simus. Gen. et. sp. nov.

Oliar. gen. Dental formula I. § ; C. \ ; Pm. f-
; M. f . The superior

canine is small and is separated from the first premolar by a very short

diastema. First premolar simple, trenchant ; second premolar two rooted,

with one principal cutting edge ; third with an external crescent and a

rudimental internal one, not united in front. Fourth premolar with the

inner and outer crescents only, and these well developed. Last true molar

without heel. Inferior canine with much wider crown than the incisors

with which it is in close association. First premolar canine-like, but not

very large ; second premolar simple. Third and fourth premolar with the

anterior portions trenchant, the posterior with wide or double columns.

Last true molar with large fifth crescent or column. True molars of both

jaws prismatic. Symphysis mandibuli coossified.

Frontal bones much abbreviated in front by a large upwards- looking

fossa on each side, which are separated by the very narrow and short nasal

bones. There are' lachrymal fossae and a huge foramen in front of them,

which communicate with the maxillary sinus. There is a prominent trans-

verse supraoccipital crest, and the otic bullae are greatly inflated.

This genus is related to Leptauchenia, Leidy, but differs in having but

two lower incisors below. That genus belongs to a lower horizon, the mi-

ocene of White River, while the present form is its successor in the upper

Miocene or Loup Fork beds. The remarkable character of the vacuities in

the superior region of the front part of the cranium, reminds one of the

existing genus Smga. Dr. Leidy partially described a similar structure in

Leptauchenia. In this genus what are clearly nasal bones in Cyclopidius,

he terms front.jls, probably by error.

Char. Specif. This animal is rather larger than either of those above

described, and is represented in my collection by one nearly complete cra-

nium, one entire left maxillary bone, and the under jaws of five, and prob-

ably of several other individuals.

The skull is wide and abbreviated in front. The maxillary bones are

everted on each side of the external nares. The malar bone is very wide

or deep, and sends upwards a strong postorbital process, which is broken

off in part, but which probably completed the orbit. The superior facial

fossa? reach backwards nearly as far as the middle of the orbit. They are

longitudinal narrow ovals, open in front. The projecting supraorbital por-

tions of the frontal bone with the nasals have a tripodal form. The lach -

rymal fossa looks outwards, upwards and forwards, and the large maxillary

foramen outwards. The infraorbital foramen is double, and issues above

the contiguous portions of the third and fourth premolars.
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The external crescents of the true molars present prominent anterior an-

gles, which form strong vertical ribs. The first superior premolar has a

weak, and the second premolar a very strong internal basal cingulum ; there

are no other cingula. The diastema is as wide as the diameter of the canine.

The first inferior premolar is one-rooted, and the second two-rooted, and

both are longer than wide in horizontal diameter. The middle pairs of in-'

cisors are very small ; the external one on each side is much larger, the

diameter equaling half that of the canines. The first and second true mo-

lars are subequal, and are together longer than the third, which does not

quite equal in length the three premolars. The heel of the last molar is

not so long anteroposteriorly as each of the other columns. The symphysis

is steep, but is everted at the incisive region.

Measurements. M.

Length of ramus from heel of m. Ill 065
'

' ofmolar series 036

" of premolar series 016

" of second true molar Oil

Width of " " " 006

Length of third " " 016

Width of " at front 006

Length of symphysis in front , 025

Depth of ramus at first premolar 022
" " second true molar 025

Width between superior anterior premolars 014

Cyclopidius hetekodon sp. nov.

This species is represented by a portion of the right maxillary bone,

which supports the last premolar, first true molar, and portions of other

teeth. It is a smaller form than the B. simus, and differs in several import-

ant respects. The infraorbital foramen is single and larger than those of

the other species. The fourth premolar, while of the same constitution as

that of M. simus, is relatively much smaller, not equalling in the extent of

its grinding face one column of the first true molar. The latter is pris-

matic, and of usual form. Its external crescents are not produced as in B.

simus, so that there are no distinct vertical ribs.

Measurements. M.

Diameter of last premolar i
anteroposterior 0050

l transverse .0045

Diameter of first true molar j
anteroposterior 0080

I transverse 0055

This species was found with the three preceding in the Upper Miocene

of Montana by my assistant, J. C. Isaac.

Blastomeryx borealis sp. nov.

This genus was denned by me in the fourth volume of the Report of

Lieut. G. M. Wheeler to the Chief of Engineers, 1877, p. 350, as not cer-
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tainly distinct from Dierocerus Lartet. The discovery of a second species

of the group, which displays the characters there pointed out, in a still

more striking degree than the species on which it was formed, renders it

necessary to introduce the genus formally to the system. In brief its

molars differ from those of Dierocerus much as those of the deer differ from

the molars of the antelope. While Dierocerus was probably the ancestor

of Antilocapra, Blastomeryx was the ancestor of Cervus or Gariacus.

The superior dental formula is I. ; C. ; Pm. 3 ; M. 3. The molars

all have two pairs of crescents excepting the last premolar, where the pos-

terior pair are rudimental. The external face of the anterior crescent in

all the molars presents a groove, which is bounded posteriorly by a vertical

ridge. The posterior crescent is directed a little inward posteriorly on -the

true molars. The palate is much contracted in front of the first molars.

The horns stand above the posterior parts of the orbits ; their section is

triangular, the posterior angle being rounded, and the external produced

and acute, bounding the orbit outwards and backwards. There is no trace

of burr. The temporal fossae approach so as to be separated only by a

rather wide and low occipital crest.

Measurements. M.

Total length of skull 320

Length of molar series - 107
'

' premolar " 049
'

' second premolar 016

Width " " Oil

Length of first true molar 020

Width " " ...
x

015

Width between bases of horn-cores 050

Transverse diameter of horn-core two inches from base. . ,040

Width between external borders of first true molars 078

Width of palate in front of first premolars 028

This species was as large as the black-tailed deer, Gariacus macrotis. It

was found by my assistant, J. C. Isaac, in the Upper Miocene of Montana.

Cervus fortis sp. nov.

This deer is of large size, much exceeding any living species of the

family Gervidce. It is represented in my collections by a superior molar

of the left side, and very probably by other remains which accompanied it,

viz. : a mandibular symphysis with incisor and canine teeth ; calcaneum.

astragalus, vertebrae, etc. These were found at the same time and place

by George M- Sternberg-, M.D., U. S. A., already well-known by his in-

teresting discoveries in the cretaceous formation of Kansas.

The plicae which mark the anterior extremities of the external crescents

are very prominent, and are directed forwards rather than outwards. The
median lakes are narrow and well separated medially. The posterior lake

has a strong fold of its internal border, forming a lobe directed backwards.
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A cylinder of small diameter stands near the apex of the fold of the in-

ternal enamel wall, which separates the internal crescents. There is a

cingular ridge descending inwards on the interior and posterior extremities

of the base of the crown, and below and exterior to it the enamel surface

is very rugose. The surface of the external enamel is smooth. The

enamel of the lake borders is seamed with shallow vertical sulci. The

crescents are wide and the lakes narrow.

The reference of this species to the genus Genus may require reconsid

cration.
Measurements. M.

Anteroposterior diameter of crown . 052

Transverse do. in front 035

"Width of anterior external crescent 018

Elevation of crown externally 020

Prom the pliocene formation of Oregon.

The Loup Fork beds have been usually referred to the Pliocene horizon,

but I have offered reasons why they should be regarded as of Upper Mio-

cene age. The horizon from which this and some other species herein

described, found in Oregon, represent the Pliocene formation much more

nearly.

DlCOTYLES SERTJS, Sp. nOV.

This species of hog is indicated by a mandibular ramus which lacks

the angles, and supports the dentition of both sides excepting the third

right molar. Other portions of the skeleton are associated. A second

specimen is the symphysis with the incisor teeth. The remains indicate

an animal something larger than the white lipped peccary Dicotyles

labiatus.

Dentition of the mandible, I. 2 ; C. 1 ; P. m. 3 ; M. 3. Inferior canines

triangular ; superior canines decurved, triturating the inferior. Last

inferior molar with well developed heel. Last premolar like the first mo-

lar. First premolar with anterior single tubercle and posterior lower tu-

bercle heel ; second premolar similar but wider, and the anterior tubercle

divided. Molars consisting of four principal tubercles opposed in pairs,

with some accessory ones between them.

The rami are robust and of moderate depth ; the symphysis is elongate

and contracted. The suture of the latter remains on the inferior side, but

is obliterated on the upper surface. The symphysis is trough-like and the

narrow alveolar ridges of the diastema are concave inwards.

The incisor teeth are directed forwards, and are closely approximated

and parallel. The fang of the second lies close to that of the canine, and

the edges of the crowns together form a parabola, the. enamel being pro-

longed posteriorly, on the external side of the external tooth. The crowns

of the median teeth are not expanded laterally, nor much depressed at

the apex ; as half worn in the specimen, they form a wide transverse

oval. The canines curved upwards and outwards and present their tritu-

rating surface a little external to directly backwards. Their section is tri-



1877.] 225 [Cope.

angular, the lateral faces being longer than the posterior, and the anterior

angle is a narrow one. The surface of the enamel cannot be described, as

it is eroded at some points. The diastema is long.

The first (homologically second) premolar is narow, and is without

lateral or posterior lobe or cingulum, but a third is a rudimental lobe at its

anterior base. The heel presents an interior tubercle, and a narrow pos-

tero-external lobe which embraces a medeo-external tubercle. The latter

becomes the external posterior tubercle on the true molars. The third pre-

molar is larger and wider than the second ; the niedio-external lobe be-

comes more external and posterior, and a median tubercle appears in front

of it. The posterior tubercle still sends a narrow ledge round to the outer

base of the medio-external lobe. The anterior lobes are more elevated

than the others, and are only separated by a fissure. In the fourth premolar

the true molar structure is seen in the regular quadri-tuberculate form.

There is a small tubercle in front and behind the notch of lobes, and a fold

descending forwards on the outer side of the external posterior lobe. In

the second true molar there is an additional tubercle on the middle line be-

tween the pairs of lobes. The median accessory tubercles are not distinct

on the last molar, excepting the posterior, which becomes a large heel.

The lobes of each pair are not deeply separated on the last two molars.

These teeth are rather abruptly larger than the first true molar, which is

little larger than the last premolar. Each of them has a narrow anterior

cingulum, but no other. The enamel is nearly smooth.

Measurements

.

M.
Length of mandible from end of posterior molar to in-

cisive alveoli 0.190

Length of molar series 103
'

' true molars 062

" diastema 054

Width between bases of canines 020
" of diastema 024
" between bases of first premolars 032

( antero-posterior 012
Diameter of p. m. 2

j trangverse 007

. (transverse .015
Diameter of p. m. 4 < , . rt , ~

( antero-posterior 012

_^ ( antero-posterior 021
Diameter of m. 2 < , Mn,

{ transverse 016

( antero-posterior 026
Diameter of m. 3. \ . A1[_

( transverse 015

The animal from which the above description was taken was adult. It

was discovered in the Loup Fork beds of North-Western Kansas by Eussell

Hill of this city.

Tetralophodon campester sp. nov.

The cranium and under jaw, with nearly complete dentition, including

tusks, of this species, were obtained by my assistant, Russell S, Hill. The

PROC. AMER. PHILOS. SOC. XVII. 100. 2C. PRINTED JAN. 12, 1878.
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animal is mature but not old, as the second true (third intermediate) molar

is present and much worn, and the last molar is worn on its anterior three-

fifths.

The posterior or fourth crest of the second true molar is narrower than

the third, and is not followed by a heel. The third molar presents six

transverse crests, and so large a heel that it might be said to be seven -

crested. Each crest is sub-transverse, and is composed of a principal ob-

tuse cone at each extremity and some smaller ones between, in close con-

tact. The apices of the larger ones approach each other, and the median

ones are less elevated. The section produced by wearing of the third and

second crest each, is that of two trefoils placed base to base, and the lateral

lobes of these, completely close the valley between those crests. The val-

leys between the other crests are closed by one or two distinct median

tubercles, and the sections of those crests are less accurately trifoliate than

those of the others. There is a very large cingulum at the anterior ex-

tremity of this tooth whose worn section is confluent with both of the

trefoils of the anterior crest near the middle. A portion of it is isolated on

the inner side of the crown, forming a flattened cone, or when worn, an

isolated oval with the long axis directed inwards and forwards. This I

have counted as the first crest, as it is as much entitled to it as the one so

counted by Dr. Falconer, in the T. sivalensis. The palate is narrow, not

exceeding the width of the second true molar.

The mandibular rami are of rather light tissue, and are compressed in

form, the external face being little convex. The symphysis is produced,

without abrupt contraction either laterally or below, into a robust beak

whose depth is equal to the width five inches beyond the bifurcation. It

is channeled above by a narrow and deep groove, and supports no tusks.

From the appearance of the tissue when fractured transversely it is evi-

dent that there have been no alveolar cavities at any time. The beak is

slightly decurved and the extremity is depressed and transversely flat-

tened. The superior incisor possesses a broad band of enamel, which
covers nearly one-third the diameter of the tooth.

Measurements. M.

Length of crown of second true molar 118

Width " " " 075

Length "
third " 195

Width " " " .080
." palate at anterior extremities of second molars .045

posterior crests of third " .095

Length of ramus from posterior border to bifurcation 560

Length of symphyseal beak (broken) 480

Depth of do. five inches from bifurcation 118

Width of do. at do 115

This fine new Mastodon is the second species of the genus Tetralophodon

found as yet in North America, the first being the T. mirificus of Leidy.
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It is well distinguished from this form by the structure of the component

parts of the crown of the last molar tooth, and by its long symphysis, that

of the T. mirificus possessing the more usual short spout. It is with the

T. longirostris, of Eppelsheim and the valley of the Danube, that the

closest affinity exists. In T. campester the symphyseal production is much
more robust, not being separated from the rami by any constriction, as in

T. longirostris. It is moreover without incisive tusks, but it is yet uncer-

tain what value should be attached to this character, as it may turn out to

be individual or sexual. In the intimate structure of the molars there is

considerable resemblance to the T. longirostris ; that species is however

stated by Dr. Falconer* to possess but five crests and a heel on the" last

molar. The presence of the enamel band on the tusks also separates the

T. campester from that species, where, according to Mr. Vacek,f it is

wanting.

In comparison with M. sivalensis, this Mastodon differs in,the transverse

character of the valleys ; in the Indian species the tubercles alternate and

close them.

The dimensions of the T. campester are those of the African Elephant.

From the Upper Miocene and Loup Fork horizon of Kansas.

Taxidea sulcata sp. nov.

This badger is represented by the nearly entire maxillary bone of the

left side containing all the teeth excepting the canine and first premolar.

It resembles the corresponding portion of the T. americana very nearly,

but differs in two important features. The first of these is the abbrevia-

tion of the anterior portion of the dental series. The first premolar is

closely wedged in between the canine and second premolar, so that its an-

terior root is almost obsolete. The head was thus doubtless relatively

shorter than in the existing species where there are hiatuses between the

roots of the first premolar and adjacent teeth. The second character is

seen in the last or true molar. On its crown the tubercles are arranged in

two well separated transverse rows, forming crests by their confluence,

which are separated by a deep valley, and bound by a half valley in front

and rear.

Measurements. M.

Length of series, including canine '. 038
" premolars 023
'

' last premolar Oil

Width of " " 009

Length of last molar (inside) 012

Width " " ..010

From the Pliocene of Washington Terr.; found by Major Truax, U.S.A.

* On British and European Fossil Mastodons, p. 19 (8 vo.).

t Ueber Oesterreichische Mastodonten Wien, 1877, p. 31 (Abh. K. K. Geo].
Reichanstalt).
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PSEUDEMYS BISORNATUS Sp. 110V.

This fresh water tortoise is represented by portions of three individuals.

These exhibit a rather flattened convex carapace, with marginal bones

united (behind the bridge at least), without gomphosis, by fine suture.

There are no median or lateral keels. The vertebral bones are nearly as

wide as long, and thick ; the costals are thickest proximally and thinnest

medially. The marginals are quite stout. The dermal scutal sutures are

deeply impressed, especially those defining the marginal scuta.

The sculpture of the superior surface of the carapace is strongly marked

and peculiar. The vertebral scutal areae are smooth, or display only a few

obscure ridges directed backwards and inwards, on the proximal portions

of the costal bones ; the vertebral bones being smooth. The costal scuta

present two forms of sculpture
;
posterior to the intercostal bony suture each

is reticulated with inosculating sharp ridges whose general direction is

longitudinal proximally and transverse distally. The sculpture is Trionyx-

like, and rather coarse. The surface anterior to the osseous suture, is orna-

mented with raised, parallel ridges, which are separated more widely than

those of the posterior half of the scutum, and which do not inosculate . They
continue uninterruptedly to the succeeding osseous suture, to be followed

again by the reticulate pattern. Thus each costal bone is divided into three

areas ; a proximal smooth one, and an anterior reticulate, and posterior

ridges arete, separated by a deep sutural groove

.

A posterolateral marginal bone unites subequally with two costals. Its

superior surface rises in abrupt convexity beyond the costo-marginal der-

mal suture, and from the transverse intermarginal dermal suture. It is

then concave to the recurved margin. Its sculpture consists of transverse

ridges, separated by grooves of equal width.

Measurements. M,

Length of a vertebral bone 035

Anterior width ot same »

.

032

Thickness of same anteriorly 009

( antero-posterior. 035
Extent of median costal

j trangverge m
Median thickness of do 006

Distal •'• " 007

Length of a posterior marginal , 030

Width " "
. ... .042

Thickness " " 017

This tortoise is at first sight apparently singular in its marks of ornamen-

tation. On comparison with existing species, however, it is seen to present

an exaggerated condition of the sculpture characteristic of some of the exist-

ing Pseudemydes of our Southern rivers ; e. g. the P. elegans. It is more
robust in all its proportions than any of these.

The fossil remains were discovered by my friend, G. W. Marnock, in the

pliocene of South-western Texas.
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ClSTUDO MARNOCHII.

Represented by the posterior lobe of the plastron of an individual of

twice the bulk of the existing North American Cistudos. It is broadly

rounded posteriorly, and there is an ernargination at the fenioro-anal der-

mal suture. The anterior suture is straight, as is also the lateral, which

measures more than a third the length of the entire lobe. On the upper

side ofthe angle included by these sutures is the fossa for fixed attachment

with the carapace. The beveled face of the fore edge of the lobe is quite

wide. The dermal sutures are well marked. The anal scuta are large,

their median length being half that of the lobe. The common femoral

suture is only half as long as the ventral. The inferior surface is nearly

flat in every direction; and the surface is smooth. The posterior border of

the specimen is broken away.

This species was obtained from the same formation as the last, by Gabriel

W. Marnock, to whom I dedicate it.

Anchybopsis breviarctjs sp. nov.

The genus to which the above name was given, was established by the

writer in 1870, for a species Cyprinoid fish, from the pliocene formation of

Idaho. Its affinities were then stated to be to Albumops (Hybopsis), and

related existing genera. The present paper describes two additional spe-

cies of the genus, both of which are represented by pharyngeal bones and

teeth of both sides. The teeth are shown to be 5-5, in contradistinction to

the genera Hemitremia and Albumops, where they are 5-4 and 4-4 respec-

tively

In this fish the common base of the pharyngeal teeth rises upwards, so

as to project well in front of the general plane of the bone. The superior

teeth are more compressed than the inferior, and the first and second count-

ing from below, have convex grinding faces. The pharyngeal bone has a short

inferior and a long superior limb. The alate portion is regularly and

strongly convex, without abrupt expansion. The nutritive foramina of the

anterior face are two large inferior and several small superior ones,

Measurements. M.
Vertical extent of bone in a straight line 020

Width at second tooth 008
" atfirst " 004

Length of tooth line 011

of third tooth 005
'

' of basal limb to first tooth 009

This species is of smaller dimensions than the A. latus.

Anchybopsis altarcus sp. nov.

The pharyngeal bones of this cyprinoid are larger and of more slender

proportions than those of the A. breviarcus. Specimens from both sides are

preserved. The inferior and superior limbs are both elongate, the former

slender, the latter fiat. The ala is abruptly expanded at right angles to the

long axis ; the external border is thence nearly straight to, and the angle of
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the superior border situated interiorly to, the line continuing the inner bor-

der upwards. The tooth line is elevated at the upper extremity. The basal

teeth are more robust than the others, and do not present grinding faces.

The nutritive foramina are more numerous and smaller than in the A.

bremarcus.

Measurements. M.

Vertical extent of right pharyngeal 023

Width at second tooth 009

at first " 004

Length of tooth line 012

of third tooth 006

" of basal limb to first tooth 011

Found with the last species by Chas. H. Sternberg, in the Pliocene de-

posit of Oregon.

Alburnops angtjstarctjs sp. nov.

Represented by the pharyngeal bones of both sides, of a species of about

the size of the one last described. The characteristic marks of these are

seen in the long extremities, both inferior and superior, and in the very

slight convexity of the ala, which is less prominent than in any of the Cy-

prinidm here described. The superior end of the tooth basis is elevated

and prominent. In one of the jaws all the teeth display a masticating sur-

face. In the other the second tooth, the only one preserved, is partially

worn.

The length of the proximal limb distinguishes this pharyngeal bone from

that of the Anehybopsis bremarcus, if the generic characters be disregarded.

From all the other species the slight prominence of the ala separates it.

Measurements. M.

Vertical extent of right pharyngeal 023

Length of proximal limb 010

of tooth line .010

of distal limb , 012

Width at first tooth 005

" of second tooth 007

Length of third tooth 005

Found by Mr. Sternberg, with the last species.

Alburnops gibbarcus sp. nov.

One left and two right pharyngeal bones furnish the characters of this

species. Their form is angulate, as in the Anehybopsis altarcus, but shorter

in the vertical direction. The proximal limb is rather short, and the dis-

tal one not as long as in the species last described. The ala widens ab-

ruptly at the inferior margin, and the thin superior edge of the superior

limb is obtusely angulate. The nutritive foramina are rather numerous.

The first and second teeth display little or no grinding surface.
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Measurements. M.

Vertical extent of right pharyngeal „ . . .020

Length of proximal limb 009

of tooth line 009

of distal limb 009

Width at first tooth 004
" at second tooth 008

Length of third tooth .005

Found by Chas. H. Sternberg in the Pliocene of Oregon.

On some Sauriansfound in the Triassic of Pennsylvania, by G. M. Wheatley,

By E. D. Cope.

(Bead before the American Philosophical Society, Bee 21, 1877.)

Thecodontosaurus gibbidens sp. nov.

The only remains of this saurian which have come into my hands are two
teeth. They are in good preservation, lacking only the great part of the root.

They present the leaf-like outline characteristic of the genus, the crown

being strongly distinguished from the narrower root. The form is quite

robust, and contracts gradually to the apex. The cutting anterior and pos-

terior edges bound the inner face of the crown, from which they are sepa-

rated by a groove along their bases. They are interrupted by coarse serra-

tions, the apices of the denticles being directed upwards. These are much
reduced in size at the base of the crown. The cutting edges are not sepa-

rated from the external face by grooves. This face is very convex and

perfectly smooth. The inner face is convex between the grooves and is

marked with six or seven continuous sulci, which are obsolete at the base.

The saurian which possessed the tooth described was not of large propor-

tions. The species differs from the English form in many respects ; e. g.,

the greater convexity of the external face ; the basal grooves of the cut-

ting edges, the grooving of the inner face, the abrupt constriction below

the base of the crown, etc.

Measurements. M.

Diameter of crown \
anteroposterior 0070

\ transverse 0045

Length of crown 0038
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Pal^eosatjrus fraserianus sp. nov.

But few remains indicate this species. It is established primarily on a

tooth, which presents the characters of Palwosaurus cylindrodon. It has

opposite denticulate cutting edges, an anterior and posterior, of which the

latter extends to the base of the crown, and the anterior but half way from

the apex. The posterior is denticulate throughout, Avhile denticulation is

visible on the anterior edge for but one-third the distance from the apex.

The posterior edge is more compressed. The surface of the cementum is

obsoletely finely linear ridged, and there are no sulci or other sculpture.

The crown is regularly and gently curved backwards.

Measurements. M.

Length of the crown 0200

Antero-posterior diameter of crown at base 0065

This saurian is dedicated to my friend, Persifor Frazer, Jr., in charge of

one of the districts into which the State of Pennsylvania is divided for the

conduct of the second geological survey. This district embraces the Tri-

assic region, which has been extensively and ably investigated by Prof.

Frazer.

SuCHOPRION ATJLACODUS Cope.

Paloioctonus aulacodus Cope, Paleontological Bulletin, No. 26, p. 184.

Several additional teeth of this species show that the tooth from which I

first determined it is one of the flattest of the series, and that those from

other positions in the jaws, instead of being flatter as in Palwoctonus, are

narrower, and of the usual form of those of Suchoprion.

This saurian possesses teeth of the size of the average of those of the S.

cyphodon, and which are like them, well compressed in the antero-poste-

rior direction. The surface is therefore very convex between the cutting

edges, especially on the external face, and the transverse diameter at the

base of the crown exceeds the antero-posterior. The cutting edges only

extend half way from the apex, and are but little denticulated. The sur-

face of the cementum is minutely and sharply linearly sculptured. It is

in addition, thrown into coarse continuous grooves on the basal two-thirds

of the crown, excepting for a short distance on the inner side of each cut-

ting edge. There are seven grooves on the inner face, and eighteen on the

outer face. On the latter the minute sculpture is least distinct.

Measurements. M.

Length of crown 0260

Diameter of base of crown |
foreand aft 01

f°
I transverse 0115

The short slightly denticulate cutting edges and the strongly grooved

surface distinguish the anterior teeth of this species at once from the 8.

cyphodon. Several specimens have been found by Mr. "Wheatley.
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On the Vertebrata of the Dakota Epoch of Colorado.

By E. D. Cope.

(Bead before the American Philosophical Society, December 21, 1877.)

Not long since I was informed by the Superintendent of Public Schools

of Fremont County, Colorado, Mr. O. W. Lucas, that he had discovered

the bones of an enormous saurian at an outcrop of the rocks of the Dakota

group not far from Canyon City. I encouraged him to proceed with the

exploration, and asked him to send some specimens which would explain

the character of his discovery. One of the first objects sent, is a fragment-

ary lower jaw of a carnivorous dinosaurian, which he found on the surface

of the ground. This fossil was found to belong to a species heretofore un-

known, which I referred to the genus Laelaps, under the name of Laelaps

trihedrodon.* The second sending included a number of vertebrae, which

apparently represent a much more gigantic animal, and I believe the largest

or most bulky animal capable of progression on land of which we have

any knowledge. This reptile I described in my paleontological bulletin

No. 26, under the name of Gamarasaurus supremus. Subsequent send-

ings included many of the more important bones of the skeleton, which

render it comparatively easy to determine the general character of this

monster. Later collections received from Mr. Lucas include the teeth of

two large species of a new genus which has been characterized under the

name of Gaulodon ; and the vertebrae of three genera new to science,

which I have named Tichosteus, and Symphyrophus. He also pro-

cured remains of two additional forms of gigantic size, fit rivals of the

Gamarasaurus, which I referred to the new genus Amphico&lias. A spe-

cies of tortoise was associated with these saurians, and appears to have been

abundant. It is the oldest species of the order yet obtained from Ameri-

can formations, and is not very different from existing forms.

The above named genera are the only ones from the Dakota horizon of

this continent which have been defined, up to the present time.

The species of Gamarasaurus and Amphicoilias, which attained to the

most gigantic proportions, are remarkable for the light construction of the

vertebrae anterior to the tail. In both genera the centra of the dorsal ver-

tebrae are hollow, including two large chambers which are separated by a

longitudinal median wall, and which communicate with the cavity of the

body by a foramen on each side. They are also remarkable for the enor-

mous elevation of the superior arches, and diapophyses, the result of which

is to give the ribs an unusually elevated basis, and the cavity of the body

much space above the vertebral axis on each side. On the other hand the

bones of the tail and limbs are solid or nearly so, in great contrast with

some of the Dinosauria of later geological periods. Another peculiarity of

the genus Gamarasaurus at least, is the probable great length of the an-

* Bullet. U. S. Geol. Surv. Terrs. Ill, 1877, p. 805.

PR0C. AMER. PHILOS. SOC. XVII. 100. 20. PRINTED JAN. 12, 1878.
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terior limbs. The scapula is enormous as compared with the pelvic bones I

The sacrum is also small and short, showing that the weight was not borne

on the hinder limbs. The great length of the humerus in the probably

allied genus Dystrophins, from the Trias of Utah, adds to the probability

that the same bones were large in Gamarasaurus. This character, taken

in connection with the remarkably long neck possessed by that genus,

suggests a resemblance in form and habits between those huge reptiles and

the giraffe. While some of the later Dinosauria elevated themselves on

their hind limbs to reach the tree-tops on which they fed, the general form

of the body in some of these earlier types enabled them to reach their food

without the anterior limbs leaving the earth.

Another remarkable peculiarity which these genera share with Dystro-

phins and Cetiosaurus is the irregular and pitted character of the articular

extremities of some of the bones. This indicates a cartilaginous covering,

and probably in some instances an osseous cap or epiplysis.

Dr. Hayclen visited the locality of Mr. Lucas' excavations, and informs

me that the formation from which the Gamarasaums was obtained, is the

Dakota. Prof. Marsh has attempted to identify what is, according to Prof.

Mudge, the same horizon, one hundred miles north of Canyon City, with

the Wealden of England. Specimens from the northern locality which I

have examined render it certain that the horizon is that of Mr. Lucas' ex-

cavations. Of this I may say that there is no paleontological evidence of

its identity with the Wealden . The resemblance of the vertebrate fossils

to those of the English Oolite is much greater, but not sufficient as yet for

identification.

The discovery of Vertebrata in the strata of the Dakota epoch is an im-

portant addition to the geology and paleontology of North America. The
numerous geologists who have explored its outcrops have failed hitherto

to observe remains of this class of animals. Credit is due to Superintendent

O. W. Lucas for this discovery, and also in an especial manner for the

skill and care he has exercised in taking out and shipping the ponderous

specimens.

CAMARASAURUS Cope.

Palseontological Bulletin No. 25, p. 5
;
(published August 23, 1877).

The characters of this genus are derived from nearly all portions of the

skeleton excepting the skull and ungues. The bones are generally in good

preservation.

The vertebrae of the cervical, dorsal and lumbar region are all opistho-

coelous or reversed ball and socket. The centra of the cervicals are very

elongate, but those which follow them diminish rapidly in* length, until in

the lumbar region they have but a small anteroposterior diameter. The
anterior caudal vertebra? are also very short and wide ; but the length of

the centra gradually increases, so that the distal ones are quite elongate.

The caudal centra are all moderately amphicoelous.

The centra of the cervicals and dorsals are hollow, and the interior
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chambers communicate with the cavity of the body by a large foramen

on each side, which is below the base of the diapophysis. In the cer-

vical vertebra it is very elongate; and extends between the bases of the

parapophysis and diapophysis. In the dorsal centra there are but two

chambers, which are separated by a longitudinal median septum.

The neural arches are coossified with the centrum throughout the col-

umn. They are extraordinarily elevated, and their antero-posterior diam-

eter is small. The zygapophyses are at its summit, and have extensive

articulating surfaces. The anterior pair are divided by a deep median

fissure, while the posterior are united, and support as a pendant from their

inferior median line a hyposphen, a structure more fully described under

the head of the genus AmpMcoelias, where it is equally developed. When
the vertebrae are in relation, the base of the hyposphen enters the fissure

between the anterior zygapophyses, and maintains them in position . This

structure is obsolete in the lumbar vertebrae.

The diapophyses rise from the neural arch to a considerable length up-

wards and outwards, in the anterior dorsals. They become shorter pos-

teriorly, but in none of the vertebrae anterior to the sacrum do they issue

from the centrum. In the caudal vertebrae they are short and robust, and

issue from the superior part of the centrum, They do not continue far on

the tail. Those of the dorsal vertebrae are light and concave below. They
are supported by thin osseous buttresses, the most important of which are

the two inferior ones. The anterior of these is much the most prominent,

and bears the capitular articular facet for the rib. In no case is this sur-

face seen on the centrum, but it descends somewhat in the posterior verte-

brae, but not as low as the level of the neural canal.

The neural spines are rather short, and are set transversely to the axis

of the animal. The superior portion is expanded transversely, and in an

anterior dorsal vertebra, is widely emarginate above, so as to appear double.

The neural spines of the caudal vertebrae are compressed and elevated,

thougb thickened at the apex. The zygapophyses are situated low down,

and are directed very obliquely". The chevron bones of the caudal verte-

brae have short limbs which are not united at the base, and a long common
median spine.

The sacrum is short and consists of only four vertebral centra, thoroughly

coossified. The anterior articular extremity is convex ; that of the poste-

rior extremity slightly concave. Its transverse processes are, like those of

the other vertebrae, much elevated, although they spring from the centra.

The external face of their bases is not prominent, and the spaces between

their projecting portions are deeply excavated. The centra are like those

of the caudal vertebrae, composed of dense bone. The extremities of the

adjacent transverse processes are united, thus enclosing large foramina.

The scapula is relatively of large size. It is rather elongate, and the

superior extremity is expanded. There is a very large mesoscapular pro-

cess, which is wanting in Oetiosaurus, according to Phillip's figures. It

appears to resemble the scapula in Dystrophceus .* The tAvo proximal faces,

* See Report of Lt. Wheeler, Vol. IV, pi. LXXXIII, p. 31.



Cope.] ^>36 [Dec. 21,

the glenoid and the coracoid, are well distinguished, and their surfaces are

like the corresponding faces of other bones, pitted coarsely.

The coracoid bone is of proportionately small size. It is of an irregu-

larly quadrate form, with the proximal extremity the shortest. The ar-

ticular face is large, and is presented obliquely away from the long axis of

the plate. There are no emarginations nor intermediate processes, and the

perforating foramen is well removed from the border.

Pelvic bones of two forms are present. Neither of them resembles pel-

vic bones of Dinosauria, and are least of all similar to the forms of ilium

which are known in that order. One of them is a robust L-shaped bone,

one limb of which is expanded into a wide fan-shaped plate ; and the other

is stouter and of sub-equal width, terminating in a stout sub -triangular ar-

ticular extremity. The face of this limb of the bone which looks away
from the fan-shaped plate is concave throughout its entire length, forming

a large part of the acetabulum. Both edges of this cavity are free and

rounded. The absence of articular faces above the acetabulum renders

the identification of the bone with either pubis or ischium difficult. The
second pelvic bone is larger than the first, and unlike it, is in one plane.

Its form is that of a low triangle with a long base, at each extremity of

which the angles are truncated. The "basal" border is gently concave in

the long direction and thick and convex in the cross -section, The two

"sides " of the triangle are rather thin margins, but one of them is thicker

than the other. One extremity of the bone is more robust than the other,

and is divided into two planes. The one is transverse and sub -triangular,

and applies to the extremity of the stout or acetabulum limb of the other

pelvic bone. The other is smaller, is oblique and concave, and when the.

two bones are placed in relation, forms a continuation of the acetabular

surface already described. Within this and the proximal portion is a large

foramen which resembles the pectineal perforation of the pubis.

The femur is long and without prominent third trochanter, this process

being represented by a low ridge. The condyles have an extensive poste-

rior sweep, and are separated by a shallow trochlear groove in front. A
tibia which was found with the other bones, is much shorter than the for-

mer, and has a much expanded head. It is very robust, especially at the

distal extremity. The astragalus was evidently distinct from it. A meta-

podial bone is very robust. Its extremities are much expanded, and the

shaft contracted, and it is furnished with a prominent median keel on one

half of its posterior aspect.

Several.genera have been described, which possess some of the features

presented by those to which the present animal belongs. The following

are characterized by the presence of the lateral sinuses of the vertebral

centra : Megadactylus Hitch., Cetiosaurns Owen, Omithopsis Seeley,

Bothrospondylus Ow., and Pneumatarthnis Cope. The first of these may
be dismissed with the remark that its caudal vertebrae possess the sinuses

as well as the dorsals, which we have seen is not the case with the Colo-

rado animal. The centra of Cetiosaurus according to Owen, and those of
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Pneumatarthrus, do not exhibit the cavernous structure above described, but

are uniformly spongy interiorly. Omithopsis of Seeley, which Owen refers

to his subsequently described Bothrospondylus, possesses a cavernous cellu-

lar structure, which I have not found in the reptile from Canyon City,

Colorado, but which occurs in the huge saurian discovered by Prof. Lakes,

near Golden, Colorado, in the same stratigraphical horizon. Another

name (Ohondrosteosaurus) has been introduced by Prof. Owen, but he

gives no characters, nor points out how it differs from Omithopsis, which

it resembles in its cellular structure.

A short time prior to my publication of the description of the genus

Gamarasaurus, Prof. O. C . Marsh of New Haven issued a description of a

portion of a sacrum of a saurian found in the Dakota beds near Morrison,

Colorado, a point one hundred miles north of Canyon City. To the animal

to which the sacrum belonged, Professor Marsh gave the name of Titano-

murus montanus. As the name of the genus was not accompanied by

any generic diagnosis or specific reference to its characters, it has no claim

to adoption according to the rules of nomenclature, nor is the genus

distinguished from some of those above enumerated. Especially is there

nothing to indicate that it differs from Omithopsis or Bothrospondylus.

The name given has also been already employed by Dr. Lydekker of the

Geological Survey of India.

Camarasaurus supremus Cope.

Paleontological Bulletin, No. 25, p. 7 ; Aug. 1877.

The bones of this species so far discovered by Mr. Lucas are:—a cervical

and twenty dorsal and lumbar vertebrae, with twenty caudals. Both

scapulae and coracoids were recovered, with one-half of the sacrum, and two
pairs of pelvic bones. Of the hind limb I have the femur, with a tibia less

certainly belonging to the same animal, although found among the other

bones. There is one metapodial. There are many other bones which I

have not yet reconstructed or determined.

The dimensions of this animal may be inferred from the fact that the

cervical vertebra is twenty inches in length and twelve in transverse diame-

ter; and that one of the dorsals measures three and a half feet in the spread

of its diapophyses, two and a half feet in elevation and the centrum thirteen

inches in transverse diameter. Another dorsal is two feet ten inches in ele-

vation. The scapula is five and a half feet in length and the femur six feet.

The centra of these vertebrae bear a ball and socket articulation of the

opisthocoelian type, the cups and balls being well pronounced ;
just be-

neath the diapophysis is situated a huge foramen. A broken centrum

from which Mr. Lucas removed the matrix, shows that this foramen com-

municates with a huge internal sinus, which occupies almost the entire

half of the body of the vertebra. Those of opposite sides are separated by
a septum which is thin medially. Thus the centra of the dorsals are

hollow. The neural arches are remarkable for their great elevation, and
the great expanse of the zygapohpyses. They are more remarkable for the
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form of the neural spines, which are transverse to the long axis of the cen-

trum. That of one of the vertebrae is strongly emarginate so as to be bi-

furcate. The widely extended diaphophyses support the rib articulations,

and there are no capitular articular facets on the centra.

The cervical vertebra is depressed, the anterior or convex extremity of

the centrum the most so. It is remarkable for its elongate form, exceeding

the proportions found in known Dinosauria and Crocodilia, and resembling

that seen in some fiuviatile tortoises. Near the anterior extremity a short,

robust parapophysis has its origin, from which it extends outwards and

downwards, and soon terminates in a truncate extremity which presents

downwards. A deep fossa occupies its upper base, and above this a deep

linear foramen extends throughoujt the greater part of the length of the

centrum. If this vertebra possesses a diapophysis it is rudimental.

The caudal vertebras are amphiccelian, but not deeply so. They are sub-

quadrate in section, and not so short as the corresponding ones of Radro-

saurus. The most anterior one of the series has short, robust diapophyses,

and is more concave anteriorly than posteriorly. The other caudals are

more equally biconcave, but the cavity is very shallow on the most distal

of them. The centrum is relatively more elongate and compressed than

those of the others. None of them display the lateral pneumatic fossa

which exists in the dorsals, and where broken so as to permit a view of

the internal structure, the latter appears to consist of rather finely spongy

tissue. The chevron facets are not very well defined, and the neural spines

are of usual forms, and on two anterior vertebrae elongate.

Many peculiarities are exhibited by the vertebrae of this species, which

are not described in saurians known up to the present time. Many of these

would have been lost in less careful hands than those of Mr. Lucas, and

science is much indebted to him for the preservation of many walls and

buttresses of light proportions. In general the external walls of the centra

are thin, and the processes are composed of laminae united by narrow mar-

gins. The vertebrae are lighter in proportion to their bulk than in any air-

breathing vertebrate.

The anterior extremity of the centrum of the cervical vertebra is promi-

nently convex, and much depressed. The posterior and concave extremity

is wider, and of rather greater vertical diameter. The base of the neural

arch only occupies half of the length of the centrum, an equal extent of

the superior surface extending freely beyond it at its anterior and posterior

extremities.

The linear lateral' foramen commences a little behind the anterior base of

the neural arch, and descending somewhat in its direction, terminates be-

neath the posterior extremity of the base of the neural arch. The base of

the latter overhangs the foramen and the base of the transverse process.

The interior surface of the centrum is concave, the concavity being bounded
in front by the inferior convex thickening of the extremity. Behind the

middle the surface becomes plane, and is, near the posterior extremity,

bounded on each side by a short angular ridge.
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Measurements. M.

Length of centrum between anterior convexity and pos-

terior lip 565

Depth of posterior cup 090

t^. . n (vertical 310
Diameter of cup <

\ transverse 160

Length of parapophysis .095

Width of neural canal 063

The dorsal vertebra which I suppose the anterior one of those received,

is characterized by the lack of the median portion of the neural spine, and

the extension outwards of the median lateral processes described above.

The diapophyses are much longer, and the zygapophyses more extended

transversely. The centrum is constricted at the middle, and especially just

behind the convex articular extremity, whose circumference forms a prom-

inent rim. The edges of the lip are flared outwards, forming a deep basin,

much wider than deep. The fossse described in other vertebrae are present

in this one, but differs in proportions, owing to the greater size and expanse

of the superior parts of the neural arch. The fossa posterior to the base of

the diapophysis is nearly plane, while that at the anterior base is deeply

excavated, is narrower, and extends so far along the inferior side of the pro-

cess as to give it a semi -circular section near the middle. Distally the di-

apophysis has a trialate section, owing to its three longitudinal ridges, and

the articular extremity is large and antero-posterior in direction. The pro-

cess differs from that of the vertebra next described, in the possession of

a facet near the middle of its anterior inferior bounding ridge, which is

probably costal, as in the vertebra of Grocodilia. The lateral foramen of

the centrum is subround. The general surface is smooth.

Measurements. M.

Total elevation of vertebra t 770
" transverse extent of diapophyses 1.010

f longitudinal 300

I vertical of cup 250
Diameter of centrum -j

transverse of CUp _
340

'

' at middle 205

Elevation of zygapophysis above centrum 310

tv . c t (transverse 170
Diameter of zygapophysis J

(antero-posterior 090

Width of neural canal 085

Transverse extent of neural spine 440

Length of diapophysis from posterior zygapophysis 320

Antero-posterior width of end of diapophysis 135

A dorsal vertebra from a more posterior position, is characterized by its

undivivided transverse neural spine. The entire neural arch is of enor-

mous elevation, but as the zygapophyses are above its middle, the neural

spine is not as long relatively as in various other genera or as in the
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caudals of this one. The sides of the centrum are strongly concave, and

the borders of the cup flaring. The neural arch is everywhere excavated,

so as to reduce the bulk, and produce lightness so far as consistent with

strength. The diapophysis rises from a point above the neural canal. It

sends a narrow ridge clown to the sides of the latter, on each side of which

its shaft and base are deeply excavated. The posterior of these fossae is

overlooked by the wide zygapophysis ; and the roof of the anterior one

supports the anterior zygapophysis. The former are separated by another

and vertical septum, which bifurcates below, forming two prominent bor-

ders of the neural canal. At each side of the base of the neural canal there

are two trilateral fossse, of which the anterior is much the larger and ex-

tends higher upon the lateral edge of the spine, They are separated by a

lamina. The diapophysis is not very long and is subtriangular in section

near the extremity. The neural spine is thickened at the extremity as

though for the attachment of a huge ligament, At the summit of its pos-

terior basal fossa, at the middle of its height, is an outwardly curved pro-

cess with a smooth extero-superior face.

Measurements. M.

Length of centrum 275

Total elevation of vertebra 830

Elevation to posterior zygapophyses 550
" of superior edge of diapophysis above centrum .350

" " neural spine above posterior zygapophyses. . .295

Length of diapophysis behind 215

Depth of extremity of do. (restored) 075

Transverse extent of summit of neural spine 215
" " neural spine at middle 330

In a dorsal vertebra from a more posterior position, the centrum is larger.

The capitular costal articulation occupies a lower position, its inferior edge

being in line with summit of the neural canal. The lamina which supports

it is separated from the anterior lamina which is at the base of the diapo-

physis, by a deep cavernous sinus. The posterior zygapophyses send up-

wards to the broad neural spine a median buttress each, which enclose a

fossa with the marginal buttress of the same. The hyposphen is repre-

sented by a vertical lamina only.

M.
Total elevation of vertebra , .900

Elevation of neural spine 300
" distally 280

Diameter posterior articular face of centrum 360

A lumbar vertebra displays a greater expanse of the posterior articular

extremity, which is expanded like a dish. The neural arch and transverse

processes have a small fore and aft diameter, and the lateral caverns at the

base of the diapophysis are obsolete. The pneumatic foramina are slight-

ly higher than long. Posterior zygopophyses are wanting.
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M.
f vertical 380

Diameter of centrum ) transverse 420

(^
antero posterior 170

Expanse of diapophyses 590

Vertical extent of base of diapophysis to capitular surface .200

A proximal caudal gives the following

Measurements. M.

Total elevation 560

r antero-posterior 170

Diameter of centrum < transverse 245
' vertical 245

Antero-posterior diameter of neural spine 075

Elevation of the neural canal 040

fforeandaft 180

Diameter of median caudal < vertical 200

( transverse 192

( fore and aft T .155

Diameter of posterior caudal ) vertical 175

( transverse 145

A distal caudal of the elongate type has the following dimensions :

M.

!

antero-posterior 155

transverse 125

vertical.. 100

The long diameter of the basis of the transverse processes of the large

anterior caudal vertebrae is directed obliquely upwards and forwards. The
anterior faces of some of these centra are flat.

The length of the sacrum isM. 0.900 ; elevation of first sacral rest, 0.500.

The head of the femur is subround. One side of the shaft is damaged,

so that the form of its section cannot be ascertained. The side of the inner

condyle is quite flat, and without epicondylar rugosity.

Measurement of femur. M.

Length 1 .820

Antero posterior diameter of head 310
" " " internal condyle 450

The anterior and posterior edges of the scapula are thin. The posterior

is slightly concave, with a slight projecting irregularity near the middle,

and is then turned decidedly backwards, bounding the glenoid extremity.

The glenoid face is concave, and longer than the coracoid suture. The
anterior border is more strongly concave, the distal extremity being more

expanded forwards. The sides of this extremity are slightly rugose with

coarse grooves. The articular facets are pitted. A low keel extends along
• the external side of the mesoscapula.

PROC. AMER. PHILOS. SOC. XVII. 100. 2E. PRINTED JAN. , 1878.
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Measurements. M.

Total length 1.517

Width distally 680

" at middle .... . 325

" at inesoscapula 810

Length of glenoid face 400

The articular extremity of the coracoid is recurved and very robust.

The borders of the bone are thick and roughened.

Measurements of Coracoid. M.

/ extero-internal 690

Diameter < antero-posterior 560
' vertical proximally

Measurements of Metapodial. M.

-rv- , -ii (transverse 160
Diameter proximally^

<- antero-posterior 095

( transverse 075
Diameter medially-; , , . -, OAJ

I antero-posterior 120

Diameter distally i
tran^erse 310

'

(. antero-posterior 105

Length 270

That this species was capable of and accustomed to progression on land

is certain from the characters of the bones of the limbs and their supports

above described. The extraordinary provision for lightening the weight

of a portion of the skeleton has more than one significance. It must be

borne in mind that the caudal vertebrae retain the solid character seen in

those genera which stood habitually on their hind limbs. That the pres-

ent species was herbivorous is suggested simply by its huge dimensions,

and the natural difficulty of supplying it with animal food.

AMPHICCELIAS Cope.

Paleontological Bulletin No. 27, p. 2, (Published December 10, 1877).

The genus to which the above name is now given, is allied to Camara-
saurus, of which, and the gigantic species C. supremus, I have given an

account in my Paleontological Bulletin, No. 25. Both genera differ from

their nearest ally OrnWwpsis Seeley, in the excavation of the. vertebral

centra, so as to include large chambers separated by a septum, which com-

municate with the external medium by a lateral foramen. In the Omithop-

sis it is stated that the vertebral centra are occupied by a number of coarse

cells. In the more remotely allied Cetiosaurus, Owen has observed that

the tissue of the centra is coarsely spongy.

The vertebrae 'from all parts of the column of Camarasaurus are known,
and those of the dorsal and lumbar regions present the extraordinary char-

acter, of which a trace is seen in Cetiosaurus, of neural spines expanded

transversely to the axis of the column. Numerous vetebrse of Amplrim-
lias are known, and in the dorsals in which the neural spine is preserved,
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the latter displays the usual form, that is, it is compressed in the direction

of the axis of the column. The centra differ from those of Camarasaurus
in the form of their articular extremities, resembling more nearly in this

respect the genus Tichosteus Cope (Paleontological Bulletin, No. 26, p.

194). They are unequally amphicoelous, the posterior extremity being

more concave, and wi^h prominent margins ; while the opposite one is

less expanded and is but slightty concave. The neural arch is coossified

to the centrum, and there is no capitular costal articulation on the latter.

The manner of the mutual articulation of the neural arches in this genus

is peculiar, and is only paralleled in the genus Camarasaurus, so far as I

can ascertain. The anterior zygapophyses are separated by a deep fissure,

while the posterior zygapophyses are united on the middle line. From the

latter from the point of junction, there descends a vertical plate which

rapidly expands laterally, forming a wedge whose base looks downward.

The superolateral faces are flat, and articulate with corresponding facets on

the inferior side of the anterior zygapophyses, which look downward and

inward, on each side of the fissure above described. When in relation, the

anterior zygapophyses occupy a position between the posterior zygapophy-

ses above, and the hyposph'en, as I have termed the inferior reversed

wedge, below. This arrangement accomplishes the purpose effected by the

zygosphenal articulation, that is the strengthening of the articulation be-

tween the neural arches, but in a different way. The additional articula-

tion is placed at the opposite extremity of the vertebra, and it is the anterior

zygapophysis instead of the posterior one which is embraced. This struc-

ture entitles the genera which possess it to family rank, and as the two

genera mentioned above belong to different families in consequence of the

different types of vertebral centra, the one opisthoccelous, the other amphi-

coelous. they may be called Camarasauridce and AmpMcceliidcB respec-

tively.

The pubis is a stout bone with one slightly concave, thicker border, and

an opposite strongly convex, thinner margin. One extremity is truncate ;

the other presents one transversely truncate and one oblique face. The
femur is elongate, and presents a strong postero-external ridge or third tro-

chanter near the middle of the shaft. The head is not separated by a well

marked neck, and the great trochanter does not project beyond it.

Thus while there is a striking resemblance to Camarasaurus in what
may be regarded as adaptive characters, in some important essentials the

two genera are very different.

Amphiccelias altus Cope.

Paleontological Bulletin, No. 27, p. 3.

The centrum of the dorsal vertebra of this reptile is contracted both lat-

erally and inferiorly, so that the margins of the articular extremities flare

outwards. The sides are flat, and the inferior surface but little convex in

the transverse direction. The pneumatic foramen is situated at the bottom

of a large lateral fossa which extends nearly the entire length of the superior
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portion of the centrum. Its inferior border is sunken abruptly, while the

superior gradually shallows on the external surface of the base of the neu-

ral arch. The foramen is longer than high, in contradistinction to that of

the Camarasaurus supremus, where it is round or higher than long.

The neural arch is very much elevated to the zygapophyses. It is

strengthened by a prominent rib, which extends from the posterior base

upwards and forwards to the base of the anterior zygapophysis. The sur-

face above and behind this is occupied by an extensive excavation whose

superior border is the line connecting the zygapophyses. ' The anterior

zygapophyses are separated medially by a deep notch which extends to the

base of the neural spine. The articular surfaces incline towards each

other. Just behind the anterior zygapophysis, a process extends outwards

and forwards whose extremity is lost in my specimen. Its posterior face

is excavated by the lateral fossa above described. This process is probably

the diapophysis which supports the rib. The diapophysis springs from the

line connecting the zygapophyses, and extends upwards and outwards. Its

inferior surface is deeply excavated. Its anterior border sends a lamina

upwards, which probably reached the side of the neural spine, but is broken

off in my specimen.

The neural spine is thin, but its anterior and posterior borders are thick-

ened and double, the lateral rib-like edges being separated by grooves

which expand at the base. The posterior groove continues to a more ele-

vated point than the posterior. Each side of the spine is divided into two
shallow wide grooves by a median keel. The apex of the spine is much
thickened transversely, its obtuse extremity having the fore and aft and

transverse diameters equal.

The pubic bone resembles that of the Camarasaurus supremus, but is

less robust in all its parts. It is also less extended in antero-posterior width

near the proximal extremity.

The femur is remarkable for its slender form. It is a few inches longer

than that of the Camarasaurus supremus, but is not so robust. The shaft

is nearly round and somewhat contracted at the middle, where it is slightly

convex backwards. It is slightly curved inwards at the great trochanter.

Here the shaft is moderately grooved on the posterior face. This trochan-

ter is only a prominent ledge below the head. The third trochanter is sit-

uated a little above the middle of the shaft ; it is a prominent obtuse ridge

directed backwards. The condyles are extended well posteriorly, and are

separated by a deep popliteal groove, which originates on the inferior por-

tion of the shaft. They are also separated anteriorly by a shallow open

groove. The external condyle is rather more robust than the internal.

The length of the femur is six feet four inches ; the elevation of the

dorsal vertebra three feet three inches.

Measurements. M.
f fore and aft 245

Diameter of dorsal centrum 1 vertical 270

(^ transverse 265
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Total elevation of vertebra 1 . 100

Length, of neural spine 600

Elevation of anterior zygapophyses 500

f antero-posterior 160

Diameter of neural spine ) transverse (at middle) 065

(_ " at summit 140

Depth, of centrum below pneumatic foramen 120

Fore and aft diameter of pneumatic foramen 080

Length of pubic bone 1.060

Thickness of stoutest extremity 140

Length of femur 1.524

Transverse extent of proximal end 420
" " " condyles 320

Diameter of middle of shaft 220

Distance from head to third trochanter 665

Diameter of head (compressed) 260

Amphiccelias laths Cope.

Paleontological Bulletin, No. 27, p. 4.

Of the wonderful fauna of the Dakota epoch of the Rocky Mountains
the Oamarasaurus supremus was preeminent in general proportions, the

AmphicaiUas alius was the tallest, and the saurian now to be described, was
the most robust. It is represented in Mr. Lucas' collection by a right

femur and four caudal vertebrae which are in good preservation. They reveal

the existence of another saurian of huge dimensions, and of great mass in

proportion to its height.

The caudal vertebrae are apparently from the anterior part of the series.

They are all strongly bi-concave ; the anterior face more so than the pos-

terior. They all possess diapophyses of depressed form, which take their

origin below the base of the neural arch. The centr^are short in antero-

posterior diameter, and do not present lateral angles. They are composed
of not very dense osseous tissue. The anterior zygapophyses are rather

elongate, and their articular faces are directed steeply inwards. They are

received by corresponding shallow excavations, one on each side of the pos-

terior base of the neural spine. The neural spines are compressed and
straight, and become very robust towards the apex.

The femur is extraordinarily robust. The great trochanter is low, but the

shaft is widest where it expands outward. The third trochanter is a ridge,

is above the middle, and is short and little prominent. It is on the inner edge

of the posterior aspect of the shaft, and looks backwards and inwards. The
shaft in its present state is compressed so as to reduce the antero-posterior

diameter. It is not however crushed or cracked. The condyles have

much greater transverse than antero-posterior extent. They are moderate-

ly produced backward, and are separated by a deep intercondylar groove,

while the anterior trochlear groove is wide and well marked. The inner con-

dyle is narrowed posteriorly, while the external one is obtuse and robust.
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The articular extremity is marked with irregular pits as in Dystropliceus and

(Jetiosaurus.

Measurements. M.

/•fore and aft.. . .150

Diameter of anterior caudal vertebra. -? vertical 200

'transverse 260

Elevation to zygapophyses of the same 250

Total elevation of the same 480

Length of femur 1.400

Proximal diameter of femur j
fore and aft 165

i transverse 410

360

450

Diameter of middle of shaft of femur 280

The caudal vertebrse of this species are much more deeply biconcave

than those of the Oamarasaurus supremus ; they also differ in their rela-

tively and absolutely greater breadth of centrum.

TICHOSTEUS Cope.

Paleontological Bulletin No. 26, p. 194, (Published November 21st, 1877.)

TlCHOSTEUS LTJCASANUS Cope.
Loc. cit.

SYMPHYROPHUS Cope.

Vertebral centra moderately elongate, slightly amphiccelous, and com-

posed of uniformly and moderately dense osseous tissue. A narrow deep

fossa in the floor of the neural canal. Neural arch coosified to centrum,

with a lateral shallow fossa at its base. Neither costal articulation nor pro-

cess on the centrum.

The coosification of the neural arch of this genus distinguishes it from

the few amphiccelous crocodilian genera known from North America, and

the fossa at its base' is so shallow as to separate it from sauria of the

Pneumatarthrus and Ornitlwpsis type.

Symphyrophus musculosus Cope.

A vertebra of this species is strongly concave laterally and distinctly so

inferiorly. The anterior articular facets plane, the posterior slightly con-

cave. The superficial layer of bone is dense and smooth, excepting near

the edges of the articular surfaces, where it is rugose. The rugosity is

arranged in a line within the articular faces, and consists of numerous

small irregular pits and grooves which inosculate. Near the border the

grooves assume a transverse direction. There is a nutritive foramen near

the middle of each side of the centrum. There are traces of the neura-

pophysial suture, -.showing that the neural arch is distinct in young animals.

Measurements M.
antero-posterior 032

Diameter of cent: ~l vertical 027

transverse 031
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The extremity of a humerus is expanded transversely and displays two

unequal condyles, separated by a shallow groove. There are no epicon-

dyles on the external face, but fossa? instead.

Measurements. M.

Width of distal extremity of humerus 086

Antero-posterior diameter of larger, condyle of the same. .045

Discovered by Superintendent Lucas near Canyon City, Colorado.

LAELAPS. Cope.

Transac. Amer. Philos. Soc. XIV, 1869, p. 100.

Laelaps trihedrodon. Cope.

. Bulletin U. S. Geol Survey, Terrs. Ill, p. 805, August 15, 1877.

CAULODON. Cope.

Paleontological Bulletin, No. 26, p, 193, Nov. 21st, 1877.

Caulodon diversidens. Cope.

Loc. cit.

Caulodon leptoganus. Cope.

A second species of the genus Caulodon is represented by a single tooth

from a locality distant from that from which the G. diversidens was de-

rived. Another tooth found with it probably belongs to the same species.

The best preserved tooth possesses the same general form as that of the

G. diversidens, but the borders of the spoon-shaped crown are thinner and
more acute. The convexity of the convex face of the crown does not

commence at these edges, but is separated from them by an open shallow

groove. There is a median longitudinal swelling at the middle of the length

of the concave face. The striking peculiarity of this species is the very

small amount of enamel which invests the crown. It is confined to the

inner face, and exists there in a thin layer, not more than half as thick as

in the C. diversidens, which thins out and disappears towards the edges of

the crown. Another peculiarity is seen in its absolute smoothness. In G.

diversidens the enamel, even when polished by use, shows remains of the

grooves.

Measurements. M.

Diameter of crown at base i fore and aft 015
' transverse 019

Diameter of crown at middle {
fore and aft 01°

I transverse 021

Found by Superintendent Lncas near Canyon City, Colorado.

COMPSEMYS. Leidy.

COMPSEMYS PLICATULUS Cope.

Paleontological Bulletin, No. 26, p. 195.

Explanations op the figures will be found at the end of this volume.

PRINTED JAN. 12, 1878.
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Reptilia.

Diadkctes sideropelicus. Gen. et. sp. nov.

Char. Gen. Teeth with short and much compressed crowns, whose long

axis is transverse to that of the jaws. Edges of the crowns obtuse, with

tuberosities on some of them, distinct from the principal apex. The latter

is worn off very obliquely by attrition in all of the specimens. The
crowns covered with an enamel-like substance which lias no especial sculp-

ture. Alveoli not separated. The external alveolar border in each jaw is

more elevated than the internal, and in the superior series at least, diverges

from the tooth-line backwards and outwards. The surface of attrition de-

scends outwards in the maxillary series, and rises inwards in the dentary

series. A large fossa pierces the inner alveolar border just behind the

inner extremity of each tooth.

The affinities of this very singular form cannot yet be determined. The
mandibular ramus rises directly from the posterior extremity of the dental

series, showing that there is a coronoid elevation of the dentary bone as in

Dinosauria. The teeth are received into deep alveoli. It is probable that

the vertebrae are amphiccelous. The animals belonging to this genus were,

in all probability, herbivorous.

Ghar. Specif. The jaws, and probably other bones of three individuals

of this species, represent it in my collection. The lateral tuberosity of the

teeth already described is on the most elevated, hence opposite, borders

of the crowns in the two jaws. It differs in its degree of prominence in

different teeth, but is .subject to attrition in one of the jaws at least. The
form of the principal worn surface is an elongate oval. The investing

layer of the crown is perfectly smooth, excepting between the lesser and

greater cusps, where the obtuse edge is slightly longitudinally grooved.

The surface of the jaws is not sculptured.

Measurements. M.

Greatest elevation of a tooth (No. 1) Oil

_. . ( transverse (TOOl? A-—
Diameters of crown \ . ^T7T\ (As,

I antero-postenor j^l^x
Four teeth occupy 042

Four alveoli of No. 2, occupy 024

The jaws are as large as those of a medium-sized alligator.

DlADECTES LATIBUCCATUS. Sp. nOV.

The anterior portion of a probably maxillary bone represents this spe-

cies. On comparison with the corresponding portion of the jaw of D. side-

PROC. AMER. PHILOS. SOC. XVII. 101. 3k.
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ropelicus, the following characteristic marks appear : The tooth-line di-

verges much more strongly inwards from the maxillary border in the B.

latibuccatus, leaving a wide groove between the two. This groove is

separated by a narrow horizontal partition from a corresponding one of the

superior face of the same element, and its surface is longitudinally rough-

ened. The teeth aie closely placed, and the series turns with the anterior

extremity of the jaw, abruptly inwards. The transverse diameter of the

teeth lessens to just posterior to the point of curvature, so that their section

is nearly round ; at and anterior to the curve, the wide transverse diameter

is resumed, the last alveolus preserved making an angle of 45° with those

in the posterior part of the jaw. The external surface of the maxillary

hone is roughened, as is also the case in the D. sideropelicus, with coarser

and finer irregular impressions, fossae and grooves.

Measurements. M.

Width of jaw at ninth tooth from curve 036

Width of ninth tooth from curve Oil

" "fourth " " " 006
" " tooth at curve 008
" " third tooth anterior to curve 010
" " jaw at curve , 019

Elevation of alveolar part of jaw 018

Three teeth in 015

There are other fragments of jaws referable to Diadectes whose specific

reference is uncertain.

Bolosatjeus striatus. Gen. et. sp. nov.

Char. (ilen. Teeth fixed in shallow alveoli, and with the crowns ex-

panded transversely to the axis of the jaws. The crowns swollen at the

base, and with low apex, divided vertically into twTo equal portions. The
postero-internal half in the maxillary series is low and horizontal ; the

antero-external portion forms a curved cusp, which has a semicircular sec-

tion. The teeth of the lower jaw are similar, but the relative positions of

the ledge and cusp are reversed. Anterior teeth of superior series com-

posed of external cusp and internal ledge. No enlarged canine or incisor

teeth. Bones of face not sculptured.

This genus is represented by a good many remains, which include some
partially complete crania. These show that there is no quadratojugal arch,

and that the quadrate is of the flat character of that of the Anomodontia,

and was probably immovable. The orbit is complete behind, and there is

a strong squamosal arch. The vertebrae are amphicoelous, and probably

notochordal. The neural arches are freely articulated with the centrum,

and the zygapophyses and neural spine are well developed.

The vertebrae resemble those of Lysorophus* CCope) from the Illinois

Permian, but they do not display the deep longitudinal fossae of that

genus.
* Proceed. Amur, Philos. Soc. 1877, p. 1S7.
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Char. Specif. The external surface of the crown is marked to the apex

with waved grooves of the enamel. The edge of the elevated cusp, which

presents posteriorly in the maxillary teeth, constitutes the abrupt termina-

tion of the exterior face, and is serrate by the interference of the sulci.

The edge of the basal ledge is slightly serrate. The muzzle is rather

elongate, and the sides of the maxillary and dentary bones are plane and'

smooth. The mandible is rather narrow, and forms a narrow wedge in

profile outline. It rises posteriorly behind the dental line. The teeth are

separated by intervals as wide as a tooth.

Measurements. M.

Long diameter of orbit No. 1 0130

Depth of upper jaw at orbit 0045
" lower jaw at front of orbit 0050

Four teeth in 0080

Elevation of a crown 0025

Transverse diameter of inferior molar No. 2 0025

From the same locality as the Diadectes sideropelicus.

A slight modification of character is found in two imperfect crania.

The principal character is to be seen in the teeth. The enamel of the ex-

ternal surface of the cusp is not sulcate, but is smooth ; and the posterior

cutting edge of the cusp is much less distinct. It is, in fact, obtuse, and

not serrate. The orbit is large, and the front and muzzle are regularly

decurved to the premaxillary border. The angle of the mandible is modr

erately prominent, and is massive and obtusely truncate. The interorbital

region is flat in the transverse direction.

Measurements. M.

Length of skull to mandibular angle 050

orbit 015

Long diameter of orbit .018

Width of interorbital region 009

Six teeth in 010

Boi,OSAURUS RAPIDENS. Sp. nOV.

Established primarily on a tooth from the posterior or middle portion of

the series, with which is associated another, probably from an anterior

position in the jaw. The size is many times greater than that of the spe-

cies of this genus already described, and it is uncertain whether the poste-

rior tooth possesses the internal ledge characteristic of them. The anterior

tooth does not possess it. The transverse diameter of the crown is consid-

erably greater than the antero-posterior, and the convexity of the outer

side is without facets. One side of the curve is flatter than the other.

The enamel is perfectly smooth. The inner face is occupied by the surface

of attrition of the corresponding tooth of the opposite jaw. The supposed

anterior tooth is from anothor locality. Its section is similar to that of the

present tooth, and the enamel is similarly smooth. The cutting edges are

both smooth, and bounded by a little groove next the plane inner face. The
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crown is much more elevated than that of the tooth first described, and is

in general shaped like a claw. It may be from the pterygoid bone of

another genus.

Measurements. M.

Elevation of crown (axial) 010

_

.

„ ( anteroposterior 006
Diameter of crown < nnc.

( transverse 008

Pariotichus brachyops. Gen. et. sp. nov.

Char. -Gen. This form is represented by a cranium whieh has lost its

superficial osseous stratum at some points, and the entire occipital region.

The temporal fossae were covered by a roof continuous with the postorbital

region ; the zygomatic arch extends low down, producing a resemblance

to certain tortoises. The orbits are small and lateral, and the muzzle is

short, with terminal nares. Their exact character cannot be ascertained.

The teeth are rooted, and have compressed obtuse crowns, Avith cutting

edge ; they diminish in length posteriorly, and do not display any elongate

canine. The cranial bones do not exhibit any sculpture.

This genus is quite distinct from the others here described from corres-

ponding parts of the skeleton. In the constitution of the skull it resem-

bles Prof. Owen's genus KisticepJialus from supposed Triassic beds of South

Africa, but differs totally in dentition.

Char. Specif. The interorbital width is twice the diameter of an orbit,

and is nearly flat. The cheeks behind the orbits are swollen ; the canthus

rostralis is obtuse. The muzzle is obtuse, broadly rounded, and somewhat
depressed ; the nostrils were not large. The orbits are subround, and meas-

ure one half of the length of the muzzle measured axially above. The
mandibular rami are not deep. The longest teeth are below and in front

of the anterior border of the orbit
;
posterior to this point they diminish

rapidly, and are reduced to a very small size. The crowns of the greater

number of the teeth are short and much compressed, and 'the enamel is

coarsely longitudinally grooved. An anterior mandibular tooth has a sub-

conic crown.

Measurements. . M.
Width of skull at parietal region 020

Length " from " 022

Interorbital width ^ 010

Four teeth in 004

Length of root and crown of a tooth .002

From the locality of the last species.

Ectocynodon ordinatus. Gen. et sp. nov.

Char. Gen. Cranium short and wide, with large post-frontal bones and

a large orbit. Cranial bones sculptured, but no lyra. Teeth rhizodont,

with elongate compressed crowns with anterior and posterior cutting

edges. One of these between the orbit and nostril larger and longer than

the others, and lying outside of the closed dentary bone. Mandibular
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symphysis not sutnral, but ligamentous. Terminal mandibular tooth not

small. Teeth not faceted, simple.

This genus, which I suppose to be reptilian, is represented by a speci-

men which lacks the posterior portion of the skull ; hence its near affinities

cannot be determined. In the character of the cranial sculpture it re-

sembles crocodiles, and the Labyrinthodont genera cotemporary with it,

and differs from LacertiUa with cranial sculpture known to me.

Char. Specif. Parietal and frontal regions flat, the latter joined to the

maxillary by a rectangular canthus. Interorbital region wide, equal to

the diameter of the orbit. Sculpture of vertex in longitudinal series of

pits of considerable irregularity. There are ten or twelve such rows be-

tween the orbits. The crowns of the teeth are obtuse, and their surface

smooth.
Measurements. M.

Interorbital width of skull 009

Width between prefrontal borders 014

Depth of facial plate of maxillary 007
" ramus mandibuli at orbit 006
" " " near end 003

Length of short maxillary tooth , .0015

long " " " 0030

Width " " " 0015

The skull of this species is about as large as that of the Heloderma sus-

pectum.

Clepsydrops natalis. Sp. nov.

This reptile is represented by numerous portions of the skeleton, includ-

ing a ci'anium, and thus oflers the best basis of information as to the char-

acter of the genus Clepsydrops which has yet come into our hands. This

furnishes numerous interesting characters, which as found in a single in-

dividual furnish a basis of estimation for the entire group.

Char. Gen., et ccetera. There is no quadratojugal arch, but the zygo-

matic and postorbital arches are present. The squamosal extremity of the

zygomatic arch descends low on the quadrate as in turtles, preventing

mobility of the latter. The quadrate is not prominent in the specimen,

and appears to have been a thin bone, as in Ectocynodon. The nostril is

large and latero-anterior. The symphysis of the mandible is short, and
the premaxillary bones appear to be distinct ; they are separated in the

specimen by displacement, with the indication that the junction was
sutural. The teeth were of different sizes, and the premaxillaries and'

canines are distinguished from the others by their proportions. All are

sub-round in section, with more or less defined anterior and posterior cut-

ting edges. The premaxillary teeth are larger anteriorly, diminish pos-

teriorly, and are separated by a notched diastema from the large canine.

The succeeding teeth are of medium proportions. The roots are sunk in

deep alveoli. There is no surface sculpture of the cranial bones, which is

the character distinguishing the genus Ectocynodon from Clepsydrops.
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The vertebrae have been described elsewhere, but important additions

to our knowledge can now be made. There are mostly small intercentra

throughout the dorsal and caudal series, in the latter prolonged into two

processes below, constituting chevron bones. The transverse processes on

the dorsal and lumbar vertebrae are undivided, and on some of the dorsals,

the ribs articulate with the centrum as well. They are present on the

anterior but wanting on the posterior caudal vertebrae. In adults the neu-

ral arch is coossified with the centrum, and on the lumbar and sacral re-

gion the neural spines are greatly elevated, indicating the presence of a fin

like that of Basiliscns. In one of the allied speci'es the diapophyses of

three vertebras are vertically expanded for the attachment of the ilium, but

the centra are not coossified.

The humerus in this genus is of remarkable character. Its proximal ex-

tremity is expanded and regularly convex, with the articular surface at

right angles to the sides of the bone, and not developing a head. There is

a strong deltoid ridge or tuberosity, not extending far from the head. The
shaft is much contracted, and the distal end is more expanded than the

proximal. It is flattened, and supports no condyle. Its outline is trans-

verse at the middle and truncate at each lateral extremity. A large supra-

condylar foramen pierces the basal part of the distal expansion near the in-

ner border. The opposite edge is strongly grooved longitudinally, the

groove being bounded in front by a prominent crest, which sinks just

proximad of the distal border.

The ilium is a flat bone, which contracts downwards and forwards to the

pubis. The latter is something like the ilium in form, widening in the op-

posite direction, i. e. downwards and forwards. Its form is something like

that of the CrocodiUa, and it is uncertain whether those of opposite sides

unite below. The ischium is a remarkable bone. It is greatly produced

anteriorty and posteriorly to the acetabulum, in forming with that of the

opposite side, a keeled boat-shaped body, which at its superior middle por-

tion includes the inferior part of the acetabulum. In O. natalis, the anterior

apex is below the middle line of the pubes near their anterior border. In

the same species there is an additional small element between the ilium

and pubis on the superior side at their junction. The acetabulum is formed

by the interrupted junction of the three elements.

The femur possesses no third trochanter, and the head and great tro-

chanter are not separated by a neck. The little trochanter is large, and

the condyles are well defined. The head of the tibia is expanded, and the

fibula is well developed at both extremities. The phalanges are mode-
rately elongate, and are depressed. The claws are curved and compressed

below.

The various remains of this genus now in my possession, and especially

the skeleton of G. natalis, show that the determinations of various parts of

the skeleton made from isolated fragments from Illinois, were correct.

Cf the general affinities of. this genus it is only necessary now to state

that my reference of it to the RhynrJwcephtdia is- confirmed. It differs
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from the recent species of the order in the absence of quaclrato-jugal arch,

and the remarkably developed ischia. On this account I refer to Clepsy-

drops and its allies as a distinct suborder under the name of Pelycosauria.

Char. Specif. The muzzle of this species is compressed and descends ob-

tusely at the end as in Bolosaurus striatus. The nostril and orbit are quite

large. The first premaxillary tooth is the largest and has a silky striation

of the enamel ; its crown is much less than that of the canine. The canine

originates below a point a short distance posterior to the nostril.

Measurements. M.

Length of skull to posterior base of quadrate' 0.124

Diameter of nostril 019

Depth of zygoma at orbit .012 -

Length of crown of canine tooth .016

Antero-posterior diameter of canine tooth 005

The centra of the lumbar vertebrae are compressed, but not deeper than

long, nor acute on the median line below. The diapophyses are wide, and

descend towards the anterior articular border. The neural spines are com-

pressed, and are very long. Their apices are slender and curved back-

wards. The faces of the zygapophyses are oblique upwards and outwards.

The caudal vertebrae have subrouud articular extremities anteriorly, and

become more compressed posteriorly. The diapophyses are median on the

former, and gradually become smaller to extinction. The zygapophyses

are strong, and the neural spines continue long for a considerable part of

the length of the entire series. The centrum is concave below the diapo-

physes, and has a median inferior rib.

Measurements. M.

Length of centrum of fourth from last lumbar vertebrae. .018

Vertical diameter of " " " .017

Transverse diameter of " " " .018

Elevation of neural arch and spine of last lumbar 087

Antero-posterior extent of ilium c 059

" pubis 060
" " " ischium 143

Depth of pelvis 080

Length of femur 120

Long diameter of proximal end 041

Length of tibia . 085

Transverse width of tibia 029

Length of eleven caudal vertebrae 172
" " fourth caudal " 016
" " eleventh caudal " 014

Transverse diameter of caudal 012

This species differs from the G. vinslovii in the more robust caudal ver-

tebrae. It is also considei-ably larger, agreeing in this respect with the G.

pedunculatus. In the latter the long transverse processes are decurved
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and narrowed at the extremities in a manner not seen in any of the known
vertebrae of G. natalis.

Dimetkodon incisivus. Gen. et sp. nov.

Char. Gen. Dentition as in Clepsydrops in the superior series. Pubic

bone not distinct from ischium. Humerus with trochlear condyles and a

denned proximal articular surface.

The genus Dimetrodon embraces larger forms than the known species of

Clepsydrops. It is probable that the species had the neural spines in the

lumbar and dorsal regions elevated in the same way. The humerus while

of the same general character as that of Glepsydrops, differs remarkably in

its more perfect articular surfaces, indicating a terrestrial habit as distin-

guished from a probably aquatic one in the former genus. The supracon-

dylar foramen is present in this genus, and the proximal articular surface

winds obliquely round the expanded extremity of the bone.

The separate jaws of D. incisivus show well the character of the den-

tal insertions. A strong thickening of the inner wall of the maxillary

bone is all that represents the palatine lamina. This enlargement

does not extend to the level of the external alveolar margin, which thus

forms a parapet. The roots of the teeth are long, and are contained in

deep alveoli of the palatine thickening ; but the portion of them which

projects beyond the alveoli is adherent to the external parapet by the side,

and hence the teeth appear to be pleurodont. They are shed in after the ab-

sorption of the root in consequence of the presence of the crown of the

successional tooth. The process commences at the inner alveolar border,

and extends inwards and upwards invading the palatine wall of the maxil-

lary bone.

Dimetrodon is allied to Deuterosaurus Eichw. and Eurosaurus Fisch. as

defined by Meyer, the former known from a portion of the cranium, the

latter from bones of the skeleton. From the former it differs in the persist-

ence of the sutures separating the elements of the jaws, supposing the fig-

ure reproduced by Owen (Quar. Journ. Geol. Society, 1876, p. 358) to be

correct in the omission of them. Apart from this, Deuterosaurus has much
more elevated nostrils, more numerous incisor teeth, and wants the exten-

sive diastema in front of the superior canine. Lycosaurus Ow. from the

South African Trias resembles it much more nearly, bat does not present

the greatly enlarged anterior incisor teeth of Dimetrodon.

Char. Specif. This saurian is established on the nearly complete pre-

maxillary and maxillary bones of the right side with the left maxillary of

the same individual. Associated with these are portions of the post- frontal,

frontal and nasal bones of the right side of perhaps the same individual,

but as the pieces are loose, this relation cannot be positively affirmed. Por-

tions of the maxillary, premaxillary and other bones, with isolated teeth

of numerous other individuals are in my possession.

The first named specimens show that the mutual premaxillary and pre-

maxillo maxillary sutures are distinct. There is a deep emargination of

the border of the jaw at the latter suture, and the maxillary alveolar bor-
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ders is gentlj1- convex downwards. The nostril is large, and is directed for-

wards as well as outwards : the premaxillary spines are narrow. The
form of the muzzle and jaws when in normal relation was vertical and

compressed in front. The premaxillary border of the jaw is rounded and

contracted behind the nostril ; the outline then expands backwards. There

are but two incisor teeth, of which the anterior is much larger than the

second. Its root is irregular in section owing to the presence of one or

more shallow longitudinal grooves. The pulp cavity of some of the larger

teeth is much contracted opposite these grooves by the corresponding inter-

nal face, which is disproportionately convex. The anterior two teeth of the

maxillary bone are larger than those that follow, the anterior exceeding-

even the first incisor. The other maxillaries are smaller and sub-equal,

excepting the last two, which are the smallest. The crowns of the teeth

are lenticular in transverse section, the external side being much more
convex than the internal. The cutting edges are defined from the con-

vexity of the latter by a shallow groove at the base of each. The edge is

not crenate as in Lmlaps and allied genera, but presents much the same ap-

pearance owing to the presence of a transverse corrugation. There are

fourteen teeth and empty alveoli in the maxillary bone.

Measurements. M.
Length of premaxillary axially, to middle of maxillary

suture , 040

Length of maxillary bone on alveolar edge from middle

of premax. suture . 230

Greatest width of premaxillary .086

Depth of face of premaxillary bone at nostril 030

Length of diastema (chord) 032

Depth of maxillary at third tooth 110
" " antepenultimate tooth 066

Diameter of base of crown of first incisor tooth 015
"

first maxillary tooth 018

fourth '' " 009

The portion of cranium above mentioned displays a number of peculiar-

ities. The orbit is lateral, and has a prominent and convex superciliary

border. The zygomatic arch is so curved upwards as to complete the orbit

behind by the intervention of a postorbital or postfrontal bone, which sepa-

rates the malar and squamosal bones from mutual contact. In front of

this bone a portion of the frontal forms the superciliary border, and in front

of this, the prefrontal sends a wide process behind the lachrymal to the

orbit. This bone resembles a nasal bone in form, and extends forwards,

and is decurved at the extremity. The width of the descending or malar
process of the postfrontal is such as to partially separate the orbit from the

zygomatic foSsa. The superciliary surface is swollen, and is interrupted

by a transverse groove on the orbital part of the prefrontal. There is a
vertical open groove on the malar process of the postfrontal.

Several large pelvic bones corresponding with those which I have called

PROC. AMEK. PHILOS. SOC. XVII. 101. 3l
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iscbia in Clepsydrops natalis, are of a size appropriate to the present spe-

cies. They include both the ilia, ischia and pubes in one mass, forming a

compressed boat-shaped body with a prominent inferior keel.

The prominent character which distinguishes this species is the shortness

of the ischiatic symphysis. Its extent anterior to the acetabulum is only

one-half the diameter of the latter, while it equals that diameter in the

G. gigas. It follows from this, that the crest arising from the anterior

border nf the acetabulum is abruptly decurved a little anterior to the latter,

and descends to the inferior keel at a very steep angle. At its point of de-

curvature is a prominent tuberosity. The front of the symphysis pubis

presents an obtuse keel, which terminates short of the apex. The inferior

border of the acetabulum is not sharply defined, except at its posterior

portion.

Measurements. M.

Total length 260

Length from posterior border of acetabulum forwards. . .148

Long diameter of acetabulum 095

Total vertical diameter to superior border of acetabulum .135

Length of anterior symphysis 085

From the same locality as the last species.

DlMETRODON RECTIPOE.MIS. Sp. nOV.

This species is represented by portions of the vertebral columns of three

individuals at least. Its size exceeds considerably that of the Clepsydrops

natalis, equaling that of the C. [? Embolophorus) limbatus Cope. Of the

latter species I possess numerous vertebrae, and they all differ in a marked
manner from the present species.

In Dimetrodon rectiformis, the depth of the centra does not exceed the

length. The margins of the articular faces are not twisted, and the articu-

lar faces of the zygapophyses are horizontal. The opposite is the case in

the G. limbatus. The spaces for the intercentra are small ; they are large

in G. limbatus. The vertebra described as typical is a posterior dorsal.

Here the diapophyses is nearly sessile, and below the line connecting the

zygapophyses. Its costal articular surface is narrowed downwards and

forwards, almost reaching the recurved border of the anterior face. The
neural spine is much elevated, and the sides of the centrum are concave.

The inferior articular borders are connected by an acute nearly horizontal

edged keel.

Measurements. M.

( antero-posterior .031

Diameter of centrum •< transverse 034

(vertical ». . . .026

Expanse of posterior zygapophyses ..... 030

Length of base of neural spine 025

From the same region as the other species here described.
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DlMETRODON GIGAS. Sp. nOV.

Glepsydrops gigas. American Naturalist, May, 1878, p. 327.

This animal is only represented in my collection so far by a large part

of the pelvis. This is of the same character as that of the G. natalis, but

differs in several details of form and is three times as large in linear meas-

urements. The portion anterior to the acetabulum is shorter than in the

C. natalis, and relatively deeper. The raised borders of the acetabulum

unite, and form a thick obtuse horizontal crest, which continues to the

apex, which consists of a broadly expanded shovel-like projection. This

symphyseal portion is quite elongate, and carries on its supero-anterior

face an obtuse median keel. The opposed elements diverge above the

anterior part of the acetabulum. The latter is shallow but entire ; its most

prominent borders are the anterior and postero-inferior.

Measurements. M.

Length from posterior border of acetabulum forwards. . . .200

Long diameter of acetabulum 100

Total vertical diameter to superior border of acetabulum . 155

Length of anterior symphysis 175

Epicordylus erythroliticus. Gen. et sp. nov.

Char. Gen. Epicordylus is known from a large part of the vertebral

column, including all the regions excepting the cervical, so far as at present

appears. In general the vertebrae resemble those of Glepsydrops., having

well-developed intercentra. The diapophyses are at the base of the neural

arch, and are prominent, and with large undivided articular extremity
;

they are not present on the caudal vertebrae. The neural spines are com-

pressed below and enlarged transversely above, so as to be claviform.

They are not elongated over the lumbar or sacral regions, but are similar

to those of the dorsal vertebrae at those points. The ossa ilii resemble those

of Glepsydrops. The zygapophyses are as usual oblique upwards and out

.

wards, and the centra are not shortened.

Gliar. Specif. The centra are a little compressed, and higher than wide.

In the anterior caudal region they are a good deal more compressed.

The intercentra in a part of the dorsal series are larger than in any known
species of Glepsydrops. The neural spines are bilobed at the apex on the

sacral region, and become shortly bifurcate on the caudal series.

Measurements. M.

Length of a series of seventeen dorsal vertebrae 610
" an anterior neural spine 050
" posterior 070

tubercular costal face of anterior dorsal 020
" " on seventh vertebrae of

the series from the last 035

five caudal vertebrae of probably the same

animal 180

Elevation of fourth caudal neural spine 057
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Width of neural spine at summit 035

Length of ilium 120

This species appears to have been about the size of the Mississippi alli-

gator. Unfortunately the cranium is unknown, but probably some of the

jaws and teeth in my possession belong to it.

From the region above already mentioned.

Metarmosaruus possatus. Gen. et sp. nov.

Char. Gen. There are numerous vertebrae in the collection, from the

median and anterior dorsal parts of the column, which differ from those of

Clepsydrops and Epicordylus in their small antero posterior diameter.

That these all belong to one species, or even one genus, is not probable, in

view of the many differences Avhich they present. I select one of them
whose characters are most strongly marked, and designate it as above, with-

out deciding as yet, how many of the others which agree with it in some

respects, may hereafter be associated with it as to species or genus.

The centrum is a good deal shorter than wide, and like those of all

the other genera here described, is deeply biconcave. I have not yet ascer-

tained whether it is notochordal, owing to the state of the specimens. The
diapophyses project just below the base of the neural arch, and are short

and with small tubercular facet. There is no capitular facet. The facet

for the intercentrum is excavated at the anterior .extremity of the base of

the centrum and is quite small. The neural canal is rather large. The
anterior zygapophyses have a peculiar form, their articular faces being

directed downwards and outwards. This character, together with the

form of the centrum and intercentrum, distinguishes this genus at once

from those previously described.

Char. Specif. The posterior articular face is a little deeper than wide,

and has rather thick recurved margins. The sides are concave, and the

middle line below protuberant (in section), but not keeled. The intercen-

tral fossa is a transversely oval pit well defined all round, and not inter-

rupting the contour of the inferior margins of the articular faces.

Measurements. M.

[
antero-posterior. 021

-r.. , P . transverse behind ' .03C
Diameter of centrum <

J

vertical " 030

[ " in front 024

Width of intercentral fossa 010

Expanse of posterior zygapophyses 025

About the size of the Dimetrodon rectiformis.

Empedocles alatus. Gen. et sp. nov.

Char. Gen. -This genus is of the same type as those already described

as allied to Clepsydrops. I know of it from numerous vertebras, but few of

which belong to any one individual, four consecutive centra being the

largest number I have obtained in association. The various specimens
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described, belong to the cervical and dorsal regions, and it is not unlikely

that one series which is not yet extricated from the matrix, includes also

lumbars, sacrals and caudals. But of the latter I am not at present able

to give any account.

Both dorsal and cervical vertebrae possess centra of the general character

of those of Glepsydrops, with small intercentra. The neural arches present

important differences. There is on the posterior aspect, below the zyga-

pophyses a well developed hyposphen, and on the anterior face a corres-

pondingly strong hypantrum. The structure is identical with that which
I have described as present in the genera Camarasaurus and Ampliim-
lius, but is rather better developed. It disappears at some posterior point

of the dorsal series. The zygapophyses are much elevated and spread

apart in Empedocles, and are connected together back to back. From this

junction the diapophysis depends, forming a vertical septum whose in-

ferior extent is greatest on the cervical, and least on the dorsal vertebrae.

It is undivided, and as there is no capitular facet on the centrum, the

rib had but a single head. The expansion of the diapophyses with that of

the posterior zygapophyses gives to the posterior side of the vertebra a re-

markable appearance, and forms an oblique roof above the centrum. The
neural spine is not elevated, and is very robust, being in some cases greater

in the transverse than the antero-posterior diameter, again approximating

remotely Camarasaurus. Of the dentition nothing is known, but some
jaws with teeth of animals allied to Clepsydrops may belong here. Proba-

bly other portions of the skeleton are in my possession, but I am unable as

yet to correlate them.

Char. Specif. The diapophyses are not long, and their articular surfaces

are quite elongate downwards and forwards, especially on the cervical cen-

tra. On more posterior dorsals the diapophysis arises exclusively from the

neural arch, but maintains its very narrow oblique articular face. On all

the vertebra? the centrum is about as long as wide, with regular marginal

angles without bevel for intercentrum. The sides are concave, and the in-

ferior median line horizontal, and thickened. The neural spine is short in the

dorsals, and with a subquadrate section, with the angles lateral and antero-

posterior. The apex is excavated at the extremity. The space between the

planes of the opposite zygapophyses is strongly convex. The latter have

horizontal faces. In other vertebrae the neural spine is more transverse, and

the zygapophyses are separated on the median line by a smaller fossa on

the anterior face of the arch, and a larger one on the posterior face.

In a specimen in which the hyposphen has disappeared, it is represented

by a ridge connecting the posterior zygapophyses, which is decurved over

the neural canal.

Measurements. M.

No. 1, dorsal vertebra of smaller individual.

Total elevation of vertebra 105

Elevation of centrum 029

" " zygapophyses 060
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Measurements. M.

Elevation of base of neural spine 083

Width of apex " " " 025

Vertical extent of extremity of diapophysis 036

^

.

_ ( antero-posterior 026
Diameter of centrum J Ar>„

(_
transverse 027

Width between inferior extremities of tubercular facets

of diapophyses 066

Width between extremities of zygapophyses 082

Length " " " " .042

No. 2, a larger individual.

Total elevation 130

f antero-posterior 029

Diameter of centrum < transverse 043

( vertical 039

Extent of zygapophyses 102

Elevation of neural spine 026

The portions of the vertebral columns referred to this species cannot be

reconciled with those of any of the species of Epicordylus or Glepsydrops.

In both of these, large parts of the dorsal series are known, and even if those

genera should possess dorsal vertebrae with hyposphen, which is very im-

probable, the peculiar forms of the zygapophyses and neural spine will

still distinguish them widely.

Embolophokus fkitillus. Gen. et sp. nov.

This form reposes on some dorsal vertebrse with intercentra and ribs in

place, which display some interesting characters. The neural arch is co-

ossified, and the zygapophyses and diapophyses are well developed ; the

latter not elongate, and standing on the base of the neural arch. The cen-

tra are notochordal. The intercentra are narrowed and transversely ex-

tended. The ribs are two-headed ; the capitulum is received into a fossa

of the posterior border of the intercentrum in advance of the vertebra

which supports the diapophysis, to which the tuberculum is attached.

The curious mode of articulation of the ribs I have not observed in the

species of the genera heretofore described, unless the forms of some of the

intercentra of the Clepsydrops limbatus indicate it. If so, that species must

be removed to Embulophorus.

Char. Specif. Centra with a circular section at all points, and contract-

ed at the middle. No carinae or grooves. The intercentra project beyond

tne edges of the centra, giving the column the appearance of supporting

annular ridges. Their lateral angles extend upwards nearly to the base

of the neural arch: The diapophyses are short and are directed upwards

and forwards ; their extremities ai-e concave. The zygapophyses are large

and their articular faces nearly horizontal. The size of this species is

small, little exceeding that of the Bolosaurus striatus.
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Measurements. M.

Length of a centrum with an intercentrum attached 0056

Length of centrum 0040

vertical 0035

{
Diameter of centrum

,

horizontal 0035

Expanse of diapophyses 0080
" heads of rib 0035

Elevation to summit of neural canal 0045

Comparison with the vertebrae which I have found associated with the

jaws and teeth of Bolosaurus striatus reveals the following differences:

The neural arches of the latter are distinct ; the intercentra are not present

on the vertebrae observed (five in one series and five in another) ; and the

centra are compressed with inferior rib. There are no capitular articular-

facets in the vertebrae of Bolosaurus described.

Theropleura retroversa. Gen. et spec. nov.

Char. Gen. Rhynchocephalian reptiles with free neural arch, and a

capitular costal articulation on the centrum ; the intercentrum probably,

and the hyposphen certainly, wanting.

This genus is similar to Lysorophus in its free neural arch, but there is

no capitular costal articulation on the known vertebrae of that genus. The
small costal face of the diapophyses is distinct from what is seen in Epicor-

dylus and Empedocles.

Char. Specif. Size medium, or rather larger than that of Clepsydrops

natalis. A. number of small vertebrae may belong to a young individual,

but I regard as type a dorsal vertebra of an adult, where the suture of the

neural arch is visible but adherent. The species is characterized by the

wide posterior expansion of the border of the articular face of the centrum,

forming the capitular facet for the rib. It approaches near to the dia-

pophysis, and descends to the basal fourth of the centrum. There is an

angular ridge passing backwards from the inferior border of the diapophy-

sis to the border of the articular face. Below this angle and behind the

capitular costal face the centrum is deeply concave, the concavities of the

opposite sides being separated below on the median line by a narrow ob-

tuse keel. The centrum is as deep and long as wide.

Measurements. M.

( antero-posterior 025

Diameter of centrum -c vertical 025

(_ transverse 025

The small specimens agree with the large one in the strong, longitudinal

angle connecting the diapophysis with the posterior border of the centrum,

and in the wide capitular articular surface.

Theropleura uniformis. Sp. nov.

This species is represented by the vertebrae of two individvals, and per-

haps of two others of smaller size. The dorsal centra are characterized by

* Proceedings Amer. Philos. Soc, 1877, p. 187.
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the absence of lateral and inferior edges, and the narrow reflected portion

of the anterior border for the capitular facet. The diapophyses are short,

and the tubercular surfaces not much extended. The zygapophysial sur-

faces are but moderately oblique. The sides of the centrum are gently and
uniformly concave, and the inferior middle line is obtuse and not promi-

nent.

The centra of the smaller specimens alluded to, are a little depressed,

and may pertain to another part of the column.

Measurements. M.
C anteroposterior 021

Diameters of centrum -j transverse 022

(^ vertical . 021

Expanse of anterior zygapophyses 019

Width of neural canal 009

Theropleura triangtjlata.

The centra of the vertebra? of three and probably four individuals repre-

sent this reptile. The superior part of these resembles that of the T. uni-

formis in lacking the angle posterior to the diapophysis seen in the T. ret-

roversa, and in the small extent of the capitular rib-facet. The inferior

part of the centrum differs in the presence of three longitudinal rib like

angles, separated by two latero-inferior shallowly concave faces. The
median rib is not very prominent, is obtuse, and concave in profile. The
articular faces are relatively rather wider than in the vertebrse described as

typical of the two species preceding ; but in one vertebra (No. 2) the pro-

portions are nearly the same.

In the second vertebra mentioned the neural arch is entirely preserved.

The diapophysis is at its base, and of small size ; the vertebra is from not

behind the median dorsal region. The neural spine is compressed and

elevated, and with narrow, truncate apex. The articular faces of the zyg-

apophyses are nearly horizontal.

Measurements. M.

( antero-posterior 018

Diameters centrum No. 1 < transverse 017

(vertical. 016

S

antero-posterior 023

transverse 024

vertical 026

Expanse of anterior zygapophyses 020

Elevation of neural spine above zygapophyses. 052

„. A „, ^ .f fore and aft 016
Diameter of do. at summit < A ___,

(. transverse 007

Batrachia.

Eryops megacephalxjs Cope. Proceed. Amer. Philos. Soc, 1877, p. 188.

To the characters which I have ascribed to the genus Eryops as above

cited, I now add the following. A series of a few large teeth much exceed-
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ing the maxillaries in size within the latter, perhaps on the palatine bone.

No row of smaller teeth within the maxillary series, or on the vomer, as in

Mastodonsaurus and Gapitosauras. The choanal are large, and extend

well forwards.

This species is the most abundant as well as the largest Batrachian of the

formation. Some of the crania are .500 Ms. in length.

It may be added that the vertebrae which I described (1. c.) under the

head of this species, and which were found with the cranium which repre-

sents it, may not really belong to it.

Parioxys ferricolus. Gen. et sp. nov.

Char. Genericus. Suborder Labyrinthodontia. Head of medium pro-

portions, with orbits near the middle of the length, and lateral external

nares. Epiotic bones prominent, bounding a deep auditory notch. Mandib-

ular angle projecting beyond the glenioid cavity. Maxillary and premax-

illary teeth not large, conic, subequal ; within them a series of rather

numerous teeth, of near the same size, probably rising from the palatine

bone. No lyra discoverable.

This genus resembles BMnosaurus and Eryops, but belongs to the

group with prolonged mandibular angle. Among these it differs from

Mastodonsaurus and its immediate allies in the deep auditory notch and

prominent epiotic bones. From Labyrinthodon and Anthracosaurus, the

uniform sizes of its teeth distinguish it ; while there is no indication of

the facial fontanelle of Dasyceps, which is otherwise much like Parioxys.

Char. Specif. This salamander is represented by two crania of similar

size, to one of which a few vertebra? are attached. I have not yet removed

the matrix enclosing the latter, as it is a task requiring much time. The
general form of the skull is a triangle with rounded sides and narrowed and

obtuse apex. The parietal region is rather elevated and wide, and is bounded

laterally by a low, angular ridge which extends anteriorly from the epiotic

angle, diminishing in prominence to the orbit. The external border of the

epiotic next the auditory notch is acute,, and the posterior angle is de-

curved, as though it formed the rim of a large membranum tympani. Be-

tween the epiotic cornua the supraoccipital border is concave The middle

of the parietal region is concave.

The orbits are large and have prominent rims, which separate a concave

interorbital region, which is less than half as wide as the longest (antero-

posterior) diameter of the orbit. The rim is most prominent at the front of

the orbit, anterior to which the side of the muzzle is somewhat swollen.

There is no canthus rostralis ; in its stead there is a concavity behind the

nares, with an intervening swelling just behind the latter. These are

equally lateral and superior in their presentation. The middle of the

muzzle is slightly concave, with a low median longitudinal ridge. If there

be any sculpture of the surface of the cranial and mandibular bones, it must
be slight ; where the thin layer of fine grained matrix which invests it has

been removed, it is smooth.

The crowns of the teeth are rather slender ; one from the posterior part

PROC. AMEK. PHILOS. SOC. XVII. 101. 3m.
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of the premaxillary bone does not display any cutting edges nor facets.

The grooves of inflection are strong, and extend well towards the apex,

but they are not numerous.

Measurements. M.

Length of skull from muzzle to epiotic angle 100
" •' " supraoccipital 090
" " " front of orbits 045
" " " nares (axial) 012

Width of skull at extremities of quadrates 083
" " between epiotic angles 035

orbits .015
" " at front of orbits 066

" between nares 015

Long diameter of orbit 025

From the same locality and horizon as the last species.

Cricotxjs heteroclittjs Cope.

Proceed. Academy Philada., 1876, p. 405. American Naturalist, May,

1878 (published April 22d), p. 319.

Specimens of a number of individuals probably referable to the above

species, exhibit many of its characters. These are very remarkable, and

indicate another type of vertebral column heretofore unknown.

The intercentra are more largely developed than in any other genus,

having the form and proportions of the centra in the caudal region, and

being but little smaller in other portions of the column. In the prepelvic

region, the true centra only bear neural arches, which are articulated, and

bear short diapophyses at their base. On the caudal region they share the

neural arches with the intercentra, while the latter bear the continuous

chevron bones exclusively. The neural spines are well developed, and not

prolonged, in both regions. The ribs are robust, and the abdomen is pro-

tected beneath by a series of long, narrow and flat scales, which form im-

bricated chevrons directed forwards at the middle line.

The phalanges are short and wide, with but slightly condyloid articula-

tions. The distal one is very short, and terminates in a narrowed obtuse

projection, somewhat like those of man, but shorter.

A cranium which accompanied the portions of the trunk above described,

may belong to the same species. It is that of a Labyrinthodont in some

degree allied to Trematosaurus. Its form is elongate and the orbits are

behind the middle. The mandibles do not exhibit prominent angles, and

the epiotic angles are not distinguished by a notch from the posterior bor-

der of the os-quadratum. The epiotic bones and two supraoccipitals form

the posterior boundary of the table of the cranium ; anterior to which the

usual parietals and pterotics extend to the frontals and post-frontals. Be-

low the latter is the postorbital, which is bounded behind by the squamosal

(supra-squamosal, Owen, Palaeontology, p. 176). The quadrato-jugal is,

possibly distinct from the large malar. There is a " lyra" of two grooves,
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which are widely separated on the anterior part of the muzzle, and which

converge in front of the orbits, which they barely reach. Another groove

occupies the inferior margin of the dentary bone. There is a deep auricu-

lar fossa beneath the epiotic and posterior part of the pterotic bones. There

is but one series of teeth on each maxillary and dentary bone exposed by
the present condition of the specimen. The teeth are subequal, gradually

increasing in size anteriorly where their long diameters are transverse to

the axis of the dentary bone. The surface of the cranial bones is not

strongly sculptured. Posteriorly it is rather closely, and anteriorly it is

sparsely, punctate. The sculpture of the lower jaw is similar, except that

it is smoother posteriorly.

As this species has been already described, further detail is not now
given. The present specimens show that the species was founded on a

caudal intercentrum, and that the C. discopliorus* was founded on dorsal

intercentra. They also show that my original reference of loose phalanges

to this genus was correct.

Zatrachys serratus. Gen. et sp. nov.

Char. Gen. The existence of this genus is demonstrated by various

fragments, the most characteristic of which is a portion of a maxillary

bone. This probably belonged to a species of the order Stegocephali, but

whether to the Ganocephalons or Labyrinthodont division is uncertain,

though the evidence is in favor of the former. The teeth are in a single

series, and their bases are anchylosed to the bottom of a shallow groove.

The external boundary of this groove is more prominent than the internal,

so that the attachment of the teeth is shortly pleurodont. The teeth have

conic crowns, and have basal grooves indicating the dentinal inflexions

common to this group. The maxillary and other bones are characterized

by their strong sculpture, in the former the ridges being developed into

prominent tubercles in various places.

Char- Specif. The horizontal expansion of the maxillary bone is a char-

acter of this species, so that its plane forms an obtuse angle with that of

the long axes of the teeth. It presents no palatal lamina. The teeth are

separated by intervals of greater width than the diameter of the base.

The border of the bone above the teeth is thickened, and the ridges are de-

veloped into numerous tubercles. These project externally so as to form

a prominent serrate margin entirely overhanging the external alveolar

border. The ridges diverge inwards in a radiating manner. The surface is

otherwise irregnlar from the presence of a deep fossa on the outer side

within the inner alveolar border.

Measurements. M.
Length of fragment 018

Width " " 018
" " alveolar groove 002

Length of prominences beyond alveolar border 003

Diameter of a tooth basis ".
. . .001

Three teeth in 005

* Proceed. Amer. Philos. Soc, 1878, p. 186.



Cope.] u-ix [April 5,

Thimeroruachis insignis. Gen. et sp. nov. Ganocephalorurn.

See American Naturalist, May (April 22), 1878, p. 328.

This genus is referred to the Cetnocephala of Owen, as a Stegocephal

Batrachian with vertebral centra represented by separate cortical ossifica-

tions, and with the chorda dorsalis persistent in the basioccipital region.

The basioccipital bone, although ossified, supports no condyles properly so

called, but a cup-like articulation for the first vertebra, like that of fishes,

but which is perforate for the chorda dorsalis. It possesses the other char-

acters of the suborder in the presence of zygapophyses and of the quadrato-

jugal arch.

Char. Gen. The centrum is represented by three cortical ossifications of

the chorda-sheath, a median inferior, and two lateral. The lateral pieces

are quite distinct from each other, and are in contact with the neurapoph-

yses above, and the posterior border of the median segment in front.

The neural arch joins chiefly the lateral elements, but is in slight contact

with the lateral summits of the inferior element. The halves of the neural

arch are coossifiecl, and support well developed zygapophyses, but no neural

spine. A lateral expansion of the base of the neurapophyses represents the

diapophysis, but it is horizontal and thin.

The cranial bones are sculptured with pits and reticulate ridges. The
parasphenoid bone is flat. The external nostrils are large and superior,

and not anterior. The angle of the mandible is little produced, and the

glenoid cavity is transverse and wider at the inner than the external ex-

tremity. The inner wall of the mandible descends from the glenoid fossa,

including with the horizontal outer wall, a deep internal pterygoid fossa.

No coronoid bone or process. Symphysis short.

The teeth exhibit the inflected dentine of this and allied groups. So far

as preserved, they are simply conic, but there are none with the apices

complete. There are two series on each side of the upper jaw, both of

which consist of larger teeth at their anterior portions. The anterior teeth

of the inner row beneath the external nares, are much the largest. A thin

bilateral bone from some part of the roof of the mouth supports some large

teeth, and a row of small ones diverging from them on each side. The
mandibular teeth are in one principal series, and become a little larger an-

teriorly. Near the symphysis there are on each side, within the external

row, one or two large teeth. The ribs are short and little curved, and

they have flat expanded heads. They are attached to the diapophysial

expansion of the neural arch. Such limb bones as are preserved are with-

out condyles, and are of relatively small size.

Trimerorhaehis differs from Archegosaurus in the ossification of the

basicranial elements ; in the absence of attached neural spines, and in the

regular and definite tripartite ossification of the chorda-sheath. The form

of the cranium of Trimerorhaehis is unknown.

Char. Specif. There are two large tusks at the anterior extremity of

the inner superior row of teeth, and two similar ones on the plate-like ele-

ment above described. The inferior border of the mandible rises gradually

posteriorly to below the posterior border of the glenoid cavity, behind
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which is a short vertical and compressed angular process, which is round-

ed in profile. There is a patch of small teeth inside of the posterior ex-

tremity of the mandibular series. The mandible closes inside of the pos-

terior part of the quadrato-jugal arch. There is a groove- near the inner

margin of the inferior face of the mandible ; external to this the surface is

marked with elongate shallow pits. The sculpture of the external side of

the ramus is less pronounced, and the pits are smallest near the angle.

The pits of the top of the cranium are coarse and well defined. The frag-

ment of maxillary bone is broken off four teeth behind the tusks, and the

neural opening has contracted but little at that point. The sculpture of

the anterior portion of the maxillary is coarsely reticulate.

The diapophyses of the centrum are oblique rhomboids in form, the an-

terior upper side receiving the neural arch. The external surface is con-

cave and smooth. The median element, which I call the intercentrum,*

is a crescent with subacute horns, which terminate below the anterior part

of the posterior zygapophyses. The inferior surface is slightly angulate,

with two low latero-inferior ridges, and sometimes a low median one. The
surface between them is delicately reticulately sculptured. The neural

arch is oblique and highest behind. The combined neurapophyses rise

rather abruptly behind the anterior zygapophyses with an obtuse and con-

vex margin. They then descend in an arc to the extremities of the poste-

rior zygapophyses, diverging downwards and separated by an open groove

which was doubtless the basis of attachment of the cartilage which repre-

sented the neural spine. External surface of the neurapophyses smooth.

The zygapophyses have little lateral expansion, but are well defined and
prominent antero-posteriorly. The processes which I have alluded to

above as diapophyses, may not be such, as they are simply transverse ex-

pansions of the anterior inferior portion of the neurapophyses, whose pos-

terior border articulates with the lateral diapophyses of the centrum.

The basioccipital condyloid fossaf is transversely hexagonal in outline,

the superior border being deeply notched by the superior portion of the

fossa chorda} dorsalis. The articular surface itself is funnel-shaped. The
parasphenoid bone advances far posteriorly under the basioccipital. It ex-

pands into an acute angle on each side below the prootic, and then con-

tracts, so that its sphenoid region is narrower than its occipital extremity.

Its surface is slightly concave.

•
• Measurements. M.

Depth of maxillary bone at middle of nares 021

Width of palatal surface " " .014

Six maxillary teeth " " 014

Diameter of an anterior maxillary tooth. 002
'

'

" tusk of inner row 004

Length of ramus mandibuli to anterior border of inter-

nal pterygoid fossa 058

Depth of do. at do 023

* American Naturalist, May, 1878, p.323.

t This term is used as preferable in this case to that of occipital condyle.
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Measurements. M.

Length of ramus mandibuli to posterior border of inter-

nal pterygoid fossa 015

Depth of ramus mandibuli at do 016
" " ••' .110 from angle 016

Six posterior mandibular teeth in Oil

Transverse extent of glenoid cavity 012

" diameter of condyloid fossa of occiput 019

Vertical diameter of do 013

Greatest width of parasphenoid 034

Thickness of do. at sphenoid portion 0035

Three vertebras (measured below) in 042

Chord of intercentrum 018

Length of intercentrum below 010

Thickness " " 002

Total length of neural arch 017

Elevation of do. above posterior zygapophyses 008

Expanse of anterior zygapophyses 007

Long diameter of lateral diapophysis 012

Short " " " 005

Length of a rib. 021

Width of head of do 008

This species was abundant during the Permian period in Texas, judging

from the number of individuals included in my collection.

Rhachitomtjs valens. Gen. et sp. nov. Ganocephalorum.

Char. (J-en. These are derived exclusively from vertebras, which appear

to belong to only one species. Four is the largest number which has been

found consecutively in any one individual, isolated portions of the vertebras

being more abundant. From these, characters of an interesting genus

allied to THmerorhacMs may be derived.

Each vertebra consists of two segments,—an intercentrum and a neural

arch. The true centrum is wanting in the specimens at my disposal, and

the intercentrum supports portions of two adjacent neural arches. With
these it shares the intervertebral articular face usually borne by the cen-

trum. Each articular face is thus divided into three portions, one third

belonging to each neurapophysis, and one third to the intercentrum. Be-

tween these the course of the chorda dorsalis is unobstructed. Neural

spine present, coossified. Diapophysis large, with a subvertical tubercu-

lar costal face. Zygapophyses well developed.

The absence of centrum and presence of neural spine and articular faces

on the neurapophyses, with the well-developed diapophyses, distinguish

this genus from TrimerorJiachis. The large intercentra and articular faces

of the neural arch distinguish it from Archegosaurus.

Char. Specif. The Bhachitomus valens is a much larger species than

the Trimerorhachis insignis, equaling or exceeding the Empedocles cclatus.

The intercentra are very robust ; the posterior face is nearly straight,

while the inferior border of the anterior face curves backward to meet the
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former at an angle. The inferior face is convex transversely, and slightly

concave antero-posteriorly. The tubercular rib facets are oval, and are

narrowed downwards and forwards. The side of the neurapophysis de-

scribes a curve which rises a little to the superior part of the extremity of

the diapophysis. The zygapophysial surfaces are as wide as long, and a

little oblique. The neural spine is not very elevated, and is very robust ;

its section is a longitudinal oval. Its summit is truncated and thickened

laterally.

Measurements. M.

„. „. rtransverse 035
Diameter of mtercentrum < . .„_

I antero-postenor 023

Expanse of diapophyses 073

Length of tubercular surface of do 022

Elevation of neural arch .071
" " spine 040

Antero-posterior diameter of summit of do 044

Pisces.

Ctenodus periprion. Sp. nov.

This large species is indicated by a fine palatal tooth of the left side. Its

outline approaches that of a right-angled triangle, but the hypothenuse is

deeply incised by the interradial notches. The plate is rather thin, and

is moderately concave on the inferior face. The ridges number seven, all

of which are directed outwards and forwards. They are separated by

strong grooves, and have a perfectly smooth and uniform crest, and be-

come more elevated at the distal extremities. The latter are steeply de-

curved and serrate, both faces being invested with a polished enamel-like

layer. This substance is only visible in an edge view, and covers one-half

the depth of the margin, being excavated by the extremities of the radia-

ting grooves. The superior face is flat.

The absence of serration from the radiating ridges of this species is a

striking feature, allying it to the genus Ptyonodus,* where the teeth are

wanting.
Measurements. M.

Length of dental plate 037

Width " " 018

Thickness at inner border 005
" " external border of penultimate crest 007

From the same locality as the species above described.

Ctenodus porrectus. Sp. nov.

Two teeth of the left palate indicate this species. The tooth is char-

acterized by the small number of its crests (six), of which only one,

the very small first, is directed backwards, and the last four are di-

rected forwards. The crests are separated by deep grooves, which ter-

minate in deep emarginations. The anterior crest is produced much
beyond the extremity of the penultimate, and the latter as much be-

* Proceed. Amer. Philos. Soc, 1877, p. 192.
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yond the fourth. The extremities of the crests extend obliquely to their

bases, and support four or five dentiform processes. The dense shining layer

extends inwards as far as the bases of the serrate portions. The inner

face of the anterior crest is oblique, and the posterior inner border curves

outwards to behind the first crest, leaving a shelf-like continuation of the

palatal surface of the tooth.

Measurements. M.

Length of tooth 038

Width at third crest 015

Depth opposite third crest 004

This species must be compared with G. fossatus Cope, and C. serratus

Newb. The latter is a wide tooth with less oblique, and fully serrate

crests. The former is a narrow species, but the anterior crests are not

nearly so extended ; it is deeper, and the inner side is vertical, and with-

out the posterior palatal lamina seen in the two species named.

Ctenodus etalophus. Sp. nov.

Represented by a single left tooth in excellent preservation. Its charac-

ters are very marked. It is of narrow form, and has more numerous crests

than any other known American species. They number ten, and there are

two or three other ruclimental ones at the posterior extremity. They are all

more transverse than usual, five being directed forwards, and five slightly

backwards. The crests are acute, but the grooves and emarginations are

not very deep. The crests are entire, except at the obliquely truncate dis-

tal extremities, where there are from two to four dentations. The shining

layer does not extend within these. The inner border of the tooth is ver-

tical, excepting posteriorly, where the inner border of the crest-bearing

portion turns outwards, leaving a narrow ledge of the palatal face. The
latter is concave in cross section.

Measurements. . M.

Length (.004 at one end inferential) 033

Width at fifth crest 010

Depth opposite fifth crest. 004

It is not necessary to compare this species with any other.

Observations on the Pelycosaurja.

In addition to the type of humerus described under the head of the genus

Clepsydrops, several other remarkable forms occur in the collection, which

are probably referrable to the various genera of Pelycosauria. I give

the following tabular analysis of them :

A. No condyle ; a supracondylar foramen. No special proximal articu-

lar surfaces.

No. 1. {Clepsy drops) Specimens ,5

.

A A. Condyles and supracondylar foramen.

a. The shaft uninterrupted.

No. 2. Condyles longer ; smaller Sp. 6.

No. 3. Condyles wider ; larger Sp . 4.
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o.a. The shaft interrupted by a prominent diagonal ridge.

No. 4. Epicondyles and ridges enormous Sp. 1.

AAA. No supracondylar fossa ; condyles as in A A.

No. 5. Form more slender Sp. 3.

No. 6. Form more robust Sp. 1.

The above humeri represent three, and perhaps four genera, which have

been probably already named from crania or vertebra? in the preceding-

pages. No. 1 has been already identified as belonging to the Clepsydrops

natalis. Nos. 2 and 3 are generally similar to the type referred by Meyer

to the Eurosaurus of Fischer, which had been previously described as

Mammalian by Kutorga ; but the epicondyles are more largely developed.

Humerus of form No. 4 is very remarkable, resembling in some degree

that of a mole, being exceedingly robust, and having the muscular inser-

tions enormously developed. It doubtless belonged to a fossorial animal,

possessing great power in the anterior limbs. If we search for vertebrae

presenting features corresponding to such a mode of life, we sieze at once

on those of the genus Empedodes. Here the elevated roof-like character

of the zygapophyses and the connecting platform suggest protection against

superincumbent weight, while additional strength is obtained by the

hyposphen articulation below them. The short wide neural spine is high-

ly appropriate also to subterranean habits. It is also probable that the

animals possessing the humeri, from No. 2 to No. 6 inclusive, were all

more or less fossorial. Humeri Nos. 5 and 6 have the characters of Nos.

2 and 3, but the supracondylar bridge is wanting, and the internal epicon-

dyle not quite so much expanded.

The division Pelycosauria is established primarily on the genera Clepsy-

drops and Dimetrodon, but their cranial structure renders it highly proba-

ble that Ectocynodon, Pariotichus and Bolosaurus belong to it. It is also

probable that the genera Empedodes, Embolophorus and others determined

from vertebra? belong to it, as the latter are frequently accompanied by
pelvic bones of the type of that of Dimetrodon. All the genera known
from teeth and crania, are of carnivorous habit, excepting Bolosaurus and

Diadectes ; they may be referred to a single family on this account, which

I call the Clepsydropidm. Bolosaurus will form the type of another fam-

ily characterized by the transverse position of the crowns of the teeth, un-

der the name of Bolosauridce. Prof. Owen has named a group of Triassic

and Permian reptiles the Theriodonta, characterized by the mammal-like

differentiation of the incisor and canine teeth. The animals thus referred

by Prof. Owen probably enter my suborder of Pelycosauria, although the

structure of their pelvis remains to be ascertained. If so, they correspond

with my Clepsydropidce, since Prof. Owen does not include herbivorous

forms in his division. As it is plain that the herbivorous and carnivorous

types belong to the same order, and probably suborder, it becomes neces-

sary to subordinate the term Theriodonta to that of Pelycosauria. To
another division of reptiles from the South African Trias typified by the

PROC. AMER. PHILOS. SOC. XVII. 101. 3x.
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genus Pareiasainus Ow., he gives a special name, expressive of the deeply

impressed surfaces of the centra occupied by the remains of the chorda

dorsalis. As this, or the perforate condition, is characteristic of all of the

Pdycosauria, it is probable that it is present in Prof. Owen's Therodontia

also. It is also evident that since the dental characters of Pareiasaurus

do not serve to distinguish it as an order from the genera with distinct

canine teeth, this group also must be looked upon as a subdivision, per-

haps of family value, of the Pelycosauria or other parts of the Rhyncho
cephalous order.

The Texan genera of this group, so far as yet known, are about equally

related to the Ural and South African types. The age of the former deposit

is the Permian, which includes, according to Murchison, the Todtliegende

and Zechstein of Thuringia. The age of the South African beds is uncertain,

but is suspected by some authors to be Triassic, and by Owen to be Palaeozoic.

In discussing the age of the Olepsydrops shales of Illinois, which had been re-

ferred to the coal measures by all previous investigators, I left the question

open as to whether they should be referred to the Permian or Triassic

formations.* The evidence now adduced is sufficient to assign the forma-

tion, as represented in Illinois and Texas, to the Permian. Besides the

saurian genera above mentioned, the existence of the ichthyic genera

Janasso, Gtenodus and Diplodus, in both localities, renders this course

necessary.

Theses.

1. The horizon of the Olepsydrops shales of Illinois and correspond-

ing beds in Texas is Permian.

2. That this period witnessed an abundant life of land and ichthyic ver-

tebrata, the former consisting of Rhynchocephalian reptiles and Stego-

cephalous BatracMa.

3. That in the land vertebrata of this period, the amphiplatyan, proccelous,

and opisthoccelous types of vertebral articulation were unknown, and that

the vertebral centra are either deeply amphiccelous or notochordal.

4. That in the case of both the Bhynchoceplialia and Stegocephali, a spe-

cialized dentition, and in the former order, a specialized limb structure, were

superadded to this imperfect vertebral structure.

5. That in the primitive land Vertebrata of the Permian, the place of the

vertebral centrum was occupied by two elements, the centrum and inter-

centrum.

6. That the intercentrum, from a position of primary importance, as in

Bhachitomus and TrimerorliacMs, became reduced, and finally mostly ob-

literated, but that it remains at the present day in the anterior dorsal re-

gion of some Lacertilia, and as the chevron bones of most reptiles and

some mammals.

* Proceedings Academy Philadelphia, 1875, p. 405.

Published May 8, 1878.
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On some of the Characters of the Miocene Fauna of Oregon.

(Bead before the American Philosophical Society, November 15, 1878.)

By E. D. Cope.

We have been for some time in possession of information as to the ungu

late forms which inhabited Oregon during the Miocene period. Through
the labors of Profs. Leidy, Marsh and Bettany, we have learned of the

existence there of Oreodontidce in considerable variety ; of Anchitheriidce ;

of peccary-like species ; of Elotherium, and of Rhinocerits. But of the un-

guiculate types, of Rodentia, and of the inferior orders of Mammalia,

almost nothing is yet known. Having recently received a number of

specimens from the deposits in question, I am in a position to offer a

number of new identifications. The following species already known
from the Miocene of Colorado, I find contained in the collection, viz.

:

Palmolagus haydeni ; Canis gregarius ; Canis lippincottianm; Hyper

-

ragulus calcaratus ; Leptomeryx evansi.

Rodentia.

Steneofiber gradattjs, sp. nov.

This species is represented in my collection by a cranium which is nearly

perfect, the principal deficiency being the absence of the mandibular rami.

It is of smaller size than the 8. nebrascensis and 8. pansus, and differs from

both these species in the relative sizes of the superior molar teeth. The
first of these is the largest, and the others diminish regularly in size to the

last, whose grinding face does not present more than one-third the ex-

tent of that of the first. The triturating surfaces of the second and

third have their long axes transverse. In all the crowns, besides the in-

ternal and external enamel inflections, there is but one fossette, which is

anterior to the external inflection. The latter has become isolated from

the superficial enamel on the last three molars, by attrition. The superior

incisors are flat anteriorly with the external angle rounded, and its dentine

presents the transverse undulations seen in 8. pansxos.

Measurements. M.

Length of skull from incisive alveolus 0500

"Width between summits of first molars 0060

fourth " 0095

Length of molar series 0115

-p.. . c ., „ r. .
1 (antero-posterior 0040

Diameter of the first molar < 1
-

{. transverse 0045

Diameter of third molar I
antero-posterior 0028

t transverse 0032

tv , . c e ,, -, f antero-posterior 0020
Diameter of fourth molar \

l

n t

I transverse 0024

From the above measurements it is apparent that the molar series in this

species is equal in length to the anterior three molars cf the 5. nebrascensis



and 8. pansus. The posterior fossettes of the crowns seen in those species

are wanting in the S. gradatus.

Entoptychus cavifrons, gen. et sp. nor.

Char. gen. Probably of the family Saacomyidce.* The cranium is

elongate, and presents inflated periotic bones, and slender zygoma. The
foramen infraorbitale is small and anterior in position, entering the maxil-

lary bone near its suture with the premaxillary.

Generic characters. Molars f-f, rootless, and identical in structure. The
crowns are prismatic, and in the young stage present a deep inflection of

enamel from one side, the external in the superior teeth, the internal in the

inferior. After a little attrition, the connection with the external enamel

layer disappears, and there remains a median transverse fossette, entirely

enclosed by enamel. The tooth then consists of two dentinal columns in

one cylinder of enamel, separated by a transverse enamel-bordered tube.

Incisors not sulcate.

The teeth of this genus differ from those of Perognathus in being with-

out distinct roots, and in having the enamel loop cut off and enclosed. In

Dipodomys, the molars are undivided simple prisms.

Specif. Char. This species is represented by some entire crania, and

numerous separated jaws. The postorbital part of the skull is subquadrate

in outline, and depressed in form. The interorbital region is narrowed,

but the superciliary margins do not meet nor converge to form a sagittal

crest. They are thickened, forming two subparallel ridges which are sepa-

rated by a shallow concavity of the frontal bone. The nasal bones are very

narrow, and their posterior apices just attain the line of the supero-anterior

angle of the orbit. The base of the malar bone is much elevated and very

oblique. The molar teeth are directed obliquely backwards, the alveolus

of the first issuing below the anterior part of the orbit. The first superior

molar is the largest, and the proportions of the others diminish regularly

posteriorly. The first inferior molar is a little smaller than the second and
third, and is about equal to the fourth. Its anterior column is contracted,

while the last molar is like the second and third. The face of the inferior

incisor is flat, and its enamel is smooth. The external face of the jaw is

bounded below by a strong angle, as far anteriorly as below the first molar.

Measurements. M.

Length of skull to incisive alveoli 041

Width of skull at mastoids .020

•
" " between orbits 005

" at middle of muzzle 010

Elevation of skull from second molar 01

1

Length of molar series 007

" first molar 002

Width of " " 002

Length of crown of last molar 0015

*See Coues' Report TJ. S. Geol. Surv. Terrs. XI, p. 491.



Measurements. M.
"Width of crown of last molar , 0015

Length from M. 1 to infraorbital foramen 007

Depth of mandibular ramus at M. 2 006

"Width of face of inferior incisor 0016

Entoptychus pianifrons, sp. nov.

A larger species than the E. cavifrons, represented in my collection by
parts of crania, and rami. The former show that besides the superior size,

this species differs from the E. cavifrons in the absence of the superciliary

ridges, and hence perfect flatness of the interorbital region. The latter is

also wider, measuring five-sixths the width of the muzzle at its middle,

while in the E. cavifrons it is only half as wide. The subjoined measure-

ments give the characters in detail.

Measurements. M.

Width of interorbital space 007

" muzzle at middle 0086

Elevation of skull from second molar .0130

Length of inferior molar series 0072

Depth of ramus at M. 2 0072

Width of inferior face at M. 2 0043
" " incisor 0018

Distance between infraorbital foramen and M. 1 0050

Entoptychus crassiramis, sp. nov.

This, the largest species of the genus, appears to have been less abundant

than the two already described. I refer to it portions of two crania and

three mandibular rami, found separately. The superior size of the parts is

obvious, the posterior three superior molars having the same longitudinal

extent as the entire series of the E. cavifrons. The gradation in the size

of these teeth, is as in that species, the grinding surfaces diminishing

rapidly in extent posteriorly. The superciliary ridges are not well pre-

served, but were probably thickened as in E. cavifrons, and the iuteror-

bital space was relatively as narrow, and not so wide as in E.planifrons.

The measurements below exhibit the characters more exactly.

Measurements. M.

Width of skull between orbits 007

Elevation of skull from second molar 015 '

Length of series of superior molars. 0115

t.. . c t , ( anteroposterior 003
Diameter of second molar-? '

' transverse 004

Diameter of fourth molar {
anteroposterior 002

I transverse 002

In the mandibular rami the inferior masseteric ridge extends to below

the anterior border of the first molar, and is very prominent and acute.

It results that both the exterior and inferior aspects of the ramus are con-



cave to tb e anterior extremity of the crest, which slopes upwards. The

incisive alveolus, though not prominent as in the Hystricomorpha, is on the

inner side of the hase of the ramus in front, and the enamel-face of the

incisor tooth is directed more inwards than downwards. Ahove the alveo-

lar prominence, the inner face of the ramus is gently concave. The ante-

rior origin of the coronoid process is opposite the posterior border of the

second molar.
Measurements. M.

Length of inferior molar series 0105

Width of anterior face of inferior incisor 0028

Depth of ramus at M. 2 0085

Width of ramus below at M. 2 0070

Pletjrolictjs suxcifrons, gen. et sp. nov.

Char. gen. Fam. Saccomydiee. Superior molars rooted and short-crowned.

The crowns with a lateral fissure bordered with an inflection of the enamel

sheath, extending to their bases. In the superior molars this inflection is

on the external side, and does not dividethe crown. Superior incisors not

grooved.

This genus is curiously near to the existing Heteromys and Perognathus,

the two genera of Saccomyidw with rooted molars. The former differs in

having the molars divided into two columns, each of which is sheathed in

enamel, while Perognathus only differs so far as I am aware, in having the

superior incisors grooved.

Specif. Char. This species resembles those of the allied genus Entop-

tychus in many respects. The superciliary borders are thickened upwards,

forming two ridges, which enclose a groove between them which is more

pronounced than in the Entoptychus cavifrons. The muzzle is plane above

and considerably wider than the interorbital space. The base of the ma-

lar is thin and oblique, and the foramen infraorbitale exterius is well in

advance of the molar teeth and at the anterior part of the maxillary bone.

A groove passes backwards from its inferior border, terminating in a small

foramen which marks a point nearly half way to the first molar. Within

this, another shallow groove bounds the more prominent median line. The
palatal surface exhibits two shallow lateral grooves, which commence op-

posite the posterior border of the first molar.

The grinding surfaces of the molars are transverse ovals, only interrupted

by the exterior fissure. The first molar is slightly different in form, being

larger, and its section, when not much worn, being nearly round. Its an-

terior portion extends towards the alveolus, giving an antero-posterior oval,

on prolonged wear. Each tooth has three roots, one interior and two
exterior ; in th« first they may be described as two posterior and one ante-

rior. The last mojar is the smallest, the series exhibiting a regular grada-

tion in size.

Measurements. M.
Interorbital width 0050

Width of muzzle at middle 0080



Measurements. M.

Depth of cranium at M. 2 0138

Length of molar series along base 0080

Diameter of second molar j
anteroposterior 0016

( transverse 0020

Width of face of superior incisor 0020

Meniscomys hippodus, gen. et sp. nov.'

Gen. GJiar. The characters of this genus are derived from the dentition

of both jaws, and from portions of the cranium which are preserved. The
molars are rooted, and number f. Those of the superior series are with-

out enamel inflections, and the triturating surface exhibits two external

and one internal crescentic sections of the investing enamel. On the sec-

ond superior molar there are three external crescents in the typical species ;

and the first molar is simply conic. Between the inner and external cres-

cents, there are the curved edges of enamel plates directed obliquely and

transversely. The grinding surfaces of the inferior molars display in the

unworn condition, two L-shaped transverse crests, connected longitu-

dinally on the median line ; on wearing, the lateral emarginations of the

enamel become shallower, disappearing from the inner side, but remaining

on the outer. Incisor teeth not grooved. Foramen infraorbitale anterius,

if pi-esent, elevated in position and near orbit.

The characters of the dentition of this genus resemble those of the genus

Pteromys, which is now confined to Asia and the Malaysian Archipelago.

The superior molars differ from those of Pteromys in wanting all reentrant

enamel inflection. Specimens in my collection indicate two species of

Meniscomys.

Specif. Char. Superior molars with a vertical ridge from the points of

junction of the crescents on the external side ; there are thus two on the

second molar, and one each on the third and fourth. Within each of the

external crescents is another crescentic edge of a pair of vertical enamel

plates, and the inner marginal crescent sends off a short transverse branch

towards them. With attrition, all these crests unite by their extremities,

enclosing four distinct lakes, which, after still further wear, disappear.

Attrition produces a similar result in the inferior molars, viz. : two pairs of

crescents enclosing four lakes, which ultimately wear out. The inferior

incisor has a shallow concavity on its anterior face.

The maxillary bone, anterior to the molar teeth, is shorter than the pre-

maxillary. The incisive foramina are entirely in the latter. The sides

and superior aspect of the muzzle are regularly convex in transverse sec-

tion. The inferior incisive alveolus is enclosed entirely in the plane of the

ramus, and extends posteriorly to below the last molar tooth. The masse-

teric ridge is very oblique, and rises to a median point below the second

molar. The coronoid process rises from the front of the last molar.

Measurements. M.

Length of superior molar series 008
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Measurements. M.

T^. . e , . , ( anteroposterior. . . .004
Diameter of second superior molar <

1

' transverse 0035

,,
tli

-

r1 " " (anteroposterior... .0020

( transverse 0025

Width of superior incisor .0020

Length from base of first superior molar to base of in-

cisor 0065

Width between bases of first molars 0020

Length of first inferior molar 0033

Depth of ramus at second molar 0050

Width " below " '.

0035

Meniscomys multiplicatus, sp. nov.

This species is considerably larger than the M. Mppodus, and differs in

the greater complication of tbe enamel plates of the inferior molars. The
four crescentic areas are discernible on the worn surfaces of the crown, of

which tbe posterior inner is reduced in size on the middle two molars.

Tbe two enclosed lakes bave very plicate borders which form many small

loops, and sometimes tbey are fused into a single irregular area. The last

molar is extended a little posteriorly, and all present an entrant angle be-

tween the inner columns. The coronoid process originates opposite the

third molar, and the masseteric ridge ceases below the middle of the jaw

below the second molar.

Measurements. M.

Probable length of inferior molar series 0120

Length of posterior three molars 0095

Diameter of second molar * anteroposterior.f ant

I tra:transverse 0025

Length of fourth molar 0040

Depth of ramus below second molar - 0070

Width "' " " 0050

Carsivora.

Tjsmnocyon altigenis, gen. et sp. nov.

Gen. Char. This genus is only known from a mandibular ramus which

sui ports all the teeth excepting the incisors and probably the last molar.

There are four premolars and probably three true molars, all having the

general character of those of Ganis. The only character by which I dis-

tinguished the neAV genus Temnocyon is seen in the form of the heel of the

sectorial tooth. Instead of presenting a concave surface bounded by ridges

or tubercles, it presents a more or less median cutting edge as in the poste-

rior premolars of Qxycena. In the typical species, there is but one row

of cusps on the first tubercular molar, but they are not elevated, and stand

on one side of the crown. In comparing this genus with types other than

Ounidce, one can recognize in its characteristic peculiarity of the sectorial



tooth, one well -known in the typical genera of Vkerridce and Mustelidcs.

Temnocyon is, however, truly canine in other details, and appears to ap-

proach the genus Palceocyon of Lund. According to this author, the

posterior inner tubercle of the anterior part of the crown of the sectorial

tooth is wanting in that genus, so that it is distinct from the North Ameri-

can form.

Specif. Char. The mandibular ramus is rather deep and compressed,

much more so than in the Cards latrans, with which it agrees in the length

of the dental series. As compared with the existing species of Ganis and

Vulpes of North America, the sectorial tooth is relatively smaller and the

premolars larger. In this respect it agrees with most other dogs of the

Lower Miocene, and differs from those of the Upper Miocene (Loup Fork).*

The posterior tubercle is wanting from the premolars, excepting the last,

where it is large and obtuse, differing in this respect also from most recent

dogs, and from the cotemporary Cards gregarius. In the sectorial tooth

the principal cusp is much elevated above the anterior, while the inner

median is small, with its apex in line with the anterior. The cutting edge

of the heel is not acute, and is a little external to the median line ; there is

a weak cingulum-like angle at its inner base. The first tubercular tooth is

large, nearly equaling in antero-posterior diameter the base of the third

premolar. It is parallelogrammic in transverse section, and supports two
principal cusps and an anterior ledge. The cusps are pronounced and

stand exterior to the middle line ; their inner side slopes to the base of

the crown where there is no cingulum. The ledge is higher on the inner

than the external side. There are no basal cingula on either side of the

bases of any of the teeth. The second tubercular molar is lost.

The alveolar margin of the jaw rises behind the sectorial tooth, and the

inferior margin begins to ascend below the middle of the same tooth more

decidedly than in C. lupus, latrans or cu^pigerus. The two large mental

foramina, are situated, the one below the second, the other below the third

premolars.

Measurements. M.

Length of anterior six molars 073
" " four " 045
" base of second premolar Oil

Elevation of crown " " Oil

Length of base of fourth " 015

Elevation of crown " " 014

Length of base of sectorial tooth 0185

Elevation of principal cusp of sectorial tooth 0160
" anterior " " " 009

Length of heel of sectorial 007

Elevation " " 0085

Length of crown of first tubercular 0115

* See Proceedings Academy Philadelphia, 1875, p. 22, where I have discussed
the origin and history of the sectorial tooth.
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Measurements. M.

Widthof crown of first tubercular 0065

Depth of ramus at P. M. 2 024

" at sectorial 028

Thickness " " 010

Canis cusfigerus, sp. nov.

This peculiar species is indicated by the greater part of the cranium with

dentition, to which are united both rami of the lower jaw with nearly all

of the teeth in place. These indicate a dog of small size, about equaling

the Cams gregarius Cope, but one presenting marked characters.

The third premolar tooth in both jaws differs from the corresponding one

in the C. gregarius and in most recent species, in lacking the lobe of the

posterior cutting edge, agreeing in this (as regards the inferior series)

with the Temnoeyon altigenis. It is present in the fourth inferior premo-

lar, which has besides, a low heel. The inferior. sectorial tooth is charac-

terized by its great robustness ; the internal median tubercle is much ele-

vated, while the principal cusp is short. The heel is wide and basin-shaped,

with the inner border as much elevated as the outer. The first tubercular

molar is characterized by its width as compared with its length being nearly

as wide transversely as fore and aft. It has two anterior cusps followed

by a basin with elevated borders simulating two posterior cusps. There

are an anterior and a exterior cingulum. The second tubercular is a min-

iature of the first, differing in the more robust external posterior cusp, and

the absence of external basal cingulum. There are no complete cingula

on the external bases of the other inferior teeth. The second superior

tubercular is well developed, having two external tubercles. The anterior

inner cusp of the superior sectorial is distinct and acute, and there is a

cingulum along the inner base of the crown. The exserted portion of the

canines is long, slender, and with an oval section narrowed behind. The
enamel of all the molars is more or less rugose, a character which is only

found among our extinct dogs in the C. fieismarianus.

The mandibular rami are shallow, and their inferior margin is not stout.

A gentle elevation of the latter commences below the first tubercular tooth

and the alveolar border rises but little behind. The masseteric fossa is deep

and well defined.

Measurements. M.

Length of inferior molar series 041
" bases of four premolars .023

•

" base of second " 005

Elevation crown " " 005

Length of base of fourth " 0072

Elevation of crown " " 0055

Length of base of sectorial .010

Elevation of principal cusp 006

Width of heel of sectorial 006
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Measurements. M.

-r.. . c r. . . t , (antero-posterior 006
Diameter of first tubercular^ '

•. transverse 005

Antero-posterior diameter second tubercular 0037

Length of base of superior sectorial 009
" bases of two tuberculars 012
" base of first tubercular 0064

Canis geismarianus, sp. nov.

Tbis species of dog may be placed with reference to the size of its infe-

rior sectorial tooth between the G. lippincottianus and G. hartsliomianus.

In tbe robust proportions of this tooth it more nearly resembles the G.

euspigerus. Tbe mandibular ramus is robust and shallow, and quite dis-

tinct from the deep jaw Of G. hartsliomianus. Tbe sectorial has perhaps

twice tbe bulk of those of the G. lippincottianus and G. euspigerus. From
that of the latter it differs further in the small inner tubercle and con-

tracted heel.

The sectorial part of the tooth is relatively small, not exceeding the heel

in length, and its cusps are low. The heel is notable for the elevation of

the tubercle of the inner side—which exceeds that of the outer ; the latter

also, is contracted, standing within the external base, which is represented

by a short cingulum. A weak cingulum below the sectorial blades. Sur-

face of the enamel rugose where not exposed to friction.

Measurements. M.

f vertical, anterior cusps 006

I
" heel 0038

Diameters of sectorial •{

antero-posterior 0115

transverse, middle 006

Depth ef ramus at sectorial 012

Thickness of " " 007

I

The affinities of this species are evidently with the G. euspigerus. It is

named in honor of Jacob Geismar, a skillful naturalist of Philadelphia.

Mach^erodus strigidens, sp. nov.

This obviously distinct species is only represented by the crown of a

superior canine tooth, from which the apex has been broken. Its characters

are so peculiar that I record it under the above name, r.ot knowing whether

I shall have better specimens.

The tooth is long and very much compressed, much more so than in any

species of the genus known to me. Its anterior and posterior edges are

finely and very perfectly denticulate without lateral flexure near the base.

The centre of each side of the tooth is occupied by a wide open gutter, so

that the greatest transverse diameter of the crown is not at its middle.

These gutters become planes towards the apex, giving an elongated hex-

agonal section. The size indicates an animal of the proportions of the

M. primmmis, and smaller than the M. brachyops.
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As compared with the superior canine of the Baptophilus squalidens,

which the present specimen resembles in its compression and fine denticu-

lalion, it differs in its greater relative length and in the presence of the

lateral open sulci.

Measurements. M.

C
antero-posterior , 0120

Diameter at base •
.

|
greatest .0036

transverse -
°

V I median 0032

Length of a denticle on base 000143

Mach^erodus BRACHrnps, sp. nov.

This species, which ranged in size from that of the puma to that of the

jaguar, is represented in my collection by parts of two crania ; by an en-

tire cranium ; by a left mandibular ramus with parts of the skeleton, and

by several isolated teeth. The characteristics of the molars in both jaws

are those of the other species of this genus. The first superior pre-

molar is two-rooted and small, occupying the middle of the short space

between the canine and the second premolar. The latter is large, and has

no anterior basal tubercles. Sectorial without anterior basal tubercle.

Tubercular tooth small, transverse.

The crania of the three individuals mentioned agree in many particulars

;

and especially in the very short face and muzzle. This may be more ex-

actly expressed by comparing the interspace separating the second and third

premolar from the canine with the length of the base of the latter. From
tliis it is seen that the two dimensions are equal, while in the M. primce-

vus the first mentioned is much the longer of the two. In the mandible

referred to this species another character is seen in the relatively large

size of the premolars, which much exceeds that of the corresponding teeth

in M. primcBv'us, The first is stated by Leidy to have an anterior basal

cusp, which is wanting in the M. bracliyops.

In the first cranium the sagittal crest is well developed. The canine

tooth has an oval section at the base of the crown, whose long diameter

somewhat exceeds the distance between it and the anterior base of the sec-

ond premolar. The infraorbital foramen is large. The second specimen,

the left maxillary and part of malar bones with teeth, shows that the

length of the base of the sectorial tooth equals the space between it and the

middle of the first premolar. The superior aspect of the proximal portion

of the malar bone is horizontal, constituting a surface not seen in the spe-

cies of FeMs. The canine is robust, with an oval section at the base. The
posterior denticulate cutting edge extends higher up than the anterior, and

ceases at the base of the enamel. The anterior cutting edge is on the in-

ner side of the anterior face of the tooth.

Measurements.

No. 1. M.

Length of muzzle in front of canine 017

T -v , ,• • . , (anteroposterior 018
Diameter of canine at base-] '

(transverse 011

Distance from canine to p. M. 2 017
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Measurements.

No. 2. M.

Length of base of series to canine 062
" " second premolar 018
" " sectorial 025

Elevation to summit of infraorbital foramen 033

The characters displayed by the second cranium lead me to suspect that

it is that of a female. A striking feature of the superior dental series is the

small size of the canine, which is also not much compressed at the base.

As regards the cranium, the sagittal crest is only distinct over the posterior

part of the brain case ; the zygomata are not very widely expanded, and

the muzzle is narrowed. The external infraorbital foramen is large.

The mental border of the mandibular ramus is not flared downwards
but is continuous, but the external is separated from the anterior and in-

ferior faces by strong angles. The diastema is long. Three molars, all

large ; the first without anterior basal tubercle, the second with a large one.

Sectorial tooth the longest, with well developed simple cutting heel.

Measurements. M.

Total length of cranium 192

Greatest width " 123

Length of dental series with canine 077

-r.. , j, . . -. f anteroposterior 012
Diameter of canine at base 1

I. transverse 008

Distance between canine and second premolar. 019

Length base second premolar 019

Length base sectorial 023

Length inferior dental series, with canine (94
" diastema 025

Length base of first premolar 015

" " sectorial 027

Depth of ramus below second premolar 032
" " superior canine .027

This sabre-toothed tiger is larger than the Maclmrodus primmvus, and is

more like the animal indicated by a fragment of the lower jaw named by
Leicly, M. occidentalis. But the latter agrees with the M. primaivus in the

relatively small size of teeth, especially of the first premolar, and in their

oblique position, characters not seen in M. bracliyops.

Pekissodactyla.

Anchitheritjm eqtjicefs, sp. nov.

This animal is represented by a portion of the skeleton including a com-
plete cranium of one individual with mandibular rami of several others

The characters of the species are well marked, and do not approach very

nearly to those of any other known to me.

The skull is considerably larger than that of A. bairdi, and the length
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is greater as compared to the transverse and vertical diameters. The pre-

orbital region is but little concave, and the anterior border of the orbit is

above the posterior half of the first true molar. The molar teeth present

a tubercle between the anterior lobes, and a weak cingulum extends round

the inner base of the anterior one, and in the second premolar, round the

base of both inner lobes. Thence it passes round the anterior base of the

crown and ceases in a tubercle which rises in contact with the anterior

median crest. On the posterior side of the crown the cingulum in like

manner terminates in the large three-sided posterior marginal tubercle.

The anterior median tubercle-crest is well distinguished from the anterior

inner tubercle and is directed very obliquely. The posterior median crest

is continuous with the inner, and is well separated from the external

crests. The external basal cingulum is robust, the columns are prominent,

and the outer faces of the external crescents deeply impressed but with a

well marked median ridge. The external cingulum and its margins is ru-

gose ; other parts of the enamel smooth. The first premolar has two

roots ; the second premolar is as long as the fourth, and longer than the

last true molar.

Measurements. M
Total length of cranium 280

Length of dental series to first incisor 147
" " " canine 130

molar " .100

" premolars 053
" second premolar. 015

Width of " " 015

-r.. a . . , j antero-posterior 0135
Diameter first true molar l

t- transverse. 016o

-.. e -. . , | antero-posterior .0135
Diameter of last true molar l - m„n

t transverse .-. .01 i0

From A. conclonr Leidy, this species differs materially in the composi-

tion of the superior molars In that species there are no inner tubercle

and cingulum ; the anterior median crest is more completely separated ; the

anterior cingulum does not cease with the anterior marginal tubercle, and

the posterior marginal tubercle is linear, not trihedral.

Anchitherium bkachtlophum, sp. nov.

Portions of the maxillary bones supporting molar teeth, indicate a spe-

cies of the size of the A. equiceps, but differing in various respects.

The median and inner tubercles are not deeply separated, and the for-

mer are cutoff from the external crescents by a deep fissure. There is no

tubercle between the bases of the inner cones, nor is there any internal

cingulum. The anterior cingulum does not develop a distinct tubercle,

and does not extend to the anterior extremity of the anterior outer cres-

cent. The posterior cingulum develops a large trihedral tubercle, and

then extends nearly to the external crescent. The external cingulum is
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robust, and the external columns are prominent; the intervening spaces

are impressed, and have a distinct median ridge. Enamel smooth or

slightly rugose at base of crown .

Measurements. M.

Length of two superior molars .030

t-.. , f r, . . , f anteroposterior 015
Diameter of first superior molar-; I

v. transverse 017

These dimensions are those of the A. equiceps.

Anchithebium longicristis, sp. nov.

This is a smaller species than the two above described, having the di-

mensions of the A. bairdi. The best specimen representing it consists of

a right maxillary bone, which supports all the molars excepting the last.

The infraorbital foramen issues above the third premolar. The first pre-

molar is two-rooted ; the second is not elongate, and is equal to the other

premolars, or the penultimate true molar, in antero- posterior diameter.

There are no interior basal tubercles or cingula, but the anterior cingulum

has a tubercle which is appressed closely to the anterior median. The
posterior cingulum expands into a large trihedral posterior marginal tuber-

cle. The anterior median tubercle- crest, appears in the worn state to be

moderately distinct from the internal ; both it and the posterior middle are

characterized by their production outwards ; the latter passing between the

exterior crescents and forming a junction with their common connection.

The external cingula are not strongly marked, nor the external faces of

the crescents impressed ; the latter are convex, and with the median ridge

little distinct. Enamel smooth.

Measurements. M.
Length of anterior six molars 062

" premolar series . 044

Diameter of second premolar {
anteroposterior 013

(- transverse 014

Diameter of second true molar I
anteroposterior 0125

*. transverse 0165

In the Annual Report of the U. S. Geol. Surv. Terrs, for 1873,* I gave
the comparative characters of the three species of this genus then known
to me, viz. : A. bairdi Leidy ; A. cuneatum Cope, and A. exoletum Cope.
I now give a table in which the three species above described are intro-

duced, with the A. condoni Leidy.

A A tubercle between the internal lobes of the superior molars.

Larger
; median tubercles well separated ; large anterior and posterior

marginal tubercles .A. equiceps.

Smaller; median tubercles not separated ; no anterior marginal and a small

posterior marginal tubercle A. bairdi.

A A No tubercle between inner lobes.

* Paste 496.
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i. External cingulum robust.

/? Anterior median crest little or not distinct.

Larger ; median crests cut off externally ; no anterior marginal tubercle
;

external faces impressed A. brachylophum.

Small
;
posterior median crest confluent with external crests ; an anterior

marginal tubercle ; external face little impressed A. longicristis.

j3j3 Anterior median crest isolated.

Larger ; a large anterior marginal tubercle
;
posterior marginal linear ',

wrinkled A. condoni.

Small ; anterior marginal tubercle minute, posterior triangular ; median

crests short ; smooth A. cuneatum.

ii. External cingulum narrow.

External faces without median rib ; median crests short, the anterior cut

off ; marginal tubercles small A. exoletum.

Stylonus seveksus, gen. et sp. nov.

Gen. Char. These are derived from superior molar teeth Stylonus is

allied to Hlppotherium in details, including the isolation of the anterior

internal enamel covered column, which thus forms an island of dentine,

and in the prismatic character of the tooth. It differs from it in the fact

that the posterior internal column is isolated in the same manner as the an-

terior, thus forming a second island on the triturating surface of the crown.

This interesting new genus adds one to the already numerous forms of

extinct equine animals. It carries to its limit the line of development

which retains the inner tubercles of the molar crown distinct from the

median. The preceding station on this line which we know is the genus

AneMppus, where the median crests have not assumed the antero-posterior

direction belonging to the higher equine genera, and where the molars

have short crowns and long roots. We may then believe that the line

which includes AneMppus, Hippotlierium, and Stylonus, is a side branch

from that which terminated in Equus. The line of Eqwus must be traced

from Ancldtherium through Protohippus and Hippidium.

Specif. Char. Two superior molar teeth were accompanied by a num-
ber of inferior molars as having been all found together, but whether they

belong to one individual is uncertain. The dentinal lakes of the superior

molar are confluent by the median transverse valley, and increased wear

would probably join the posterior pair by their posterior angles. The bor-

ders of the cementum lakes are simple, except one or two plications on

their opposed adjacent borders, and one at the posterior inner part of the

posterior. The internal columns are small, and their sections form two

equal ovals with their long axes antero-posterior. The anterior dentinal

lake sends off a narrow loop towards the posterior part of the anterior

column. The shaft of the tooth is incurved, and the external face is un-

equally divided by the usual ridge. The wide gutters on each side of the

latter are uniformly concave, and contain a rather shallow deposit of

cementum.
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In the inferior molars the two median interior tubercles are stout, and

the loops which they hound, are nearly enclosed. There is a tubercle be-

tween the bases of the external columns.

Measurements. M.

Length of crown of superior molar 028

t\- ,
• i I anteroposterior 018

Diameter superior molar 1

I transverse 016

Long diameter internal column-lake 005

From the Pliocene formation of Cottonwood, Grant co., Oregon.

D^eodon shoshonensis, gen. et sp. nov.

Ge?i. Cliar. These are indicated by the terminal portion of the lower

jaw of a huge mammal, which does not resemble that of any known
genus of this order. It supports on the side, three incisors, one canine,

and two premolars, which form an uninterrupted series. The first pre

molar has two roots ; and the canine is of huge proportions. The mandib-

ular symphysis is coossified, and there are no osseous tuberosities on it

nor on the adjacent parts of the rami.

The characters of the piece on which this genus is established indicate

that the latter probably pertains to the ChalicotheriicM along with Menodus
and Symborodon. From these its six inferior incisors distinguish it, while

the absence of a diastema separates it from Chalicotfierium. From Palce-

osyops and Limnohyus it may be known by the large two-rooted first pre-

molar, or more correctly, in all probability, by the absence of the first

premolar of the inferior series. In the relatively powerful canines it re-

sembles the last named rather than the first named genera.

Specif. Char. The canine teeth are very robust, as in the species of

Elotlierium. The inferior face of the symphj^sis is not steeply inclined,

and is quite elongate. It is narrowed near the bifurcation and expands to

a rounded incisive border. The first incisor is narrower than the second

and third, which are robust. There are two small mental foramina, the

larger below the anterior root of the anterior premolar ; the second below

the anterior root of the second premolar.

Measurements. M.
Length of symphysis above 155

Width between bases of canines 100

Antero-posterior diameter of base of canine 055

Transverse " " second incisor 022

-r.. . e , ~ j. . t (antero-posterior 040Diameter of base of first premolar ;

'

1 transverse 025

This species is the largest of the North American Perissodactyla, with

the possible exception of the Menodus proutli.

AUTIODACTYLA.

Hyopotamus guyotianus, sp. nov.

This species of a genus little known in North America, is represented by
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a portion of the left mandibular ramus, in which only the last molar is

sufficiently well preserved for identification. The latter is, however, per-

fect, and furnishes clear evidence of the former existence on the west side

of the Rocky Mountains of a species distinct from the H. americanus Leidy

from the more eastern regions. The cones are in pairs and are directly

opposed ; their section is sub-trihedral, the two external sides of the ex-

ternal cones, forming a regular convexity. The cusps are acutely pro-

duced and slightly divergent. The posterior side of each outer cusp is

excavated ; the exterior side of the same presents a median rib with a con

cavity On each side, which is terminated below by an imperfect cingulum.

The latter terminates on each side of the base of the cusp in a rudimental

cusp, of which there are thus four on the external side of the tooth. The
boundaries of the inner face of the external cusps are angular ; the poste-

rior one joins a corresponding ridge from the inner cusps, but there is no

descending ridge on the anterior inner side of the internal cusp, which

therefore forms no junction with the opposite part of the external cusp.

The fifth cusp is well developed, and sends a crest inwards to the interior

base of the interior cusp of the adjacent pair.

Measurements. M.

r.. , P , , . f . , f antero-posterior 022
Diameter of last interior molar {

l

t transverse 010

This species is smaller than the H. americanus, and differs much in de-

tails. It is dedicated to Prof. Arnold Guyot, of Princeton, New Jersey.

Printed Dec. 8, 1878.
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Second Contribution to a Knowledge of the Miocene Fauna of Oregon.

By E. D. Cope.

{Bead before the American Philosophical Society, December 5, 1S79.)

Two contributions to the present subject have been heretofore made by

the writer, viz., in the Proceedings of the American Philosophical Society,

for November, 1878 ; and in the Bulletin of the U. 8. Geological Survey of

the Territories for February, 1879. In the latter article thirty-eight species

of vertebrata were enumerated as having been discovered in the Truckee

beds of the White River formation of Oregon, of which all but one were

mammalia.

I have since conducted explorations in that region, the expeditions being

mostly under the direction of Jacob L. Wortman. This gentleman has

obtained a great many specimens, several of which indicate new species,

which it is the object of the present article to describe. In addition to these

discoveries, Mr. Wortman has sent remains of Lacertilia and OpJiidia, or-

ders previously unknown in Oregon. I had discovered them in the White
River formation in Colorado in 1873.

HESPEKOMYS NEJ1ATODON, Sp. UOV.

This rat is represented by a beautiful skull, discovered by Prof. Thomas
Condon, of Eugene city, and by several jaws, and other fragments subse-

quently found by Mr. Wortman.

The frontal region is not contracted as in Eumys elegans and Fiber

sibethicus, but the superciliary ridges are well separated from each other,

as in Hesperomys americanus. The frontal and posterior nasal regions are

slightly concave in transverse section. The molars display tubercles on

one side, and crescents on the other, the former being external in the su-

perior series. The first superior molar has an additional tubercle at its an-

terior extremity. The incisors have a transverse anterior face, which is

divided by several delicate ridges.

Length of superior molar series, .0065 ; length of first superior molar,

.0028 ; interorbital width, .0042. Length of inferior molar series (speci-

men No. 2), .0064; length of first molar, .002; width of incisor, .001 ;

depth of ramus at second molar, .004.

SCIURUS VORTMANI, sp. 110V.

Like the S. relictus, of the Colorado White River beds, this is a rare

species, being only represented by a mandibular ramus in my collection.

This part is remarkable for its depth as compared with its length ; and the

base of the coronoid process has an anterior position. It rises opposite the

posterior part of the third molar, and its anterior border descends to a point

just below the posterior part of the first molar. The inferior border of the

masseteric fossa is a prominent edge, which descends below the inner in-

ferior margin of the ramus. The molars diminish regularly in size for-

wards ; their crowns are basin-shaped, with the anterior angle of the ex-
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ternal border elevated, and the inner border notched medially. Incisor

compressed.

Length of inferior molar series, .010 ; anteroposterior diameter of first

molar, .0024 ; length of fourth molar, .003 ; depth of ramus at diastema,

.0055 ; depth at third molar, .0095.

This species is considerably larger than the S. relictus. It is dedicated

to Jacob L. Wortinan, of Eugene, Oregon, a successful explorer of the

paleontology of that State.

Paciculjjs insolitus, gen. et sp. no v.

Char. gen. Superior molars three, rooted. Enamel forming three entrant

loops on the external face of the crown, aud one on the internal face.

While the number of the superior molars of Paciculus is as in the Mu-

rid'm, the details of their structure is much as in Dasyprocta and Steneo-

fiber. But one species is known.

Char. spec. Size small. Molars regularly and rapidly diminishing in

size posteriorly. Inner enamel loop turned forwards ; the external straight

and transverse, excepting in the first molar, where the anterior column of

the tooth is extended forwards, and the anterior loop is turned backwards.

Length of superior molar series, .000 ; length of first molar, .0021 ; width

of first molar, .0018; length of third molar, .001.

Canis lemur, sp. nov.

This species is represented by several crania in my possession. It is the

smallest of the genus yet discovered in the Miocene formation of Oregon.

It is characterized by the contracted proportions of the muzzle, the width

of the front, and the large size of the eyes. The postorbital process is only

a short angle. The superior border of the temporal fossa is traceable from

the postorbital process. Those of opposite sides embrace a smooth sagittal

area of an elongate urceolate form, and unite posteriorly in a very short

crest. The species is further characterized by the large size of the first su-

perior tubercular molar, which with the second, has a distinct inner cingu-

lar border, and median tubercle. The superior sectorial is short, and its

inner cusp is anterior.

Some mandibles probably belonging to this species exhibit posterior cut-

ting lobes on the third and fourth premolars. The blades of the sectorial

are very short, and the heel large and wide. The tubercles of the tubercu-

lar are large.

Length of cranium to front border of orbit, M. .0525 ; elevation of occi-

put, .058; length of superior sectorial, .007; length of first tubercular,

.0058 ; width of first tubercular, .0078 ; width of second tubercular, .005
;

length of second tubercular, .0035 ; interorbital width of second specimen,

.0056; length of inferior dental series, .048; length of sectorial, .008
;

length of heel of sectorial, .0035 ; length of inferior tubercular, .055 ; depth

of ramus at sectorial, .0105.

This species is smaller than Canis gregarius, and differs from both it and

the C. cuspigerus in the larger orbits, more contracted muzzle, and in the

distinct superior border of the temporal fossa, etc.
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The clog which I referred to the genus Enhydrocyon (Cope) under the

name of E. basilatits, probably belongs to another genus. Portions of the

maxillary bone present the dentition of Icticyon, viz., P-m. 4, M. 1, thus

differing from Enhydrocyon, which possesses P-m. 3; M. 2. As there are

but three premolars in the inferior series, this species cani >t be referred to

Icticyon, but must be accepted as typical of a new genus. This I propose

to call Hymnocyon. It resembles Rymna more nearly than any genus yet

discovered in North America, but probably belongs to the Ganidm.

Amphicyon entoptychi, sp. nov.

This rather small species is represented by a skull which lacks the ex-

tremity of the muzzle and the mandible, and has its parietal region crushed.

The superior premolar teeth are rather short in anteroposterior diameter,

while the tubercular molars are relatively large. There are no posterior

lobes on the former ; the internal and external cingula are well developed

in the first and second of the latter. The third tubercular is about as wide

as the second is long. The sagittal crest is only distinct on the posterior

part of the parietal region. Estimated length of skull, M. .110; length

of superior molar series, .011 ; length of true molar series, .016 ; length of

first tubercular, .0075; length of second tubercular, .055; width of second

tubercular, .0074; length of third tubercular, .0036; width of third tuber-

cular, .052 : L*ehgth of sectorial width between anterior external angles of

first tuberculars, .030.

The teeth of this species are about half the size of those of A- ve'.tts Leidy.

Arcit.elurus debilis Cope.

American Naturalist, 1879, p. 798a, Dacember.

Char. gen. Dentition, I. f ; C \ ; P-m. f ; M. \ ; mandible with the

anterior face of the symphysis separated from the lateral face by an angle

which is not produced downwards. Superior sectorial without anterior

lobe ; inferior sectorial with heel. The characters place ArcJuelurus at the

base of the Fdidce. showing that it is the most generalized form yet known,

and about equally related to the feline and Machoerodont series.

Char, specif. General structure of the jaws weak. Superior canine

small, little compressed, with an acute posterior edge which is not serru-

late. First premolar in each jaw one-rooted ; second inferior premolar

large ; sectorials large, diastemata very short. Alveolar border below the

inferior sectorial and tubercular teeth everted, forming a large osseous

callus, which has a free inferior and posterior margin, the latter rising into

the base of the coronoid process. Zygomata slender
;
postorbital processes

little prominent ; front wide, convex transversely.

Length of cranium, M. .200 ; superciliary width, .052 ; zygomatic width,

.124 ; length from orbit to superior incisors, .066 ; length of superior secto-

rial, .023 ; length of inferior molar series, .064; diameter of superior canine,

<012. About the size of the panther, or of the JSfimravus brachyops.

The osseous callus below the true molars is a remarkable character,

unique in the order of Gurnivora. It is evidently a provision against the

weakness of the mandibular rami, at the point of greatest strain.



HOPLOPHONEUS PLATYCOPIS Cope.

American Naturalist, 1879, p. 798Z>, December.

This is the largest sabre tooth discovered in North America. It was twice

the bulk of the //. primcevus Leidy, and differs from that species and the

H. occidentalis in the relatively larger size of the premolar teeth, which are

less obliquely placed than in the latter. The first superior premolar is very

small. The canine is large and compressed as in the species of Maciicp.rodus,

and has serrulate posterior and anterior cutting edges. Inferior incisors

with conic crowns. The symphysis is very deep in consequence of the

large development of the inferior flares for the canines. Sagittal crest

making a steep angle with the front.

Total length of cranium, M., .280 ; zygomatic width, .192 ; length from

orbit to superior incisors, .095 ; length of inferior sectorial, .025 ; of in-

ferior sectorial, .022 ; length of inferior molar series, .055 ; length of crown

of superior canine, .060 ; width of superior canine at base, .02(3. This skull

is less than one-sixth smaller than that of the Bengal tiger ( Uncia tigris).

Ch/Enohtus decedens, gen. et sp. nov.

The characters of this genus will be best understood by comparison with

those of the two other genera of suilline animals which occur in the same

formations.

Premolars three, a wide diastema between the anterior one

and its successor Ckceriohi/us.

Premolars four ; diastemata before and behind the first . . . ThinoJiyus,

Premolars four, in a continuous series PalcBodioerus.

It is then apparent that Chienohyus differs from Dicotyles in having the

diastema behind the anterior premolar instead of in front of it.

Char. spec. This hog is represented in the collection of Prof. Condon

at Eugene City, Oregon, by the anterior part of a cranium, which includes

both maxillary bones. Its size is a little less than that of the Dicotyles

torqualus. The series of maxillary teeth is slightly convex externally,

and the teeth diminish rapidly in size anteriorly. The difference in dimen-

sions between the first and last true molars is much greater than in the

other suillines of this period known to me. The external tubercles of the

true molars are somewhat flattened externally, and a distinct cingulum

passes entirely round their external bases. The first superior premolar has

one root, the other premolars possess two.

I suspect that the Dicotyles hespcrias of Marsh belongs to Clio&nohyns.

It differs from the C. decedens in its materially smaller size. According to *

Marsh, it is considerably smaller than his Thinoliyus socialis, which is

about as large as the G. decedens.

Discovered by Prof. Condon in the region of the John Day river.

TlIINOHYUS TPTCH^EXUS, sp. nOV.

Represented by the greater part of the maxillary and mandibular bones

of both sides, with teeth.

There is a diastema behind the second inferior premolar, about equal in



extent to that in front of it, which is twice as wide as the one in front of

the first premolar. The first and second premolars have but one root,

while the two others have two. The first superior premolar is close to the

canine, and has but one root ; it is separated by a diastema from the second.

The latter has one root, and is near the third, which has two roots. The
third and fourth superior premolars have each one compressed external,

and one internal lobe. That of the third is lower and is pressed against

the external. It is continued as a ridge posteriorly, enclosing a shallow

basin with the external tubercle.

The true molars of both jaws have the intermediate tubercles well de-

veloped. The external tubercles of the superior molars are not flattened,

and have a low cingulum surrounding their bases. Surface of enamel

nearly smooth. Length of true molar series of upper jaw, M. .046 ; of last

superior molar, .017; width of do., .013. Diameter of first true molar,

—

anteroposterior, .012; transverse, .011. Length of posterior three pre-

molars along base, .038; of diastema, .011. Length from inferior canine

to third inferior premolar, .028; length of diastema anterior to second pre-

molar, .008; do. of diastema posterior to second premolar, .007.

This is the species I formerly called Palceocliaii'us condoni* Marsh (Plaly-

gonus Marsh). That species belongs to the Loup Fork fauna, and not to

the present one. Some teeth which probably pertain to it in Prof. Con-

don's collection, exhibit the peculiarity of not possessing any basal cingula

on the molars of either jaw.

From the fact that Pomelf implies that some of the species of Pakeochce-

rus present a diastema, I have referred the Thinoliyus of Marsh to it as a

synonym. | Pomel's genus was, however, established on a species (P. typus)

which has no diastema, hence Thinoliyus is probably to be preserved.

This species is about the size of the Thinoliyus lenius of Marsh, and

agrees with his descriptions in several respects. There appears, however,

to be a material difference between the specimens in the relations of the in-

ferior premolars. Marsh describes a much more considerable diastema in

front of the first premolar, and does not mention the
N

one behind the second

premolar. I am acquainted with a second species of the genus of about the

same size, in which there are but two diastemata, viz., one before and one

behind the first premolar, and I suppose this one to resemble the T. lentus.

Specimens of this character are in my collection, and I have seen one in

that of Prof. Condon.

Pal/eochcerus sub^equans, sp. nov.

This suilline is represented by an entire cranium which was discovered

by Prof. Condon. It indicates a species of the size of the D&otyles tor-

quatus, and smaller than the Thinoliyus trichamus.

The first true molar is not disproportionately smaller than the third ; and

there is a distinct cingulum at the external base of the superior true molars.

* Rnll. U. S. Geo!. Rurv. Terrs., 1879, V, p. 5S.

t Catal. Vertebr. Foss. Basin Loire, lHo% p. .S6.

% Bull. U. S. G3nl. Surv. Terrs., 1S79, V, p. 41.
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The external faces of the external tubercles of these teeth are somewhat

flattened. The first premolar has one root, the others have two. They are

equidistant and not very closely crowded.

Several suillines are described by Marsh and Leidy, either imperfectly or

from imperfect material, so that I have had some difficulty in determining

my specimens. The D. hesperius of Marsh is probably, as above observed,

a Chmnohyus. I have specimens agreeing with Marsh's description of

ThinoJiyus socialis. They belong to an animal of the size of the Chceno-

hyus decedens, but the superior molars have no basal cingulum. Its generic

position is yet uncertain. Other specimens agree in characters with the

Dicotyles pristinus of Leidy, with which Thinohym lentus of Marsh agrees

in size. In this hog there is no diastema in front of the third inferior

premolar, so that it is clearly distinct from the Thinohyus triohcBnus of

the present paper.

Mekycopateu guiotianus Cope.

Having obtained several crania of this species, I can give the characters

of the genus Merycopater* more fully than hitherto. Dentition ; I. J-j a
;

C. \ ; P-m. \ ; M. f. A diastema above and below ; fourth superior pre-

molar with two external crescents ; fourth inferior premolar identical

in form with first true molar ; the first inferior premolar functionally the

canine. Orbit open posteriorly; no facial fossse or vacuities.

This genus is Agriochcerus, with a considerable diastema, and very much
reduced superior premaxillary" teeth. In my best preserved cranium there

is no alveolus for the first ; that of the second is rudimental, and that of

the third is small. The premaxillary bones are very small and distinct

from each other. The enlargement of the cingula represents the posterior

internal tubercle of the fourth superior premolar, so distinct in Uoloreodon.

The deficiency in superior incisors is an interesting approximation to

true ruminants not heretofore observed in Oreodontidce. I have found the

inferior incisors deficient in the genera Cyclopidius and Pithecistes.

Colokeodon ferox, gen. et sp nov.

Char. gen. Dentition, I. ? ; C. 1
; P-m. 3

; M. 8
; a wide diastema

above ; the first inferior premolar functionally the canine. Last superior

premolars with two external and two internal crests Orbit open poste-

riorly ; no facial fossa? or vacuities. The genus differs from Agriocharus

in the wide diastemata, presence of but three superior premolars, and two

inner tubercles of the fourth premolar.

I possess two species of this new genus, which are represented in my
collection by crania without premaxillary bones and mandibles.

Char, specif. Size of Oreodon culbertsoni. Maxillary bone excava'ed

above the diastema, the superior border of the concavity extending nearly

to the base of the zygoma. Zygomatic arches expanded, their external

face concave below the orbit, and plane posteriorly. Saggittal crest very

high, dividing anteriorly into two ridges, which diverge widely, and

* Cope, Americm Naturalist, 1S79, p. l
lJ7.



terminate at a point opposite the postfrontal process. The space enclosed

in their angle is plane. Space between supraorbital foramina convex.

The posterior internal tubercle of the fourth premolar is much smaller

than the anterior ; the inner basal tubercles of the second and third are

subposterior and acute. The length of the diastema is equal to that of the

premolar series. The enamel of the molars is wrinkled. The canines are

robust.

Estimated length of skull, M. .200 ; length of superior molar series,

.066 ; of diastema, .028 ; diameters of second true molar, — anteroposte-

rior, .016, transverse, .017; width of palate at do., .038; interorbital

width, .060.

The strongly developed crests and wide zygomata of this animal, to.

gether with the large canine teeth, evidently indicate that it was a formid-

able antagonist even for the Garnivora of its time.

Discovered by Charles H. Sternberg.

COLOREODON MACROCEPHALTJS, Sp. nOV.

This Oreodont is considerably larger than the G. ferox, being of the size

of the Eucrotaplius major, while the former equals the Oreodon culbertsoni.

It also differs from its congener in the relatively longer and narrower

frontal region. The sagittal crest is elevated, and divided into two crests

opposite the posterior part of the zygomatic fossa. These branches are

nearly straight, and diverge at an acute angle, terminating above the

postorbital processes. They enclose a deep concavity, which is continuous

with the front anteriorly. In G. ferox these crests diverge much more ab-

ruptly and widely from a more anterior point, and enclose a much smaller

concavity. The supraorbital foramina are close together and are separated

by a small protuberance of the middle line. The parietal walls of the tem-

poral fossa are rugose. The posterior tubercle of the fourth premolar is

well developed, while a single tubercle is present on the preceding premo-

lar.

Length of cranium from inion to above superior canine. M. .230 ; length

from superior canine postorbital angle (axial), .124; length from junction

of crests to supraorbital foramina, .080 ; interorbital width, .072 ; length of

bases of the molars except the last, .050 ; length of three premolars .027.

Length of diastema, .030.

From the North Fork of John Day River ; found by J. L. ^Wortman.

Printed Dec. 24, 1879.
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Second Contribution to the History of the Vertebrata of the Permian Forma-

tion of Texas. By E. D. Cope.*

(Bead before the American Philosophical Society, May 7, 1880.)

Since my synopsis of this subject, published in May, 1878, the accession

of much new material had enabled me to make a number of important

additions to it. Notes which record some of these may be found in the

American Naturalist for September and December, 1878, and for April

and May, 1880. The substance of these is included in the present essay.

At the meeting of the National Academy of Sciences, held in New York,

in November, 1878, I pointed out that the scapular arch in the Pelycosauria]

consists of scapula, coracoid and epicoracoid, which form a continuum in

the adult, in the same way as the three elements of the pelvis in the same

group form an os innominatum. The tibiale and centrale of the tarsus

unite to form an astragalus which has no movement oh the tibia. The
flbulare forms a calcaneum. The distal side of the astragalus presents

two faces, one of which receives a large part of the proximal extremity of

the cuboid.

The structure of the scapular and pelvic arches is identical with that

already described by Owen as belonging to the Anomodontia. Several im-

portant characters distinguish this group from the Pelycosauria, but the

two together form an order which I have thought must, for the present at

least, be retained as distinct from the Bhynchocephalia. The characters

of this order, with its two sub-orders, are as follows :

Tiieromorpha Cope. Scapular arch consisting at least of scapula,

coracoid and epicoracoid, which are closely united. Pelvic arch consisting

of the usual three elements, which are united throughout, closing the obtu-

rator foramen and acetabulum. Limbs with the phalanges as in the am-
bulatory types. Quadrate bone proximally united by suture with the

adjacent elements. No quadratojugal arch.

Pelycosauria. Two or three sacral vertebrae ; centra notochordal ; inter-

centra usually present. Dentition full.

Anomodontia. Four or five sacral vetebraa ; centra not notochordal ; no

i.ntercentra. Dentition very imperfect or wanting.

The Bliynchocephalia have no distal ischio-pubic symphysis, and appar-

ently no epicoracoid bone. They have an obturator foramen, and a quad-

ratojugal arch.

The order Theromorpha approximates the Mammalia more closely than

any other division of Beptilia. This approximation is seen in the scapular

arch and humerus, which nearly resemble those of the Monotremata,

especially Echidna ; and in the pelvic arch, which Owen has shown in the

sub-oider Anomodontia to resemble that of the Mammals, and as I have

* Abstract read before the National Academy of Sciences, April 20, 18S0.

t See Proceed. Amer. Philos.Soc, 1878, p. 511 and 5-8.



pointed out, especially that of Echidna. The tarsus is also more mamma-
lian than in any other division of reptiles. In the genus Dimetrodon the

coracoid is smaller than the epicoracoid, as in Monotremes. The pubis

has the foramen for the internal femoral artery.

A not less remarkable characteristic of the Pelycosauria, as represented by

Clepsydrops and Dimetrodon, is their resemblance to the Batrachia in some

important respects. This is seen in the scapular and pelvic arches, which

resemble very much those of the Urodela, and of such types as Eryops.

The small coossified coracoid only differs from that of Eryops in having

two deep sinuses of its free border. The general form of the pelvis is

similar, but the ilium has a special and peculiar articular face for the sacral

diapophysis, which is wanting in Eryops. In the inferior arches, the ab-

sence of obturator fommen, and general boat-like form, are the same in

both ; but in the Pelycosauria the symphysis is not so deep, and the.walls

less massive. But the resemblance of these arches to those of the Ba-

trachia in question is greater than to those of any order of reptiles.

Another point of resemblance to the Batrachia is seen in the humerus.

In my previous essay on the Pelycosauria above cited, I defined six types

of humerus as occurring in the Texas Permian. Two of these were de-

scribed as wanting the foramen,* while the others were stated to possess it

;

other differences between these types exist, but they were not mentioned.

Since then Gaudry has added a third form to the former group, which he

has ascribed to a reptile under the name of Euchirosaurus. I have detected

this form in my Texas collections together with another, which has no

condyles at either extremity. Thus eight forms of humerus are found in

this formation

.

That the type with the supracondylar foramen belongs to the Pelycosauria

has been satisfactorily shown by its presence in the skeleton of Clepsydrops

natalis and in Cynodraco major, where Owen first identified it. I find the

type without this foramen frequently associated with the skeletons of

Eryops, and other Stegocephali. There is no other element that can be re-

garded as the humerus of this type. It moreover has distinct points of
resemblance to the humerus of existing Batrachia, parallel with similarity

traceable in the femora of the extinct and recent genera. There is then
every reason for believing that we have in the humerus of Eryops and its

allies, an element which approaches closely in its characters to that of the

Pelycosauria, and hence to that of the Monotremata.

There are some other peculiarities which constitute resemblances of the

same kind. The tooth bearing elements of the roof of the mou.h have
batrachian character. Such is the densely packed body of teeth seen in

Dimetrodon ; and so are the teeth on the vomer in Empedocles. There is

also a possible existence of epiphyses, judging from various specimens. of

humeri in my possession of both Pelycosauria and Stegocephalous forms.

In spite of these approximations, the Pelycosauria are distinctive^' rep-

* This word was misprinted " fossa " 1. c. p. 529.



tilian in their single occipital condyle, ossification of the basicranial carti-

lage, and single vomer.

Thus the reptiles and batrachia of the Permian period resembled each

other and the Mammalia, more closely than do the corresponding existing

forms.

PELYCOSAURIA.

THEROPLEURA Cope.

Paleontological Bulletin No. 29, May, 1878, p. 519, Proceed. Amer.

Philos. Soc, 1878, p. 519.

A more complete specimen of the Theropleura uniformis than any

hitherto obtained gives the following generic characters.

The teeth are generally similar to those of Glepsydrops and Dimetrodon,

having compressed crowns with fore and aft cutting edges. The incisors

are distinguished by the presence of a diastema. Posteriorly to this the

teeth increase in size, and then diminish ; one tooth near the middle of the

series is the largest, but does not in this species very much exceed the

others. There is at least one large incisor tooth. The bones of the head

are smooth, and not sculptured ; a character distinguishing the genus from

Ectocynodon. The symphysis of the mandible is short.

The neural arches of the vertebrae are all distinct from the centra. In-

tercentra are not present in any of the thirteen vertebrse preserved, but

there was probably one below the centrum of the atlas. The ribs are two-

headed, the capitular process extending downward to the anterior border

of the centrum. The neural spines of some of the vertebrae are greatly

elevated as in the species of Glepsydrops and Dimetrodon. The scapula is

long ; the ilium is similar to that of the genera named. A character

which has not been detected in either of the genera named is the presence

of dermal rods, which from their position adherent to the vertebra?, I sus-

pect to be abdominal, and similar to those of the genus Oestocephalus.

This is a batrachian character. The neural spine of the axis is extended

fore and aft. The odontoid is distinct and is of large size. It has lateral

and inferior articular surfaces.

Theropleura uniformis Cope.

Paleontological Bulletin No. 29, p. 519, 1878.

This species is about the size of one of the larger Varanidce, and about

equal to the Glepsydrops natalis. It is characterized by a long and acuminate

head, with a large lateral nostril on each side, well forwards, and approach-

ing near the border of the diastema. In the specimen the top of the head

is crushed and the postorbital portion is wanting. Anterior to the large

lateral tooth there are nine teeth
;
posterior to it there are eighteen. The

anterior cutting edge of the crown does not extend so near the base as the

posterior, and is best marked on the anterior teeth. In the crowns pre-

served the edges are not serrate.



Measurements. M.

Length of alveolar edge of mandible 120
'

' from diastema to canine tooth 030
" of centrum of atlas 010

"axis 018

" " centra of following five vertebra; 07L
" " ilium at acetabulum 040

The lanciform shape of the skull with its consequent peculiarities distin-

guishes this species from the Clepsydrops natalis, and the Dimetrodon in-

ciswus. The canine tooth is more posterior, the teeth more numerous,

and the alveolar borders less curved than in either of those species. The
diastema is less excavated, and the muzzle less obtuse.

Theropletjra obtusidens, sp. nov.

This species is represented by nearly all parts of the skeleton, including

jaws of both sides with teeth, numerous vertebrae, and bones of the limbs.

Many of these pieces are preserved in continuous masses, thus greatly aid-

ing in the identification of parts.

Although the species is not larger than the Theropleura retroversa, the

neural arches are coossified with the centrum.

The jaws are long and rather slender, and there is no such inequality in

the sizes of the maxillary teeth as in the genera Dimetrodon and Clepsy-

drops ; the canine being scarcely larger than the others. The crowns are

elliptical in section at the base, with straight sides ; the sections of the

crowns are lenticular, and the apices are not very acute. The superficial

coating is striate with fifteen or sixteen rather obtuse ridges The cutting

edges are not very acute, nor are they denticulate. The number of teeth

in the dentary bone cannot be precisely stated, but is about twenty-one.

The mandibular articular face consists of two open parallel grooves, one

shorter than the other, extending obliquely to the long axis of the jaw.

The palatal dentigerous bone is quite different from that of Dimetrodon. Its

inferior face instead of being narrow, is rhombic. The ascending process

arises from one of the terminal angles of the rhomb, and the horizontal

process continues from the opposite angle in line with the inferior surface.

The borders of the rhomb next to the ascending process are dentigerous ;

the one bears a single series of four large teeth ; and the adjacent angle and

side bear numerous small teeth.

The vertebrae have the elongated neural spines of the allied genera, and

they are simple. The centra have curved articular margins indicating the

presence of intercentra, which are, however, not preserved. Traces of

sutural articulation with the neural arch remain. Many of the centra are

much compressed and have a narrow sharp median keel. In a few vertebra?,

apparently from the posterior part of the column, an angular ridge extends

posteriorly from the base of the diapophysis ; this is apparent also on a

caudal centrum. This point is characteristic of the T. retroversa, but I do

not find the large capitular facet of that species in the T. obtusidens. The



lateral ridges of T. triangulata are situated low down on the centra. The
diapophyses supporting the tubercular articulation are frequently elongate.

The scapular and pelvic bones are of the usual type. The humeri be-

long to form second of my Pal. Bull. No. 29. Thejr have rather slender

shafts, and much expanded extremities. The proximal articular surface is

Avell denned. The supracondylar foramen and other points are as in the

Pelycosauria generally. There were probably distal condyles, but this is

not absolutely certain.

Measurements. M.
Length of mandibular series of teeth (nearly complete),

on block 110

Length of crown of mandibular tooth 008

Anteroposterior diameter of mandibular tooth 004

Diameters of articular extremities of a ver- ( vertical . . . .021

tebra on the same block ( transverse. .020

Length of another centrum on same block 020

( ( f 1 \i
larger "

'

,065

Diameters of humerus (separate) -<
° ieac

( smaller. .013

(of shaft 017

The above description represents the parts which belong either certainly

or very probably to one individual. Bones of a second and larger animal are

mingled with these. The species to which they belong is uncertain, but

they resemble very much those of the Theropleura obtusidens, and may be-

long to a larger individual of that species. A femur has the form already

described under the head of Clepsydrops natalis. (Paleontological Bulletin,

No. 29, p. 510.) Some phalanges belonging no doubt to one or the other of

the two animals, are like those I have already ascribed to Clepsydrops.

They are depressed, and are expanded at the articular extremities. The
distal extremities expand the most abruptly, and their convex trochlear face

is without groove or keel, and is more extended on the inferior than the

superior surface.

DIMETRODON Cope.

Proceedings American Philosophical Society, 1878, p. 512.

The accession of a considerable amount of material representing this

genus enables me to add important points to our knowledge of its osteology.

The most noteworthy additions include the greater part of the skeletons

of two individuals of D. incisivus ; and vertebras attached to the pelvis

and femora of D. gigas. There are also vertebras of several individuals of

D. cruciger, and various parts of the skull of a species distinct from the D.

incisivus.

In both specimens of D. incisivus, portions of the palatopterygoid arch

are attached to the maxillary bone. One of these elements is an oval plate

with a thickening of its inferior side, so as to bevel the long border farthest

from the maxillary bone. The surface thus produced is thickly studded

with small conical teeth irregularly disposed.

A second tooth-bearing element of the palate is adjacent to the last. It
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is a massive plate, the ends of which are produced in opposite directions ;

the one into a massive shorter prominence ; the other longer and plate-like.

Between these prolongations, the inferior edge of the bone bears a single

row of well developed teeth. The patch of small teeth first described,

commences at the extremity from which the longest process rises on the

opposite side of the series of large teeth. This Z-shaped bone is, from its

massive character, generally preserved, and I was long familiar with it,

before I could refer it to its position. In one specimen, a part of it bearing

teeth, adheres to the upper jaw at the diastema.

The posterior part of the skull of one of the specimens above mentioned

displays typical reptilian characters. The occipital condyle is not perforated,

nor divided by sutures. The exoccipital bones project well backwards.

The lateral walls of the brain-case are massive as far forward as the exit

of the fifth pair of nerves ; anterior to this point they were thin or want-

ing. The basisphenoid carries two parallel descending laminae, which

bound a deep median fissure, and then unite anteriorly. Posteriorly they

abut on a descending process, which is followed by a lid-like element

which is applied to a, circular fossa with a raised border near the occipital

condyle.

The articular face of the articular bone of the mandible consists of two

parallel cotyli, divided by a ridge of articular surface. This part of the

jaw is much depressed, as in Eryups. The large teeth of the lower jaw are

at the anterior extremity.

The neural spine of the axis is flat and elongate antero -posteriorly.

From this point the neural spines rise rapidly in elevation until on the

dorsal region they are many times as long as the diameters of the centra.

The latter are not very unequal in their proportions in different parts of the

column. Those from the posterior regions are less compressed than the

dorsals and cervicals. The dorsals are separated by intercentra below,

which are small in the D. incisivus, and larger in the 1). gigas. All the

ribs are two-headed, commencing with the axis. All the crevical and dor-

sal vertebras have diapophyses with tubercular facets. The head of the

rib is prolonged downwards and forwards to the prominent border of the

anterior articular face, against which it abuts, but so far as yet observed,

without a corresponding facet. On the caudal vertebrae the two facets of

the ribs are approximated and finally are not distinguished. They are here

coossified with the centra.

The humerus accompanying one of the specimens of D. incisivus, is of

the form No. 3, of my description of humeri in the Paleontological Bulle-

tin No. 29, p. 528. The extremities are expanded and the shaft is without

diagonal ridge ; the supracondylar foramen is enclosed, and the condyles are

robust. The pelvis ofthe D. gigas is in general like that of Glepsydrops nalali?

(I.e., p. 510 j. The elements are coossified, buttheischiopubic symphysis is not

so deep as in the Batrachia of the same beds. The ilium is shortened above,

and its direction is at right angles to the long axis of the inferior elements

The foramen of the internal femoral artery is distinct. The femur of the



same individual of D. gigas has no head, but a regular wide crescentic

proximal articular surface. Below this on the posterior side is the large

trochanteric fossa, which is bounded by lateral ridges, which are at first

equal, but one soon exceeds the other in height, forming a trochanteric

ridge a little above the middle of the shaft. The condyles are distinct

from each other and are flattened below. One of them bears a robust

longitudinal crest above, which makes it much larger than the other, and

causes the groove that separates them above, to look outward, or to the

side which supports the trochanter.

Three of the species may be distinguished as follows :

Vertebral centra much compressed, acute below ; neural spines without

processes D. incisivus.

Vertebral centra less compressed, obtuse below ; neural spines without

processes ; larger D. gigas.

Vertebral centra compressed, not acute below ; neural spines with cross

projections D. cruciger.

DlMETRODON CRUCIGER Cope.

American Naturalist, 1878, p. 830.

This species is not uncommon in the Permian Formation of Texas. It is

characterized by the enormous length of the neural spines of the lumbar

vertebrae, which form the dorsal fin seen in other species of the genus.

They are found in masses adhering together like sticks or branches of

bushes. In this species the spine sends off, a short distance above the

neural canal, a pair of opposite short branches, forming a cross. At vari-

ous more elevated positions there are given off tuberosities which alternate

with each other. They form on several consecutive spines oblique rows.

The spines are broadly oval in section, the long axis antero-posterior, and

have a shallow groove on both the anterior and posterior aspects. The
centra are elongate as compared with their other diameters, and are much
compressed between the articular extremities, leaving a strong inferior

median obtuse rib. Articular faces ot zygapophyses oblique. Diapophy-

ses short and robust, with large costal faces, and standing below the prezyg-

apophyses.
Measurements. M.

( antero-posterior 043

Diameter of centrum } vertical at end 028

(transverse at end 030

Elevation of posterior zygapophyses above centrum 025
" cruci form process " " 058

Expanse of posterior zygapophyses 034
" cruciform process 048

-p.. „ . , . (antero-posterior ,030
Diameter of spine at base i ^ .„_

(.transverse .020

,, nnn i . f antero-posterior 016" " .090 above base j nin
t transverse 01b

Length of several pieces of neural spines 140
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DIADECTID^E.

I have obtained three skulls of the Empedocles molaris, a species of this

family, which display the occiput, and two of them the basis of the cran-

ial and facial regions. From them I derive the following characters.*

The relations of the quadrate and zygomatic arches are as in the Thero-

morpha generally. The pterygoids extend to the quadrates, and the vomer

bears teeth. The brain-case extends to between the orbits, and its lateral

walls are uninterrupted by fissures from this point to near the origin of the

os quadratum. There is an enormous frontoparietal foramen. The mode of

connection with the atlas is peculiar. There is a plane facet on each side of

the foramen magnum, which then expands largely below them. The bone

which bounds it inferiorly, presents on its posterior edge a median concavity.

On each side of this, is a transverse cotylus, much like those of an atlas which

are applied to the occipital condyles of the Mammalia. They occupy pre-

cisely the position of the Mammalian condyles. The median point of their

upper border, which forms the floor of the foramen magnum, is produced

in the position occupied by the median occipital condyle of a reptile.

From its position between the cotyli, the section of this process is triangular.

The element in which the cotyli are excavated has the form of the mam-
malian basioccipital, and of the reptilian sphenoid. It is not the batrachian

parasphenoid. Its extreme external border on each side where it joins a

crest descending from the exoccipital, is excavated by a circular fossa

which looks outwards.

The character of this articulation is so distinct from anything yet known
among vertebrated animals, that I felt justified in proposing (1. c, p. 304)

a new division of the Theromorpha to include the Diadeetidm, to be called

the Cotylosauvia. The superior facets described, indicate the presence of

atlantal zygapophyses as in the Ganocephala.

There are three genera of Diadeetidm, one of which is now introduced

for the first time. • They are distinguished as follows :

I. Molar teeth in one series
;

A distinct canine Diadeetes.

No canine Empedocles.

II. Molar teeth in two series
;

A canine Helodectes.

I am acquainted with six species of this family, two of each of the genera.

DIADECTES Cope.

Proceeds. Amer. Philos. Society, 1878, p. 505. American Naturalist,

April 22, 1878.

The typical species ot the genus has compressed teeth, with one end of

the crown much more elevated than the other. In the lower jaw the inner

extremity is the elevated one, and Wee versa. There is a large tooth in the

position of a canine in the inferior'series, but it is not certain whether or

not it is an incisor. A new species is now described which is intermediate

*These were first described in the American Naturalist, 1880, p. 304.
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between the D- sideropelicus and the Empedocles molaris in the form of the

molar teeth. The species are distinguished as follows :

Much inequality in the elevation of the extremities of the molars ;

lower tubercle small D. sideropelicus.

Extremities of molars not very unequal in height ; lower tubercle

large B. phaseolitius.

DlADECTES PHASEOLINCS Cope. Sp. 110V.

This species is represented in my collection by the maxillary bones of

three animals, and a portion of the mandible with most of the tooth line

of a fourth. These fragments are of about the size of the D. sideropelicus

and Empedocles molaris.

The molars possess a low cusp which is nearly in the middle of the tooth.

Of the lower and external cusps, the internal is the wider and more round-

ed ; when unworn it is as elevated as the external, but it is soon reduced

by attrition. The external part of the tooth is somewhat narrowed, and

there is no horizontal surface on either side of the median cusp, as in Em-
pedocles molaris. The last maxillary tooth is rather small

;
preceding it

are eight wide transverse ones, and then two less extended transversely

before reaching the broken end of my best specimen. The anterior of these

is elongate, and may be caniniform, but its apex is lost. External layer

smooth ; some wrinkles round the base of the median cusp.

The broken base of the molar bone is subrouncl and small, and shows

that that element is slender below the orbit.

The portion of mandible preserved is quite deep, and is incurved at the

symphysis. But few of its teeth are preserved, and it is not possible to

say how long the anterior ones with subrouncl bases may have been. The
molar whose crown is preserved does not differ materially from those of

the maxillary series. The alveolar line does not retreat inwards from the

external border as in Empedocles latibuccatus, resembling in this respect

the D. sideropelicus. The external surface of the lower jaw is roughened

by shallower and deeper small or minute pits closely placed.

Measurements. M.

Length of series of eleven maxillary teeth .07)

Length of series of seven widest molars 048

_. .

,

, (anteroposterior 006
Diameter widest molar { A n .„

{ transverse 016

Depth of mandible externally 050

Width of mandible at middle 026

It is possible that it may yet be necessary to refer this species to Em-
pedocles.

EMPEDOCLES Cope.

Proceedings Amer. Philos. Soc, 1878, p. 516. American .Naturalist,

April 22, 1878 ; April, 1880.

I am acquainted with two species of this genus, E molaris* and E. lati-

* Diadectes molaris, Amer. Naturalist, 1878, p. 565.
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buccatus.* The latter is represented by portions of two mandibles in my
collection ; the former by two or three skulls, with part of the mandible

accompanying one of them. The difference in the forms of the mandibles

is well marked. In E. molaris the dental series is parallel to the external

border of the jaw; in E. latibuccatus the tooth line is deflected inwards

from the border, leaving a wide space.

Empedocxes molaris Cope.

Diadectes molaris Cope. American Naturalist, 1878, p. 565.

The molar teeth are wider in this species than in any species of the

family yet known. The internal and external extremities of the crown

are about equally wide and equally elevated, and there is a low median

cusp. A portion of the grinding surface both internal and external to the

cusp is horizontal ; the surface of this portion is wrinkled. The last molar

is smaller than the others. The inner border of the maxillary bones forms

a curved ridge on each side of the palate, which is separated by a groove

from the vomer. The latter forms a median keel at the anterior portion of

the palate, where it supports two rows of small conical teeth. The palatines

have their prominent internal edges juxtaposed as far as the transverse line

of the last molars. There they diverge a little, and extend as two nearly

parallel keels to a prominent angle on each side, opposite the middle of the

zygomatic foramen. There the inner borders cease to project, and are

directed obliquely outwards to the inner extremities of the quadrate bones.

The external borders of the pterygoids are more elevated than the inter-

nal. The median keel of the basisphenoicl arises between the internal

angles of the pterygoids above mentioned, and ceases before reaching the

inferior border of the occipital condyle. The external border of the ex-

occipital is sigmoidally flexed.

It has occurred to me that the peculiar condition of the occiput described

under the head of the family Diadectidce, maybe due to the loss of the

basioccipital bone. It would be a remarkable coincidence if tliis accident

should have befallen the only three crania which have come into my pos-

session.

The anterior border of the orbit is above the anterior part of the fourth

molar, counting from behind. The distinct incisive foramina are longitudi-

nal and rather large. The anterior border is opposite to the fourth tooth

counting from the first incisor. The nostrils look out laterally and a little

forward ; the united spines of the premaxillaries form a stout septum.

The incisors are not more than three or four on each side (I cannot find the

premaxillo-maxillary suture), and they form a regularly convex series.

With the maxillaries, the entire dentition of one side forms a gentle sig-

moid curve. The median incisors are the largest ; the sizes regularly di-

minish until the smallest are reached on the anterior part of the maxillary

bone. Posterior to this point they, enlarge again. Their apices are not

preserved.

* Diadcctcs latibuccatus, Proceed. Amer. Philos. Soc, 1878, p. 505.
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The superior surface of the skull is only partly preserved in one speci-

men. This renders it probable that there is a crotaphite foramen as in the

crocodiles, etc. The surfaces of the external cranial elements are finely

pitted, or rather punctured.
Measurements. M.

Total length of skull 180

Width of skull at quadrates. .145
" " " origin of zygoma 115
" '•' " incisive foramen .056

Length of dental series to posterior extremity of incisive

foramen, on curve .090

Diameters of third molar from behind i
anteroposterior

. .010

( transverse » .021

Depth of mandible at fifth molar from behind 048

Maxillary series of seven, and parts of the mandibular series of four, indi-

viduals, are in my collection.

HELODECTES Cope. Genus novum.

Maxillary bones of two species, which I refer to this genus, were found as-

sociated with many bones of appropriate size, among which are vertebrae of

the type of Empedodes. The characters observable are generally similar

to those of the Diadectidce, where I accordingly place the genus. Its

principal characters, the presence of two rows of teeth in the jaws, has

already been pointed out. I may add that there is apparently a large tooth

in the position of anterior incisor, in the typical species.

The species differ in the arrangement of their teeth, as follows :

Molar teeth of the two rows subequal in size, and equally numerous

H. paridens.

Molar teeth of one row wider, and more numerous than those of the

other. H. isaaci.

Helodectes paridens Cope. Sp. nov.

The smallest species of the family, is of about half the linear dimensions

of the Empedocles molar is. It is represented by a left maxillary and proba-

bly premaxillary bone, which are so far covered with the adhesive, hard-

ened ferruginous mud of the formation, as not to expose a clean surface.

The apices of all the teeth are broken off, so that the bases alone remain

to indicate their number, form and positions.

Of the molar teeth proper I count six in the inner, and eight in the ex-

ternal row. The two series are close together, and are gently convex in-

wards. The bases of the teeth are wide ovals, transversely placed. In front

of the eighth tooth of the external row (from behind), are two teeth with-

out apparent mates of the internal row (possibly the latter lost). Then fol-

lows a tooth of each row, and in front of these another pair, the external

being the larger. Anterior to these, the jaw is so split as to remove any
teeth of the inner row, if there are any, and one large tooth of the external

series stands at the extremity of the fragment. This latter exceeds the



12

other teeth in the length and diameter of its basal portion. From its posi-

tion it is probably an incisor.

The anterior border of the orbit falls above the third tooth of the exter-

nal row (counting from behind). The inner border of the maxillary bone
is elevated into the ridge convex inwards, as in the other species of this

family. The malar base of the zygomatic arch is a moderately stout ver-

tical oval.

Measurements. M.

.
Length of dental series 063

Length of molar 6-8 series .029

Width of the two molar series 009

Vertical diameter malar bone 013

The associated bones of the skeleton may belong to this or to the next

species, or even to a small Empedocles whose teeth occur in the same lot.

In the uncertainty of reference I do not describe them.

Helodectes isaaci Cope. Sp. nov.

Founded on a fragment probably of a maxillary bone, lacking both ex-

tremities, and considerably obscured by ferruginous deposit.

The characters are well marked, leaving no doubt that this species is

distinct from those previously known. The bases of the teeth of one of

the rows are much more extended transversely than those of the other,

baving the form of some of those of Empedocles. As in that genus, they

shorten anteriorly. In the fragment, I count on this row, bases of nine

teeth. In the other row, I can only definitely count three, which are

opposite the second, third, and fourth of the other series (counting from

behind). They are wide transverse ovals, about half the long diameter of

the posterior teeth of the other series.

Measurements. M.
Length of bases of eight larger molars 032

Diameter of large molar \
anteroposterior .004

°
( transverse . 008

Length of three smaller molars 012

Long diameter of a smaller molar 004

This species is dedicated to J. C. Isaac, the discoverer of the first species

of this family.

GANOCEPHALA.
Examination of abundant material shows the correctness of my anticipa-

tion (American Naturalist, 1878, 638), that the vertebras of the large batra-

chian Eryops, would turn out to have the structure found in Bhachifomus

.

This genus then must be referred to the same sub-order as Trimerorhachis,

and probably Actinodon Gaudry, which will be characterized by the seg-

mented vertebral centra. If European authors are correct in stating that the

vertebrae of the Labyrinthodontia have undivided centra, the sub-order

above mentioned must probably retain the name of Ganocephala, with ad-

dilional characters.

The identification of the scapular arch in Eryops, and of the pelvic arch
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in Eryops and Cricotus, gives the following result : The glenoid cavity is

an excavation in two coossified elements, of which the inferior and posterior

is probably coracoid. The latter is then much smaller than in Reptilia and

BatracMa anura, but resembles that of the salamanders. The scapular

arch proper resembles that of the Urodela. The pelvis is intermediate

between that of the anurous and urodelous BatracMa. There is no obtura-

tor foramen, and the common symphysis is deep. The humerus closely

resembles that of the Pelycosauria, differing chiefly in the non-enclosure

of the supracondylar foramen ; and as in that sub-order, some genera

possess condyles and some do not.

Prof. Owen proposed the order Ganorephala chiefly for Archegosaurus,

but he included in it also the genera Denderpeton and Pelion (Paleontol-

ogy, p. 182-3). This division has not been generally adopted, the genera

mentioned being usually placed in the Labyrintlwdontia. Of the eleven

characters given by Prof. Owen in evidence ©f the existence of this order,

one only does not belong also to the Labyrintlwdontia ; this is the absence

of occipital condyles. On this account I thought that the group should be

retained, but not as an order. Besides this group and the Labyrintho-

dontia, there were the types called Microsauria by Dawson, some of

which have simple enamel, all agreeing in general characters, and differ-

ing from other Batrachia. I therefore combined the three groups into

one order, the Stegoeepliali. (Proceedings, Academy, Philada., 1868, p.

209.) This order was most distinctly characterized in the Report of the

Geological Survey of Ohio, Paleontology, ii, p. 354, 1875.

Von Meyer has given us enough of the characters of Archegosaurus

to enable me to refer the forms of the Texan Permian to the same order.

Prof. Owen, in his discussion of the affinities of that genus (1. c, p. 170),

remarks, that the vertebrae and numerous very short ribs, with the "indi-

cations of stunted swimming limbs, impressed me with the conviction of the

near alliance of the Archegosaurus with the Proteus and other perenni-

branchiale reptiles." As it is now well known that perennibranchiate

batrachians belong to three different orders of the class {I'rachystomata,

Proteida and Urodela), the above expressions lose point, and especially as

the characters mentioned as indicative of affinity are of the most subordi-

nate importance, or as in the structure of the vertebrae, are totally distinct

from what is found in those orders. When we read later (p. 173), that the

fact that the superior "ossifications of the skull have started from centres

more numerous than those of the true vertebral system, gives the charac-

ter of the present extinct order of Batrachia ; " we find that Prof. Owen
has quite failed to perceive either the definitions or affinities of his new
order. He commits an error in describing a distinct pubic bone ; an ele-

ment which Von Meyer states (Paleontographica, vi, 179, 1858) that he

had not discovered. Von Meyer describes the coossified inferior elements

of the pelvis as ischia. My numerous Texan specimens show that each of

these bones includes both pubis and ischium.

In now denning xhe Ganocephala anew, I confine myself to characters



11

which I know to be common to the known genera. Some of them possess

two occipital condyles. For the purpose of avoiding the multiplication of

synonymes, I employ Prof. Owen's name.

Vertebras consisting of centra and intercentra, the former not extending

to the base of the vertebra, the latter not rising to the neural canal. The
centrum consisting of two parts distinct from the superior neural arch

;

viz., a lateral piece (pleurocentrum), on each side. Atlas consisting of

separate segments, the superior of which are not united above the neural

canal, and the inferior (intercentrum) divided on the middle line, into two
segments.

Genera. A. Basioccipital bone without condyles : Trimerorhachis

Cope ; Archegosaurus Meyer. A. A. Basioccipital condyles two : Actino-

don Guadry ; Bachithomus Cope ; Eryops Cope.

All the above genera have well-developed neural spines except Trime-

rorhachis.

ERYOPS Cope.

Paleontological Bulletin No. 26, p. 188. Nov. 21st, 1877. Proceedings

Amer. Philos. Society, 1877 (1878), p. 188.

In the essay above cited, the cranial characters of this genus were pointed

out with some of those of the vertebrae. It remains to describe the other

parts of the skeleton. Notices of some of these have already appeared in

the American Naturalist for September, 1878 and May, 1880.

The largest element of the vertebra is the intercentrum. This, which

occupies the entire inferior surface of the vertebra, is a segment, rep-

resenting the sixth part of a sphere, with a slight central vacuity. The
element, representative of the centrum is wedged in between the superior

external angles of adjacent intercentra, as in Trimerorhaclm. These, as well

as the intercentra, differ from those of that genus in their greater degree of

ossification, which is so far complete as to greatly contract the canalis chor-

ds dorsalis. The central elements of opposite sides do not unite on the

middle line below, although in contact. The neurapophysis is produced

downwards and outwards, terminating in the simple diapophysis, with rib

articulation. The inferior articular faces of the arch are two on each side,

one for the central element in front, and the other for the one behind it.

The whole is surmounted by a continuous neural spine, which is expanded

at the summit, in the known species. The vertebrae do not differ much in

different parts of the column. The cervicals are not distinguished in any

way from the dorsals, but their anterior intercentra have more extensive

costal surfaces, which give the inferior posterior border lateral angles.

The diapophyses of the second and third cervicals are of reduced size.

The neural spine of the axis is a little less elevated, and is longer anteropos-

teriorly than that of the third and succeeding cervicals. I do not possess

an entire atlas free from matrix. Attached to the axis of this specimen are

two elements which connected it with the skull, as they are separated from

it only by closely fitting fractures. The elements are lateral, and each pre-'

sents a semi-spherical articular face in front, and a long process with acute

apex at right angles to it, posteriorly. These processes lie, one on each



15

side of the neural spine of the axis, above the position which would be occu-

pied by its prezygapophysis ; they represent the distinct halves of the arch

of the atlas. At the superior base of each process near the edge of the

articulation is a button-like tubercle, which represents a prezygapophysis ;

the inferior articular faces correspond with those of the occipital condyles in

form but not in position, which is inverted. The inferior elements of the

atlas are lost.

The intercentra are rather longer and more elevated in the sacral region.

One only can be properly said to belong to the sacrum, and this is closely

united with the one that follows it by a rough surface of contact. In old

animals it may become coossified. What the relations to the intercen-

trum immediately preceding may be I am unable to state, owing to the

condition of the specimen. A pair of caudal vertebrae are peculiar.

Their intercentra are in contact throughout, excluding the pleurocentra.

The latter rest above the intercentra, and between the inferior parts of

adjacent neural arches. Each iutercentrum supports a coossified chevron

bone, and these, in the two vertebra; in question, become coossified with

each other, forming a robust rod directed backwards, whose double base is

perforated by the hsemal canal. This peculiar structure probably belongs

near the extremity of the caudal series, as the anterior caudals observed in

other specimens, are much like the dorsals.

The costal articulations are everywhere undivided, and have an oblique-

ly vertical extension. The articular surface extends to the intercentrum

in the E. megacephalus, forming a short superficial depression which enters

from the supero-posterior border. The costal surfaces of the diapophyses

become more robust anteriorly, and are more narrowed, especially at the

middle and inferior portions, posteriorly. The diapophysis of the sacral

vertebra is very robust, and presents a large tubercular face downwards,
and a little backwards. The external side of the intercentrum about its supe-

rior angle is also covered by a large capitular facet, and the two facets sup-

port a sacral rib. This element is much more robust anteriorly than the

true ribs, and its capitular and tubercular facets are distinct from each

other, although they are separated by but a slight interruption. The body
of the rib is plate-like, and is directed downwards and backwards, its union
with the ilium being squamosal. The costal elements posterier to the

sacrum diminish rapidly in size. From the size of the vertebrae in E. meg-
aceplialus, the tail is probably of medium length only.

The coracoid is but little incurved ; its internal border is convex, and is

roughened as though for cartilaginous attachment. Its superior portion forms

a convex continuum with the scapula. The direct line or external face of

"the scapula extends in a nearly plane surface to the glenoid cavity, em-
bracing a perforating foramen above the latter, precisely as in the Pelyco-

sauria. Its surface is continuous anteriorly with a wide expansion forwards,

whose fine inner border is continuous with that of the coracoid. This
plate doubtless includes a third element, but its borders are not preserved,

on account of the obliteration of the sutures. It is probably epicoracoid,

as in the Pelycosauria. In its form it is less produced than in the known
scapular arches of the latter.
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The coossified pelvfc elements resemble, in their compression below, the

corresponding parts in the Anura. The ilia are, however, shorter and

worn as in the Urodela. They are flat, and stand at right angles to the

line of the ischiopubic symphysis. There is an open concavity of their

inferior posterior free border, and a facet-bearing elevation on the inferior

border, or that entering into the formation of the acetabulum. The latter

is large and half as loDg auain as deep. The anterior and posterior borders

of the pelvis descend regularly to the inferior edge, forming with it a trian-

gle. The ischiadic or posterior border is but little thickened ; the anterior,

or pubic is flat in front and presents a reverted edge outwards. This ex-

pands prominently where it is joined by a ridge which bounds the acetabu-

lum below ; it there contracts to an inferior apex. Beneath the anterior

point of the acetabulum it is pierced by the usual foramen, which issues on

the inner edge of the anterior face, just above the symphysis.

The humeral bones of this genus I probably possess ; but I have several

forms between which I am not able to decide. They are in general like

those of the Pelycosauria, but differ from them in not having an enclosed

supracondylar arterial foramen, but only the buttresses of its enclosing

arch. Two such forms I have already described,* and a third has been

obtained from the French Permian by Professor Gaudry. One quite

similar to the latter I have since obtained from Texas. Not having been

able at first to determine the proper reference of these humeri, I suggested

to Prof. Gaudry that his humerus belongs to one of the Pelycosauria, and

he accordingly described it as EucMvosaurus rochei.\ I now think that

there is greater reason for believing that it belongs to a species of the same

group as Eryops and Actinodon.

In all these humeri the extremities are expanded in different planes, and
the shaft contracted. The articular surface of the proximal extremity is

band like and passes obliquely from one side to the other as in the Pelyco-

sauria. The condyles are large, consisting of a globular portion and a de-

pressed trochlea without ridges at one side of it.

The femora are very different from the humeri, but in much the same

way as in the corresponding bones of existing Batrachia. There are

no condyles at either extremity, but outlines of such, enclosing roughened

surfaces. These look as though the bases of attachment of cartilaginous

caps or epiphyses. The proximal extremity is convex, and is extended in

one direction. One border, the anterior, is regularly gently convex ; the

opposite arc is strongly convex near one end only. The articular face is

in two planes, one larger than the other. The trochanteric fossa is at first

shallow, and occupies the entire wid:h of the bone, it narrows with the

shaft downwards and the borders rise, one more than the other. The two
join in a strong protuberance, which looks directly backwards, and may be

called for the present the third trochanter. The shaft is keeled below and

in continuation of the trochanter, to where it expands for the distal articu-

* Paleontol. Bulletin, 29, 1878, p. 529.

t Bulletin Soc. Geol. France, Dec , 1878.
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lar extremity. The latter looks partly downwards, and is divided by a

deep groove above into two parts representing the usual condyles. One
of these is comparatively depressed, while the other has a massive superior

crest, which makes its long axis vertical instead of horizontal, as is that

of the other condyle.

There is considerable resemblance between this femur and that of

Dimetrodon gigas, and in a less degree to that of Glepsydrops nalalis, but
both the latter have well developed condylar surfaces. They are also

larger in proportion to the size of the rest of the skeleton, in the Pelycosau-

rians mentioned.

Further characteristics of this genus and of the species it embraces will

be given at a future time.

TRIMERORHACHIS Cope.

American Naturalist, 1878, p. 328 (April 22). Proceedings American

Philos. Society, 1878, p. 524.

This genus, as has been pointed out, differs from Eryops in the super-

ficial character of its vertebral ossifications, and in the absence of ossified

neural spines.

A well-preserved cranium, and portions of several others referrible to

this genus, furnish characters which have beeti hitherto inaccessible. They
probably belong to the T. insignis, but this is not certain.

Generic Characters, etc.—The type of skull is that of the order of Stego-

cephali generally. The superior walls are thin, and are sculptured on the

superior surface. The mucous grooves are distinct, but do not form a

well-defined ljrra. There is a groove which is parallel to the anterior

borders of the orbit for a short distance, and which then turns forwards

and then inwards. The dermal ossification is distinguished from that of

the maxillary bone by a squamosal suture. A mucous groove descends to

it obliquely forward from the superior quadrate region, aud sends a branch

at right angles to its anterior extremity to a point posterior to the orbit.

Of superficial ossifications, the boundaries are difficult to determine, owing

to the obscurity of the sutures. Enough can be seen to demonstrate the

presence of supramaxillary, epiotic, and supraoccipital dermal bones. The
nostrils are large aud well-separated, and look upwards.

The teeth are acute, and of subequal size ; their superficial layer is

deeply inflected at the base.

The parasphenoid bone is wide posteriorly, but contracts abruptly, and

extends forwards on the middle line. Owing to crushing of a part of the

surface, I am unable to ascertain its anterior, or vomerine suture. The

basifacial axis bone is quite narrow, and is edentulous. It is connected with

the superior cranial walls by a vertical osseous plate on each side, which

may represent alisphenoid, orbitospheaoid and ethmoid. The palatoptery-

goid arch is a longitudinally extended sigmoid, enclosing with the axial

elements, an enormous choanoorbital foramen. It extends from the

middle line below a short distance posterior to the position of the nostrils
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outwards, and follows closely the maxillary bone well posteriorly. It then

turns inwards, extending to the parasphenoid bone, with the wide portion

of which it has an extensive contact. It then turns outwards as pterygoid

bone, and rapidly narrowing, joins the inner distal extremity of the quad-

rate. It thus encloses a foramen with the quadratojugal bone, which is

much smaller than the choanoorbital foramen. The posterior part of the

inferior surface of the bones of this arch, not including the slender ptery-

goid portion, is roughened with hard nodules resembling teeth in material,

and serving the purpose of such organs.

Two rod -like bones extend outwards and backwards fr@m the posterior

part of the parasphenoid and the basioccipital, which belong to the inferior

arches. The anterior is the larger, and is bent backwards at an obtuse

angle ; its proximal extremity is a truncate oval. This bone occupies the

position of the stapes. The second is extensively in contact with the basi-

occipital by its proximal extremity. It is curved backwards at its distal

third. The occipital condyle is represented by a fish-like cotylus, which

has a deep notch at its superior border.

The mandible has a short angular process, vertical by lateral compres-

sion. The symphysis is very short and the Meckelian cavity large, and

completely enclosed.

The anterior cervical vertebra? consist of the same elements as the dorsals.

The intercentra of the second and third vertebrae support capitular costal

articulations, somewhat elevated above the surrounding level. The pleuro-

centra do not support the ribs, but the neural arches terminate below in

diapophyses. There is a pleurocentrum in front of the second intercentrum,

and above and in front of it a neurapophysis, which has no distinct diapoph-

ysis. Its superior portion is a subacute process which is not in contact

with that of the other side, but is separated from it by a vertical osseous

plate, which is probably the neural spine of the second vertebra or axis.

This is similar to. the structure already observed in Eryops, and the parts

being in place, should explain those of that genus. The portion of the

atlas which represents the intercentrum is divided into two lateral portions,

each of which has the form of an entire intercentrum, i.e., crescentic.

The intercentrum of a cervical of a large species of this group, is wider

than that of the other vertebra, and presents two articular facets anteriorly.

Specific Characters.—The skull is flat and rather wide, the length ex-

ceeding a little the transverse posterior diameter. The posterior borders

of the orbits mark a point half way between the extremity of the muzzle,

and the posterior supraoccipital border. The orbits themselves are of

medium size, and are separated by a space about equal to their transverse

diameter. Their form is a wide oval, with the long axis obliquely antero-

posterior. The diameter of the external nostril is nearly half that of the

orbit, and the form is similar to that of the latter. The interorbital and

ethmoid regions are concave ; the prefrontal regions are convex. The su-.

preoccipital border is strongly concave ; and the notch separating the

cpiotic angle from the quadrate angle is as deep as the supraoccipital. The
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surface of the cranium is thrown into wrinkles which form no regular pat-

tern, and which inosculate to a moderate extent, most so on the preorbital

region. The anterior parts of the niaxilliary and mandibular bones are

marked with small pit- like impressions.

Measurements. M.
Total length to quadrate angles measured on median

line 170

Length to supraoccipital border 138

Total width posteriorly. 155

Width at orbits
,

.-. . . .095

" between orbits 021

" at nares .062

" between nares 030

Long diameter of orbits 026

Transverse diameter of occipital cotylus 012

This cranium is much shorter and wider than that of Arehegosaurus

decheni, and has the orbits more anteriorly placed.

CROSSOPTERYGIA.

ECTOSTEORHACHIS Cope, gen. nov.

Tribe Grossopterygia ; family Rhombodipteridm Traquair ; sub-family

Saurodipterini Huxley. Pectoral and ventral fins rather acutely lobate,

with few or no radii on their external borders. Dorsal and anal fins un-

known. Scales imbricate, rhombic, smooth. G-anoine wanting from top

of head in specimens examined, but present on sides and inferior surfaces.

Coronal suture distinct. End of the muzzle covered with separate scales.

Distinct sub- and postorbital bones. Gular bones, an anterior azygus and

two laterals on each side, the posterior the shorter. Teeth acutely conic,

rather small ; a few large ones at the anterior part of each jaw. Verte-

bral centra represented by osseous rings which enclosed a notochord.

This new genus is apparently nearly related to Megalichlhys, and in a

less degree to Osteolepis and Diploptei'ax. Pander, Miller and others repre-

sent the ventral fins of the two genera last named as not lobate, but sessile, a

state of things entirely different from what is observed in Ectosteorhachis.

The sub-division of the dermal bones of the muzzle is also rather character-

istic of Megaliclithys. From the latter genus it differs in the form of the

vertebral centra. Both Agassiz and Huxley describe those of Megaliclithys

as completely ossified, and as biconcave. In Ectosteorhachis they are repre-

sented by annular ossifications resembling somewhat those of the stegoce -

phalous genus Gricotus, but with a larger foramen chordce dorsalis.

The elongate-lobate axis of the fins of this genus render it probable that

those of Megaliclithys present the same character.

Ectosteorhachis nitidus Cope, sp. nov.

This fish is represented by several specimens, the best preserved of which

includes the head and body inclusive of the ventral fins. These form an

chthyolite nearly denuded of matrix, the inferior side being best preserved.
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No indications of dorsal fin are to be found in the specimen, and those

which exist must originate behind a point above the base of the ventral

fins. The pectoral fins originate further behind the head than is usual.

The ventrals are well posterior, and clotse together.

The skull is transversely fractured at the coronal suture, as I suppose it

to be, which divides the front, just anterior to the point of attachment of

the hyomandibular bone. At the antero- external angles of the parietals, are

distinct post-frontal bones of a sub-triangular form, which send a process

posteriorly from fheir external angle. The hj'oinandibular presents a nar-

row convex external edge, and is directed backwards and downwards. It

leaves a wide space posterior to the postorbital bones. Of the latter there are

two, the inferior connected with the front of the orbit by a single wide,

suborbital bone. The orbits are as much lateral as vertical, and are in

front of a transverse line dividing the skull equally. The muzzle is

broadly rounded, and is covered with rounded plates of ganoine. Several of

these have median perforations. The opercular apparatus is obscured by
matrix in the specimens ; a small bone lies on the inferior part of the sus-

pensorium on both sides, and may be the preoperculum. The top of the

head behind the muzzle is entirely without ganoine layer in two speci-

mens; its surface is smooth, or weakly finely ridged. On the other hand,

the premaxillary, maxillary, mandibular and gular bones are invested

with perfectly smooth ganoine.

The pectoral fins are quite wide, and their rays diverge exclusively from

the inner border, and are very fine. The axial portion is thick and acu-

minate, and has no fulcra on the external edge, but is covered with quad-

rate and rhomboidal scales, of very much smaller size than those of the

body. The axial portion of the ventral fins is not quite so large as that of

the pectoral.

The scales of the body are quite large and overlap each other by both

the free edges. . Though their form is rhombic, the apex is rounded. The
surface is ganoid, and entirely smooth. There are five rows between the

internal bases of the ventral fins, and twelve between the external bases of

the pectorals. The gulars of the posterior pair are about as long as those

of the anterior. There are anteriorly one and posteriorly two rows of

plates between the anterior gulars and the mandible.
' This fish was probably three feet in length.

Measurements. M.

Length of head to base of first distinct lateral body scale

(posterior border of skull damaged) 161

Length to base of pectoral fin 180

" (axial) to canthus oris 077

" o'f skull to coronal suture 067

" " anterior border of orbit 021

Width " at " " " 065
" of front between" " " 036

" " at coronal suture 029
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Measurements. M.

"Width of skull at cantlms oris 145

Length of inferior caniDe tooth 006

Width between bases of pectorals 092

Length of basal axis of pectoral 060
" " ventral 035

Width between bases of ventrals . . 033

Diameters of exposed parts of an abdom- $ fore and aft. . .012

inal scale (longitudinal.. .015

The MegalicMliys Jiibberti Ag., which this species resembles in some de-

gree, is represented by authors as having the scales minutely granulated

on the surface. The ganoine layer also covers the superior surface of the

skull, a peculiarity which is not present in the Ectosleorhachis nitidus.
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Explanation of Figures.

Figure 1.

—

Skull of Eryops megacephalus from above, one fifth natural

size.

Fig. 2.—The same skull, profile.

Fig. 3.—The same from below.

Fig. 4.—Mandibular ramus from ahove, one-fourth natural size.

Fig. 5.—A large part of the vertebral column of a second specimen from

the left side, one-fourth natural size.

Fig. 5:—The same from below.

Fig. 7.—Anterior view of atlas and axis, natural size.

Fig. 8.—Posterior view of a dorsal vertebra, natural size.

Fig. 9.—Inferior part of scapula with coracoid, of same animal, external

side.

Fig. 10.—Same, interno-posterior view.

Fig. 11.—Pelvis of the same individual, left side.

Fig. 12.—Same, from front.

Fig. 13.—Same, from behind.

Fig. 14.—Same, from below.

Fig. 15.—Femur of same individual, from above.

Fig. 16.—Same, from below and behind.

Fig. 17.—Proximal end.

Fig. 19.—Distal end.

Fig. 9.—Inferior view of skull of Empedoeles molaris, one-half natural

size.

Fig. 10.—Posterior view of the same skull, half natural size.

Fig. 11.—14 bones of Dimetrodon incisivus, one-fourth natural size, from a

single individual.

Fig. 11.—End of muzzle, left side.

Fig. 12.—Lateral view of a large part of the vertebral column.

Fig. 13.—Thirteenth vertebra, lacking the summit of the neural spine, from

behind.

Fig. 14.—Fourteenth vertebra, lacking apex of neural spine, from front.

Fig. 15.—Nineteenth vertebra of same skeleton, lacking most of neural

spine, from behind, two-thirds natural size.

Fig. 16.—Sacrum of same from front, two-thirds natural size.

The above figures will appear in the Proceedings of the American

Philosophical Society.

Published, June 5, 1880.
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^84 [Sept> 17j

On some Mammalia of the Loicest Eocene beds of New Mexico. By E.

D. Cope.

{Bead before the American Philosophical Society, Sept. 17, 1881.)

Mesonyx navajovitjs, sp. nov. Smaller than the two known species, and

with the crowns of the molars more compressed and the blades of the

heels of the inferior series more acute. Molars seven, the first one-rooted.

Last molar with a cutting heel like the others, and with the penultimate,

with a rudimental anterior inner cusp. All the molars with an anterior

basal tubercle except the first, second and third. No basal cingula.

Principal cusp elevated and compressed, as in the premolars of Oxymna.

Enamel minutely rugose. Mandibular rami and inferior canine teeth com-

pressed, the angle of the latter not inflected. Length of inferior molar

series M. .078 ; do. of premolar series .046 ; fourth premolar, length of base

.010 ; elevation of cusp .008 ; second true molar, length .012, elevation

.010 ; width of heel .005 ; depth of ramus at .020 ; diameter of base of

crown of canine, vertical .009.

Periptychtjs carinidens, gen. et. sp. nov. Creodontium. Char. Gen.

No distinct sectorial teeth, the first and second true inferior molars simi-

lar. They support a principal median cusp, a broad heel and a prominent

anterior cingulum. The heel is more or less divided into tubercles ; the

anterior cingulum is on the inner side, and represents the anterior cusp of

a sectorial tooth. On the inner side of the principal cusp a cingulum rises,

forming a flat internal tubercle. Last molar not smaller than the others
;

premolars unknown.
This genus belongs to the Amblyctonidce with Amblyctonus and Palce-

onyctis. It differs from both in the rudimental character of the anterior

cusp, and from the former, in the presence of the internal tubercle. In

Mesonyx the heel has a median cutting edge. Char. Specif. Parts -of both

mandibular rami and the shaft of a humerus represent this species. They
indicate an animal of the size of the red fox, but much more robust. The
mandibular ramus is rather shallow and thick, and the molars are not large.

The heel of the penultimate supports three tubercles, of which the ex-

ternal is the largest. The anterior cingulum supports a small cusp, and
then rises to the internal tubercle, which is compressed. The sides of all

the cusps are marked with distinct, well separated, vertical ridges. Each
extremity of the internal cusp is connected with the principal cusp by a

ridge. The first true molar has fewer cusps. Those of the heel are

scarcely distinct, and form a border which rises prominently into the flat

internal tubercle, which forms a narrow longitudinal blade. The anterior

cingulum has no cusp and does not rise into the inner tubercle. The prin-

cipal cusp has a strong entering groove next the inner tubercle. Length
of crown first molar .0115 ; width of do. .006 ; elevation of do. .006.

Length of second molar .011 ; width of do. .007 ; elevation of do.

.0065. Depth of ramus at do. .020. The species is a good deal smaller

than the Amblyctonus sinosus.
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Triisodon quivirensis, gen. et sp. nov. Char. gen. Derived from the

lower jaw. Probably only three premolars. True molars alike, consist-

ing of three anterior cusps and a heel. The cusps are relatively small and

the heel large. Of the former the internal is much smaller than the ex-

ternal, and the anterior is rudimental, being merely a projection of the

cingulum. The cutting edges of the large external cusp are obtuse. The
heel is basin-shaped, and its posterior border is divided into tubercles, of

which the external is a large cusp. The fourth premolar has no anterior

inner tubercle, so that the anterior part of the crown consists of a com-

pressed cutting cusp. The heel has two well-developed posterior cusps.

The third premolar has a similar principal trenchant cusp, but a smaller

heel. Canines large.

This genus differs from HerpetotTierium and Ictops in the simplicity of its

fourth inferior premolar, and from Stypoloplius and Deltatherium in the rudi-

mental character of the accessory anterior cusps of the true molars, as well

as in the three premolars. The rudimental anterior cusp of the true mo-

lars, with the three similar true molars, separates it from Palceonyctis, and

the presence of a conic inner cusp of the same indicates it as different

from Amblyctonus and Periptychus. It is not possible to state whether

Triisodon must be placed in the Amblyctonidce or not, on account of the

absence of the superior molar teeth.

This specimen of the type species of this genus is instructive as showing

the succession of premolar teeth. Both the third and fourth premolars

have temporary predecessors. The predecessor of the fourth premolar

differs much from it in form, and is essentially identical in all respects

with the true permanent molars. The crown of the predecessor of the

third premolar is wanting, the roots only remaining in the jaw.

The permanent third premolar was protruded before the permanent

fourth. Which temporary tooth of Triisodon is homologous with the

single one of the Mar&apialia pointed out by Professor Flower?* As the

additional permanent teeth of the placental Mammalia must have appeared

later in time than the one already found in the implacentals, they must be

those later protruded ; hence the fourth tooth in the jaw of Triisodon

must be regarded as homologous with the fourth premolar of a placental,

which is the last of that series to appear. If this be true, the tooth which

follows the shed tooth of the Marsupials is not the fourth premolar, as

supposed by Professor Flower, but the third premolar. This view is con-

firmed by the fact that the milk tooth displaced by the fourth tooth in

Triisodon resembles in all respects the true molars, just as the permanent

tooth occupying the same position does in Didelphys and some extinct

eocene genera. This goes to show that this tooth, permanent in marsu-

pials, is temporary in placentals, and that, in spite of its form in the for-

mer group, it is the fourth premolar, and not the first true molar, as sup-

posed by Professor Flower. Thus the posterior milk-molar of diphyodonts

is a permanent tooth in the Marsupialia.

* Transactions of the Royal Society, 1867, p. 631.
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This observation confirms my conclusion that the Credon ta form a group

intermediate between the Marsupialia and Oarnivora. I may add that in

Triisodon the inferior border of the lower jaw is not inflected posteriorly.

Char, specif.—Size about that of the wolf. Inferior canine directed up-

wards, its section nearly elliptic ; a faint posterior, no anterior cutting

edge. Fourth premolar rather large, with an anterior basal cingulum

which is angulate upwards, and is not continued on the inner side of the

crown. Cusps of the heel each sending a ridge forwards, the internal

lower, obtuse and descending to base of inner side of large cusp ; the ex-

ternal larger, with an acute anterior cutting edge continuous with the cut-

ting edge of the large cusp. Truesmolars with an external, but no in-

ternal basal cingulum. Border of heel with one large and three smaller

tubercles, the former with, the latter without, anterior cutting edge. Ena-

mel of all the teeth nearly smooth. All the cusps are rather obtuse.

Measitrements.—Length of inferior molar series : M. .080 ; long diameter

of base of canine .013 ; length of true molar series .044 ; length of base

of Prem. IV. .016 ; elevation of crown of do. .014; length of base of M.
II. .016 ; width of do. in front .011 ; elevation of do., .014. The measure-

ments of the jaw are not given, as the animal is not adult, the last molar

not being yet protruded.

From the lowest Eocene beds of New Mexico.

Deltatheritjm fundaminis, gen. et sp. nov. Char. Gen. Fam. Lep-

Mctidce, agreeing with Ictops and Mesodectes in possessing an internal tu-

bercle of the third superior premolar, but differing from both in having but

one external cusp of the fourth superior premolar. Char. Specif. Repre-

sented by the dentition of both maxillary bones minus the canines. The
second premolar is convex on the inner face. The base of the third is a

nearly equilateral triangle. The bases of the true molars are triangles,

with the bases external. The internal angle supports an acute cusp, and

has a posterior basal cingulum, which is very strong in the last three mo-

lars. The two external cusps of the first and second molars are situated

well within the base, which is folded into a strong cingulum. This cingu-

lum develops strong anterior and posterior angles. This is the largest

species of the family yet discovered. Extent of series of last six molars,

M. .045 ; of true molars .026 ; diameters of fourth premolar, anteropos-

terior .0074; transverse .0076 ; do. of second true molar, anteroposterior

.0087; transverse .0100. This species was a fourth larger than the com-

mon opossum, and very much resembles it in dental characters.

Conoryctes comma, gen. et sp. nov. Char. Cen. Allied to Mesonyx.

Inferior canines not rodent-like, with conic crowns. Molars 3—3, the first

one-rooted, the second two-rooted, the third with an anterior conic cusp

and a posterior grinding heel. True molars consisting of two lobes, of

subcylindric section, .separated by deep vertical grooves. Enamel devel-

oped on internal and external faces of crowns. Char. Specif. Founded
on a mandibular ramus which lacks the last molar, and has the crowns

of the others worn. The external faces of the molars are much more ex-
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posed than the internal, and are somewhat contracted inwards. In the

unworn crown there is a distinct anterior inner cusp, which is soon con-

founded on attrition. The heel of the last premolar has a crescentic sec-

tion, the internal horn the narrower. The anterior lobe is a robust cone.

The base of the second and third premolar is oblique to the axis of the

ramus outwards and forwards. It is possible that there is a minute first

premolar filling the short space between the second and the canine.

No cingula ; enamel obscurely plicate, ramus robust. Length of molars

minus the last .0465 ; length of base of first true molar .010 ; width of do.

.009 ; elevation of crown do. .0055 ; length of base of fourth premolar

.011 ; width of do. .008 ; elevation of crown of do. .0065. Anteroposte-

rior diameter of base of crown of canine .010. Depth of ramus at first

true molar .023 ; width of do. at do. .013. This genus differs from Estho-

nyx in the form of the fourth premolar. In the latter the anterior lobe is

compressed and trenchant. The species is larger than any of that genus,

and nearly equal to the Ectoganus gliriformis.

Catathl^us ehabdodon, gen. et sp. nov. Char. Gen. With this

genus I commence descriptions of several genera with bunodont denti-

tion, which has some resemblance to that of some of the hogs. The one

above named, with Mioclcmus, remind one of Tetraconodon Falc. and

Lydd., in the enlarged proportions of their premolar teeth. . I compare the

genera as follows, introducing a probably perissodactyle form {Protogonia)

for comparison :

I. Third and fourth superior premolars one or two lobed externally, and

with internal lobes.

a. Superior premolars with two external lobes ; inferior fourth with

two median cusps.

Intermediate tubercles
;
premolars not enlarged Phenacodus.

o.o.. Superior premolars enlarged, generally with one external cusp.

/5. A posterior internal cusp of superior molars
;

Intermediate tubercles present ; last inferior premolar with inner cusp
;

Catatlilcms.

Intermediate tubercles wanting, replaced by branches of an internal V ;

no cusp on inner side of last inferior premolar Anisonchus.

Intermediate tubercle present, connected with anterior inner by ridges
;

inferior molars with Vs Protogonia.

j3j3. No posterier inner cusp of superior molars.

Intermediate tubercles present ; no inner lobe of last inferior premolar

Miodcenus

.

II. Superior premolars 1, 2 and 3 without inner lobe ; third with three

external lobes (Pictet).

Premolars compressed Dichobune.

In the genus Gatathlceus the development of the premolars is remarkable

while the true molars are relatively small. The last three superior pre-

molars have an elevated internal crescentic cinsulum homologous with
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the inner lobe of the fourth superior premolar of the ruminants. The
general character of the true molars is that of Phenacodus. Parts of two
or three individuals of this species have come into my possession, one of

which includes nearly all of the molar dentition of both jaws. The
external cusp of the superior premolars is compressed conic, and the in-

ternal cingulum extends to its anterior base in the second, third, and

fourth. The crown of the last true molar is about as long as wide, while

that of the first is wider than long. Each supports seven cusps ; two
subconic external, and one large median internal, which is connected by
ridges with a small anterior and posterior median. Then there are a small

anterior and posterior internal, making three internal. The internal crest

is distinct from the principal cusp in the inferior premolars III and IV,

but unites with it in the II ; it supports on the IV an anterior, a median

and a posterior cusp, the latter forming part of the rather narrow heel.

The true molars I and II have seven tubercles, the four principal ones,

and three smaller, one anterior, one posterior, and one median. On the

third the posterior forms a large heel. All of the molars, but especially

the premolars, have the enamel thrown into sharp vertical parallel folds,

in a manner I have not seen in any other mammal. Length of six superior

molars .067 ; length of three true molars .029 ; length of base of third

premolar .012 ; width of do. .012 ; width of base of first true molar .010
;

do. of third true molar .009 ; length of do. .010. Length base fourth

inferior premolar .012 ; width do. .010 ; length of third true molar .0115

;

width of do. .009. The teeth indicate an animal of the size of the

peccary.

Anisonchus sectoritjs, gen. et sp. nov. Char Gen. This is derived

from the superior P-m. IV and M. I and II, and from all the inferior mo-

lars of three individuals. The superior teeth are accompanied by a ramus

mandibuli, which contains alveoli of all the inferior molars, and the

crowns of the P-m. IV and M. II. The leading characters have been

given above. The inner posterior lobe is more prominent in this genus

than in any of the others, and has a V-shaped apex. It projects further

inwards than the anterior inner lobe. It is represented by a mere tubercle

of the cingulum in Miodomus. In the lower jaw the last premolar is quite

simple, consisting of a principal cusp, and a non-cutting heel. The
second true molar has intermediate anterior and posterior cusps. The ge-

nus differs from Pantolestes in the more numerous tubercles of the molars,

and in the fact that the anterior inner tubercle of the true molars is not

double. It may, however, be allied to that genus.

Char. Specif. The fourth superior premolar covers a larger base than

either of the true molars. The external cusp has a base extended antero-

posteriorly, but the apex is conical, and there are no basal tubercles. The
inner cusp has a crescentic base as in GatatJilceus, but the apex is nar-

rowed and compressed conic. The external tubercles of the true molars

are subconic, and do not develop any external ridges. They are connected

by the crescentic slightly angular crest, whose apex forms the inner ante-
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rior boundary of the crown. This crest is not divided into parts homolo-

gous with the intermediate tubercles. The crowns of the M. I and II are

surrounded by a basal cingulum, which in the M. I develops a tubercle at

the anterior external angle. No internal or external cingulum on P-m.

IV. Enamel nearly smooth.

The ramus of the mandible is rather slender anteriorly. The P-m. IV
is robust, and the cusp is behind the middle of the base of the crown. The
heel is short and narrow, and has a raised border, connected with the base

of the main cusp. The cusps of the second true molar are elevated and

conic, the anterior external the highest, the others subequal. The base of

the posterior pair is a little narrower than that of the anterior pair. There

is no central tubercle as in CatatJdceus rhabdodon, and no basal cingulum

on either tooth.

Measurentents. M. -

Length of three superior molars 0160

^. ; _, __._ ( anteroposterior 0055
Diameters superior P-m. IV < A „„„~

( transverse 0070

_,. ;., T (anteroposterior 0052
Diameters superior M. I 1 nnnr.

( transverse 0060

Length of inferior molar series 0610

" " " true molar series 0160

~. , . . . _ __ c anteroposterior 0060
Diameters inferior P-m. IV < nnAn

t transverse 0040

_. , , _ . ,. _ (anteroposterior 0050
Diameters inferior M. II { . „„,„

( transverse, 0040

Depth ramus at M. II. 0090

A number of minor points will distinguish this species from those in-

cluded among the Mesodonta, and especially those of Pantolestes, which it

most resembles. The molar teeth are narrower behind, and the fourth

premolar is larger. It is Mioclcenus sectorius, American Naturalist, Octo-

ber, 1881, p. 831.

Miocljenus tukgidus, gen. et sp. nov. This genus differs from

Catathlceus in the structure of the inferior premolars, which are without

internal crest or cusp. The inner lobe of the superior premolars is less

developed than that genus. In the present species the characters of

Mioclcenus are best seen in the subcorneal tubercles of the premolars,

particularly that of the heel of the fourth inferior premolar. In the other

three species this heel is more of a crest and is connected with the princi-

pal cusp by a low ridge. The four species may be characterized as

follows :

a. Cusps of last premolars conical in both jaws.

Size medium. Last lower molar disproportionately small ; cusps low
;

two anterior inner distinct ; true molars, .018 M. turgidus.

aa. Fourth superior premolar with flattened external and conic inter-

nal cusp ; inferior unknown.
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Size medium ; fourth upper premolor equilateral ; all cusps acute ; true

molars .0165 M. subtrigonus.

aaa. Cusps of last premolars compressed in lower jaw.

Least. Second and third lower true molars subequal ; cusps, especially

the internal, elevated ; anterior inner confluent into an edge ; true

molars, .013 M. angustus.

Largest ; cusps of inferior molars obtuse ; P-m. Ill .008, its heel short

and small M. mandibularis.

Medium ; last inferior molar larger than penultimate ; true molars, .014
;

P-m. Ill . 006 Anisonchus sectorius.

Of 31. turgidus there are two specimens ; and of M. suhtrigonus, M. an-

gustus and M. mandibularis one each.

In the M. turgidus there are no cingula on the fourth premolar. It is

wider than long, and the external face is a little flattened. The tubercles

are conic ; the external has a small one at the anterior base, and a rudi-

ment at the posterior base, and there is a low one on the posterior side at

the middle. The second true molar is wider than the first. The tubercles

are all round in section. Besides those already mentioned, there is a rudi-

ment of a posterior inner on the first, which is represented by a cingulum

on the second. The latter has basal cingula all around except on the inner

side ; the same are visible on the first true molar in a rudimental condition.

Enamel nearly smooth.

The inferior molars are of robust proportions. Their sizes are, commenc-
ing with the largest : P-m. IV ; M. II ; M. I ; M. III. The last molar is

only half as large as the penultimate. It has two anterior and an external

lateral tubercles, and a heel. On the penultimate molar, there are two an-

terior tubercles with a trace of anterior inner ; also a broad flat heel, with

a low tubercle on the external side. The constitution of the first true mo-

lar is identical. The fourth premolar has a rudimental heel consisting of

a low tubercle only. The principal cusp is conic and is over the middle

of the transverse diameter, and a little behind the middle of the antero-

posterior diameter. No cingula. Enamel nearly smooth.

Measurements. M.

Maxillary bone.

Length of base of P-m. IV, M. I and M. II 0175

_

.

^ TTT . c anteroposterior 0055
Diameters base P-m. IV < . nn„-

( transverse 0065

_.

.

n ,, T c anteroposterior 0060
Diameters base M. I < A .„_,.

( transverse 0070

. _.

.

, , , TT c anteroposterior 0060
Diameters base M. II ? _.__

( transverse 0095

Mandible.

Length of bases of last four molars .0250

„

.

_ __,. c anteroposterior 0070
Diameters P-m. IV K ™^

( transverse 0055
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Measurements. M.

,,
'

c anteroposterior 0060
Diameters M. I < . nn „n

( transverse , 0060

_„. _, TTT (anteroposterior 0055
Diameters M. Ill <. nn .

( transverse 0043

Depth of ramus at M. 1 0115

Thickness " " " 0085

Miocl^entjs subtrigonus, sp. nov. Represented by a portion of a cra-

nium anterior to the orbits and lacking the extremity of the muzzle, dis-

torted by pressure. It exhibits nearly all of the molar teeth. The spe-

cies differs from M. turgidus in the greater acuteness of all its cusps, and in

the equilateral form of the fourth premolar. It is too large to belong to

the M. angustus, which is represented by a mandible only ; and too small

to be the M. mandibularis, whose maxillary dentition is unknown.

The inner borders of the molar teeth are shorter than the outer, espe-

cially in the last two molars. The last true molar is smaller than either

of the others. The cusps are all subcorneal, but the internal is connected

with the intermediate by ridges, which give it a triangular section. The
latter form a V, homologous with that in Anisonchus, but not so distinct,

and the intermediate tubercles are not lost in its branches as in that

genus. The posterior inner lobe of that and other genera, is represented

by a thickening of the cingulum. This cingulum extends entirely round

the P-m. IV and M. I, and M. II ; the M. Ill is injured. The sides of the

base of the P-m. IV are slightly concave. The enamel of all the molars is

wrinkled.

Measurements. M.

Length of bases of last five molars 0285

-r,. „ , „ -r. TTT C anteroposterior 0060
Diameters of base of P-m. IV \ nnMn.

t transverse 0050

_.

.

„

,

„ ,, T C anteroposterior. 0060
Diameters of base of M. I 1 n . ..

^transverse 0060

_. , „ ,,. TT c anteroposterior 0060
Diameters base of M. II < ^ „„_,_

( transverse 0075

._,,. , „,, TTT (anteroposterior 0040
Diameters base of M. Ill { . „„ „„

£ transverse 0060

Miocl^enus angustus Cope, American Naturalist, 1881, October (Sep-

tember 22d), p. 831. The least species of the genus, with the teeth about

the size of Hyopsodus paulus Leidy, but with more robust jaw. The molar

teeth diminish in size regularly posteriorly from the P-m. IV. They all

have three subequal posterior cusps which are less elevated than the ante-

rior ones. The median is enlarged into a heel on the last tooth. The
anterior are opposite, and the external is larger than the internal. There

is no anterior internal. The external wears into an anteroposterior narrow

grinding surface, which looks like a combination with an anterior median.

The latter is, however, not separate on the least worn molars. The
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anterior outer cusp increases in size anteriorly, and is the large cusp of

the P-ni. IV. It sends a branch backwards on the inner side of the crown

which forms the edge of the narrow concave heel. There are no cingula

except a short one on the anterior corners of the base of the crown of the

P-m. IV. Enamel obscurely wrinkled.

Measurements. M.

Length of posterior four molars 0180

-r.. „-„ T,, c anteroposterior 0050
Diameters of P-m. IV \ ™r„-

( transverse 0035

-r,. „ ,, T C anteroposterior 0050
Diameters of M. I \

*
._„.,

t transverse 0035

_

.

„ ,, TT c anteroposterior 0040
Diameters of M. II {

.

nAon
( transverse 0032

Diameters of M. Ill \
anteroposterior 0045

( transverse 0030

Depth ramus at M. 1 0110

Thickness " " " 0060

Phenacodus puebcensis, sp. nov. Three individuals. Last superior

molar smallest ; first and second true molars with six tubercles, two ex-

ternal, two median and two internal. A strong basal cingulum except on

inner side. Inferior true molars besides the usual five tubercles, furnished

with an anterior ledge with a tubercle at its interior extremity. A weak
external basal cingulum. A little larger than the P. vortmani. Length

of superior true molars M. .021 ; length of base of crown of M. Ill

.006; do. of M. I .008; width of do. .008; length of base of crown of

inferior M. Ill .0085 ; width of do. in front .006 ; depth of ramus at M.

1 .019.

Phenacodus zuniensis, sp. nov. The least species of the genus, rep-

resented by the mandibles of two individuals. The first and second true

molars are narrowed in front, and there is no distinct anterior ledge, only

a minute anterior inner tubercle. The external cingulum is more distinct

and the enamel is wrinkled. The fourth premolar has a short base and

the inner cusp is much smaller than the principal one ; it has a wide heel

and an anterior basal tubercle. Length of true molars, M. .018 ; of last

true molar .006; of base of first true molar. 006; width of do. .004;

depth of ramus at do. .011.

Pbotogonia subquadbata, gen . et sjp. nov. Fourth superior premolar

with one external and one internal lobe. True molars with two external,

two internal, and two intermediate lobes, both the latter connected with
TBI

the anterior internal by a ridge. Supposed inferior true molars with two

Vs with weak anterior branches ; last true molar with heel.

This genus will enter the Ghalieotheriidm of my system of Perissodae-

tyla,* if the feet are found to possess the requisite characters. It is

allied, apparently, also to Hyracoilierium, but differs in the Vs of the infe-

*See Proceedings Amer. Philosoph. Society, 1881, p. 377-8.
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rior molars, if they are properly identified ; and in the superior molars.

The anterior transverse crest of that genus is represented in Protogonia,

but not the posterior. This is replaced by a low ridge running across the

course it pursues in Hyracotherium. The posterior median tubercle is also

not found in the latter genus. Protogonia differs from Limnoliyus in the

subconic character of the external lobes of the superior molars. If the tu-

bercles, excepting the posterior inner, should be converted into crescents,

the genus Meniscotlierium would be produced.

Char. Specif. Probably two specimens ; one supporting three superior

molars ; the other including damaged superior molars and the last two in-

ferior molars. The animal was about the size of the red fox. The exter-

nal cusp of the fourth superior premolar is flattened externally, and has a

small lobe on its posterior edge. The inner tubercle is conic and is sepa-

rated by a tubercle from the anterior base of the external. True molars

without external ridges. The external cusps of the true molars are lentic-

ular in section. The posterior inner cusp is in nearly the same antero-

posterior line with the anterior, its section about equaling that of the

intermediate cusps. The first and second molars have an external, an

anterior and posterior, but no internal, basal cingula. The enamel is

somewhat wrinkled where not worn.

The heel of the last inferior true molar is elevated, and its worn surface

forms the extended posterior branch of the posterior V. The posterior

edge of the penultimate molar is elevated and curved forwards on the in

ner side of the crown. The anterior cusp forming the angle of the V of

this tooth, is higher than the posterior angular cusp, but the anterior limb

descends rapidly as in Goryphodon. A weak antero-external, and postero-

external cingula. Enamel wrinkled where not worn.

Measurements. M.

No. 1.

Length of bases of three superior molars 025

_,. , „ _( anteroposterior 00(36
Diameters of superior P-m. IV <

.

„„„„
( transverse 0086

_,. „ ,, T c anteroposterior 0085
Diameters of superior M. I < ^ „^

(transverse 011

-„. . ,, TT (anteroposterior 009
Diameters superior M . II < n4 _

t transverse 011

No. 2.

Length of bases of last two inferior molars 0225

„. „, . . „ . . c anteroposterior 0114
Diameters of last inferior molar < ._„„

( transverse 0066

-r.. ,.,,'.,„ (anteroposterior 0112
Diameters of inferior M. II < _„„„

( transverse 0080

Depth of ramus at M. II 0240

Thickness " " " 0110

Meniscotheeixjm terr^rubr^e, sp. nov. My specimens of this species

embrace the dentition of several individuals.
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The dimensions of the superior molars increase to the penultimate,

while the external and posterior sides of the last molar are contracted, re-

ducing its size. The external faces of the external Vs of the true molars

are considerably impressed ; those of the premolars are nearly flat.

The second premolar is two-rooted, and has a compressed crown, with-

out either heel or cingulum, except a thickening of the posterior base.

The base of the crown is triangular. The external plate of the third pre-

molar is simple, and is connected with the internal cusp by a cingulum

on the posterior base of the crown. The crown is transverse, and the

inner tubercle rather small. The fourth premolar is much larger than the

third. Its external plate is divided into two apices, which are not im-

pressed. Their external faces are separated by a faint ridge, and are

divided medially by a faint ridge. The anterior external angle is rather

prominent. The anterior and a posterior cingulum extend to and round

the inner base of the interior tubercle. "Within the anterior external apex,

is a well developed intermediate crest parallel to it ; and there is a corres-

ponding crest within the posterior external apex. This one turns inwards

at its posterior extremity, which is on the posterior cingulum.

The anterior angle or horn of each external crescent of the true molars is

very prominent. They are sections of short vertical ridges, which unite

near the base of the crown, giving abruptness to the impression of the ex-

ternal surface of the anterior lobe . The middle of each face has a faint

median ridge. The two molars have an anterior basal cingulum, but no

posterior or internal, excepting a trace between the bases of the internal

lobes. The anterior intermediate crescent is quite parallel with the ex-

ternal ; the anterior internal tubercle has a slightly Y-shaped section. The
posterior inner tubercle is quite confluent with an oblique intermediate

crest, as in M. chamense. In the last true molar, as there is only one in-

ternal tubercle, this crest is short, terminating at the posterior border.

The last true molar is like the last premolar, except in its two impressed

external crescents.

A fragment of the right branch of the lower jaw supports two molars,

and the alveoli of two others, all of which have two roots. These teeth

are the four premolars, although the last one has the form of the first true

molar. Should my surmise be correct, then the third premolar has nearly

the same form and structure as the fourth. The anterior horn of its ante-

rior V is not produced quite so far inwards as in the fourth tooth. At the

point of junction of the adjacent horns of the Vs there is a slight antero-

posterior extension, forming a median buttress of the inner side of the

crown as in Anchitherium. The posterior horn of the posterior V is also

incurved, as in that genus. The angles of the Vs of the inferior molars

are rounded.

The surfaces of the enamel of the teeth of both jaws is smooth.

Measurements. • M.
Length of superior molars, less P-m. I 046

'

' of true molar series 028
" ofbaseof P-m. II..... .005
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Measurements. M.

-r.. . - , t-, TTT (anteroposterior 006
Diameters of base P-rn. Ill <

(transverse 007

" ofbaseP-ni. IV {anteroposterior 008

( transverse 010

« of base of M. II
{anteroposterior 011

(transverse 013

C vertical 005

inferior P-m. Ill (or IV) \ anteroposterior . . . .007

(_ transverse 005

Depth of ramus at same tooth 012

Thickness ramus at succeeding tooth 009

The Meniscotherium terrcerubras differs from the M. cliamense in two

features. The first is its superior size. The second is the flattened form

of the external faces of the true molars and the absence of the convexity

of the external bases of the crown.

My specimen of this species is from the red Eocene bed in Northwestern

New Mexico, from the true Wasatch horizon, or higher than that which

produced the other species here described. It was found by my assistant,

D. Baldwin.

Remarks.

As stated in my report to Lieut. Wheeler in 1877, no vertebrate remains

had been found in the Puerco beds, which underlie the Wasatch in New
Mexico, up to that time. It was therefore uncertain whether they form

the top of the Cretaceous or the bottom of the Tertiary series. I have

recently obtained evidence of the existence of Cliampsosaurus in them, so

that their position might be supposed to be in the Postcretaceous sjTstem.

It is however quite possible that the species of Mammalia described in

this paper were derived from the Puerco Formation. Their horizon is be-

low the Wasatch, and they represent a different fauna from that of those

beds.

Attention has already been directed to this fauna in the pages ofthe Amer-
ican Naturalist.* I have recorded the presence of the Creodont genera,

Periptyclms, Triisodon and Deltatlierium, and of the saurian Cliamp-

sosaurus. I have now added the genera Hyracotlierium and Meniscotherium,

and a number of new forms of considerable interest. These are the Creo-

dont Mesonyx, a new genus allied to Estlionyx, and a series of genera and
species with a suilline type of dentition, but whose affinities are by no
means certain. This point cannot be determined until the characters of the

feet are known.
The facies of this fauna differs in several points from that of the

Wasatch. Coryphodon has not yet been discovered in it, and the flesh-

eaters are very primitive. The suilloid genera are characteristic.

* April, August and October, 1881.

Printed September 30, 1881.
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Contributions to the History of the Vertebrata of the Lower Eocene of

Wyoming and New Mexico, made during 1881, By E. D. Cope.

{Read before the American Philosophical Society, Bee. 16, 1881.)

I. The Fauna of the Wasatch Beds of the Basin of the Big

Horn River.

The basin of the Big-Horn river contains the most northern area of the

deposits of the "Wasatch or Suessonian epoch known. In order to ascer-

tain whether the fauna it contains differs in any way from that I discov-

ered in the corresponding beds of New Mexico in 1874, I sent, during the

past season, an expedition, under the direction of J. L. Wortman, already

known from his successful exploration of the Wind River basin in 1880.

The present paper gives a review of the results of the season's work, pre-

faced by an account of the geology furnished by Mr. Wortman. The

species herein described are being engraved for the fourth volume of Dr.

Hayden's report of the United States Geological Survey of the Territories,

now passing through the press.

1. The Geology of the Big-Horn Basin, by Jacob L. Wortman.

As early as 1859 Dr. Hayden described in detail the Tertiaiy sediment

occupying the upper drainage basin of the Big-Horn river, which he deter-

mined as belonging to the lower Eocene formation, and applied the name
Wind River group, from its being exposed along the Wind river, a name
given to the upper portion of the Big-Horn. From an extensive collec-

tion of vertebrate fossils made by the writer at this horizon, during the

summer of last year, Prof. E. D. Cope, for whom the collection was made,

has, in a bulletin, U. S. Geol. Surv. Terrs., F. V. Hayden, Vol. vi, No.

1, 1881, confirmed this determination, and discussed at length the faunal

relations they bear both to the Bridger and Wasatch beds respectively.

The conclusions reached are, that tbis series is intermediate to a certain

degree, containing genera hitherto regarded as peculiar to each. This

upper basin covers quite an extensive area, and is bounded upon every

side by lofty mountains. The Owl Creek mountains, wliich afforded a

barrier to the waters of this Eocene lake on the north, has subsequently

been cleft by the Big-Horn, leaving a deep and rough canon, through

which it now flows in its course north to the Yellowstone. After passing

the Owl Creek mountains it emerges into a second or lower basin, com-

monly called the Big-Horn basin proper. This one covers a much larger

area than the upper, and like it is walled in by mountain ranges,

and filled with a mass of sedimentary rock which is also referable to the

lower Eocene series.

During the summer of the present year the writer has been engaged in

further exploration of this interesting region, which resulted in the col-

lection of a large number of extinct vertebrates, obtained exclusively from

the lower Eocene horizon of the Big-Horn, and which have all been sub-
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mitted to Prof. Cope, at whose instance the party was organized and
equipped.

Dr. Hayden has made the observation that upon the eastern slope of the

Wind River mountains all the corresponding strata are visible from the

Silurian to the Cretaceous; this is also true of the northern slope of the

Owl Creek mountains, while the southern side does not exhibit such con-

tinuity of structure. Upon entering the basin from the south, the older

formations are seen to extend towards its centre for a distance of ten miles,

inclining at an angle of 30° to the north, while the level of the Tertiary

has been little or not at all disturbed since its deposition. That this

basin contained a separate and isolated body of water, limited by its pres-

ent boundaries, which were outlined about the beginning of the Wasatch

epoch, there is every reason to believe. A section made by the Big-Horn

at the southern extremity shows the Tertiary to rest unconformably upon

a thick mass of buff colored sandstone, rather coarse in texture, somewhat

laminated, and towards the bottom interspersed with thin layers of im-

pure lignite varying from six inches to one foot in thickness. This sand-

stone most probably belongs to the Laramie series, but in the absence of

fossils the determination is by no means satisfactory.

The Eocene sediment covers a large part of the basin, and cannot be

less than 4000 feet in vertical depth. This mass, once continuous over a

large area, has since been carved and weathered into many fantastic and

remarkable forms, presenting at once a bold and striking appearance, a

characteristic feature of the western Tertiary bad lands.

Beginning at the southern limit at a point opposite the mouth of Meyers

creek, on the east side of the river, a series of low bad land bluffs, facing

to the west and gradually becoming higher as they proceed, describe a

gentle curve to the north, terminating at the river's edge 30 miles below.

The character of the country between the river and these bluffs is a barren

sage brush plain, while back of the bluffs a high mesa occupies the coun-

try for many miles. On the west side, numerous rivers, creeks, and their

tributaries, putting down from the Sierra Shoshone range, have excavated

the mass in every direction, leaving bold escarpments, high bad land buttes,

elevated tables, with innumerable gulches and ravines. Country of this

character stretches far away to the northern limit, near the Big Horn gap,

presenting that desolate and sombre appearance, so often met with in bad

land regions,

Its composition may be described as consisting of various colored clays

alternating with layers of brown and blue sandstone, although that even-

ness of stratification by which a single layer of either, in one part, could

be identified in another, does not exist. Those exposures, for example, on

the east side of the Big-Horn are highly arenaceous, the clay and sand

existing in almost equal proportions, while in the exposures along the

Grey Bull river, and in the vicinity of Coryphodon butte, the quantity of

sand is greatly diminished, and is found in separate layers. The prepon-

derance of the red clay is a marked feature, and has called forth the
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remark from Dr. Hayden, relative to the sediment of the upper basin,

"that they remind one of the Jura Trias red beds." This remark is forci-

bly illustrated by the character of the sediment found in the south-western

part of the basin, near the head of Gooseberry creek, where the exposures

consist largely of thick strata of the red clay, which gradually thin out to

the north and east, blending with the pink, blue, and buff colors. In the

northern part of the basin, and along Stinking river, the sediment consists

almost exclusively of a pale yellow sandstone of a bluish tinge, from which

few fossils were obtained.

The clays contain much lime in the form of small limestone nodules of

a rusty brown appearance, in which the fossils are often found, having a

thin and intensely hard layer of ferrous oxide investing them externally.

In the red the fossils are always scarce and fragmentary, and when found

are usually such parts as would, under the most favorable circumstances,

be preserved. The blue seems to be the more productive, and to have

offered better conditions for their preservation ; but, owing to the fact that

lime forms the petrifying base, and being less able to withstand the heavy

pressure than many other materials, the fossils from both the red and the

blue are, as a general rule, greatly distorted and crushed. This fragmen-

tary occurrence of fossils in the fine-grained clay, I am inclined to believe,

is due, not to a scattering of the bones by currents, but rather to imperfect

and unfavorable conditions for their preservation. That entire skulls and
skeletons were deposited, where now nothing but the teeth remain, I am
well satisfied from the circumstance that both superior and inferior series

are not unfrequently found in proper position without a trace of ramus or

cranium. In the sandstones, however, the fossils are in a magnificent

state of preservation, but their extreme scarcity in this material gives the

collector many long and fruitless searches. Two skeletons which have

proven of considerable interest were all of any consequence that were

obtained from the sandstones.

The general stratigraphical appearance, as well as the scattered and

fragmentary condition of the fossils, together with the community of a

large number of genera, refer it to the Wasatch epoch, but a full discus-

sion of this point belongs properly to the paleontologist. A thorough

elucidation will be found in Prot. Cope's paper on the fossils.

The exploration of this region is most arduous and difficult. The great

scarcity of water in these bad land wastes, makes it very inconvenient,

and renders it necessary to carry a water supply a distance of often 20

miles or more. Even when water does exist it is so strong with alkali as

to be scarcely fit for use. Many of the streams coming down from the

mountains dry up as soon as the snow has melted from the low

foot hills in early spring, leaving large tracts entirely destitute of water,

which frequently abound in fossiliferous exposures, and which it is the

object of the explorer to examine. The broken and mountainous charac-

ter of the country forbids the use of wagons to such an extent that pack

animals are indispensable.
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The accompanying map is intended to illustrate the exact position, as

well as the extent of country covered by the Wasatch sediment at this

point. Its topography is taken from a map made by Capt. J. Russell,

Third Cavalry, U. S. A. (and published by the War Department), during

a reconnoissance of that region in the summer of 1880, and to whom, as

well as Dr. W. H. Corbusier, Col. J. W. Mason, and other officers sta-

tioned at Fort Washakie, I wish to express my deep sense of obligation

for their very kind and courteous treatment.

Map oi tlie .big-Horn basin, reduced Iroiu the Map of the U. S. War Depart-
ment.

2. Synopsis of the Fauna.

PISCES.
Clastes sp. ; not abundant.

Pappichthys sp. Vertebrae ; not very common

.
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REPTILIA.

Crocodilus sp. Allied to the C. chamensis and G. heterodon, but not

represented by sufficiently well preserved specimens to permit of determi-

nation. There are numerous molariform teeth in the posterior parts of

jaws, and the crowns of the longer teeth are grooved. Not uncommon.
Emys sp. Rare ; one specimen of 220 mm. in length, of the type of

E. wyomingensis, but not sufficiently well preserved for determination.

As the Eocene forms of this order are of unusual interest, I give an

analysis of the extinct genera of the Cryptodire division of tortoises which
have been found in North America up to the present time.

In the check -list of the North American Batraclria and Reptilia,* I enu-

merated nine families of this division of the Testudinata, three of- which

are extinct. Subsequently another extinct family, the Baenidse, was
added. I now define all of these families.

I. Plastron not articulated to the carapace, but presenting to it more or

less open digitations. Dactylosterna.

Phalanges of anterior limb without condyles, and covered by a common
integument ; eight pairs of costal bones Cheloniidce.

Phalanges of anterior limb without condyles ; nine or more costal bones,

Propleuridce.

Phalanges of anterior limb with condyles ; digits inclosed in distinct in-

teguments ; eight costal bones ; sternal elements united by digitations

and inclosing fontanelles ; caudal vertebrae procoelous. . . TrionycMdce.

Phalanges of anterior limbs with condyles ; digits distinct ; eight costal

bones ; sternal elements united by suture and inclosing no fontanelles ;

caudal vertebrae opisthocoelous Chelydridoe.

II. Plastron uniting with the costal bones of the carapace, by denticu-

late suture, and by ascending axillary and inguinal buttresses. (Feet

ambulatory. ) Olidosterna.

A. Intersternal bones present.

No intergular scuta , Pleurostemidce.^

Intergular scuta ; caudal vertebrae opisthocoelous Baenidce.

A A. No intersternal bones.

a. Intergular scuta.

A mesosternal bone Adocidm.

aa. No intergular scuta.

A mesosternal bone ; three series of phalanges Emydidce.

No mesosternal bone ; three series of phalanges Cinosternidce.

A mesosternal bone ; two series of phalanges Testudinidm.

* Bulletin TJ. S. National Museum, No. 1, 1875. p. 16.

t There are two genera of this family, neither of them yet found in America ;

Pleurostemum Off., with smooth shell, and Helochelys Myer, with sculptui'ed

shell.
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III. Plastron uniting with, the marginal bones of the carapace by straight

contact only. (Feet ambulatory. ) Lysostema.

No intersternal bone nor intergular scutum ; a mesosternal bone and three

series of phalanges Cistudinidce.

The extinct species of the Cryptodira of this continent belong to eight of

the above families. I give diagnoses of the genera to which they are

referred. Names of existing genera are in Roman type.

Cheloniid^e.

Postabdominal bones distinct from each other .Chelonia Brong.

Postabdominal bones united with each other by suture. .Pwppigerus Cope.

Propleurid^j Cope.*

Transactions of American Philosophical Society, xiv., 1870, p. 235.

Ten costal bones ; first two marginals united with carapace by suture

;

shell smooth, flattened Osteopygis Cope.

Nine costal bones ; first two marginals united to carapace by suture ; shell

sculptured (a high dorsal keel) Peritresius Cope.

Nine costal bones ; one marginal united with carapace by suture ; second

by costal gomphosis ; shell not keeled nor sculptured

Propleura Cope.

1 Nine costal bones ; first united with carapace by suture ; second without

costal gomphosis ; shell not sculptured Catapleura Cope.

? Nine costal bones ; marginals all free ; shell not sculptured

Lytoloma Cope.
Trionychid^e.

a. Surface of bones smooth.

Postabdominal suture digitate Axestus Cope.

aa. Surface of bones sculptured.

/?. Sutures of plastron digitate.

A dermal flap protecting posterior legs below ; marginal bones

Emyda Gray.

A dermal flap ; no marginal bones Cyclanosteus Peters.

No dermal flap nor marginal bones ; muzzle much abbreviated

Chitra Gray.

No dermal flap nor marginal bones ; muzzle elongate. . . .Trionyx Geoffr.

/?/?. Suture for postabdominal coarsely serrate.

Postabdominal recurved in front Plastomenus Cope.
#

Chelydridjs.

a. Bridges of plastron wide ; ? caudal vertebrae.

One row of marginal scuta ; six pairs of scuta of the plastron

Idiochelys Myr.

* Palceochelys novemco status Geoffr., belongs to this family, but not Palmo-
chelys Myr.
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One row of marginal scuta ; scuta of plastron ? not distinct

JBydropelta * Myr.
aa. Bridges of plastron very narrow.

/9. Carapace smooth, not sculptured.

Two rows of marginal scuta ; five pairs of scuta of the plastron

Macrochelys Gray.

One row of marginals ; five pairs on plastron Chelydra Schw.
One row of marginals ; four pairs of scuta on plastron Claudius Cope.

/?/?. Carapace sculptured.

One row of marginal scuta Anostira Leidy.

BaENID^E.

Cope, Annual Report U. S. Geol. Surv. Terrs., 1872 (1873), p. 621.

Supramarginal scuta (Riitimeyer) ; no interhumerals Platychelys Myr.

No supramarginals nor interhumeral scuta Baena Leidy.

No supramarginals ; interhumeral scuta present Polythorax f Cope.

Adocid^e.

Cope, Proceedings American Philosophical Society, 1870, p. 559.

a. Vertebral bones and scuta normal.

One intergular scutum entirely separating the gulars. . . . „ . .Adoeus Cope.

Either two intergulars, or the gulars meeting behind intergular

Amphiemys Cope.

aa> Vertebral bones wedge-shaped, widening upwards ; vertebral

scuta not wider than the bones.

Elements of carpace early coossified i . .Homorhoplms Cope.

Emydid^e.
a. No scutal sutures.

Surface sculptured . ApJiolidemys Pom.

aa. Scuta including intermarginals and two anals.

Lobes of sternum narrow Dermatemys Gray.

Lobes of sternum wide Agomplius Cope.

aaa* Scuta ; two anals, no intermarginals.

Surfaces of carapace sculptured
;
plastron fixed Compsemys Leidy.

Surfaces of carapace smooth
;
plastron fixed ; recent Emydidce, and the

genus Emys Brong. %

Posterior lobe of plastron movable ; surface smooth. .. .Ptychogaster Pom.
Anterior and posterior lobes of plastron movable ; surface smooth

Dithyrostemum Pict. et Humb.

aaaa. Scuta ; one anal, no intermarginals.

Carapace smooth Stylemys Leidy.

* Eurysternum Wagn. (Palceomedusa et Aciclielys Myr. (fide Riitimeyer) is

nearly allied to Hydropelta.)

t Possibly one of the Ado aides ; see Proceed. Acad. Phila., Oct., 1876.

X Gray lias distinguished several good genera among existing species on
cranial characters.
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Testudinid^e.

a. Two anal scuta.

Ten abdominal scuta .Hadrianus Cope.

aa- One anal scutum.

Lower jaw with two cutting edges Xerobates Agass.

LoAver jaw with one cutting edge Testudo Linn.

RODENTIA.

Plesiarctomys btjccatus Cope.

Two mandibular rami.

Plesiarctomys delicattor Leidy.

Mandibles of six individuals, some of them accompanied by bones of

the skeleton.

BUNOTHERIA.

T^ENIODONTA.

Additional material gives the following results with regard to the

affinities of this sub-order. There are three allied groups represented by
the genera Esthonyx, Tillotherium and Calamodon of the American Eo-

cenes, which are equally unlike each other. Esthonyx, as I long since

showed, is related to the existing Erinaceus ; very nearly indeed, if the

dentition alone is considered. Its anterior incisor teeth are unusually

developed, and have, as in Erinaceus, long roots. One pair at least in the

lower jaw has enamel on the external face only, and enjoys a considerable

period of growth. The genus Tillotherium is (fide Marsh) quite near to

Esthonyx. Its molars and premolars are identical in character with those

of that genus, the only important difference being found in the incisors.

Here, one pair above, and one pair below, are faced with enamel in front

only, and grow from persistent pulps as in the Bodentia. This character

has been included by Marsh in those he ascribes to his "order" of Tillo-

dontia, but as he includes Esthonyx in that order,* which does not possess

the character, it is not very clear on what the supposed order reposes. The
rodent character of the incisors is the only one that I know of which dis-

tinguishes Tillotherium from the Inesctivora. I have on this account

retained the Tillodonta as a sub-order, and referred Esthonyx to the Insecti-

vora.

The Tceniodonta agree with the Tillodonta in the possession of a pair of

inferior incisors of rodent character, but it adds several remarkable pecu-

liarities. Chief among these is the character of the inferior canines. In

the Tillodonta they are either wanting, as in Erinaceus, according to the

Cuvierian diagnosis, or they are insignificant. In Calamodon they are of

large size, and though not as long-rooted as the second incisors, grow from

presistent pulps. They have two enamel faces, the anterior and the

posterior, the former like the corresponding face of the rodent incisors.

* Report of U. S. G. Survey 40th Parallel, toy Clarance King ; Vol. i, p. 377.
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The function of the adult crown is that of a grinding tooth. This charac-

ter distinguishes Calamodon as a form as different from Tillotherium, as

the latter is from EstJwnyx. There are, however, other characters. The
external incisors, wanting in Tillotlierium, are here largely developed, and

though not growing from persistent pulps have but one. an external band-

like enamel face. Their function is also that of grinders.

The fact that the rodent teeth in the lower jaw are the second incisors,

renders it probable that those of the Tillodonta hold the same position in

the jaw. This is to be anticipated from the arrangement in EstJwnyx, where

the second inferior incisors are much larger than the first and third. The
superior dentition of the Tceniodonta is yet unknown.

Calamodon simplex Cope.

Report Vertebrate Toss., New Mexico, U. Si Geog. Surv. W. of 100th

Mer. 1874, p. 5. Report of do. Capt. G. M. Wheeler, iv, ii, p. 166.

A nearly complete mandible of this species was found by Mr. Wortman,
besides a series of unworn molar and canine teeth of a second individual,

and fragments of some others. These furnish the correct dental formula

as far as they go, as follows : I. 3 ; C. 1 ; M. 5. It appears that I correctly

referred the long rodent teeth to the lower incisior series, but that the

truncate two banded teeth so characteristic of the sub-order, are canines

and not incisors, and that they belong to the lower as well as probably to

the upper jaw.

The characters of the incisors are very peculiar. The first are small

with short subcylindric crowns, and conic roots. The second incisors

have been described ; as in C. arcammms they have a horizontal shoulder

posterior to the base of the cutting portion. The third incisors increase

in diameter upwards, and have a triangular section. The largest side

of the triangle is interior, and the shortest the posterior, and neither

possess any enamel. The anterior or enamel faced side is slightly convex.

The grinding face is transverse and is in the plane of the corresponding

face of the canine. The long diameter of the crown of the canine is at

right angles to the anterior face of the third incisor, and diagonal to the

long axis of the mandibular ramus. This, with the peculiarities of the

other incisors, gives an irregular appearance to the anterior dentition.

The five molars are very similar in character, and even those with un-

worn crowns do not present any distinction into premolars and true

molars. The enamel covers the summit of the crown, but on wearing, it

is soon reduced to a cylindrical sheath. Further wear brings the grinding

surface to the anterior and posterior surfaces which are covered with

cementum instead of enamel.

Insectivoka.

ESTHONYX BTJRMEISTERI Cope.

Report Vertebrate Foss., New Mexico, 1874, p. 7. Report U. S. G. G.

Surv. "VV. of 100th Mer. G. M. Wheeler, iv, ii, p. 156, pi. xi, fig. 26.
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Two fractured crania exhibit the entire dentition of this species, and
give the generic characters satisfactorily. The dental formula is, I. § ;

C. | ; P-ni. ^-; M. f. The first superior incisor is large, and the crown is

somewhat spoon-shaped. The second iucisor is as robust as the first, but

the crown is shorter. The second premolar has one external and one in-

ternal lobe, in the third (fourth) premolar these lobes are much enlarged,

and the tooth is transverse. The true molars have two external cusps,

which are flattened, close together, and well within the margin of the

base of the crown. There is one internal lobe and a strong posterior

ledge, as in the opossums. Of the inferior incisors, the median is large

and half gliriform, while the first and third are small. The inferior, like

the superior canines, are large. The first and second (third) premolars

have no internal lobes, but the second (third) has a heel. The fourth is

more or less like the first true molar.

The specimens show that my original determinations of the incisors

based on loose teeth we're correct. They also show that this genus is not

far removed from the more rodent-like genus Anchippodus cf Leidy.

There are several species of the genus, which I define as follows :

I. Fourth inferior premolar like first true molar.

Larger ; third superior premolar larger ; fourth premolar with the external

cusp bilobate E. acutidens.

Medium ; third superior premolar smaller ; fourth premolar with external

cusp simple ; superior incisors wide ; large inferior narrower

E. burmeisteri.

Medium ; superior incisors narrow ; large inferior wider. . . .E. bisulcatus.

II. Fourth inferior premolar with anterior V open and cutting.

Smallest ; incisors unknown E. acer.

A species of the size of E. acer has been named E. spatularius, but I

cannot place it in the above key, as the premolar and incisor teeth are un-

known. The section II, approximates nearer the genus Oonoryctes than

sect. I.

Mesodonta.

HYOPSODUS LEJtOINIAiStTJS, Sp. nOV.

This Mesodont is distinguished from the known species of the genus by
its superior size, and the fully developed heel of the interior third molar.

The anterior inner cusps of the inferior molars are absolutely simple, and

the same teeth have a weak external and no internal cingulum. The cusps

are elevated and the enamel smooth.

The species of this genus known to me by their mandibles are four, and

these differ chiefly in' size. Their characters are as follows :

Length of true molars M. .0165 ; last molar elongate H. lemoinianus.

Length of true molars M. .0140 ; last molar longer than second

//. paulus.
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Size as last ; last molar shorter than second .H. miticulus.

Length of true molars M. .0115 ; last molar elongate H. vicarius.

H. lemoinianus and H. miticulus have not been found out of the localities

where they were discovered, while the other two species are distributed

through most of the Eocene horizons, and have been found in many
localities. Of the H. lemoinianus Mr. Wortman found nine more or less

fragmentary mandibles.

Dedicated to my friend, Dr. Victor Lemoine of Reims, well-known for

his brilliant discoveries in the vertebrate, paleontology of the Lower Eo-

cene beds near that city.

Hyopsodus patjlus Leidy.

Thirty-eight more or less broken mandibular rami.

Hyopsodus vicarius Cope.

Eleven mandibular rami. A few specimens are intermediate between
this species and the last in dimensions, the inferior true molars measuring

M. .0120 and .0125 in length.

Pantolestes chacensis Cope.

Four mandibular rami. This species has the fourth premolar more
robust and less trenchant than in P. secans, and shorter than the last true

molar. In P. secans it is longer than the last true molar.

Pantolestes metsiacus sp. nov.

A small species of the size of the P. longicaudus, and distinguished by
several peculiarities of dentition. The two cusps composing the anterior

internal lobe of the molars are quite distinct but appressed. Each one is

connected with the external anterior lobe by a transverse crest as is seen

in Esthonyx, and these enclose between them a fossa. This fossa is closed

internally by the appression of the anterior inner cusps. The fourth pre-

molar is not so large as in P. secans, but resembles in proportions that of

P. chacensis. It differs from that of P. longicaudus in its very short heel

and its large anterior basal tubercle. The latter is double, consisting of

two small cusps, one within and anterior to the other. The posterior heel

is distinct on both sides of the ridge that marks the median line. The
posterior external lobe is V-shaped, and the posterior inner is a small cone.

Between the two is a minute median tubercle. The posterior tubercles are

not so elevated as in the species of Hyopsodus. A weak external cingulum ;

enamel smooth.

Measurements. M.

Length P-m. IV, with M. I, and II ; (No. 1) 0140
" P-m. IV 0048
" M. II 004j
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Measurements. M.
Width M. II 0040

Length M. Ill; (No. 2) 0050

Width " 0080

Depth ramus at P-m. IV ; (No. 1) 0060

M. Ill; (No. 2) 0070

Portions of four mandibles preserved. No. 2 is a little smaller than

No. 1, and No. 4 is a little larger than No. 1.

The species of Pantolestes may be distinguished as follows :

a. Fourth premolar trenchant everywhere, longer than second molar.

Length of true molars M. .0150 ; second molar with but one anterior inner

cusp '.

: P. secans.

aa. Fourth premolar with blunt heel, not longer than second molar.

Length of true molars .0160 ; all with double cusps P. chaeensis.

Length of true molars .0140 ; fourth premolar with minute anterior cusp,

and long heel , P. longicaudus.

Length of true molars .0130 ; fourth premolar with double anterior cusp,

and short heel ; molars with double cusps P. metsiacus.

Length of true molars .0105 ; fourth premolar small, .0035, without an-

terior cusps, and with two ridges on heel ; true molars with double an-

terior inner cusps P. nuptus.

Pantolestes nuptus, sp. nov.

This is the last species of the genus, and is represented by a portion of a

right mandibular ramus which supports three molars from the fourth to

the sixth inclusive. Besides its small size, this species is distinguished by
the relatively small dimensions of the fourth premolar, which is shorter

than the first true molar instead of longer, as in all the other species. The
well developed basin of its heel, which is bounded by a ridge on each side,

distinguishes it at once also from P. secans, and is more distinct than in P.

chaeensis ; from the latter and P. metsiacus the entire absence of anterior

basal lobes separates it. The well developed pair of anterior inner tuber-

cles of the true molars shows that it cannot be an abnormal Hyopsodus vica-

rius, with which it agrees in size. The first anterior tubercle is more widely

separated from the second anterior than in any of the species of the genus,

and is quite as in species of Pelycodus. It is smaller than the second ante-

rior inner, which equals in size the anterior outer. The heel is wide, en-

closing a basin, which is bounded externally by an angular ridge. Its

posterior inner angle supports a cusp, which is separated by a deep notch

from the anterior inner cusp. External to it on the posterior border of

the crown is a small tubercle. No basal cingula.

Measurements. M.
Length of three molars 010

_. „*-
. f anteroposterior 004

Diameters of M. i \ , nn(,
l transverse 003

Depth of ramus at P-m. IV 007

Basin of the Big-Horn ; J. L. Wortman.
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Pelycodus angulatus Cope.

The species of this genus are, in the present state of our knowledge, best

distinguished by their size.

Length of true molars on base M. .024 ; P. pelvidens*
" " " " M. .019 ; P. jarrovii.

.M. .017; P. tutus.

" " " " M. .015 ; P. frugworus.
" " " " M. .012 ; P. angulatus.

Remains of species of this genus are very common in the Wind River

bad lands ; they were originally found in the "Wasatch beds of New
Mexico, and have not yet been announced from the Bridger formation.

The P. angulatus, heretofore only known from New Mexico, is rep-

resented in the Big-Horn collection by five mandibular rami, and a por-

tion of a maxillary bone with teeth.

Peltcodus frugivorus Cope.

Two mandibles and seven separate rami represent this Mesodont.

Peltcodus tutus Cope.

Four rami display the typical length of the true molars, M. .017. Three

are smaller, having the molars .016 in length, while one gives .018 for the

same teeth. Other portions of the skeleton will be necessary to deter-

mine exactly the specific position of these specimens.

Pkosimi^e.

Cynodontomys latidens, gen. et sp. nov.

Char. gen. Derived from mandibular rami. Dental formula I. ? ; C.

1 ; P-m. 2 ; M. 3. The premolars are counted as two, on the supposition

that the anterior one is two-rooted ; should it prove to be one -rooted, then

the number will be three. The canines are very large and close to the

symphysis, so that there do not appear to have been any incisors. The
true molars have the frequently occuring three tubercles in front and a

heel behind ; but the arrangement is peculiar in that the three tubercles

are but little more elevated than the borders of the heel, and occupy a

small part of the crown. The last molar is lost from both jaws, but the

space for it is about as large as that occupied by the penultimate. The
fourth premolar has but two anterior cusps, and these are more elevated

than those of the true molars, and the heel is narrower. The mandibular

rami are not coossified.

The dental characters of this genus resemble considerably those of

Anaptomorphus and Necrolernur, but the large size of the inferior canine

tooth distinguishes it from both. The double anterior cusps of the fourth

premolar equally distinguish it from them.

Char. Specif. The inferior true molars are subquadrate in horizontal

outline, somewhat narrowed anteriorly. The concave heel is the larger

part of the crown.; it is only elevated into a low cusp at the posterior

external angle. The anterior cusps are conic, and are in contact at the

* Lipodectes pelvidens Cope, Amer. Naturalist, Dec, 1881, p. 1019.
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base. The external and posterior internal are of about the same size
;

the anterior inner is smaller and does not project so far inwards as the

posterior. The fourth premolar has the posterior border of its heel ser-

rate. The anterior cusps are elevated and moderately acute ; the internal

is a little less elevated than the external, and is separated from it by a

deep notch. The alveoli for the anterior premolar are so close together,

as to render it probable that they belong to but one tooth. They are

placed somewhat obliquely to the long axis of the jaw. There is no
diastema. The section of the base of the crown of the canine is a regular

oval, the long diameter coinciding with the vertical diameter of the

ramus.

The ramus is rather slender, but is shortened anteriorly. The bound-

aries of the masseteric fossa are well marked, the anterior ridge descend-

ing to below the middle line of the ramus. The mental foramen is large

and is situated below the contact of the two premolars. The inferior edge

of the ramus is rather thick.

Measurements. M,
Length of dental series including canine 0240

'

'

premolars 0062
" molars 0114

Long diameter base canine 0036

_. _ _T_ ( anteroposterior 0038
Diameters P-m. IV < . nAl,„

( transverse 0026

c anteroposterior 0042

^transverse 0038

Depth of ramus at P-m. I 0060
'• M. Ill 0068

Anaptomorphus homuncultis Cope, American Naturalist, 1882, Jan.

(Dec. 30th, 1881), p. 73.

The genus Anaptomorphus was characterized by me in 1872,* from a

mandibular ramus which exhibited the alveoli of all the teeth, three of

them occupied b}r the teeth ; viz. : the P-m. iv, and the M. i and M. ii.

From the specimen the inferior dental formula was ascertained to be I. 2
;

C. 1 ; P-m. 2 ; M. 3. The Big-Horn collection contains a nearly entire

cranium of what is probably a species of the same genus. From it the

superior dentition, exclusive of the incisors, is determined to be : C. 1 ;

P-m. 2 ; M. 3. The premaxillary bones are mostly broken off, but a part

of the alveolus of the external incisor of one side remains.

The indications are that the external incisor was a small tooth, not

exceeding the canine in size ; and it was situated close to the latter. The
canine is also small, and its simple crown is not more prominent than those

of the premolars. The latter are separated from it by a very short diastema.

The long diameter of their crowns is transverse to the long axis of the

* Proceedings American Philosophical Society, 1872, p. 554. Paleontological

Bulletin, No. 8, p. 1, Oct. 12, 1872.
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jaw ; and each one consists of a larger external, and smaller internal cusp.

The true molars are also wider than long, and support two external and

only one internal cusps.

The orbits are large and are entirely enclosed behind. The frontal bone

does not send inwards to the alisphenoid a lamina to separate the orbit

from the temporal fossa, as is seen in Tarsius. There is no sagittal crest,

but the temporal ridges are distinct. The occipital region protrudes beyond
the foramen magnum, or at least beyond the paroccipital process, which is

preserved, the condyles being lost. The otic bulla is large, extending

anteriorly to the glenoid cavity. The pterygoid fossa is large, the external

pterygoid ala being Avell developed, and extending well upon the extero-

anterior side of the bulla, as in Tarsius. As in that genus, the foramen

ovale is situated on the external side of the bulla, just above the base of

the external pterygoid ala. The carotid foramen, as I suppose it to be, is

situated at the apex of the bulla. The lachrymal foramen is situated

anterior to, and outside of the orbit as in Lemuridm generally.

The cast of the anterior part of the left cerebral hemisphere is exposed.

This projects as far anteriorly as the middle of the orbits, leaving but

little room for the olfactory lobes. The relations of the latter as well as

of other parts of the brain will be examined at a future time. The part

exposed does not display fissures, and gentle undulations represent con-

volutions.

The characters of this genus now known, warrant us in thinking it one

of the most interesting of Eocene Mammalia. Two special characters

confirm the reference to the Lemuridce which its physiognomy suggests.

These are, the external position of the lachrymal foramen, and the un-

ossified symphysis mandibuli. Among Lemuridm, its dental formula agrees

only with the Indrisince, which have, like Anaptomorphus, two premolars

in each jaw. But no known Lemuridm possess interior lobes and cusps of

all the premolars, so that in this respect, as in the number of its teeth,

this genus resembles the higher monkeys, the Simiidce and LTominidcn,*

more than any existing member of the family. Of these two groups the

resemblance is to the Hominidce in the small size of the canine teeth. It

has, however, a number of resemblances to Tarsius which is perhaps its

nearest ally among the lemurs, although that genus has three premolars.

One of these points is the anterior extension of the otic bullae, which is

extensively overrun by the external pterygoid ala. A consequence of

this arrangement is the external position of the foramen ovale, just as is

seen in Tarsius. Another point is the probably inferior position of the

foramen ovale. Though this part is broken away in the cranium of Anapto-

morphus Jiomunculus, the paroccipital process is preserved, and has the

*In an early description of Anaptomorphus, Proc. Amer. Philos. Soc., 1873, the
types make me say "this genus * * might he referred decidedly to the Le-

muridce, were it not tor the unossifled symphysis." It is scarcely necessary to

state that Slralidce should he read in place of Lemuridce.
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position seen in Tarsius, as distinguished from the Indrisinee, Lemurince,

Galagince, etc. In this it also resembles the true Quadrumana.

When we remember that the lower Quadrumana, the JSapalidm and
the CeMdce, have three premolar teeth, the resemblance to the higher mem-
bers of that order is more evident. The brain and its hemispheres are not

at all smaller than those of the Tarsius, or of the typical lemurs of the

present period. This is important in view of the very small brains of the

flesh-eating and ungulate Mammalia of the Eocene period so far as yet

known. In conclusion, there is no doubt, but that the genus Anapto-

morphus is the most simian lemur yet discovered, and probably represents

the family from which the true monkeys and men were derived. Its dis-

covery is an important addition to our knowledge of the phylogeny of

man.

Char, specif. The specimen is distorted by pressure, but its form is

normally nearly round, when viewed from above or below. The extremity

of the muzzle is broken away, but the alveolus of the external incisor in-

dicates that it is short, and not prolonged as in Tarsius spectrum. The
mandibular ramus, already described, proves the same thing. The orbits

are large, but not so much so as in Tarsius spectrum ; their long diameter

equals the width of the jaws at the last superior molar teeth inclusive.

The supra-orbital borders project a little above the level of the frontal

bone, which is concave between their median and anterior parts. The
cranium is wide at the postorbital region, in great contrast to its form in

the Adapidce, resembling the Necrolemur antiquus Filh. in this respect.

The postfrontal processes are wide at the basal portion, and flat. From
their posterior border the temporal ridges take their origin. These converge

posteriorly and probably unite near the lambdoidal suture, but this part

of the skull is injured. The anterior lobes of the cerebral hemispheres

are indicated externally by a low boss on each frontal bone.

The paroccipital process is short and wide at the base, and it is directed

downwards and forwards. The alisphenoid descends so as to form a strong

wall on the anterior external side of the otic bulla. This is also the case

in Tarsius spectrum, but in the extinct species the descending ala is more
robust, and has a thickened margin. On the latter the external pterygoid

ala rests by smooth contact of its thickened superior edge. This ala is

twice as prominent as the internal pterygoid ala. The posterior nareal

opening is not wide, and its anterior border is parallel with the posterior

border of the last superior molar teeth. The palate is wide, and its dental

borders form a regular arcade as in man, being quite different from the

form usual in monkeys and lemurs, including Tarsius. Perhaps the form

is most like that of Microrhynchus laniger. The proximal parts of the

malar bone are prominent, and overhang the maxillary border, as in

Tarsius.

The foramina ovale and lachrymale are rather large. There are two

infraorbital canals, lying beside each other, and issuing by two foramina

externa. The external appearance justified this conclusion, but the fact
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was demonstrated when I accidently broke away the anterior border of one

of the orbits. This displayed the two canals filled with matrix their entire

length. The anterior foramen externum is anterior to and above the

posterior, and both are above the first (third) premolar tooth. The
lachrymal foramen is above the space between that tooth and the canine.

The crown of the canine tooth is a cone with a very oblique base, and a

convex anterior face. The base rises behind, and the posterior face has on

the median line a low angular edge. The internal cone of the third (first)

premolar is not so prominent as that of the second, though large. The
external cusps of both premolars rise directly from the external base. They
are flattened cones, with anterior and posterior cutting edges. The
crowns are a little contracted at the middle, so as to be narrower than the

inner lobe of the tooth, which is narrower than the external portion. Both

premolars have delicate anterior, posterior and external cingula. The ex-

ternal cusps of the true molars rise directly from the external base, and

like those of the premolars, have a regularly lenticular section. At the

internal base of each one is a small intermediate tubercle, which is con-

nected by an angular ridge with the single internal cusps. There are

delicate anterior, posterior, and external cingula, but no internal. The
posterior cingulum shows a trace of enlargement at its inner part, which

is well marked on the second molar, but it is not as prominent as in many
Creodont genera. The posterior external cusp of the last true molar is

reduced in size. Taking the molars together, the first true molar is the

largest, and they diminish in size both anteriorly and posteriorly. The
third true molar is a little smaller than the first (third) premolar. Enamel
smooth.

Measurements. M.
Length of cranium to occipital prominence above par-

occipital process, and minus premaxillary bone. . .0280

Total width at posterior border of orbit, below 0240

Length of palate from front of canine tooth 0116

Width of palate and peunltimate molars .0125

Length of superior molar series 0095
" " true molars 0060

_. „ „•. . (anteroposterior 0018
Diameters of crown of canine 3 ,. . nMO

I vertical 0018

... c anteroposterior 0020
Diameters crown of P-m. m,

J transverse 0026

c anteroposterior 0020
Diameters crown of P-m. iv,

j transverse 0035

^. ,, .. r anteroposterior 0032
Diameters M. n, 3 . ao/ia

£ transverse UU4w

_ __ (anteroposterior 0016
Diameters M. m, 3 , nno«

> transverse uu^jo

Diameters of orbit
anteroposterior .0110

vertical (? depressed) 0078

Interorbital width (least) 0050
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The Anaptomorphus homunculus was nocturnal in its habits, and its food

was like that of the smaller lemurs of Madagascar and the Malaysian

islands. Its size is a little less than that of the Tarsius spectrum. The
typical specimen was found by Mr. J. L. Wortman in a calcareous nodule

in the Wasatch formation of the Big-Horn basin, Wyoming Territory.

Ckeodonta.

Shortly after the publication of my arrangement of the Creodonta in

1880*, I obtained a good deal of additional material, which enabled me to

improve it in several respects. A number of genera have been added, and

the characters which distinguish the Miacidce and Oxycenidai have been

more fully brought out. The Miacidce, differ from all other families in

having the fourth superior premolar sectorial as in the true Carnivora,

while the true molars are tubercular. In Oxycena, the fourth superior pre-

molar displays no indication of sectorial structure, the first true molar

assuming that character. In Stypolophus and allies, the second superior

true molar is more or less sectorial, and the first true molar and even the

fourth premolar in some of the genera, develop something of the same

character. . But there is every gradation between the triangular Didetphys-

like, and the sub-sectorial Pterodon-\i\s.e forms of the superior molars, in

this group of genera.

The glenoid cavity of the squamosal bone presents differences in the

various genera of this sub-order. In Arctocyonidce (fide De Blainville),

Oxycenidai, and Mesonychklce, it is bounded by a transverse crest anteriorly,

as well as by the postglenoid posteriorly, while in the Leptictidce it is plane

and open anteriorly. In Amblyctonidce its condition is unknown. In

existing Carnivora this character is not very constant as a family defini-

tion ; it is best marked in the Felidce, and least marked in the Canidce.

Nevertheless there is a group of genera allied to the Oxycenidce, which are

very marsupial in character, which have been called the Leplictidw, and

which differ so far as known from Oxycena in the absence of the preglenoid

crest. I suspect that these forms constitute a family by themselves, and

for the present, until our knowledge of them is fuller, I define it by this

character. The definitions of the families will then be as follows :

I. Ankle-joint plane transversely, or nearly so..

True molars above and below, tubercular ; last superior not transverse

Arctocyonidce.

Superior true molars, tubercular ; last superior premolar sectorial ; first

inferior molar '

' tubercular sectorial " . Miacidce.

Superior last molar transverse ; inferior molars tubercular-sectorial or with

reduced anterior cusp ; no preglenoid crest Leptictidce.

Last superior molar trenchant, transverse; first superior true molar sec-

torial ; inferior .true molars tubercular-sectorial ; a preglenoid crest. .

.

Oxycenidce.

* Proceedings Amer, Philos. Society, p. 76.
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Last superior molar longitudinal ; inferior true molars without developed

sectorial blade Amblyctonidm.

II. Ankle-joint tongued and grooved, or trochlear.

Molar teeth in both jaws consisting of conic tubercles and heels ; none

sectorial ; a preglenoid crest MesonycMda.

I now give the characters of the genera. All these are derived from

examination of typical specimens. The opportunity of doing this I owe
to the kindness of Messrs. Leidy, Gervais, Gaudry, Filhol, and Lemoine.

Arctocyonidjs.

Premolars, f ; the first inferior one-rooted ; the last inferior well developed ;

Arctocyon Blv.

Premolars below, 4, the first two-rooted, the last true molar much reduced
;

(fide Lemoine) Hyodectes Cope.

Premolars below, 3, first two-rooted ; true molars normal ,

Heteroborus Cope.
Miacid^e.

Inferior tubercular molars two, premolars four. Miacis Cope.

Inferior tubercular molars one, premolars four Didymictis Cope.

Leptictid^e.

I. Superior molars sub-equilateral, without cutting heel posteriorly.

a. Fourth inferior true molar like the true molars, with three anterior

cusps.

ft.
Third superior premolar with internal cusp ; anterior cusp of in-

ferior molars small, median.

Third premolar with one external and one internal cusps. Mesodectes Cope.

Third premolar with two external and one internal cusps. . . .Ictops Leidy.

/?/?. Third superior pYemolar without internal cusps ; anterior cusps of

inferior molars present.

Cusps of superior molars marginal ; two superior incisors ; Leptictis Leidy.

Cusps of superior molars median in position ; anterior cusp of inferior

molars well developed , Peratherium Aym.

fifift.
Anterior cusps of inferior molars wanting.

Fourth inferior premolar like true molars Diaeodon Cope.

aa. Fourth inferior premolar different from true molars in a simpler

constitution.

Last inferior molar tubercular ; cusps of other true molars well developed;

three inferior premolars Lipodectes Cope.

Inferior true molars alike, with anterior inner cusps little developed ; three

premolars (?) Triisodon Cope.

Inferior true molars alike, with cusps well developed ; four premolars. . .

.

Deltathermm Cope.
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II. One or more superior molars, with the external heel produced into

a blade.

a, Molars 4—3 ; three last inferior tubercular sectorial.

Premolars robust, conic Quercit7ierium Filh.

Premolars compressed ; the fourth superior with a conic cusp and heel

externally Stypolophus Cope.

Premolars compressed ; fourth superior with a simple blade externally . .

.

Proviverra Rutim.
OXY^ENID^E.

I. Inferior molars without internal tubercles.

Molars, f f ; three sectorials in the lower jaw Pterodon Blv.

II. Inferior molars with internal cusps.

a. Posterior heel of one or more superior molars elongate and trench-

ant.

Last inferior molar truly sectorial, without internal tubercle ; second,

tubercular-sectorial Protopsalis Cope.

Molars, £ § ; two last inferior molars tubercular-sectorial. . . Oxyama Cope.

Amblyctonid^e.

Fourth inferior premolar with a broad heel supporting tubercles ; an

anterior and no internal tubercles Amblyctonus Cope.

Inferior molars with tubercular beel, an anterior and an internal tubercle.

Periptychus Cope.

Dental formula below, 3, 1, 3, 3. Fourth inferior premolar with a cutting

edge on the heel ; both internal and anterior tubercles

Palceonyctis Blv.
Mesonychid^e.

a. Inferior molars seven ;

Cones of inferior and superior molars simple Mesonyx.

Cones of last two inferior molars with lateral cusps.. Dissacus.

aa. Inferior molars ? six.

Internal lobes of penultimate superior molar v-shaped Sarcothraustes.

aa. Inferior molars five.

Inferior molars with strong anterior lobe. Patriofelis*

Miacis canavus Cope.

Bulletin IT. S. Geol. Survey, Terrs., 1881, p. 189. One mandible.

Miacis brevirostris Cope, loc. cit. p. 190.

Parts of four mandibles.

DlDYMICTIS DAWKINSIANUS Cope, 1. C, p. 191.

Six mandibular rami more or less complete.

Individuals of the genus Didymictis are abundant in the Wasatch beds

* Of uncertain reference to this family.
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of the Big-Horn, and a good many of them do not coincide well in

characters with the species already described. I define them as follows,

premising that with other parts of the skeleton some changes may be found

to be necessary. The large D. altidens was not obtained by Mr. Wortman
in the Big-Horn country.

I. Inferior tubercular molar oval in outline, with a heel.

Length true molars .010 ; last three premolars .0135 ; last molar narrow.

.

D. dawkinsianus.

Length true molars .016—.018; last three premolars .028—.030; last

molar narrow D. leptomylus.

Length true molars .019—.020; last three premolars .036; last molar

elongate D. protenus.

Length true molars .025 ; last three premolars .035 ; last molar short. ....

D. altidens.

II. Inferior tubercular molar short, subquadrate in outline.

Length true molars .011 ; depth of ramus at sectorial .010

D. massetericus.

Length true molars .018 ; depth of ramus at sectorial .017 D. curtidens.

DlDYMICTIS LEPTOMYLUS Cope.

American Naturalist, 1880, p. 908.

The specimens which I refer at present to this species belong to two
varieties, which may perhaps be specifically distinct ; but this cannot be

demonstrated at present. They differ in dimensions only. Thus the true

molars of the type, which comes from the Big-Horn beds, measure

M. .016 in length. Five specimens from the Big-Horn basin agree in hav-

ing this dimension .018. The entire inferior molar series is only a little

shorter than that of the smaller variety of the D. protenus from New
Mexico (See my report to Capt. Wheeler, plate xxxix).

DlDYMICTUS PROTENUS Cope.

Jaws more or less complete, of six individuals, are referable to this

species. They agree closely in measurements and belong to the larger

variety of the species figured on plate xxxix of the report to Capt.

"Wheeler.

DlDYMICTIS MASSETERICUS, Sp. nOV.

This species is intermediate in size between the D. leptomylus and the

D. dawkinsianus, and is characterized by the peculiar form of its tubercular

molar, and the deeply excavated masseteric fossa. It appears to have been

a rare species, as only one mandibular ramus was found by Mr. Wortman.
This is broken off in front of the fourth premolar, and supports the last true

molar teeth.

The tubercular molar is subquadrate in form, and consists of three low
tubercles in front, and a wide heel behind, which has an elevated posterior

border. The tubercular-sectorial has a short and narrow heel. Its anterior

cusps are not very acute, and the two internal are equal, and a good deal
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shorter than the external. The fourth premolar is relatively shorter than

in any other species of the genus, and the posterior marginal lobe is a mere

thickening of the edge of the heel. There is a low anterior basal tubercle.

The enamel is smooth.

The ramus is compressed and not deep. The angle is prominent, and is

not inflected ; it does not extend so far posteriorly as the posterior border

of the condyle. The inferior border of the masseteric fossa is an angular

line, without abrupt excavation, but the face of the fossa descends rapidly.

The anterior border of the fossa is abrupt and is formed by the usual sub-

vertical ridge.

Measurements. M.

Length between P-m. IV, and condyle inclusive 0520

" of posterior three molars 0170

" of tubercular-sectorial 0070

Elevation of " " 0070

Depth of ramus at sectorial . 0100

DlDYMICTTS CURTIDENS, Sp. UOV,

As in the case of the D. massetericus the present species is represented

by a single fragmentary mandibular ramus. This supports a sectorial tooth

of the size and form of that of the D. protenus, and is thus much larger

than that of the species just named. This tooth is placed nearer to the

base of the coronoid process than is seen in any other species, and only

leaves space for a short tubercular tooth. This is lost from the specimen,

but the alveolus shows pretty clearly its dimensions. The base of the

fourth premolar remains, and it is evident that this tooth was like that

of D. protenus in form and proportions. The base of the posterior marginal

lobe is present. The ramus is deeper and larger than in the D. massetericus.

Measurements. M.

Length of bases of last three molars
(

. . .0285

". fourth premolar 0120

" of sectorial on base 012

Width " in front .008

Depth of ramus at sectorial 017

Ictofs bicuspis Cope. Bull. U. S. Geolog. Surv., Terrs. 1881, p. 192.

This mammal was founded on a skull from the Wind River region.

It is now represented by a mandibular ramus. The form of the fourth

premolar being unknown, its reference to this species is provisional only.

It may be remotely allied to Stypolophus, but the anterior inner cusp of the

molars is small and does not reach the inner side of the crown, and the an-

terior external cusp is but little larger than the second anterior inner. The
two cusps last named stand opposite to each other, and their apices are only

separated from each other by an open notch. They, with the first anterior

inner (here median), form a transverse narrow triangle. The posterior

part of the crown is rather large and, though lower than the anterior part,
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is absolutely quite elevated above the alveolar border. Its summit presents

a V externally, and there is a small posterior median angle. In the last

true molar this angle is a little more prominent than in the others, and

rises into a cusp. The external bases of the crowns are protuberant, but

there are no cingula. Enamel smooth.

The ramus is rather compressed, and the masseteric fossa is well marked,

and is bounded anteriorly by a prominent rib.

Measurements. M.

Length of true molars , . .0100

/ anteroposterior . 0035

Diameters M. Ill } vertical .0035

' transverse. 0080

anteroposterior .0035

transverse 0028

Depth of ramus at M. II .0070

This species is smaller in all dimensions than I. didelphoides, and the

crowns of the molar teeth are shorter and more elevated than in that

species.

Deltatherium absarok^e Cope. American Naturalist, 1881, p. 669.

A small species, represented by an imperfect cranium and lower jaw

with nearly complete dentition.

Stypolophus aculeatus Cope.

Several fragmentary mandibles nearly coincide in measurements with

this species. The molars are .0240 in length, and the ramus is .0140 in

depth. The only difference in the measurements is that the true molars

measure .0250 in 8. aculeatus. The latter is, however, a species of the

'Bridger epoch, so that further comparison will be necessary before identi-

fication is made.

Stypolophus whiti^e, sp. nov.

Stypolophus strenuus Cope. Bulletin U. S. Geol. Survey, vi, 192 ; not

of Report Capt. Wheeler, vol. iv, pt. ii.

The greater part of the skeleton, with skull and dentition of this species,

were brought from the Big-Horn by Mr. Wortman. A part of a mandible

of a second individual was also found. The species is, however, primarily

based on a specimen from the "Wind river. This is represented by a right

mandibular ramus which supports all the molar teeth, and displays the

alveolus of the canine, and lacks all posterior to the coronoid process
;

also by a portion of the frontal bone, two vertebrae, fragments of scapula,

humerus, ulna, radius, ilium, and tibia, and the greater part of both tarsi.

They represent a species larger than the Virginian opossum, and inter-

mediate between the 8. breviealearatus and 8. strenuus in proportions. It

has not the rudimental heels of the molars of the former species, nor the

robustness of the latter.

The inferior outline of the mandible is gently curved from the canine
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to below the last raolar. The anterior border of the masseteric fossa is well

marked, but not the inferior border. The ramus is compressed and deep.

The canines have stout roots and narrow curved crowns. The first premo-

lar is separated by a short space from the canine and by a longer one from

the second premolar. It has either a single compressed root or two roots

confluent within the alveolus. The crown is truncated obliquely behind.

The second premolar is two-rooted and the crown is elevated anteriorly

and depressed posteriorly. The third premolar is more symmetrical, but

the heel is produced. It is narrow and keeled medially. The fourth pre-

molar is abruptly larger than the third. Its crown is simple, except a low

tubercle at the anterior base and a short trenchant heel at the posterior

base. Of the three tubercular- sectorials the first is the smaller. The heels

of all three are rather narrowed and elongate. Their margin is raised all

round, inclosing a basin ; a notch in the external margin cuts its anterior

part into a tubercle. The two internal tubercles are rather obtuse, and are

considerably shorter than the external cusp.

Measurements. M.
Length from canine to end of last molar 060

" " " first true molar 087
" " " second premolar 015

.

" of base of fourth premolar 009

Elevation of fourth premolar 007

Length of base of second true molar 007

heel " " " 006

Elevation of second true molar 009

Depth of ramus at third premolar. . 015

Length of superior canine 028
" crown of superior canine with enamel 012

A portion of the frontal bone shows weak anterior temporal ridges

uniting early into a sagittal crest, which is low as far as preserved. The
parietal bones overlap the frontal as far forwards as the temporal ridges.

Anterior to the latter the front is concave in transverse section. Viewed
from below, the spaces for the olfactory lobes are large and entirely an-

terior to those which received the anterior lobes of the hemispheres ; each

one is about as wide as long. In the small part of the cerebral chamber
wall left, there is no indication of convolutions, which would be visible in

a gyrencephalous brain ; two air-chambers in front of each olfactory lobe.

The base of the transverse process of the atlas is perforated from be-

hind to the middle of its inferior side ; from the latter opening a foramen

penetrates directly into the neural canal. A posterior dorsal vertebra has

the centrum longer than wide and much depressed. Its inferior face is

regularly convex in section. The proximal end of the scapula shows that

its inner border is much thickened, and that the spine arises abruptly and

near to the glenoid cavity. There appears to have been scai'cely any cora-

coid ; the surface adjoining it is, however, injured. The humerus lacks
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the proximal portion and the inner half of the condyles with the epi-

condyles. The deltoid crest is not very prominent, so that the shaft is

rather slender. The external distal marginal crest is thin, and is continued

well up on the shaft. The external part of the condyle displays no inter-

trochlear ridge. Olecranar and coronoid fossa? well marked. The olecranon

is robust and deep, and is truncate posteriorly and below. The head of

the radius is a regular transverse stout oval,

A fragment of the ilium from near the acetabulum displays a prominent

"anterior inferior spine." The best preserved tarsus includes calcaneum,

astragalus, cuboid, and navicular bones. The tibial face of the astragalus

is strongly convex antero-posteriorly and slightly concave transversely.

The head is prolonged some distance beyond the distal extremity of the

calcaneum, and presents a convex internal border and a concave external

one. Its long axis is parallel to that of the tibial portion, but is not in the

same axis, owing to its lateral position. The external face of the trochlear

portion is vertical, and is interrupted by a deep fossa behind . The internal

face is very oblique, and becomes the superior face of the head. The
posterior face of the trochlea is grooved with a wide and shallow grove,

which just reaches the superior face, terminating on the external side.

The superior face is not grooved, but is shallowly concave in transverse

section. The head is a transverse oval, and is convex ; it has a small facet

for the cuboid on the outer side.

The heel of the calcaneum is large and expands distally, so as to be as

wide as deep. The convex astragalar facet is very oblique to the long

axis of the calcaneum ; the sustentaculum is rather small. Below the

latter is a narrow tuberosity looking downwards and forwards. On the

external side, close to tbe cuboid facet, is a depressed crest. The cuboid

facet is as deep as wide. The cuboid bone is a little longer than wide

proximally, and narrows distally. It has a narrow astragaline facet and

a deep fossa below proximally. The hook inclosing the groove for the

tendon of the flexor muscle is prominent. The navicular is rather small,

and has three inferior facets, which diminish in size outwards. It has a

strong posterior knob-like process, with a narrow neck.

When the tarsal bones a,re in position, and the tibia stands vertically on
the astralagus, the cuboid bone is turned interiorly. This indicates that this

species walked on the outer edge of the hinder foot.

Broken metapodial bones are slender and straight. The proximal end

of a metacarpal does not display the interlocking lateral articulation seen

in Protopsalis. Two phalanges are depressed in form.

Measurements. M.

r anteroposterior. 0145

Diameters of a dorsal centrum < vertical 0075

( transverse 0115

w. „ , , (anteroposterior. 0145
Diameters of glenoid cavity scapula } ,

_.__° J l ^transverse .0090
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Measurements. M.
Depth of olecranon .0110

Width of head of radius 0110
" neck of ilium anteroposterior^ 0120

Diameter of shaft of tibia at middle 0085

anteroposterior 0180

greatest .

.

Diameters of astragalus -j c of trocUea Qm
transverse.

of head 0100

Length of head 0070
" calcaneum 0300

Width of calcaneum at sustentaculum. 0140

cuboid facet 0066

Length of cuboid 0120

c c distal 0070

Diameters ]
anteroposterior

J proximaL 0075
' transverse proximal 0098

f vertical

I , ( with tuberosity .. . .0100
Diameters of navicular

j

transverse
J^^ tuberogity 007Q

I

anteroposterior

As already remarked, it is probable that the semigrooved trochlea of the

astragalus of this species is an indication that the genus Prototomus must

be retained as distinct from Stypolophus, to which the present species proba-

bly truly belongs.

The specimen described, together with the mandibular ramus of another

supporting the last two molar teeth, were found in the bad lands of Wind
river, Wyoming, by J. L. Wortman. Dedicated to Frances Emily White

M. D., of Philadelphia.

OXYMNA FORCIPATA Cope.

Report Vert. Foss., New Mexico, 1874, p. 12. Report Capt. G. M.

Wheeler, U. S. G. G., Expl. Surv. W. of 100th Mer. iv, ii, p. 105, 1877.

This formidable animal was abundant in Northern Wyoming, during the

Wasatch epoch. At least ten individuals are represented in the collection.

The following are the dimensions of the mandibles of the five best pre-

served.

_2_

1

,045

Depth of ramus at M. Ill i. 042 .039

Length of dental series

.

" premolar "
103

042

3

100

044

037

4 5

.100 .107

.051.054

.042.047

The measurement' .035 for the length of the premolars given in my
report to Capt. Wheeler, loc. cit. , refers to the anterior three teeth, which

were originally supposed to be the only premolars.
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The claws of this species are moderately compressed, and they termi-

nate abruptly and obtusely. The extremity is deeply fissured, and each

of the two apices is rugose.

Mesonyx ossifragus Cope, American Naturalist, 1881, p. 1018.

Pachycena ossifraga Cope. Report Capt, Wheeler, U. S. G. G. Surv. W.
of 100th Mer. iv, ii, p. 94, 1877.

A series of specimens of this species demonstrates the following points :

(1) Pachycena was founded on a superior molar of Mesonyx, and must be

suppressed. (2) Mesonyx navajovius Cope must be separated as a distinct

genus, since the apices of the crowns of the last two molars have two
cusps. I have called this genus Dissacus (American Naturalist, Dec, 1881).

(4) It results that there are three - species of Mesonyx : M. ossifragus

Cope, M. lanius Cope, and M . obtusidens Cope.

M. ossifragus was the largest Creodont of the Eocene, equaling the

largest grizzly bear in the size of its skull. In a cranium with lower jaw
and almost complete dentition, the length to the premaxillary border from

the postglenoid crest is M. .365 ; the largest Ursus horribilis in my collec-

tion gives .270 for the same length. This specimen has the dental formula

I. | ; C. \ ; P-m. f ; M. f . The claws have the flattened form which I

discovered in M. lanius, and the proximal phalanges have much the shape

of those of a Perissodactyle. The astraglus has much the character of the

animals of that order, and has the distal facets as I originally detected

them in the M. obtusidens. The form of this bone is rather shorter and
wider than in the latter species.

The inferior canine tooth of a large specimen has the following diameters

at the base of the crown : anteroposterior .039 ; transverse .024.

AMBLYPODA.

Pantodonta.

The explorations in the bad lands of the Big-Horn river yielded several

species of this sub-order, all which I refer at present to the CorypTiodontidm.

They, however, represent several genera, two of which have not been

previously known. I have distinguished these (American Naturalist, Jan.,

1882), in the characters of the superior molar teeth as follows :

I. Last superior molar with two interior cusps.

All the superior molars with a well marked external posterior V
Manteodon.

II. Last superior molar with but one inner cusp or angle.

a. Last superior molar with posterior external cusp.

Anterior two molars with posterior external V. ..Ectacodon.

aa. Last superior molar without external posterior cusp,

f Anterior two molars with posterior external V.
Astralagus transverse, with internal hook Coryphodon.

Astragalus subquadrate, without internal hook Bathmodon.

ffFirst superior molar only with posterior external V Metalophodon.
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The type ofManieodon is the M. subquadratus, which was about the size

of an ox. The characters of its superior molars are more like those of

Perissodactyles than are those of the other Coryphodontidm. The type of

Ectacodon is the E. ductus, a species of about the dimensions of the last

named. Its last superior molar is parallelogrammic, and has a cingulum

all around it except on the external side.

Makteodon subquadratus, gen. et sp. nov.

Char. gen. These have been already pointed out in the key above given.

They are a little more like those of the superior molar teeth of such

Perissodccctyla as Limnohyus and near allies, than those seen in the typical

Coryphodon. The posterior transverse crest of that genus is here rep-

resented by a complete V, but the anterior lobe of that crest which repre-

sents the anterior V of the Perissodactyle, is only a lobe, as in Coryphodon.

The tooth in fact is much like the penultimate molar of the latter genus.

The two internal cusps are unique in the family. The additional one is a

growth of the inner extremity of the posterior cingulum, and is separated

from the anterior inner cusp by a deep and wide notch. It is opposite to

the posterior V, as the anterior inner cusp is opposite the anterior rudi-

mentalV . The premolar and incisor teeth are similar to those of Coryphodon.

The skeleton is unknown.

Char, specif. These are learned from a series of teeth which were found

together by Mr. Wortman free from admixture of others. They are not

worn, excepting by moderate use of the animal when living.

The last superior molar is not of the oval form belonging to the species

of Coryphodon, but is quadrate, with the internal side shorter and with

rounded lateral angles. The first anterior cingulum, which represents the

anterior basal cingulum of the Lophiodontidm, is as elevated as in the

species of Coryphodon. Externally it, rises in a protuberance with sharp

edge, which curves posteiiorly and disappears on the external side of the

crown. The inner extremity terminates abruptly, forming the anterior

interior tubercle. The anterior external lobe is rather flat, and is not conical

nor elevated above the anterior cingular lobe. It is not deeply separated

from the latter, nor from the posterior V ; its edge is rough. The posterior

V projects well inwards, and is rather narrow. Its posterior border ex-

tends as far outwards as the point of junction of its anterior border with

the anterior external lobe, and terminates in a slight elevation of its border.

The base of the crown extends external to the base of the V, and forms a

strong posterior external protuberance. This causes the outline of the

external base to be concave. This side of the crown has several small

protuberances and rugosities. The posterior basal cingulum extends as

far externally as the posteriory, and terminates internally in the posterior

internal cusp. The second or basal anterior cingulum is well developed.

There are no external nor internal cingula. The surface of the enamel is

strongly and closely rugose where not worn.

The posterior inferior molar exhibits a transverse posterior crest, without
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any tubercle or ridge in the mouth of the posterior V-shaped valley. There

is a strong posterior cingulum, amounting to a narrow heel. As in the

case of the superior molar, the enamel where not worn is closely and

strongly wrinkled. The first superior premolar is characterized by the

very small development of its internal lobe, which is only a strong basal

cingulum. The crown proper has a sub-triangular outline, and the ex-

ternal face is flat and not concave. ISTo external cingulum ; enamel

wrinkled. An external incisor has a large transversely extended crown,

without cingula. A low rib on the median line of the inner side. Enamel
wrinkled. In this and in another incisor, the base of the crown is con-

siderably expanded laterally.

Measurements. M.

^ anteroposterior. ..... .035 -

Diameters of crown M. Ill, sup. < transverse. ..... .... .041

(vertical 020

Width of M. Ill inferior, posteriorly .022

._. _ ^anteroposterior.. 018
Diameters P-m. I sup. ? M .r ^transverse .014

Diameter base crown I, II. . . . 024

Length crown I, II 019

Width base crown I, III .026

Ectacodon cincttjs, gen. et sp. nov.

Char, gen. In Ectacodon the last superior molar has more of the ele-

ments of a posterior external Y than in Coryphodon, but not so much as

in Manteodon. The posterior transverse crest, it is true, has no oblique

posterior ridge joining it, to form with it more or less of a V. But the

external posterior angle of the crown supports a cusp, homologous with

the vertical rib found at the basal or external angles of the Vs in Palceosyops

and allied genera, and indicating the outlines a V which lacks its pos-

terior side, in a manner not seen in Coryphodon. The penultimate and
ante-penultimate superior molars are like those of the latter genus. Skele-

ton unknown. I have a single species of this genus.

Char, specif. Six superior molars of one skull represent this species.

They belong to a large animal, one about the size of the Manteodon sub-

guadratus. The last superior molar has a characteristic outline. It is not

oval as in the species of Coryphodon, nor quadrate as in Manteodon sp.,

but sub-parallelogrammic. The transverse diameter exceeds the antero-

posterior, and the anterior and posterior sides are parallel. The external

outline is slightly oblique and slightly notched in the middle. The internal

border is regularly rounded. The basal or second cingulum extends en-

tirely round the tooth from the posterior external cusp, round the inner

base to the anterior external base of the crown ; being absent only from
the external base. The first cingula both anterior and posterior -are well

developed as in the species of Coryphodon, and unite in the prominent

internal angle. The posterior first cingulum joins the posterior basal cin-
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gulum at the middle of its length. The anterior first cingulum extends

to the anterior external part of the crown, and then turns downwards and

posteriorly and terminates at the middle ot the external base. The
posterior crest is not transverse, but quite oblique, sloping at an angle of

45° with the axis of the jaw. The part of the crest which represents the

posterior V is a good deal larger than the part representing the anterior

V, and is closely joined with it. The latter is well separated from the

anterior first cingular ridge and its anterior exterior elevated portion. The
enamel of this tooth is finely wrinkled, and is more readily worn smooth

than in the Manteodon subquadratus.

The penultimate superior molar has the posterior V well developed,

and its posterior basal or external angle is marked . by a tubercle homol-

ogous with that which is so prominent on the last molar. The anterior

V is a conic tubercle closely joined with the posterior V, and well separated

from the anterior first cingular lobe. The basal cingular are well developed,

but do not meet on the inner base of the crown. The first or superior

cingula meet as usual in an interior angle, but there is a contraction of the

anterior crest just before reaching this angle. The first true molar is

smaller than the second and has the same general structure. Here, how-
ever, the anterior first cingulum is more prominent near the internal angle

than the posterior. The characters of the premolars do not differ from

the corresponding ones of species of Coryphodon. The enamel is delicately

wrinkled. The first superior premolar is not preserved.

Measurements. M.

^ anteroposterior 034

Diameters of crown of M. Ill 1 transverse 043
' vertical 015

r anteroposterior 028

Diameters M. I ) transverse 033

( vertical. 012

TTT c anteroposterior 023
Diameters P-m. Ill ? . non

I transverse. 060

It is probable that this species was about the size of an ox.

CORYPHODON ANAX, Sp. nOV.

Mr. Wortman sends me a number of teeth of probably two individuals,

which exceed in size those of any species of Ooryphodon yet known, and

differ in certain details of form from all of them. The specimens consist

of incisors, premolars and molars of both jaws of one animal, and an in-

terior canine, which from its separate wrapping, I suppose to have been

derived from a different locality.

The incisors and premolars have the form usual in species of the genus,

differing only in their large size. The same may be said of the premolars.

A well preserved superior true molar is probably the third. It has the

form usual in the genus, but exhibits two peculiarities. The posterior

transverse crest is divided more deeply than usual by a deep notch which
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enters it from the transverse valley. The external portion is the shorter,

and exhibits the peculiarity of being connected with external part of the

anterior transverse crest. It is as closely connected with this crest, as it

is with the internal portion of the posterior crest. The external connec-

tion does not exist in the other species of the genus, where the two crests

are separated at their outer extremities by a deep valley. The posterior

basal cingulum is obsolete, while the anterior is well developed. The
enamel of this tooth where not worn, is wrinkled.

The posterior part of the last inferior molar is characteristic. The
posterior transverse crest is short and very oblique, its inner extremity

striking the posterior margin near the middle. Here it is elevated into a

cusp, which rises above the surrounding parts in a characteristic manner.
There is no ledge round its posterior base, but the border expands out-

wards at the base of the true crest. The additional inner marginal

tubercle is low and compressed as in G. lobatus. A second inferior true

molar is normal, with well developed anterior marginal ridge. The in-

ferior canine mentioned is of large proportions, exceeding by one -half

the dimensions of the inferior canine of 0. lobatus. Its crown is curved

outwards, and has a basal alate expansion of its internal ridge.

_„. „, . , ^anteroposterior 039
Diameters of last superior molar { , nir11

/ transverse 051

Measurements^ M.

posterior 039

erse 051

_. ,.,„. c anteroposterior .039
Diameters of second inferior true molar ? . nno

I transverse 028

Length of inferior canine .... .160
" crown of " . 090

r vertical 037
Diameters of base of crown of canine ?

transverse Q36

This species is nearest the C. lobatus in some respects . The short posterior

crest ot the last inferior molar with its cusp-like extremity, and the absence

of posterior ledge on this tooth will readily distinguish it.

Bad lands of the Big-Horn river, Wyoming.
There are six individuals of this species in the collection which are

mostly represented by fine specimens, which represent the entire denti-

tion.

Eight other species of Coryphodon were obtained by the Big-Horn Ex-

pedition, and the material enables me to distinguish them better than here-

tofore. I present the following differential synopsis of their characters.

I. The last inferior molar with three posterior cusps, the internal some-

times represented by a ridge ; or the posterior inferior molars with

an accessory cusp or tubercle on the inner side between the crests

(Ooryphodon, Owen) :

An internal tubercle ; last upper molar with the anterior cross crest and an-

terior external crest closely connected ; size largest C anax.
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An internal conic cusp
; posterior crest oblique ; heel very small ; size

medium G. cuspidatus.

An internal crest.
; posterior crest oblique ; heel small ; size medium

C. obliquus.

An internal tubercle
; posterior crest little oblique ; heel large ; size large.

G. lobatus.

II. Posterior inferior molars with two posterior cusps ; without internal

accessory tubercle :

a. Posterior inferior molars with small or no heel :

Large
;

posterior superior molar oval, with distinct straight posterior

crest ;" inferior molars elongate ; symphysis mandibuli produced and

narrowed
; premaxillary elongate G. latipes.

Medium ; inferior molars nearly as wide as long
;
premaxillary short

G latidens.

aa. Posterior inferior molars with prominent or wide heel

:

Medium
;

posterior superior molar with posterior angle, and angulate

posterior crest ; inferior molars elongate ; symphysis mandibuli broad

and short
;
premaxillary elongate ; tusk trihedral. . . . G. elephantopus.

Smaller
;
premaxillary bone short ; tusk trihedral G. simus.

Medium
;
premaxillary elongate ; tusk compressed and grooved

G. molestus.

Large ; last superior molar oval, with angulate posterior crest ; its anterior

lobe connected with anterior cingular crest G. repandus.

III. Last inferior molar with but one posterior cusp from which a curved

crest extends round the posterior border of the crown.

Superior true molars narrow ; external incisors sbarply angulate on ex-

ternal face G. curvicristis.

IV. Posterior inferior molar unknown.
Posterior superior molar oval

;
posterior crest straight ; internal crest

fissured (? normally) ; a complete internal cingulum. . . C. marginatum.

CORYPHODON CUSPIDATUS Cope.

This species was found in a single individual obtained in New Mexico
;

a second one was discovered by Mr. Wortman in the Wind River basin,

and a third has now been brought from the Big-Horn.

CORYPHODON LATIPES Cope.

I refer seven individuals provisionally to this species. Three of these

are represented only by superior teeth, etc., and in four the last inferior

molar is preserved. Of the latter, three have an angle, sometimes almost

a crest, descending from the posterior inner tubercle, as in G. obliquus, but

the specimens are all of superior size to that species, some of them very

much exceeding it. It is also possible that this ridge is not a constant

character. This species has the dentition which I have referred to the

Bathmodon radians, "but no astragalus of the species occurs in the collec-

tion. It may be the G latipes, of which the teeth have not yet been iden-

tified. I hope soon to be able to decide this question.
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CORYPHODON SIMUS Cope.

A broken mandible and maxillary bone, with several teeth represent

this small species in the Big-Horn collection.

CORYPHODON ELEPHANTOPUS Cope.

Portions of the dentition of both jaws, including the last molar teeth

of two individuals, prove that this species inhabited Wyoming in the early

Eocene period. One of the individuals, represented only by the last

molars of both jaws, is a little smaller than the typical specimen of which

an entire cranium is figured in Capt. Wheeler's report. (4to, 1877, PL
LI-HI), while a second specimen, which includes the entire superior

molar series, is a little larger than the same.

This species is characterized by the obliquity of the edge of the posterior

crest of the posterior superior molar backwards away from a transverse

line ; and by the slope of the external side of this crest. In other words

the inner half of the posterior crest nearly forms a V, like that of the

penultimate molar. The posterior edge of the V is present, running out-

wards from the inner end of the posterior crest, which thus becomes the

apex of the V. The G. elephantopus thus most nearly approaches the

genus Manteodon, of all the species. To accommodate the obliquity of

the crest the posterior outline of the last upper molar is strongly angulate,

giving a sub-triangular outline. The heel of the last inferior molar is

insignificant.

CORYPHODON REPANDTTS, Sp. nOV.

This large species is known from the posterior portions of the dentition

of both jaws, with an entire symphysis.

The last superior molars are intermediate in outline between the regular

oval of the G. radians, and the sub-triangular form of the G. elephantopus.

The peculiarities of the species are seen in the posterior crest. The two

lobes of which this is composed, do not form a continuous line as in G.

latipes and G. simus, but form an angle with each other as in G. anax.

The anterior lobe is compressed, and its long axis is nearly that of the jaw ;

the second lobe leaves it at a right-angle, but curves backwards as it ex-

tends inwards, giving a concave exteroposterior border. There is no ridge

descending outwards from the inner extremity of the crest, to form a V,

as in G elephantopus. But the posterior basal cingulum extends to

the external side of the tooth, which is not the case in any other species

known to me excepting the C. marginatus. The anterior cusp is closely

joined to the external elevation of the anterior first cingulum as in G. anax ;

a character which separates it from all other specie's. A strong trace of a

cingulum passes round the inner base of the crown. No external cingulum.

The first true molar does not differ materially from that of other species.

It is considerably smaller than the last. The apex of the premaxillary

bone with the second incisor and alveolus of the first, is preserved. The

bone is rather short. The crown of the incisor is regularly convex ex-
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ternally, and is not expanded at the base. There is a strong internal

cingulum.

A fragment of the lower jaw supports the last two molars. The internal

angle of the last one, is unfortunately broken. The posterior crest is,

however, perfectly transverse, which is not the case with the species with

three posterior tubercles. The preserved part of the posterior border shows
a distinct, rather narrow heel. The anterior Vs are well developed and
there are no lateral cingula. The symphysis is flattened out by pressure.

The inferior canine is large. It is sub-triangular at base and has an anterior

basal angular projection.

Measurements. M.
~. „ . _, TTT c transverse. ... . ..... .046
Diameters of supenor M. Ill > . ., , . . „„_

£ longitudinal 037

~. »---,« -(transverse.... .036
Diameters of supenor M. I \ , . j. , AOC>v

£ longitudinal 032

_,. _ ^ vertical .018
Diameters crown I. 2 \ , M

2 transverse .018

r transverse 028

Diameters inferior M. Ill < anteroposterior 040
' vertical in front (restored). . .024

Length of symphysis .107

Depth of ramus at M. Ill 056

The superior molars of this species might readily be taken for an under-

sized individual of C. anax, but the last inferior molar is of a different

type, and refers the species to a different section of the genus.

CORYPHODON CURVICRISTIS, Sp. UOV.

The fragments which represent this species belong to one individual.

They include a considerable part of both mandibular rami with numerous

molar teeth, and most of the inferior incisors loose. Also the second

superior molar, some superior premolars, the canine, and three or four

incisors, two of them in place in an incomplete premaxillary bone. None
of the bones of the skeleton were obtained, so far as known.
The ramus of the mandible is both robust and deep. Its inferior border

does not rise posteriorly so much as in some species, as e. g., G. latidens,

and the angle is well below the horizontal line of the dental alveoli. The
dental foramen is just about in this line. The inferior premolars and

molars do not differ from those of several other species, but the last molar

has several peculiarities. The external cusp is the only one of the posterior

pair which is present. It gives origin to two crests, both of them curved.

The posterior represents the usual posterior transverse crest, but is gently

convex backwards, and turns forwards on the inner side of the crown,

only terminating at the external base of the anterior cross crest. The
other curved crest is low, although higher than in most species, and ex-

tends to the middle of the base of the anterior cross crest. There is a dis-

tinct heel which is elevated at the middle and disappears gradually at each

end, not being abruptly incurved as in C. anax. The anterior part of this
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tooth is as peculiar as the posterior. The external cusp gives origin to

three crests, two of them the usual limbs of the anterior V ; while a third

descends to the anterior border a little exterior to its middle. It encloses

a deep groove with the anterior ridge of the anterior V. This arrangement

is not seen in any other species.

The inferior canine is robust, and has its anterior angle prominent, but

not alate. The crowns of the inferior incisors are regularly convex ex-

teriorly, and have no cingula. They are regularly graded in dimensions.

The superior molar preserved is probably the penultimate. Its

anterior portion is broken. The posterior external V is narrower

than usual for a second molar, and resembles somewhat that of the

last superior molar of the Manteodon subquadratus. A slight contact

face on the posterior cingulum shows that this tooth is not the- last

molar. The said cingulum extends to the external base of the V; in

rising to the internal cusp it forms a sigmoid curve. The cingulum

below this, on the inner base of the crown, is rudimental. The superior

canine has a long and robust crown, with a triangular section to the apex.
:

The posterior face is a little wider than the other two, which are equal.

The anterior is slightly concave in cross-section, and the posterior slightly

convex transversely, although concave longitudinally. There is a weak
ridge nearly parallel to and near the postero-external angle, and traces of

others on the postero-external face of the crown in front of this one. The
antero-internal angle is swollen at the base.

The superior incisors present characteristic features. The ridge of the

external face, which is weakly developed in some of the species, and is

wanting in others, is here represented by a strong longitudinal angle,

which extends from the base of the crown to its apex, dividing the

external face into two distinct planes. This character is most marked on

the external incisor, where the planes are sub-equal, and concave. On the

second the anterior plane is smaller, and on the first it is a good deal

smaller. These incisors have a weak internal cingulum, but no external one.

Measurements. M.

Length of ramus from P-M. IV inclusive 257
"

inferior true molars. . . .• 098

_. " _'* ' (anteroposterior 0275
Diameters of M. I infer. \ , norv

£ transverse — ...... .020

_. „ _, TT¥. . „ ( anteroposterior. 036
Diameters of M. Ill infer. J , no„/transverse 029

Diameters of M. II super.

Depth of ramus at M. Ill 075

anteroposterior 0315

transverse. 039

(longitudinal.., .094

Diameters of crown of superior canine < anteroposterior. .022

'transverse 034

T..
'.

e
(vertical 022

Diameters of crown of I. m \ . nnA
( transverse 024
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The numerous characteristic marks, show that this species is one of the

most distinct of the genus. It is also one of the largest, heing second only

to the O. anax.

CORTPHODON MARGINATUS, Sp. nOV.

This is one of the smaller species, having nearly the dimensions of the

C. molestus. It is only represented by the superior canine, first inferior

premolar, and last superior molar of one individual found together by Mr.

Wortman. Their size, mineral condition and degree of wear, render it

probable that all belong to one individual.

The superior molar is of the oval type, without posterior shoulder. The
posterior crest is therefore straight, and parallel with the anterior crest.

Its inner extremity does not display the least tendency to form a V, as is

seen in O. elephantopus. Its exterior extremity is widely separated from

the external'prominence of the anterior crest (cingulum). The latter dis-

plays, at its inner extremity, the peculiarity of a deep fissure of the anterior

side, which nearly divides the crest, and partially isolates the internal

tubercle. Adjacent to the fissure its crest is tubei-culate. The posterior

upper cingulum descends from the inner cusp to the basal cingulum. The
basal cingulum is well developed on the anterior and interior sides of the

crown, and on the posterior as far as the base of the inner cusp of the

posterior crest, where it gradually fades out. Enamel wrinkled.

The superior canine is remarkable for its small size. The posterior face

is a little the widest, and its bounding edges are sharp, but not expanded.

There are no prominent ridges of the enamel. The anterior face is mode-

rately wide. The first inferior premolar presents no peculiarities.

Measurements. M.

r anteroposterior 028

Diameters of M. Ill superior } transverse .038

' vertical 019

Diameters of P-m. I inferior \
anteroposterior 015

c transverse . . 009

Diameters of C. superior {
anteroposterior 014

(. transverse posterior 018

The superior molar is but little worn, and shows that the animal was
just adult. The canine is more worn than the molar.

There are several characters which mark this species as distinct from

those previously known. It is the only member of the genus which has

a complete internal cingulum. The fissure of the anterior crest, if normal,

is peculiar to this species. The superior canine is disproportionately

small.

Besides the Corypjiodons already mentioned, a number of more or less

complete skeletons were obtained, some of which can be identified by
comparison with those which are accompanied by teeth, and which are

enumerated in the preceding pages.
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Metalophodon testis, sp. nov.

The genus Metalophodon was described by me in 1872.* Since that

time it has remained without further illustration of importance, as no good

specimens of it have been obtained by any of my expeditions up to the

present year. Thy material now at hand consists of the entire superior

molar series of the right side, and the superior molars of the left side, in

beautiful preservation. These display the characters on which the genus

was proposed, i. e., the conversion of the posterior external V of the

second true molar into a transverse crest similar to that of the last true

molar. It follows that the first true molar is the only one which exhibits

this V. It also follows that in this genus the peculiarities of the dentition

of Coryphodontidm are carried further than in Coryphodon, where two

molars display the V, and one the crest ; or than in Manteodon, where all

three have a V, and none the crest. The genera then stand in the order

of evolution, Manteodon, Coryphodon, Metalopliodon.

Char, specif.—The first superior premolar has lost its crown. The other

premolars do not display any marked peculiarities. The internal cusps

are well developed, and are most prominent posterior to the line of the

apex of the exterior crest. They connect with the posterior cingulum by

a broad ledge, but do not connect with the anterior cingulum. The two

cingula nearly connect round the inner base of the crown on the third

premolar.

The first true molar is well worn. The base of the posterior external

V can be seen, and the anterior and posterior cingula. There is no in-

ternal cingulum. The second true molar is the largest of the teeth. It

is subtriangular in outline, its external side forming with the posterior, a

right angle. Its general character is much like that of the Coryphodontes,

but it presents the remarkable exception which constitutes the character

of the genus Metalophodon. The posterior crest does not include a V, but

is straight, and consists of the same elements as the posterior crest of the

third true molars, but differently proportioned. The part representing the

anterior V is a cone, much shorter than the part corresponding to the

posterior Y. As there is a postero-exterior angle of the crown there is an

oblique surface rising to this part of the crest, which represents the ex-

ternal face of the V. There is also a small tubercle at the angle, where a

similar one is found in the corresponding tooth of Ectacodon ductus.

Altogether this tooth is like the posterior molar of Coryphodon elephantopus,

with a more prominent postero-external angle added. The anterior and

posterior basal cingula are well developed, the latter being strong in-

teriorly to the point where it sends a branch upwards to the internal

cusp. There is no internal cingulum.

The last superior molar is a transverse oval, more regular than usual in

the species of Coryphodon, since the diameters of the internal and external

portions are about equal. The characters of the posterior crest differ from

* Proceedings American Philos. Soc, 1872, p. 542.
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those seen in the genus named in that the internal portion is much smaller

than the external, having a small conic apex, distinct from that of the

exterior portion. Its postero-external face is nearly vertical, and it

diverges a little posterior to parallel with the anterior crest. The latter

(the first cingulum) is elevated, and is widely separated externally from

the posterior crest, to whose base it descends on the external extremity of

the crown. The basal cingulum is present all round the the crown except

at the base of the posterior crest, and externally. It i& narrow on the

inner extremity of the crown. It sends upwards a strong branch to the

apex of the internal cusp. The enamel of all the molars is strongly

wrinkled, 'but is worn smooth wherever rubbed.

Measurements. M.

Length of superior molar series :.....<.. .179

"
• premolar series. .085

_.

.

_. VT r anteroposterior. , . . . .019
Diameters P-m. II i A „os.

t transverse. 025

_.. ,, T (-anteroposterior. 029
Diameters M. 1 1 . AOO,

t. transverse. ,0o2

^. ,, v_ r anteroposterior. ... 036
Diameters M. II <> A .„

( transverse „ 042

/ anteroposterior. 0285

Diameters M. Ill < transverse. .041

( vertical 015

The MetalopTiodm testis differs from the M. armatus, in the more

triangular form of its penultimate superior molar. Its form is quite

different from that of the last molar, while in M, armatus, the two teeth

resemble each other closely. The species are of about the same size.

The individual from which the above description is taken is rather aged.

Dikocerata.

BATHYOFSIS PISSfDENS Cope.

Bulletin U. S. Geolog. Survey, Terrs., Feb. 1881, 194.

A considerable part of the dentition of the mandible of this species was
found in the Big-Horn bad lands. This includes an incisor tooth, which

is quite characteristic, and renders it probable that the anterior parts of the

jaws differ considerably from those of other Uintatheriidce. The root is

sub-round. The crown resembles a good deal that of the species of Gory-

phodontidce. It is higher than wide and has a subacute apex. One edge

of the crown is convex, and the other concave. The external face is eon-

cave in both directions, and has no ridges nor eingulum. The inner face

is concave longitudinally and convex transversely. The convexity is

median and has a longitudinal concavity on each side of it. No internal

cingulum except a trace at the base of the concave edge. The edges are

obtuse even when unworn, and the enamel is obsoletely rugulose.
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Measurements of incisor- M.
s anteroposterior. . .

.

.012

Diameters of crown \ transverse : 020

( vertical. 020

T> . r anteroposterior .......... .012
Diameters of root < . M ,

\ transverse .014

This incisor is very different from the kind seen in Loxolophodon. Mr.

Oshorne has shown that genus to have these teeth with compressed two-

lobed crowns, a type unknown elsewhere among Mammalia.*

PERISSODACTYLA.
In a paper on the "homologies and origin of the molar teeth of the

Mammalia Educabilia," published in March, 1874, \ I ventured the gene-

ralization that the primitive types of the Ungulata would be discovered to

be characterized by the possession of five-toed plantigrade feet, and tuber-

cular teeth. No Perissodactyle or Artiodactyle mammal was known at

that time to possess such feet, nor was any Perissodactyle known to

possess tubercular teeth. Shortly after advancing the above hypothesis, I

discovered the foot structure of Goryphodon, which is five-toed and planti-

grade, but the teeth are not of the tubercular type. For this and allied

genera, I defined a new order, the Amblypoda. and I have published the

confident anticipation that genera would be discovered which should possess

tubercular (bunodont) teeth. This prediction has not yet been realized.

I now, however, record a discovery, which goes far towards satisfying the

generalization first mentioned, and indicates that the realization of the

prophecy respecting the Amblypoda, is only a question of time.

In 1873,| I described from teeth alone, a genus under the name of

Phenacodus, and although a good many specimens of the dentition have

come into my possession since that date, I have never been able to assign

the genus its true position in the mammalian class. The teeth resemble

those of suilline. Ungulates, but I have never had sufficient evidence to

permit its reference to that group. Allied genera recently discovered by
me, have been stated to have a hog-like dentition, but that their position

could not be determined until the structure of the feet shall have been as-

certained. §
In his recent explorations in the Wasatch Eocene of Wyoming, Mr. J.

L. Wortman was fortunate enough to discover nearly entire skeletons of

Phenacodus primavus, and P. vortmani, which present all the characters

essential to a full determination of the place of Phenacodus in the system.

The unexpected result is, that this genus must be referred to the order

Pervssodactyla, and that with its allies, it must form a special division of

that order corresponding in the tubercular characters of its teeth with the

* A Memoir on Loxolophodon and Ztintutherium. By H. Osborne,

t Journal of the Academy of Natural Sciences, Philadelphia.

jj Palaeontological Bulletin No. 17, Oct., 1873, p. 3 ; also, Report G. M. Wheeler,
U. S. Engineers Expl. W. 100 Mer., iv, p. 174—1877.

§ Proceedings Amer, Phiios. Society, 1881, p. 495,
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bunodont or suilline division of the Artiodactyla. In this character, how-
ever, there is a closer gradation than in the case of the Artiodactyla, and it

would scarcely he necessary to create such a group on that character alone.

But the genus differs further from the Perissodactyla and approaches the

Proboscidia, in the fact that the astragalus articulates with the navicular

only, and by a universally convex surface, as in the Carnivora.

The astragalus resembles that of the latter order very closely, and differs

from that of Hyracotherium and the nearest forms among the Perissodactyla.

Phenacodus has moreover five well developed toes on all the feet, and was
probably not entirely plantigrade. The cast of the brain case shows that

the cerebral hemispheres were quite small and nearly smooth, and that the

very large cerebellum and olfactory lobes were entirely uncovered by
them. The bones of the two carpal rows alternate with each other, and
there is a large third trochanter of the femur. The cervical vertebrae are

opisthoccelous.

This group is then the ancestral type of the known Perissodactyla, that

is of the horses, tapirs and rhinoceroses, and of the numerous extinc

forms. Its systematic position may be schematically represented as

follows

:

Order Perissodactyla ; ungulate ; digits of unequal lengths ; carpal

bones alternating ; a postglenoid process. Astragalus with proximal

trochlea, and without distal double ginglymus.

Suborder Diplarthra ; astragalus distally plane or concave in one direc-

tion, and uniting with both navicular and cuboid bones ; a third trochanter

of the femur. The known families belong here.

Suborder Condylarthra ; astragalus convex in all directions distally,

only uniting with navicular bone ; a third trochanter of femur.

Family Phenacodoiitidce. Molar teeth tubercular ; the premolar teeth

different from the molars ; five digits on all the feet.

Genera ; Phenacodus Cope, and very probably Catathlmus, Anacodon and
Protogonia Cope, and perhaps also Anisonchus Cope. These genera include

fifteen species, all from the lower Eocene beds. I gave a synopsis of their

differential dental characters in the Proceedings of the Philosophical Society,

1881, p. 487, where I included also the genus Mioclcenus. I omit the latter

from the family at present, as I believe it to be Artiodactyle.

Phenacodus prim^vus Cope.

Parts of a dozen individuals of this species were obtained, and one

almost entire skeleton in a block of soft sandstone. This includes nearly

all parts of the four extremities, as well as the skull, from which but small

portions are wanting.

Species of this genus, so far as determinable from the dentition, are

numerously represented in Mr. Wortman's collection. About fifty individ-

uals are referable to eight species. These present a great range in size,

and some diversities of structure. They may be distinguished as follows :
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I. Last inferior molar with oval outline; heel small; anterior inner

cusp simple.

Size medium ; length of true molars .025 ; depth of ramus at M. II, .018.

P. apternus.

II. Last inferior molar wedge-shaped, with heel prominent ; anterior

inner cusp simple.

Large ; true molars .041 ; P-m. IV .014 ; depth of ramus at M. II, .027.

P. primcemis.

Medium ; true molars .027 ; depth at M. II .017 ; last molar smaller

P. vortmani.

Smaller ; true molars .022 ; depth at M. II .013 ; last molar elongate ;.

.

P. macroptemus.

Smaller ; last four molars .027 ; P-m. IV .007 ; depth at M. II .013 ; -last

molar with short heel P. brachypternus.

Smallest ; true molars .017 ; depth at M. II .012 ; heel long ; cusps ele-

vated P. zuniensis.

III. Last inferior molar wedge-shaped, with prominent heel ; anterior

inner cusp double
;

Least ; last inferior molar .006 ; heel narrow ; true molars (superior) .016.

P. laticuneus.

Two other species have been described, the P. sulcatus, and P. omnivorus

Cope. The former I suspect belongs to another genus. I am not now
sure of the distinctness of the latter from P. primcumis.

Phenacodus hemiconus, sp. nov.

Represented by the posterior two superior molars of an individual in-

termediate in size between the P. primmtms and P. puercensis. The pos-

terior molar is peculiar in the very rudimental character of the posterior

internal lobe, which is reduced to a mere wart on the cingulum. The
posterior external tubercle is also rudimental, not exceeding the posterior

inner in dimensions. The anterior tubercles, including the intermediate,

are well developed, the internal exceeding the external. The cingulum

is wide and crenate, and is only wanting on the external base of the crown.

The penultimate molar does not differ so much from that of P. primcevus,

but the two internal cones are not so deeply separated at their base. The
tubercles are all but little worn, and are conical in form, the external

flattened on the external faces. Enamel wrinkled.

Measurements. M.
anteroposterior 009

transverse 012

anteroposterior \ .010

transverse. 013

The size of this species precludes the possibility of its identity with any
of the other species described here.

Phenacodus wortmani Cope. Bulletin TJ. S. Geol. Surv. Terrs, vi,

1881, p. 199. Hyracotherium vortmani, American Naturalist, 1880, p. 747.

Diameters of M. II

Diameters of M. Ill
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Phenacodus puercensis Cope. Proceeds. Amer. Philos. Soc. 1881, p. 492.

An abundant species, represented by twelve mandibular rami in the

collection, and by a nearly entire skeleton with perfect skull.

Phenacodus apternus, sp. nov.

Three rami, each of which supports the true molar teeth, indicate this

species. The oval form of the posterior molar is due to the shortness of

the heel, and the large size of the internal median tubercle, which pro-

jects inwards, giving a convex outline to the interior side of the crown.

The external tubercles of all the true molars wear into crescents ; and the

anterior inner is more robust than the posterior inner.

Phenacodus macropternus, sp. nov.

This species is apparently rare, being represented by only one man-
dibular ramus, which supports the posterior three molars, and a possible

second ramus with molars iv and v. The first and second true molars

are much like those of P. vortmani, but the third is relatively larger, and

has an especially elongate heel. In P. vortmani the last molar is con-

stricted, and narrower than the penultimate. In P. macropternus there

is a weak external, and no internal cingulum. The tubercles of the last

two molars are quite regularly conical, while the external pair of the first

molar, wear into crescents. Smaller than the P. vortmani.

Phenacodus brachypternus, sp. nov.

Three mandibular rami are the only specimens of this species found by

Mr. Wortman in the Big-Horn region. They all display the fourth pre-

molar, which has the characters of this genus, as distinguished from

Mioclcenus. The species is materially smaller than the P. vortmani, and

its last inferior molar is intermediate between those of the latter and the

P. apternus, in form. Both the internal and external intermediate tuber-

eles are very full, and give the tooth posterior width. The posterior or

fifth tubercle is large, and gives the posterior outline of the crown a tri-

foliate form. The posterior median tubercles of the M. II and I, are well

marked. The molars gradually increase in size forwards, and the fourth

premolar is longer than any of them, and rather narrow. The heel of the

P-m. Ill is short and wide. On the true molars a weak external cingu-

lum. Enamel slightly wrinkled.

Phenacodus zuniensis Cope. Proceeds. Amer. Philosoph. Society,

1881, p. 462.

Mr. "Wortman obtained eleven mandibular rami of this species, in only

one of which are the premolars preserved. Excepting the P. laticuneus,

this is the smallest species of the genus. The molars have much the ap-

pearance of those of the Mesodont genus Hyopsodus, but may be dis-

tinguished by the size of the posterior median tubercle. The second

true molar is the widest tooth, and the last molar is rather elongate, and

its cusps are not exactly opposite to each other. The cusps of the molars
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are more elevated than in the other species, and those of the external side

all have a distinctly crescentic section. The anterior inner cusp is narrow

and simple. There is no cingulum of any kind.

This species was originally described from New Mexican specimens.

Phenacodtjs I/Atictjneus, sp. nov.

This is the least species, and is represented by six superior molars and

the last inferior molar in a fragment of the lower jaw. The latter tooth

exhibits peculiar characters already mentioned. The superior molars

differ from those known to belong to the P. primcevus and P. puercensis in

having a vertical fissure of the inner side which separates the bases of the

two internal tubercles. This gives them some resemblance to the superior

molars of the species of Anisonchus, but the important difference remains

in the separation of the anterior inner tubercle from the intermediate

tubercles. The three are confluent into a V in the genus last mentioned.

The external cusps of the superior molars are rather acute, and lenticular

in section, their external sides forming a convex rib. There is no rib

between the external sides. There is a strong anterior cingulum, which

terminates externally in a low angular cusp. There is no cingulum on

any other part of the crown. The second, third and fourth premolars have

two external cusps, and much resemble the corresponding teeth in Hyraco-

therium. The second is longer than wide, and has an internal ledge ; the

third is as wide as long and has a wide internal ledge ; the fourth is wider

than long and has an internal, and two intermediate cusps, and an anterior

and posterior cingulum. They all have a weak external cingulum, of

which a trace exists in the true molars.

The last inferior molar has a double anterior inner cusp as in some
Mesodonia, and the external anterior cusp is robust. All the cusps are

conical and with round section, and their bases are close together. The
outline of the base of the crown is almost an isosceles triangle with rather

wide base in front.

Measurements. M.

Length of last six superior molars 0350
" true molars 0160

_. .„.. T_ r anteroposterior. 0055
Diameters of M. II J ^ aao .

( transverse 0080

Long diameter base of P-m. II 0050

_. _, TTT r anteroposterior 0060
Diameters P-m. Ill 1 * nrxnn

\ transverse 0060

' Anacodon tjrsidens, gen. et sp. nov.

Char. gen. Known only from mandibles supporting molar teeth. Prob-

ably family Phenacodontidce. Last inferior molar with heel. Crowns of

molars without distinct cusps, but with a superior surface consisting of

two low transverse ridges separated by a shallow valley. Unworn grind-

ing surface with shallow wrinkles, Perhaps only three premolars.
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Char, specif. Broken mandibular rami of two individuals constitute

the basis of my knowledge of this species. It is of the size of the Phena-

codus primcevus. The last inferior molar is wedge-shaped with the very-

obtuse apex posterior. It displays two slight transverse elevations anterior-

ly which represent the usual cusps. Grinding surface generally nearly

flat. The posterior half of the crown of the penultimate molar is flat, and
is separated from the anterior half by a transverse groove. Its surface is

marked by shallow branching grooves.

The molar preceding this one in the broken specimen is probably the

first. It is possible from its slightly worn condition that it is the fourth

premolar, but the form is that of a true molar. The surface of the crown
is marked by shallow grooves not very closely placed. The three premolar

teeth in advance of this tooth are broken off. Their bases are narrow.

There are no basal ciagula on the molars.

Measurements. M.

Length of posterior true molars 033

-

.

„ _, TTT r anteroposterior 015
Diameters of M. Ill { . Mn

I transverse 010

_. „„ „ T r anteroposterior.. .' 015
Diameters of M. ? I ^ . „^

( transverse 011

Depth of ramus at M. II 030

The characters of the teeth of this species are something like that of

some of the Palaioclmri of the Miocene, and resemble more those seen in

some of the bears.

Oligotomus osbornianus, sp. nov.

Char. gen. Dental formula ; I. ?, C. ?, P-m. ? £ ; M. f . External faces

of external lobes of superior molars separated by a ridge ; anterior ex-

ternal cusp of cingulum little developed. Premolars of superior series

different from true molars, Avith only one internal lobe. Fourth inferior

premolar similar to the true molars. Cusps of inferior molars connected

by diagonal ridges, forming Vs. A diastema in front of the second pre-

molar.

This genus is a good deal like Lambdotherium, so far as known. Its

superior molars are much like those of Aeoessus, and their intermediate

and internal tubercles are those of Hyracotherium.

The two or three species known to me are of small size.

Char. spec. The true molars of both maxillary bones, with the fourth

premolar of one side are preserved more or less perfectly, with four in-

ferior molars on two fragments of the lower jaw.

The external tubercles of the superior molars are nearly erect, and have

a lenticular section. The rib which separates their external faces is

prominent, and terminates in a free apex. The base of each face is marked

by a strong cingulum, but the posterior one is very short. There is a strong

anterior basal cingulum, but no posterior or internal one. The anterior

inner tubercle is larger than the posterior. The intermediate tubercles are
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sub-round, and are anterior to the transverse line of the interior ones.

They do not join the latter excepting after very considerable wear. The
external anterior cingular cusp is rather more prominent on the first than

on the second true molar. The fourth superior premolar has a well marked

external anterior cingular cusp, which is, however, low ; and there is no

ridge dividing the external faces of the external cusps. The single inner

cusp is connected with the two external by two ridges, which diverge as

they extend outwards. The anterior supports a tubercle close within the

anterior external. There are strong anterior and posterior basal cingula

and weak external and internal ones."

The third inferior premolar has a compressed ridge on the heel. The
fourth premolar is like a true molar, ivith the anterior inner cusp well de-

veloped and elevated, and connected with the anterior and posterior ex-

ternal by oblique ridges. The inner posterior cusp is less conic in form

than in the true molars, and the entire crown is somewhat contracted

anteriorly. The true molars are characterized by the presence of a small

median tubercle on the posterior border. There is a low external basal

cingulum, which is wanting opposite the posterior cusp. Enamel generally

smooth.
Measurements. M.

Length of superior true molar series 0210

-p.. „ . , r TT f anteroposterior .0080
Diameters of superior M. II <.

{ transverse 0097

Tx . „ _ TTT. r anteroposterior 0085
Diameters of P-m. IV < . nr.0!_

l\ transverse 0085

Length from inferior P-m. Ill to M. II inclusive 0290

_. „• TTT r anteroposterior 0080
Diameters of P-m. IV J. , Arv_n

i transverse OOoO

t, . „ . „ . ,_ TT r anteroposterior 0075
Diameters of inferior M. II {

l
n„„n

(. transverse 0060

Depth of ramus between P-m. Ill and P-m. IV 0150

As compared with the 0. cinctus,* this species differs in its superior

dimensions. The anterior inner cusp of the inferior molars is probably

single, though the slightly worn condition of those teeth renders this

point a little uncertain. In 0. cinctus some of them at least are double.

This species was, to judge from the size of its teeth, about the size of a

red-fox. The specimens of it above described were found by Mr. J. L.

Wortman in the bad lands of the Big-Horn river, Wyoming. It is dedi-

cated to my friend, Henry L. Osborne, of Princeton College, New Jersey.

Ststemodon tapirinus Cope. American Naturalist, 1881, p. 1018.

Hyracotherium tapirinum, Cope. Systematic Catalogue of the Eocene
Vertebrata of New Mexico, 1875, p. 20. Report U. S. Geol. Surv. W. of

100th mer. Capt. G. M. Wheeler, iv. ii. p. 263. Pi. Ixvi. figs. 12-16.

This species was abundant in Wyoming during the Wasatch epoch,

jaws and teeth of more than twenty individuals having been brought by

* Annual Rept. U. S. Geol. Survey Terrs. 187"2, p. 607.
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Mr. Wortman from the Big-Horn. From these I learn that the dental

system is different from that characterizing the species of Hyracotherium.

There is no diastema posterior to the superior canine, while in the latter

genus there are two. Anterior to the canine there is a considerable one

in the Hyracotherium. This part is not preserved in any of the specimens

of 8. tapirmum. The characters mentioned have induced me to separate

the latter as type of a distinct genus, Systemodon. An examination of the

figures and descriptions given by Dr. Lemoine of his Pachynolophus

gaudryi found by him in the neighborhood of Reims, shows that it belongs

to the genus Hyracotherium, It is therefore distinct from either of the

species of Systemodon, and is to be compared with the H. craspedotum of

the Wind River country, with which it agrees in size.

Systemodon semihians, sp. nov.

This species was also abundant in the Big-Horn region, jaws and teeth

of sixteen individuals having been obtained. Its dimensions are a little

smaller than those of the 8. tapirinus, especially as to the premolar teeth.

There is also a short postcanine diastema, which is not seen in the 8.

tapirinus.

The proportions of the maxillary series are represented by a left max-

illary and premaxillary bone, with all the teeth in place, but the crowns

lost from the first premolar anteriorly. The crowns of the true molars are

somewhat worn, so I confine the description of these to the premolars.

The third and fourth have considerable transverse extent, the latter being

wider than long. The second has scarcely any internal tubercle, but

only a low postero-internal heel. The internal tubercle of this tooth

is large in S. tapirinus. The crown has two cusps, the posterior lower.

The last two premolars have two external cusps close together. They

have also an anterior external cingular lobe, as in the true molars.

There is a posterior external basal lobe in the third premolar, but none

or a rudiment on the fourth. No internal cingulum on the premolars.

The superior true . molars, although worn, show a prominent anterior

external basal lobe, and no complete internal cingulum The base of the

crown of the first premolar is narrow antero-posteriorly, and it has two

roots as in 8. tapirinus. It is in close contact with the second premolar,

and is separated from the base of the canine by a space a little less than

its own anteroposterior diameter, and less than the diameter of the

canine. The base of the crown of the latter shows that it is not a large

tooth, and has a wide lenticular section. The base of the external incisor

is rather large, and is compressed.

Measurements of superior teeth.. M.

Total length of superior series 0720

" "molar " .0310

" " '"premolar " 0250

Diameters base of canine
J

anteroposterior 0055

t transverse 0040
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Measurements of superior teeth. M.
Length of base of P-m. 1 0040

Diameters P-m. Ill j
anteroposterior 0070

<- transverse 0078

Diameters P-m. IV I
anteroposterior 0070

C transverse 0090

Diameters M. Ill \
anteroposterior .0100

c transverse 0125

Some superior molars in better condition than those last described, ex-

hibit the following characters. The intermediate tubercles are fused with

the internal, forming a continuous cross crest, but their apices are dis-

tinguishable. The external cusps are subcorneal and are well separated.

The anterior and posterior cingula are strong , the external is weaker, "and

it is wanting from the posterior part of the internal base of the crown.

A portion of a mandibular ramus, supporting six molars, presents the

following characters. The teeth are a little smaller than those of S.

tapirinus, the reduction being especially visible in the premolars. The
cones Of the crowns are more distinctly separated by notches than in that

species; and are quite distinctly conic. The anterior ledge of the true

molars is distinct, and there is a median posterior tubercle of the first two,

which is represented by the wide crenate -edged heel of the third true

molar. The anterior-internal cusps of the last two molars is double or

bilobed ; that of the first is last. The anterior cones ot the fourth pre-

molar are subequal, and the posterior external cone is elevated. There is

a trace of the posterior internal. There is also an anterior ledge. The
heel of the third premolar rises to a median blade and posterior cusp.

The anterior cusp is elevated and compressed, and supports a small in-

ternal lateral cusp. The base of the crown of the third premolar is

elongate. All the teeth are rather compressed, and there is only a

trace of an external cingulum.

The ramus is compressed and moderately deep. The dental foramen

is large, and its superior border is on a level with the posterior base of the

crown of the third true molar. Its inferior base is in line with the base of

the crown of the second true molar.

Measurements of mandible. . M.
Length of last six molars 0530

" true molars ." 0310

^ anteroposterior .0065

Diameters third premolar < transverse 0040
' vertical 0052

r anteroposterior 0092

Diameters second true molar < transverse 0060

( vertical .0062

Diameters third true molars j
anteroposterior 0120

L transverse 0060

Depth of. ramus at P-m. Ill 0170

Depth of ramus at front of M. Ill 0220
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The nearest ally of this species outside of the genus Systemodon is prob-

ably the Hyracotherium craspedotum Cope. This species was brought

from the Wind River bad lands, and does not occur in the Big-Horn col-

lection. It is about the size of the 8. semihians, but is a true Hyracotheri-

um, with a diastema behind the first premolar. The strong cingulum

which characterizes it is not found in the S. semihians, and the inferior

molars are wider and more robust.

Hyracotherium craspedotum Cope.

Bulletin IT. S. Geol. Survey, Terrs., 1881, p. 199. American Natural-

ist, 1880, 747.

The dentition of this species is in its dimensions and proportions inter-

mediate between the two species of Systemodon. Its three premolars

equal four of those of the S. semihians, while the molars of the two
species are about equal.

A specimen having the proportions of the H. craspedotum was found by
Mr. Wortman on the Big-Horn, but unfortunately it does not exhibit the

characteristic cingula of the two dental sories. The second superior pre-

molar, like that of Systemodon semihians has no internal tubercle. It is

not certain whether there is any diastema posterior to the first superior pre-

molar. I therefore cannot yet ascertain whether this specimen represents

an undescribed species of Systemodon or Hyracotherium, or a strong variety

of the H craspedotum. The accompanying inferior true molars are inter-

mediate in size between tbose of the latter species and the H vasaccitnse.

Hyracotherium'vasacciense Cope.

This species differs from the H venticolum in its deep mandibular ramus.

A single specimen from the Big-Horn presents the same proportions. The
posterior inferior molar is rather short.

Hyracotherium venticolum Cope.

Bulletin TJ. S. Geol. Survey, Terrs., 1881, 198.

Fifteen individuals of this species are included in the collections.

Hyracotherium angustidens Cope.

This was a very abundant species. Mr. Wortman's collection contains

jaws and teeth of twenty individuals sufficiently well preserved for

identification, and a large number of other pieces of jaws, etc., which may
be reasonably inferred to belong here.

In my report on the Wind River collection* I noticed three varieties of

this species, which differ in the depths of the ramus at the line of junction

of the fourth and fifth molars. The numbers are 12, 14, and 15.5 mm.
respectively. The lengths of the first true molar also vary from 7 to 6.5

and 7.5 mm. respectively. The last true molar measures in all 10.0 mm.
The majority of the Big-Horn specimens agree with the second variety,

but two others occur, one a little smaller, and the other a little larger

than the average. The former measures ; length of last molar .0090 ; of.

* Bulletin U. S. Geol. Survey Terrs. Y 1, 1881, p. 198.
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first molar .0067 ; depth of ramus at M. I, .0120. The dimensions of the

larger variety are : length of M. iii, .110 ; of M. i, .0067 ; depth ramus

.0165. The New Mexican forms originally described, exhibit combinations

of several of these measurements.

Pachynolophus ventortjm Cope.

Bulletin U. S. Geol. Surv. Terrs., 1881, p. 197. American Naturalist,

1880, p. 747.

One mandibular ramus.

Pachynolophus posticus, sp. nov.

Both rami of a mandible represent this large species. They are somewhat
injured, and the crowns of five of the molars only can be distinctly seen.

The latter display the characters seen in the P. ventorum and other species

of the genus. The transverse crests are well characterized, and the valley

between them uninterrupted. They are closed at the inner extremity by
a low ridge nearly at right-angles with the cross crest posterior to them,

as in the species of Rhinocerus. The anterior of these bounds an anterior

ledge, which is quite large on the last true molar. The latter has a rather

narrow, but prominent heel, which rises posteriorly. The fourth premolar

has an anterior ledge, and wide heel with a diagonal crest which is median

in front. The third premolar is similar, but smaller. The only cingulum

is seen on the anterior part of the external side of all the true molars.

Measurements. M.

Length of crowns of posterior six molars 0700
" " true molars 0440

_

.

-r. . r anteroposterior 0095
Diameters P-m. iv<^ , „„„„

\ transverse 0070

:_. _, ..(-anteroposterior .0130
Diameters M. n { . AAnK

\ transverse 0095

_. ,, ... r anteroposterior 0180
Diameters M. m { , , . , AM(1

\ transverse anteriorly 0092

Depth ramus at P-m. ii 0280

M. ii 0310

ARTIODACTYLA.
MlOCL^NUS BRACHYSTOMUS, Sp. nOV.

Char. gen. The typical specimen of this species is represented by all

the molar dentition of both jaws excepting the anterior three superior pre-

molars. It also includes pelvis, femur, the distal parts of the tibia and

fibula, the entire tarsus and the proximal portion of the metatarsus.

The dental characters conform precisely to those of the other species of

Mioclmnus. There is but one internal cusp of the superior true molars,

and the intermediate tubercles are present. The fourth premolar has one

external and one internal lobe. The inferior premolars have simple crowns

without interior cusps or tubercles.
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The characters of the .tarsus are of much interest, and demonstrate that

Modcenus is the oldest type of artiodactyle yet discovered, and that it is

not altogether primitive in some of its characters. Members of this order

have been found by Cuvier in the upper Eocene {Dichobune^ Anoplotherium,

etc.), but none have been determined as yet from the Suessonian of

America. A species represented by teeth from the Siderolithic beds of

Switzerland have been referred to Dichobune (C. campichii Pict.) ;

but dental characters alone are not sufficient to distinguish that genus

from PJienacodontidm*. Dr. Lemoine found astragali of a small Artiodactyle

in the Suessonian of Reims, and has referred them to his supposed Suil-

line Lophiochmrus peroni. I have reported an astragalus from the Wind
River formation of Wyoming Territory, which is almost exactly similar to

those found by Lemoine. The specimen now described, enables me to

characterize with some degree of completeness this interesting form, which

precedes in time all the known American Artiodactyla.

The characters of the tarsus are typically those of the order Artiodactyla.

The astragalus exhibits a distal trochlea which is continuous with the

sustentacular facet, and which articulates with both cuboid and navicular.

The distal portion of the fibula is free from the tibia, and its shaft becomes

very slender. It is possible that a more perfect specimen would dis-

play it as continuous, Its distal extremity articulates with the ascending

tuberosity of the calcaneum. The cuboid facet of the latter is narrow. The

cuboid and navicular bones are distinct from each other and from the

cuneiforms. The mesocuneiform is shorter than the ectocuneiform, and

is coossified with it. There are probably four metatarsals. The median

pair are distinct, but appressed, their section together, sub-circular. The

ateral metatarsals are slender, the external one is wanting, but its facet

on the cuboid bone is very small.

These characters are in general similar to those of the genus Dichobune,

but Cuvier f does not state whether the cuneiforms are coossified in that

genus or not. They are united in Anoplotherium. % Mioclcenus differs

from Dichobune in the presence of but one internal tubercle of the superior

molars, and in the single external tubercle of the superior premolars. Both

genera are referable to a family to be distinguished from the Anoplotheriidcs

by the presence of the external digits. This has been already named by

Gill the DicJtobunidae.

Char, specif. The bones are about two thirds the size of those of the

Javan musk deer (Tragulus javanicus). The transverse extent of the

superior true molars is greater than the anteroposterior. The composition

of the last molar is like that of the others. The external tubercles are

lenticular in section and the emargination which separates them is ap-

parent on the external face of the crown. The intermediate tubercles are

small, and are entirely distinct from the large external tubercle. There

* See American Naturalist, 1881, December.

t Ossemens Fossiles, v, p. 183.

JGaudry Enchainements d. Regne Animal, p. 147,
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is a distinct cingulum which is only wanting from the inner base of the

crown. The fourth superior premolar has a trilobate outline of the base

of the crown, the base of the inner lobe being contracted where it joins

the external part of the crown. The internal tubercle is conic, with a

prolongation outwards and forwards. Intermediate tubercle not distinct.

External, anterior, and posterior cingula.

In the inferior true molars the external tubercles wear into crescents,

The crowns increase in size posteriorly, which is the reverse of the order

of enlargement in some of the other species of the genus. The fifth

tubercle of the last molar is rather small, but is well distinguished from

the other cusps. The internal median cusp is small, the external median,

large. The premolars are not so much larger than the true molars in this

as in the typical species of the genus. The second and third are more
elongate on the base than the fourth. The latter is also less compressed

than those that precede it. It has a short wide heel, and a small anterior

basal tubercle. In the second and third premolars the posterior edge of

the principal cusp is sharp, and descends gradually to the posterior base of

the crown. Both have small acute anterior basal tubercles. The first

inferior premolar is one-rooted, and has a simple crOwn directed some-

what forwards. It is separated from the second by a short space. The
teeth anterior to this point are lost.

Measurements. M.

Length posterior fotir superior molars .0182

Diameters P-m. IV |
anteroposterior 0040

I transverse 0042

Diameters M. II {
anteroposterior . . . 0043

<- transverse .0060

Diameters M. Ill {
anteroposterior 0040

L transverse .0060

Length of inferior molars 0330
" " premolars 0192

P-m. Ill 0055

" P-m. IV 0045

Diameters M. I. j
anteroposterior 0040

<- transverse , 0033

Diameter M. IIl{ anteroposterior .0052

*- wansverse 0040

Depth of ramus at P-m. I 0047

M. II... 0090

Length of astragalus 0102

Width of trochlea behind 0048

Diameters of cuboid{
lenSth --'---- 00™

I width of middle 0040

Mioci^nus etsagicus, sp. nov.

This, the largest species of the genus, is represented by the two rami of

.
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a mandible of an adult animal in good preservation. In their robust

character the premolar teeth resemble those of the M. turgiclus, but are

not relatively so large, nor is the last true molar relatively so small, as in

that species. The heel of the third premolar is obsolete, and that of the

fourth is a wide cingulum. Neither exhibit an anterior basal tubercle,

and in both the principal cusp is stout. The true molars widen posterior-

ly to the anterior part of the last molar. The latter contracts rapidly to a

narrow heel. The tubercles are all subconic, and the median ones of the

last molar are small. There are no cingula, and the enamel is smooth.

The ramus is not robust, and is of moderate depth. Its inferior border

rises below the middle of the last molar tooth, and posteriorly. There is

a "mental" foramen below the contact of the fourth premolor and first

true molar.
Measurements. M.

Length of bases of six posterior molars 047
" " three premolars... 024

P^m. II .009

P-m. IV....... 008

P-m. IV 005

Diameters basis of M. II j
anteroposterior 0075

t transverse 0070

Diameter basis M. Ill {
anteroposterior 0084

t- transverse. 0070

Depth of ramus at P-m. II 0080

M. II 0140

This species is named from the Crow Indian name of the Big-Horn

river, Etsagie,

Concluding Remarks.

The paleontologist who has examined the preceeding list, will readily

perceive that it represents fully the Wasatach fauna, with little admixture

of earlier or later forms. The only genus which belongs to the Bridger or

middle Eocene, which occurs in the Big-Horn basin, is PappicMhys, The
characteristic Bridger genera Eyrachyus, Palceosyops, Uintatherium, and

the Tillodonta, are absent, and their place is taken by Phenacodus, Syra-

cotherium, Goryphodon and Twniodonta, as in New Mexico. Several genera

are, as elsewhere, common to the two horizons, and two species cannot be

distinguished in the parts preserved. Such as Eyopsodus paulus and

E. vicarius. A closer comparison may be made with the Wind-
River group, on which I published a report in the Bulletin of the U. S.

Geological . Survey of the Territories. * The following genera found in

that formation have not been obtained from the Big-Horn . Protopsalis,

Lambdotherium, Palceosyops, Hyrachyus.\ Genera of the Big-Horn not

obtained from the Wind-River : Cynodontomys, Anaptomorphus ; Mesonyx,

*1881, Feb. p. 201.

f Since making my report on the Wind-River fauna, I have found the anterior

part of the lowerjaw of a species of this genus.
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Deltatherium, Oxycena ; Manteodon, Ectacodon, Metalophodon ; Anacodon,

Oligotomus, Systemodon ; Mioclcenus. Three of these genera have been

found in the Bridger, and five have been obtained in the lower Eocene of

New Mexico. Five of the genera are new to science.

An especial feature of the Big-Horn collection, as distinguishing it from

those brought from other regions of the "Wasatch formation, is the presence

of numerous species of Phenacodus, and of new and rare species and

genera of Coryphodontidce.

II. The Fauna of the Catathl^eus Beds ok Lowest Eocene op
New Mexico.

A number of new species and genera from this horizon were described

in my Paleontological Bulletin No. 33. The present paper adds a few to

this list. Up to the present time no species of Coryphodon, and but few

specimens of Hyracotherium have been discovered in this formation, thus

exhibiting a marked contrast to the "Wasatch beds. The predominant

genus is Catathlmus, which is represented by one very abundant species.

The genera of Creodonta are mostly distinct from those of the Wasatch.

The Diplarthrous Perissodactyla, so numerous in the Wasatch, are rare

here. The genus which is well represented in both formations, is Phena-

codus; and Mioclmim occurs in both. Mesodonta are much less numerous
than in the Wasatch, and Amblypoda have not yet certainly been found.

This is the only Tertiary formation where the Laramie genus Champso-

saurus occurs. It is represented by three species.

PSITTACOTHEKITJM MTJIiTIFRAGTJM Cope.

American Naturalist, 1882, p. 156, Jan. 25th.

An interesting new form of this sub-order has been found in the Gatath-

Imus beds (probably the Puerco formation) of New Mexico. It differs

widely from the two genera hitherto known, Anchvppodus and Tillothe-

rium. Owing to the absence of the superior dental series, it is not possible

to be sure which is the canine. The inferior dental formula may be there-

fore written, I. 2 ; C. 1 ; P-m. 3 ; M. 3 ; or I. 3 ; C. ; P-m. 3 ; M. 3 ; or

I. 3 ; C. 1 ; P-m. 2 ; M. 3. The first and second incisors are large and
rodent-like, growing from persistent pulps ; the second are the larger.

The third, or canines, are small and probably not gliriform. There is

no diastema. The first premolar (or canine) has a compressed crown
with two cusps placed transversely to the jaw axis, and has a complete
enamel sheath, and probably two roots. The succeeding tooth is also

transverse, and is two-rooted, judging from the alveolus. The first and
second true molars are rooted, and the crown consists of two transverse

separated crests, each partially divided into two tubercles. On wearing,

the grinding surface of each assumes the form of a letter B with the con-

vexities anterior. The last inferior molar is injured. The rami are short,

and the symphysis deep and recurved.

Specific characters. The base of the coronoid process is opposite the

junction of the second and third true molars. The ramus is deep and mod-



Cope.
|

Vd£ [Dec. 16,

erately stout. The enamel of the first incisor does not extend below the

alveolar border, at the internal and external faces, and does not reach it at

the sides. It has a few wrinkles on the anterior face. The anterior enamel

face of the second incisor is thrown into shallow longitudinal grooves with

more or less numerous irregularities from the low dividing ridges. There

is a deeper groove on each side of the tooth, and. there are about a dozen

ridges between these on the anterior face. Both cusps of the first pre-

molar are conic, and the external is the larger. The second true molar

is a little smaller than the first. The enamel of the premolars and molars

is smooth, and there are no cingula.

Probable length of dental series, .0750; diameters of I. i : anteropos-

terior, .0120, transverse, .0066; diameters I, 2; anteroposterior, .0160,

transverse, .0115 ; diameters P-m. i ; anteroposterior, .0072 ; transverse,

.0130; diameters of M. ii . anteroposterior, .0090, transverse, .0090.

Length of true molars, .0038 ; depth of ramus at M. ii,- .0360.

The short deep jaws of this animal must have given it a very peculiar

appearance, not unlike that of a parrot in outline.

PSITTACOTHERIUM ASPASI^E, Sp. nOV.

Represented by two mandibular rami of two individuals, one adult, the

other nearly so, but with the last inferior molar not fully protruded. The
latter specimen must be used for description, as it presents two molar

teeth, while the other specimen has lost them.

The most obvious difference from the P. multifragum is its inferior size,

which can be readily perceived from the measurements given. The pos-

'

terior crest of the molars appears to have less transverse extent than in

the larger species. This crest in the last inferior molar has a curved

crenate edge, with a small conic tubercleat its external extremity. The
anterior crest consists of two conic tubercles, whose apices converge, but

whose bases are closely appressed, and only distinguished by a superficial

fissure. The valley between the crests is uninterrupted. The preceding

molar is larger, and its posterior crest is like that of the lost molar. The
apex of the anterior crest is broken off.

The ramus deepens rapidly forwards, and contains the enormous alve-

olus for the incisors. The coronoid process leaves the alveolar border at

the line separating the last two molars, or, in the smaller specimen, a

little anterior to this point, and is quite prominent. The masseteric fossa

is well marked, but shallows gradually anteriorly and inferiorly.

Measurements.

No. 1. M.

Depth of ramus at penultimate molar .027

Width of last molar anteriorly 008
Length of crown of do. 009

No. 2.

Depth of ramus1 of penultimate molar 029

at P-m. ii 043

Length of five consecutive alveoli 047

From the Puerco bed of N. W. New Mexico.
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Triisodon heilfrinianus, sp. nov.

This species may be readily recognized as smaller than the T. quiviren-

sis, and as having the anterior inner cusp of the inferior true molar of

larger proportions than in the corresponding teeth of the latter species.

It is only represented in my collection by a portion of a lower jaw, which

supports only one well preserved molar. As the fourth premolar is not

present, it is not positively ascertained that the species does jiot belong to

Jctops.

The anterior cusp is very low, and is nearer the inside than the middle

of the anterior border. The principal anterior cusps are opposite, and the

external is a little the larger. The heel is larger than the basis of the an-

terior cusps, and has,convex borders. Its internal border supports three

tubercles, and the external border rises into a cutting lobe with lenticular

section. Enamel smooth. No cingula, but the external base is injured.

Measurements. M.

of cusps....... 0070

{

1

vertical \ & Ti^oi nn^p"" .
anteroposterior ........ .0110

transverse 0065

Puerco beds of New Mexico.

Dedicated to my friend, Professer Angelo Heilprin, of Philadelphia.

Sarcothraustes antiquus, gen. et sp. nov.

Char. gen. We have in evidence of the characters of this genus, the

last two superior molars, the last one lacking the ci'own ; and parts of

both mandibular rami, which exhibit teeth as far posteriorly as the first,

true molar inclusive ; all belonging to one individual. A part of a skele-

ton of a second individual, which includes a fragment of lower jaw, be-

longs probably to this species.

Sarcotliraustes resembles both Amhlyctonus and Mesonyx, but it is prob-

ably to the latter genus that it is allied. The last superior molar is trans-

verse, much as in Oxycma. The crown of the penultimate is subtriangular

and transverse. It has two external subconic cusps and a single internal

lobe, whose section on wearing is a V, each branch of the face extending

to the base of the corresponding external tubercle. There are three small

inferior incisors, and a large canine. There are probably only three in-

ferior premolars, the first one-rooted. The crown of the second has no
heel. The crown of the third has a short wide heel. The crown of the

first true molar consists of an anterior elevated cone and a posterior heel.

The latter is wide, having a posterior transverse, as well as a longitudinal

median keel. The fragments, of the supposed second individual include

two large glenoid cavities with strong preglenoid crests, as in Mesonyx.

As compared with Mesonyx, this genus differs in the Y-shaped crest of

the penultimate superior molar ; in Mesonyx it is represented by a simple

cone. The last superior molar of Mesonyx is triangular and not transverse,

but the composition of the crown of that tooth in Sarcothraustes must be
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known before the value of this character can be ascertained. If the view

that Sarcothraustes has but three inferior premolars be correct, this charac-

ter distinguishes it from Mesonyx, as do also tLe transversely expanded

heels of the molars. The family Mesonychidce may be for the present re-

garded as embracing the three genera of Sarcothraustes, Mesonyx and
Dissacus.*

Char. Specif. The penultimate superior molar has a strong posterior

cingulum which commences within the line of the internal bases of the

external cusps, and rises into considerable importance behind the internal

cusp. There is also an anterior cingulum which does not rise internally,

and which is continuous with a strong external basal cingulum. The
latter passes round the posterior base of the posterior cone, and runs into

the posterior branch of the internal V. The posterior cone is smaller than

the anterior cone, and its apex is well separated from the latter. The ap-

pearance of this tooth is something like that of a carnivorous marsupial.

The symphysis mandibuli slopes obliquely forwards, and is united by
coarse suture. The ramus is stout and deep, as compared with the size of

the molar teeth. The roots of the teeth are relatively large, especially

those of the first two premolars. The crown of the canine is lost. The
first premolar points forwards, nearly parallel with the canine, and diver-

gent from the second premolar. The crown of the second premolar is

small and subconic, and has a rudimental heel, and no anterior basal tuber-

cle. The first true molar resembles considerably that of Mesonyx. There

is a small anterior basal tubercle on the inner side of the principal cusp.

The expansion of the heel is transverse only, there being no longitudinal

lateral edges or tubercles. The enamel is obsoletely, rather coarsely

wrinkled. There are two rather large mental foramina ; the posterior be-

low the anterior root of the first true molar, and the anterior below the

posterior root of the second premolar.

Measurements. M.

Diameters of superior M. ii \
anteroposterior externally .015

(. transverse 024

Anteroposterior diameter of base of M. .iii .",". 0095

Anteroposterior diameter base of crown of inferior

canine 020

Length of bases of three inferior premolars 038

( anteroposterior 019

Diameters inferior M. i. i transverse ,. . .0095

( vertical 0110

Depth of ramus at P-m. iii 0520

Width " " 022

* American Natui*alist, Dec., 1881.
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Champsosaukus ptjekcensis, sp. nov.

I have already announced the discovery * of this Laramie genus in the

Puerco beds of New Mexico, and described a species, G. australis, from

that region. I now introduce two additional species from the same hori-

zon. One of these is represented by a number of fragments which include

three dorsal and four caudal vertebrae of apparently one individual. They
represent an animal of larger size than any of those heretofore referred to

Ghampsosaurus, excepting the G. vaceinsulensis. In all of the vertebra?

the neural arch is more or less coossified with the centrum, and the animal

had probably reached its full size.

One of the dorsal centra is split vertically and longitudinally, and shows

the structure already figured by Leidy in the Iscliyrosaurus antiquusf

Leidy. The'surface exposed displays two diagonal lines of fissure cross-

ing each other at right angles. They indicate clearly the mode of origin

of this amphiplatyan type of centrum. The centrum is first deeply am-
phiccelous as in the Theromorphous reptiles of the Permian. The conical

cavities are filled by the ossification of the remaining portions of the noto-

chord, forming a conical body which always remains distinct from the re-

mainder of the centrum.

The articular faces of the dorsal centra are a little wider than deep, and

the depth about equals the length of the body. They are not nearly so

depressed as those of G. australis, and their outline is different. This is

Avider above and narrows below ; in both G. australis and G. saponensis the

inferior outline is part of a circle. None of the dorsals preserved are

keeled below. There is a fossa below the diapophysis which has a subver-

tical posterior boundary. The general surface (somewhat worn) does not

display wrinkles near the articular faces. An anterior dorsal has a short

compressed diapophysis with a narrow figure 8 articular surface, and its

superior border is in line with the roof of the neural canal. The anterior

caudals have subround articular faces ; the posterior are more oval and

the bodies compressed. With greater compression, the length increases.

Measurements. M.

r anteroposterior 025

Diameters of an anterior dorsal 1 vertical 025
' transverse 030

Height of costal facet of do 021

-p.. , , ii^ vertical 007
Diameters neural canal do. ]

t transverse 009

/ anteroposterior 024

Diameters anterior caudal < vertical 021
' transverse 021

/anteroposterior 025

Diameters posterior caudals < vertical 018
' transverse 018

* American Naturalist, 1881. p. 669.

t Transac. Anier. Philos. Soc. 1860.
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The typical specimen was found by Win. Baldwin near the Puerco

river, west of the Nacimiento mountain, New Mexico, in the typical

locality of the Puerco formation.

Chamfsosaurtts saponensis, sp. nov.

Represented in my collection by six cervical and several dorsal vertebrae,

one only of the latter with well preserved centrum, parts of ribs, and

various other bones, whose reference is not yet certain.

The cervical vertebrae include the os dentatum or centrum of the atlas.

This shows its streptostylicate character in its distinctness from both the

centrum and the free hypapophysis of the axis. Nevertheless it is more
Crocodilian than Lacertilian in form. Its anterior face is transverse, with

a little lip carrying forwards the floor of the neural canal, below which the

face is leveled posteriorly. The inferior surface is narrow and teinsverse,

as though adapted for the anterior part of the hypapophysis of the axis.

At each side it terminates in a prominent tuberosity, as though for the

attachment of a cervical rib as in the Crocodilia. The anterior face is

bounded posteriorly by a transverse groove which terminates in a fossa

on each side. The posterior articular face of the os dentatum is wider

than deep. The lateral angles of the superior face are rounded, and its

median portion is concave.

The axis displays a large facet for the hypapophysis. Behind it the

inferior middle line is not keeled, but is coarsely wrinkled longitudinally.

The posterior edge of the hypapophysial facet is the most prominent part

of the inferior surface. The posterior articular face is deeper than wide.

This is true of the faces of all the cervical vertebra?. The latter gradually

increase in size posteriorly, and the dorsals become larger. The articular

faces of all the centra are regularly rounded and not contracted below.

The five cervicals are strongly keeled below ; the keel of the third centrum

being split up anteriorly into narrow ridges. On the sixth the keel is

more prominent and acute. The dorsal is not keeled. A trace of the

parapophysis appears low down on the fourth cervical ; it rises and

becomes prominent as a round tuberosity on the fifth and sixth. It ap-

pears on the superior edge of the centrum of the dorsal vertebra, where

it is connected with the diapophysis. It is near the middle of the length

of the centrum, and not near the anterior border as in C. australis.

The surfaces of the vertebras are very smooth excepting where thrown

into coarse wrinkles near the borders of the articular faces and near the

hypapophysis. The edges of the articular faces are somewhat revolute

on the sides in the cervicals, but not on the dorsal. They are impressed

in the centre to a point, most strongly so as we pass forwards in the

series. There is a fossa below the space anterior to the parapophysis of

the dorsal vertebra, which is abruptly bounded below by a horizontal

angle. A separate neural spine perhaps of a cervical vertebra, has the

following form. It is stout, and is contracted rather abruptly at the apex

from behind forwards. The section is broadly lenticular, angulate in
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front, and truncate behind. The posterior face lias several longitudinal

wrinkles, including a median raised line, and there are some more irregu-

lar wrinkles on the sides.

Measuremerits of vertebrce> M.

Anterior face of os dentatum (
wulth 02;j

I depth (oblique) 012

(width 020
Posterior face of os dentatum

l depth 018

Length os dentatum above 014

(posterior face
[

de^h 032

Diameters axis I I width 020

( length 0185

Hypapophysial facet os dentatum I
*

3V v F J
• 1 width 014

r length 022

Diameters fourth cervical < . . f depth 0225
) anterior

i / • „„„'
I width 022

r length 0215

Diameters sixth cervical < „„+„,.-. f depth 0245
j anterior < ^
I I width 0235

Spaces between parapophysis and diapophysis of do 0040

/ length 0265

Diameters of dorsal 1
anter :or / depth 0260

( I width .0265

Height of neural spine of?, from postzygapophysis 0210

Anteroposterior width of do. at base 0100

The portions of ribs are separated heads and shafts. The former are

double and therefore cervical, and are quite large. If the shafts belong to

them, the neck of this species must haA~e been wide. The shafts are slender

and are of dense bone. The section is oval at the middle, but towards

the distal extremity becomes flattened and grooved and delicately line

ridged on one side. The extremities of the long bones are without con-

dyles but have concave surfaces like those of the ribs. The bodies are ro-

bust and angular. They may be abdominal ribs of unusual stoutness.

From the Puerco beds, D. Baldwin.

Published Febbuaby 20th, 1882.
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The Classification of the Ungulate Mammalia. By E. D. Cope.

{Bead before the American Philosophical Society, May 19, 1882.)

In the present essay the osseous system is chiefly considered, and of this,

the structure of the feet more than of any other part of the skeleton. The
ungulata are here understood to be the hoofed placental Mammalia with

enamel covered teeth, as distinguished from the unguiculate or clawed

and the mutilate or flipper limbed, and the edentate or enamelless, groups.

The exact circumscription and definition is not here attempted, though

probably the brain furnishes an additional basis of it in the absence of the

crucial, parietooccipital, calcarine fissures, etc. Suffice it to say that it is on

the whole a rather homogeneous body of mammalia, especially distin-

guished as to its economy by the absence of forms accustomed to an

insectivorous and carnivorous diet, and embracing the great majority of

the herbivorous types of the world.

The internal relations of this vast division are readily determined by

reference to the characters of the teeth and feet, as well as other less im-

portant points. I have always insisted that the place of first importance

should be given to, the feet, and the discovery of various extinct types has

justified this view. The predominant significance of this part of the

skeleton was first appreciated by Owen, who defined the orders Perisso-
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dactyla and Artiodactyla. Professor Gill* has also used these characters to

a large extent, but without giving them the exclusive weight that appears

to me to belong to them. Other authors have either passed them by

unnoticed, or have correlated them or suboi'dinated them to other charac-

acters in a way which has left the question of true affinity and therefore of

phylogeny, in a very unsatisfactory condition. Much light having been

thrown on these points by recent discoveries in paleontology, the results,

as they appear to me, are here given.

Fig. 1.

Fig. 1.—Left anterior foot of Elephan africanus (from De Blainville).

Carpus.—It is well known that in the Perissodactyla and Artiodactyla,

the bones of the two rows of the carpus alternate with each other ; that

the lunar for instance rests on the unciform, and to a varying degree on

the magnum, and that the scaphoides rests on the magnum and to some

degree on the trapezoides and trapezium. It is also known that in the

Proboscidea, another state of affairs exists ; i. e., that the bones of the two
rows do not alternate, but that the scaphoides, lunar and cuneiform, rest

directly on the trapezium and trapezoides, the magnum, and the unciform

respectively. The preceding characters are sometimes included in the

definitions of the respective orders. Further than this they have not been

used in a systematic sense.

Professor G-ill says of the carpus of the Hyracoidea, "carpal bones in two
interlocking rows ; cuneiform extending inwards (and articulating with

magnum) ;
* * * unciform and lunar separated by the interposition of the

cuneiform and magnum." Professor Flowerf gives a figure which justi-

fies these statements, but neither the one nor the other agree with my
* Arrangement of the families of Mammals prepared for the Smithsonian

Institution. Miscellaneous Collections 230. Nov., 1872.

f Osteology of the Mammalia, p. 266 ; fig. 92.
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specimens. In the manus of a Hyrax capensis (from Verreaux, Paris), I

find the following condition of the carpus. The bones of the two series

are articulated consecutively, and not alternately ; they do not interlock,

but inasmuch as the magnum is a little narrower than the lunar, the latter

is just in contact (anteriorly) with the trapezoides (centrale) on the one

side, and the unciform on the other. My specimen agrees with Cuyier/s

figure of Hyrax capensis in all respects. It is probable that Professor

Fin. 2. Fig. 3.

Fig. 2.—Left anterior foot of Phenacodtis primcevus, one-third natural size

(original).

Tig. 3.—Eight anterior foot of Hyrax capensis ; (from Cuvier). Sc. scapuloid

hone; I. lunar; cu. cuneiform
; p. pisiform; tz. trapezium: td. trapezoides: m.

magnum; u. unciform.

Flower has figured some other species under that name, which besides its

peculiarities, is of smaller size than the II capensis (see Fig. 3).

In April, 1875* I described the manus of Corypliodon (Bathmodon),

showing that the lunar was supported below by the magnum and by parts

of the unciform. This carpus has the characters of that of Hyrax capensis.

with the last named articulation more extensive. This was the first

description of the carpus of the Amblypoda. In February, 1876, f Pro-

fessor Marsh described the carpus of TJintatherium (Dinoceras), and

asserted that the bones "form interlocking series." He however

states that '

' the magnum is supported by the lunar and not at all

by the scaphoid," a state of things which does not belong to the inter-

locking carpus. The trapezoides does not join the lunar, but the unci-

form does so, as in Coryphodon. Professor Marsh's figure as to thearticu-

* Systematic Catalogue of the vertehrata of the Eocene of Xew Mexico, p. 24

(IJ.S. Geol. Survey W. of 100th Mer.).

t Amer. Journal Sci. Arts, xi, p. 167 ; pi. vi., fig. 2.
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lations of the magnum floes not agree with his description, as it makes

that bone articulate with the scaphoid. The second description is how-

ever correct, and the carpus is identical with that of Coryphodon. (Fig. 4.)

In the American Naturalist, June, 1882,* I have shown that the carpus

of the OonaylaHhra is essentially like that of the Ilyracoidea, (Fig. 2.)

Tig. 4. Fig. 5.

Fig. t — "Maims of Coryphoclon (original). The cuneiform is imperfect.

Fig. 5.—Left posterior foot of JElephas indicus ; (from Cuvier). ca. calcaneum ;

.'. astragalus: n. navicular; cu. cuboid; ec. ectocune'iform ; mc. mesocunei-
form.

Tarsus.—In the tarsus of the Perissodactyla and Artiodactyla it is Well

understood that the cuboid extends inwards so as to articulate with the

astragalus, giving the latter a double distal facet. It is also well known
that the astragalus of the Proboseidea has but a single distal articulation, that

with the navicular. It is, however, true that the cuboid is extended inwards,

but that it articulates with the distal extremity of the navicular instead of

that of the astragalus. It was shown by Cuvier that the astragalus of the

Hyracoidea articulates with the navicular only, and that the cuboid is not

extended inwards so as to overlap the latter. In 1873 Marshf stated that

the astragalus of the Amblypoda articulates with both cuboid and navicu-

lar. Finally I discovered in 1881 ,\ that the astragalus of the Condylarthra

articulates with the navicular only and that the cuboid articulates with

* Page 522.

T American Journal Science and Art, January, 1873.

1 American Xaturalist, 1881, x>. 1017.
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tlie culcaneum only. In the tarsus then there are four types of articula-

Figt 6. Fig. 7.

Fig. 6.—Left posterior foot of Phenacodus primcevus, one-third natural size
(original).
Fig. 7.—Bight posterior foot of Hyrax capensis (from Cuvier). Ca. calca-

neuni ; a. astragalus; n. navicular; cm. cuboid; ecc. ectocuneiform : mc. raeso-
cuneiform ; enc. entocune'iform.

SB

Fig. 8.

Fig. 8.—Posterior foot of Coryphodon (original).
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tion, which are typified in the C'ondylarthra, the Prdboscidea, the Ambly-

poda and the Artiodactyla respectively. (Figs. 5-9.)

Fig. 9. Fig. 10.

Fig. 9.—Hind foot of PoSbrotherium labiatum (original).

Fig. 10.—Fore leg and foot of Hyracother ium venticolum (original).

Orders.—From the preceding considerations we derive the following-

definitions of the primary divisions of the Ungulata, which should be

called orders. In the first place I find the diversity in the structure of the

carpus to be greater in the relations of the magnum and scaphoides, than

in the relations between the unciform and the lunar. In other words the

trapezoides and magnum are more variable in their proportions than is the

unciform. This is directly due to the fact that the reduction of the inner

two digits is more usual than the reduction of the external two. I there-

fore view the relations of these bones as more characteristic. In the tarsus

the really variable bone is the cuboid. It is by its extension inwards

PROC. AMEK. PHILOS. SOC. XX. 112. 3d. PRINTED NOVEMBER , 1882.
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that the additional facet of the astragalus is produced. Its relations will

therefore be considered rather than those of the astragalus in framing the

following definitions :

Order I. Scaphoides supported by trapezoides and not by magnum,
which supports lunar. Cuboid articulating proximally with calcaneum

only Taxeopoda.

Order II. Scaphoides supported by trapezoides, and not by magnum,
which supports lunar. Cuboid extended inwards and articulating with

the distal face of the navicular Proboscidea.

Order III. Scaphoides supported by trapezoides and not by magnum,
which Atith unciform, supports the lunar. Cuboid extended inwards and

articulating with astragalus. Amblypoda.

Order IV. Scaphoides supported by magnum, which with the unciform

also supports the lunar. Cuboid extended inwards so as to articulate with

the astragalus .-> Diplarthra.

The sub-orders are defined as follows :

I. TAXEOPODA.

There are two, perhaps three sub-orders ofthe Taxeopoda; the Hyracoidea,

the Oondylarthra, and perhaps the Toxodontia.- The Toxodontia are how-
ever not sufficiently known for final reference^ The sub-orders are de-

fined as follows :

A postglenoid process ; no fibular facet of calcaneum, but an interlocking

articulation between fibula and astragalus ; ungual phalanges trun-

cate Hyracoidea.

A postglenoid process ; no fibular facets on either calcaneum or astragalus
;

a third trochanter of the femur ; lingual phalanges acuminate

Oondylarthra.

There are a good many other subordinate characters which distinguish

the Condylarthra, which will be given in my forthcoming volume iv of

the Hayden Survey, on the Tertiary Vertebrata of "Western America.

II. PROBOSCIDEA.

There may be two sub -orders of this order, the Proboscidea and the

Toxodontia. I do not know the Carpus of Toxodon, but if it does not differ

more from that of the elephants than the tarsus does ; it is not entitled

to subordinal distinction from the Proboscidea. The sub-order of Pro-

boscidea is defined as follows :

A fibular articulation of the calcaneum ; no postglenoid process ; no third

trochanter of femur Proboscidea

.

* See my remarks on Toxodon, Proceedings Ainer. Philosoph. Society, 1881,

p. 402.

t The considerable resemblance between the dentition of Toxodon and Hprax
must not be overlooked.
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III. AMBLYPODA.

The sub-orders of this order, as I pointed out in 1873, are two, denned

as follows :

Superior incisor teeth. ; no ali-splienoid canal ; a third trochanter of femur ;

Pantodonta.

Ko superior incisors, nor ali-sphenoid canal, nor third trochanter of femur ;

Dinocerata.

The difference between the Proboscidea and the Amblypoda consists

chiefly in that the navicular of the latter is shortened externally so as to

permit the cuboid to articulate with the astragalus. The cuboid has the

same form in both. The peculiar character of the navicular gives the

astragalus a different form.

IV. DIPLARTHRA.

This order is called by some authors the Ungulata, but that name is also

used in the larger sense in which it is here employed. This appears to be

its legitimate application, as the name should, if possible, be used for hoofed

Mammalia in general, as its meaning implies. The two well known sub-

orders are the following :

Astragalus truncate distnlly ; number of toes odd, the median one the

largest Perissodactyla.

Astragalus with a distal ginglymus ; number of toes even, the median two

largest Artiodactyla.

Phylogeny.—The serial arrangement of the bones of the carpus and

tarsus seen in the Taxeopoda, is probably the primitive one, and we may
expect numerous accessions to that order on further exploration of the early

Eocene epochs. The modification seen in the more modern orders of

Perissodactyla and Artiodactyla, may be regarded as a rotation to the inner

side, of the bones of the second carpal row, on those of the first. This

rotation is probably nearly coincident with the loss of the pollex, as it

throws the Aveight one digit outwards, that is on the third and fourth

tligits, rendering the first functionally useless to a foot constructed solely

for sustaining a weight in motion. The alternation of the two rows of

carpals clearly gives greater strength to the foot than their serial arrange-

ment, and this may probably account for the survival of the type possess-

ing it, and the extinction ot nearly all the species of the type which does

not possess it. Here is applied again the principle first observed by
Kowalevsky in the proximal metapodial articulations. This author shows
that the types in which the metapodials articulate with two carpal or tarsal

bones, have survived, while those in which the articulation is made with

a single carpal or tarsal have become extinct. The double articulation is,

of course, mechanically the more secure against dislocation or fracture.

As regards the inner part of the manus I know of no genus which
presents a type of carpus intermediate between that of the Taxeopoda and
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Amblypoda on the one hand, and the Perissodactyla and Ariiodactyla on
the other. Such will however probably be discovered. But the earliest

Perissodactyla, as for instance Hyracotherium, Hyrachyus and Triplopus,

possess the carpus of the later forms, Rhinocerus and Tapir us. The order

Amblypoda occupies an interesting position between the two groups, for

while' it has the carpus of the primitive type, it has the tarsus of the later

orders. The bones of the tarsus alternate, thus showing a decided advance

on the Taxeopoda. This order is then less primitive than the latter,

although in the form of its astragalus it no doubt retains some primitive

peculiarities which none of the known Taxeopoda possess. I refer to the

absence of trochlea, a character which will yet be discovered in the Taxeo-

poda, I have no doubt.

The Taxeopoda approach remarkably near the Bunoth&ria, and the

unguiculate and ungulate orders are brought into the closest approxima-

tion in these representatives. In fact I know of nothing to distinguish the

Oondylarthra from the Mesodonta, but the ungulate and unguiculate

characters ofthe two divisions. In the Cveodontoj this distinction is reduced

to very small proportions, since the claws of Mesonyx are almost hoofs.

Some of the genera of the Periptychidce present resemblances to the

Greodonta in their dentition also.

The facts already adduced throw much light on the genealogy of the

Ungulate Mammalia. The entire series has not yet been discovered, but

we can with great probability supply the missing links. In 1874 I pointed*

out the existence of a yet undiscovered type of Ungulata, which was an -

cestral to the Amblypoda, Proboscidea , Perissodactyla and Ariiodactyla., in-

dicating it by a star only in a genealogical table. This form was discov-

ered in 1881, seven years later, in the Oondylarthra. It was not uhtillaterj

that I assumed that the Diplarthra are descendants of the Amblypoda.

although not of either of the known orders, but of a theoretical division

with bunodont teeth.:): That such a group has existed is. rendered ex-

tremely probable in view of the existence of the bunodont Proboscidea and

Gondylartlira, That the Taxeopoda was the ancestor of this hypothetical

group as well as of the Proboscidea, is extremely probable. But here

again neither of the sub-orders of this group represent exactly the ances-

tors of the known Amblypoda, which have an especially primitive form

of the astragalus not found in the former. In the absence of an ankle-

joint, the Amblypoda are more primitive than any other division of the

Ungulata, and their ancestors are not likely to have been more specialized

than they. It is probable that a third sub-order of Taxeopoda has existed

which had no trochlea of the astragalus, which I call provisionally by the

name of Platyarthra.

* Homologies and Origin of Teeth, etc., Journal Academy Xat. Science,

Philada., 1874, p. 20.

t Report IT. S. Geoli Survey W. of 100th Mer., p. 282, 1877.

J This hypothetical sub-order is called in the appended scheme, Amblypoda
Hyodonta.
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The preceding paragraphs were written in May of the present year. On
my return home, September 1st, after an absence of three months, I find

that various parts of the skeleton of Periptychus* have reached my mu-
seum. On examination, I find that the astragalus of that genus fulfils the

anticipation above expressed. It is without trochlea, and nearly resembles

that of Elephas. As it agrees nearly with that of Phenacodus in other re-

spects I only separate it as a family from the Phenacodontidce. One other-

type remains to be discovered which shall connect the Periptychidce and

the hypothetical Hyodonta, and that is a Taxeopod without a head to the

astragalus,—unless, indeed, the "Hyodonta" should prove to have such a

head. I think the latter the less probable hypothesis, and hence retain

the term Platyarthra for the hypothetical Taxeopod without trochlea or

head of the astragalus.

These relations may be rendered clearer by the following diagram :

Taxeopoda.

Condylarthra. Platyarthra .ff

Hyracoidea. \
Proboscidea . Amblypoda.

/
/

Hyodonta. ft Pantodonta.

Dinocerata.

DlPEARTHRA.

Perissodactyla. Artiodactyla.

Third contribution to the History of the Vertebrata of the Permian formation

of Texas. By E. D. Cope.

{Read before the American Philosophical Society, September 15, 1882.)

Since the publication of my second contribution to this subject,:): I have
described four additional species. These are, in Bulletin of the IT. S.

Geological Survey of the Territories ;§ Pantylus cordatus and Dimetrodon
semiradicatus ; in the American Naturalist,

||
Eryops reticulatus and Za-

* See American Naturalist, October, 1882

ft Hypothetical.
JPaleontological Bulletin, No. 32, Proceedings American Philosophical So-

ciety, 1880; the plates, 1881.

I Vol. vi, 1881, p. 79.

» 1881, p. 1020.
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trachys apicalis. The last two were not included in my catalogue of the

Permian Vertebrata published previously* in the same year. The present

paper adds some important points to this remarkable fauna, and explains

the hitherto obscure relations of several genera,

DIADECTID^E.

The pelvis and sacrum of a species of this group are preserved in my
collection, and they indicate further peculiarities of this group,

The sacrum consists of two vertebras only, and is thoroughly united

with the pelvis by its transverse processes. The latter are decurved on

the inner 'side of the iliac bones, and the sutures which distinguish them
from the latter and from each other, are not serrate. The inferior arch is

robust, but very narrow anteroposteriorly. The acetabulum is entire in

every respect, so that it is probable that both pubis and ischium are united

undistinguishably in the arch. The pubis is perforated by the usual in-

ternal femoral foramen. The posterior edge is grooved, and it might be

suspected that this marks the articulation of an ischium. The anterior

edge is however grooved in the same way, so that the appearance is rather

the position of muscular insertion. The spines of the sacral vertebrae are

distinct, and have the usual form seen in Diadectes.

The two sacral vertebrae and the absence of obturator foramen, are

characters of the suborder Pelycosauria in which the latter differs from

the Dicynodontia. I am still inclined to question whether the extraordi-

nary characters of the cranio-vertebral articulation I have described, jus-

tify the separation of the Biadectidce, as a third sub-order of the Theromor-

pha, which I have called the Cotylosauria,\ or whether they are not due

to the loss of a loosely articulated basioccipital bone.

EDAPHOSAURUS Cope, genus novum.

Apparently allied to Pantylus. Temporal fossa? not overroofed; surfaces of

crania] bones not sculptured. Mandibular and maxillary teeth subequal.

Posterior half of the mandibular ramus expanded inwards and supporting

numerous closely arranged teeth. Pterygoid, or perhaps an internal ex-

pansion of the malar bones, supporting a dense body of teeth, correspond-

ing to those of the lower jaw. Teeth subcorneal.

The single species of this genus in my possession shows the following

characters of systematic importance. An arch extends from the parietal

plane posteriorly and downwards to the external base of the quadrate.

The specimen is not yet in a condition to show how much of this is parie-

tal, and how much squamosal or opisthotic. The proximal half of the

posterior part of this arch is a distinct element, perhaps a transverse pro-

cess of the supraoccipital. A distinct element connects the basioccipital

-on each side with the quadrate. The articular extremity of the latter has

American Naturalist Feb., 1881.

+ American Naturalist, 1880, p. 304.
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a deep anteroposterior concave emargination. There is a flat bone ex-

tending from it anteriorly which is apparently pterygoid rather than

quadratojugal. The tooth hearing portion terminates opposite the middle

of the basisphenoid.

The occipital condyle is undivided, and the basisphenoid presents the

usual two divaricating protuberances to the basioccipital.

Edaphosaurus pogonias, sp. nov.

Represented by the followsng portions of a skull ; basis cranii with por-

tion posterior to the middle of the parietal bone ; left maxillary with dental

plate, left mandibular ramus entire; various flat bones undetermined.

There is also a body which may be the atlas with its arch somewhat dislo-

cated. These pieces are in part covered with a thin layer of the red deposit

of the Permian bed in which they occur.

The facial plate of the os maxillare is subvertical, so that the orbit is

lateral. The latter is rather small. The malar bone is narrow, and is

continuous with the dentigerous bone of the palate. The latter has a

thickened posterior edge, which commences below the anterior part of the

orbit, and extends posteriorly to the middle of the basisphenoid. Thence
the border turns forwards. Its anterior edge is below the anterior border

of the orbit, and the general form is a longitudinal oval. The maxillary

teeth are somewhat weathered and obscured by a thin layer of matrix.

The posterior ones are compressed-conic ; the premaxfllaries are four in

number on one side, and are more nearly eonic, and have incurved apices.

The median premaxillary suture is, however, not clearly defined, so that

the number of premaxillaries remains uncertain. The centre of the prob-

able nostril measures one-third the distance from the premaxillary border

to the anterior edge of the orbit. There are eight rows of (?) pterygoid

teeth at the posterior fourth of the series. The teeth are subequal and
obtuse, increasing a little anteriorly.

The mandibular ramus is robust, and the external face slopes inwardly

and downwards. The external border rises a little above a few of the

posterior teeth, but it is injured at the posterior of the coronoid process, so

that its existence cannot be ascertained. The border then descends and
turns inwards to the articulation, which is condyloid at its internal extrem-

ity. The inferior edge of the anterior part of the ramus becomes a median
ridge below the condyloid region, and terminates in a short, compressed

angular process. The symphysis is not coossified, and is convex down-
wards and forwards. The inferior part is subhorizontal, and forms the

edge of a transverse plate which is separated from the vertical part of the

ramus by a deep groove. The inner vertical face of the ramus is strongly

convex, as is the corresponding edge • of the symphyseal suture. The
apices of the teeth are worn, but they were probably conic, the posterior

gradually smaller and more obtuse. The interior face of packed teeth

begins at the posterior two-fifths of the external series, and expands in-
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wards posteriorly. It contains six longitudinal rows opposite the ante-

penultimate dentary tooth.

All the bony surfaces are smooth.

Measurements. M.

Length of mandibular ramus (straight) 162
" symphysis of do. (straight) , 038
" external dental series 077

Width of ramus at dental pavement 040
" skull at ends of 00. quadrata 138
" extremity of O. quadraturn 024

' " occipital condyle 018

Length of superior dental pavement 065

Width of basisphenoid posteriorly 029

The supposed axis vertebra is longer than wide, and the centrum is

deeply excavated posteriorly. Anteriorly it appears to have lost a piece

—

the centrum of the atlas, which, while fitting it closely, was not co-ossified

with it. There is a fiat horizontal convex ala in the place of a diapophysis,

and an obtuse median hypapophysial angle. The neural spine is compressed,

except posteriorly, where it is transversely expanded, terminating above

in a short obtusely accuminate apex. From this apex an obtuse rib passes

down the median line, and disappears above the neural arch, where the

spine is somewhat narrower. The postzygapophyses are well developed

And look downward.
Measurements of axis. M.

Length of centrum below 020

Width, including diapophyses 035

Elevation of spine from postzygpophysis 038

Width of do., posteriorly 020

Remarks.—This interesting form is probably allied to Pantylus, which

I have hitherto regarded as a Batrachian. The two genera may be placed

in a special family of the Pelycosauria, to be called the Edaphosauridce.

This family will be distinguished from the Clepsydropidce by the presence

of more than one series of teeth on parts of the jaws. It is possible that

Helodxctes must be placed in it.

ECTOCYNODON Cope.

Paleontological Bulletin No. 29, p. 508.

A species now before me resembles in generic characters the type of this

genus, B. ordinatus. That species was described as having the canine

tooth near the middle of the maxillary bone, while in the present one it is

near the anterior part of it, as in some other genera. In the typical species,

as in the species to be described, the cranial bones are sculptured, and the

temporal fossse are. overroofed. The sculptured surface as well as the

canine teeth distinguish Ectocynodon from Pariotichus Cope and Proeo-

lophon Owen, which genera are otherwise related.
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ECTOCYNODON AGUTI, Sp. nOV.

This reptile is much larger than the Pariotichus brachyops, and the ante-

rior part of the cranium has a different form. The general shape of the

head is much like that of a rodent mammal of the genus Basyprocta. It

is rather wide at the temporal regions, flat above, and narrowed and com-

pressed anterior to the orbits. The muzzle is narrowed and obtuse, and

the nostrils are terminal, and are lateral and a little anterior in direction.

The maxillary alveolar edge is nearly straight, but the premaxillary edge,

beginning below the posterior border of the nares, descends forward at

an angle of 45°. Viewed from the front, the preinaxillarjr border is a

festoon, strongly convex downwards, and below the anterior part of the

nostril. The suture separating the premaxillaries is distinct. The orbits

are of moderate size, as in an aguti, and invade the superior frontal plane

in a slight degree. The frontoparietal fontanelle is rather large.

The mandible is robust, and presents a short angle. It closes up behind

the premaxillary Jlobate edge. Its teeth are concealed in the specimen.

The maxillary teeth increase rapidly in size forwards. The premaxillaries

commence smaller next the maxillaries, and increase in size to the first,

which is a little larger than the anterior maxillary. The crowns are

weathered away. The sculpture on the maxillary and malar bones con-

sists of closely placed shallow fossae. On the posterior part of thefrontals

there are strong ridges radiating posteriorly, and situated close together.

Measurements. M.

Length of skull to end of angle of lower jaw 090
" " frontoparietal fontanelle 056
" "

orbit, above 026
" ramus mandibuli 082

Depth of skull at orbit , 033
" ramus " 019

Width of skull posteriorly 068
" " between orbits 017
" " between external nares 0105

Diameter of first premaxillary tooth 003

second maxillary tooth 003

Six fossae of the malar bone 005

Seven grooves of the frontal bone '. 005

This species is much larger than the ;Eeto&ynodon ordinatus Cope, and
the canine tooth has a more anterior position.

Discovered by W. F. Cummins.

DIPLOCAULUS Cope.

Paleontological Bulletin No. 26. p. 187, Nov. 21st, 1877. Proceedings

American Philos. Society, 1877, p. 187.

This genus was characterized by me at the places cited, as follows:

" Vertebral centra elongate, contracted medially, and perforated by the

PROC. AMER. PHILOS. SOC. XX. 112. 3e. PRINTED NOVEMBER , 1882.
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foramen chordae dorsalis, coossified with the neural arch, and supporting

transverse processes. Two rib articulations, one below the other, gen-

erally both at the extremities of pi*ocesses, but the inferior sometime*
sessile. No neural spine nor diapophysis ; the zygapophysis normal and
well developed. '

'

This diagnosis was derived from the vertebrae of a single species from

the Clepsydrops shale of Illinois, the D. salamandroides, and since that

description was written, no additional specimens have come under my ob-

servation. In the Catalogue of the Vertebrata of the Permian I placed the

genus as the type of a family, the Diplocaulidce, among the Pelycosauria.

I am now, however, through the energy of Mr. "W. F. Cummins, in pos-

session of specimens of a number of individuals . of a second species of

Diplocaulus, found by him in the Permian beds of Texas. From them I

derive that the genus and family must be referred to the Stegocephalous

Batrachia. It is, however, exceptional among these in the fauna of which
it is a member, in not belonging either to the Rhachitomi* or to the Em-
bolomera, since the vertebral centra are not segmented, nor are the inter-

centra present in any form. Under these definitions it must be referred to

the suborder which includes Oestocephalus, Geraterpeton, etc., for which I

have adopted Dawson's name Microsauria. The division includes genera

with simple amphicoelous vertebral centra, and teeth without inflections

of the dentine. The following characters must be added to Diplocaulus :

Vertebrae with a more - or less perfect zygosphen articulation ; centra

shorter in the anterior than in the median part of the column ; axis and

atlas solidly united by a long i^gosphen, which is not roofed over by the

zygantrum. Neural arch continued as a short tube into the foramen

magnum. Atlas unsegmented, and, like the axis, without free hypapophy-

sis. Cervical vertebras not distinguished from dorsals, and with two-

headed ribs.

Orbit separated from the maxillary bone by the union of the lachrymal

and malar. Either the malar, or more probably the quadratojugal, extend?

much posterior to the -quadrate bone. It is bounded above by the squa-

mosal, which extends anteriorly to the distinct postfrontal, thus covering

over the temporal fossa. Posteriorly it extends into a long, free process,

like the operculum of Polyodon ossified. This horn does not appear to

consist of the epiotic as appears to be the case in Geraterpteon. The

quadrate bone is extended very obliquely forwards and its extremity is

divided into an hourglass-shaped condyle. In other words the condyle

consists of two cones with apices continuous. The internal cone is the

smaller, and its base is overlapped from before by a flat bone, probably the

pterygoid: The cotyli of the mandible correspond. Mandible without

angle ; symphysis short.

The teeth are of about equal size, and are rather slender and with conical

apex. Their surface is not inflected at any point. The superior series is

* American Naturalist, 1882, p. :J.'J4.
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double, forming two lines between which the mandibular teeth close. This

superior series stands near the external edge of the vomer, palatine and

pterygoid bones successively. I have not been able to find any larger

teeth in the jaws in this genus. Some fragments mingled with those here

described, display such teeth, but I think they pertain to a species of

another genus. I know nothing of the limbs of this genus.

DlPLOCAULTJS MAGNICORNIS, sp. UOV.

The species is indicated by fragments of a number of crania, and por-

tions of several vertebral columns. These were collected at two different

localities by Mr. "W. F. Cummins.

The skull is very peculiar in the great extent of the parts posterior to

the orbits as compared with the portion anterior to them. The posterior

border not being complete, the proportions cannot be exactly given, but

the part anterior to the orbits is two-thirds the length of the part extend-

ing from their posterior border to near the base of the lateral horn, and

one-fifth the distance from the orbit to the extremity of the horn. The
part of the border of the orbit preserved indicates that the latter is of fair

size. It is separated from the maxillary border by at least its own diame-

ter. The external nares are peculiarly situated. They are nearer the

orbit than the end of the muzzle, and are close to the maxillary border,

being separated from the mouth by a narrow strip of bone only. They
are round, open nearly laterally, and are removed from the edge of the

orbits by the diameter of the latter.

The malar or quadratojugal bone is protuberant at the canthus oris and

projects laterally beyond the mandible at its posterior part. It also pro-

jects beyond the extremity of the quadrate bone. This border is continued

as that of the external base of the horn, but the portion which belongs to

this element is soon distinguished from the superior element (squamosal)

which composes the horn, by a groove. This groove is decurved, and

bounds the apex of the element, which is a decurved, low tuberosity 1

The horn is produced backwards in a horizontal plane, forming a long fla

triangle which contracts gradually with straight sides. The apex is nar-

rowed, obtuse, and a little incurved. Near and at the extremity the horn

is flat aboA^e and convex below.

The mandibular quadrate cotylus consists of two fossae, which together

form an approximate figure oo , of which the internal fossa is the smaller,

and opens internally. The external one is nearly transverse. The supe-

rior border of the ramus posteriorly is straight. The greater part of the

superior aspect is occupied by a huge fossa which opens upwards.

It is uncertain whether the horns meet at an entering angle on the

middle line posteriorly or not, but the width of the base of the horn indi-

cates that such is the case. The extremity of the muzzle is depressed, and

is broadly rounded.

The external surface of the skull is sculptured in the form of fossse so

distributed that the narrow ridges separating them do not form straight
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lines, except in a few places on thd superior face of the horn. This sculp-

ture is strongly impressed, and is of medium coarseness. It extends on

the inferior face of the quadratojugal (?) posterior to the quadrate, and on

the inferior side of the horn at the edges. It is most extended below from

the interior edge, and for the terminal inch of the horn, is as well marked as

on the superior face. Elsewhere the sculpture of the inferior side passes

into punctre before disappearing. A groove marks the superior boundary

of the maxillary bone, which divides when it reaches the superior surface.

One branch descends behind the nostril, the other passes transversely

across the lachrymal bone and shallows out before reaching the middle

line of the muzzle. The mandible is even rougher than the superior sur-

faces, and has a longitudinal groove below the dental line, to near the

symphysis, where it runs out on the alveolar edge. The internal and ex-

ternal sides of the mandible posteriorly, are smooth. On the malar and

other facial bones there are four fossae in 9 or 10 mm.

The atlas is peculiarly flattened above, the neural arch being a tube,

without neural spine. Its anterior tubular prolongation is not long, and

is deeply notched below. The condyloid fossse are widely spread trans-

versely and nearly flat, except that their surface is carried forwards on the

neural tube. They are well separated below. There is a strong hypa-

pophysial keel, which diminishes and runs out anteriorly. There are pre-

zygapophysial facets, but the postzygapophyses exist. Their superior edge

is however carried posteriorly to form the sides of the huge embracing

•zygantrum. These side processes, which I will call zygantropophyses,.

extend as far posteriorly as above the posterior end of the centrum of the

axis, embracing almost the whole of the neural arch. There is another

short median superior process, which notches the extremity of the zygos-

phen. The side of the atlas between the postzygapophysis and the con-

dyloid facet is wrinkled, and the inferior face finely punctate.

In the axis, the hypopophysis is a large ridge with a horizontal truncate

edge. The costal heads of the diapophysis are not split to the base of the

latter and the superior is the more robust (extremities broken off). Cen-

trum concave posteriorly, and on each side of hypopophysis with reticulate

surface. A short zygantropophysis ; zygantrum not large. Exposed

summit of zygosphen (nearly equal neural arch) without neural spine. In

both the axis and other cervical vertebra, the superior diapophysis is con-

nected with the zygapophyses fore and aft, in accord with the shortness

of the centra. In the more posterior vertebra? they become separated on

account of the increasing length of the centrum.

The third vertebra is like the axis, except in having a keel-shaped

neural spine, and a short obtuse zygosphen continued from its base ante-

riorly. With increasing length of centrum the diapophysis becomes longer,

and the hypapophysial ridge becomes wider, and coextensive with the in-

ferior face of the centrum. It is separated by an angle from the sides in

the longer vertebrae ; in those of intermediate length, the inferior face is
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convex. All of them retain the delicate lines and punctse of the inferior

surface. The neural spine on the more elongate vertebrae is a rather ele-

vated keel, with horizontal superior edge. Its posterior extremity forms a

wedge-like zygosphen. The zygantrum is a deep V-shaped cavity, open-

ing posteriorly and not roofed over at any point unless for a small part of

its fundus. The zygapophyses are well spread, and have horizontal faces.

Each of the columns of the diapophysis sends a ridge forwards, which en-

close a groove between them.

Measurements of vertebrce. M.
Length of atlas below 015

" " at zygantropophyses 029

Expanse " " condyloid facets 034

of centrum atlas behind 0145 -

Depth of atlas at middle 019

Length of axis below 015

" at zygantropophyses 016

Width of zygosphen above 011

Expanse of postzygapophyses 024

"Width of centrum posteriorly * 012

Depth " "

Length of centrum of another (No. Ill) 018

(No. IV) 022

Expanse of postzygapophyses of do 018

Length of centrum of No. V .022

Diameters centrum V anteriorly / '"
. „

(.transverse 012

Expanse prezygapophyses 021

Elevation of neural spine from centrum 011

r anteroposterior 023

Diameters centrum No. VI < vertical 011
' transverse 013

The vertebras of this species are very much larger than those of the

I). salamandraides, and the diapophyses do not originate so low down on

the centrum. Otherwise they are much alike. The cranium of the Illinois

species is yet undetermined.

The D. magnicomis was discovered by W. F. Cummins.

ACHELOMA. Cope, genus novum.

Order Rhachitomi ; family Eryopidae,* differing from Eryops in the ab-

sence of notch of the posterior border of the skull between the epiotic and

quadrate or squamosal bones, and in the absence of condyles of the hu-

merus.

Mandible without angular process. Teeth of the jaws subequal, rather

larger anteriorly ; some large ones on the os palatinum at different points

* American Naturalist, 1882, p. 335.
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along the external margin. Pterygoid bone ending in a free decurved

edge anterior to the quadrate bone. Palatines and pterygoids narrow,

leaving a wide palatal foramen. Vertebrae in their principal features as in

Eryops. The humerus is unlike any of those enumerated in my synopsis of

Permian humeri,* but resembles the one figured by Gaudry as belonging to

Aetinodon, except that in Acheloma there are no condyles, and there is an

epicondylar foramen. This is the first time I have observed the foramen in a

Batrachian, though it is universal, so far as known, in the Pelycosauria.

As in Aetinodon, there is a short process above the external epicondylar

angle.

The absence of humeral condyles in this genus is paralleled by the same

feature in Glepsydrops natalis. It looks as though the animal were young,

and had not yet attained to the coossification of epiphyses. This theory may
account for the condition of the humeri in the two species mentioned. It

occurs equally in the Trimerorhachis insignis. As all these species show

every other indication of maturity, and as I have never yet observed free

epiphyses in any of my numerous Texan collections, I am disposed to

look on this condition of the humeri as a case of permanent incomplete-

ness, of which the Batrachia present so many instances.

ACHELOJIA CUMMINST, Sp. UOV.

This animal is represented by a greater part of a skull and vertebral

column, with both humeri and scapulae and various other bones of the

limbs, including phalanges. All of these remains look a good deal like

Eryops megacephalus, and they might be supposed on hasty examination

to belong to the young of that species. On a full investigation the follow-

ing differences appear, besides those already mentioned in the generic

diagnosis.

The muzzle is relatively much shorter, and the extremity is less de-

pressed ; the length from the supraoccipital forwards, is a little less

than the total width at the same point. In agreement with this, the man-
dibular rami, after diverging strongly from the symphysis, are strongly

incurved to the quadrate, a form not found in E. megacephalus. The
sculpture is more sharply defined in the present species. In the vertebrae,

although the intercentra have the same degree of ossification as in the E.

megacephalus, the neural spines have not the expanded head of those of

the larger species, but look as though they had lost an epiphysis, as in the

case of the humeri. They are erect, with subquadrate section, and not

oblique and grooved as Trimerorhachis insignis. The diapophyses are more

elongate than in E. megacephalus, and their extremities frequently -have a

subround or suboval section, and but few have the narrow surface seen in

E. megacephalus. The ribs are short and flat, and have the distal extremities

expanded paddle-shape. Laid backwards such a rib reaches to the poste-

rior edge of the third diapophysis posterior to the one to which it is

attached.

Proceedings American Philos. Soc, 1878, p. 528.
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The form of the skull is triangular, with rounded apex or muzzle, and a
slight contraction behind the nostrils. The latter are near the edge of the

jaw and open equally laterally and superiorly. The orbits are of medium
size, and areas far from the edge of the jaw as the width of the interorbital

space, which is about as wide as the diameter of an orbit. The posterior

"table " is flat with decurved lateral edges, which rest in a squamosal su-

ture on the squamosal or quadratojugal and quadrate bones. Its posterior

angle is produced downwards and backwards to near the distal ex-

tremity of the quadrate. The latter slopes posteriorly and downwards.
The quatratojugal region is strongly convex in vertical section. The
mandibular ramus is strongly incurved posteriorly, from a point opposite

the free extremity of the pterygoid. The symphysis mandibuli is short.

The sculpture is distinct on all the superior surfaces of the skull, and
consists of fossae of medium size, bounded by irregular narrow ridges.

There are three fossae in 10 mm. The fossae are obsolete on the extremity

of the muzzle and on the anterior part of both jaws.

The teeth are a little longer on the premaxillary than on the maxillary

bone. There are five on each, or six, if the tooth below the nostril be-

longs to the premaxillary bone, The palatine teeth are much larger. The
first, perhaps standing on the external edge of the vomer, is a little pos-

terior to the line of the external nostril. The second is half way between

the nostril and orbit, and the third is alongside of and just posterior to it.

The fourth is opposite a point a little posterior to the middle of the orbit.

Their surface is as yet obscured by a thin layer of fine indurated mud,
which in some instances cannot be removed without destruction of the

tooth surface.

The intercentra of the vertebrae are, as in Eryops megacephalus, ossified

so as to nearly cut off the chorda dorsalis, but unlike that species they are

not notched on one side of their lateral apices. The extremities of the

neural spines are subquadrate, rounded behind, and flattened anteriorly.

The edges of the postzygapophyses are prominent and flared upwards.

The scapula is robust and flat, having the posterior-external border

longest, and concave, and the superior-posterior, convex. In my speci-

mens the thin anterior edge is broken. The coracoid appears to be coossi-

fied with the proximal external edge of the scapula, and is directed down-

wards and backwards. Its extension is small, and terminates in an apex

posteriorly, and a thick double edge inferiorly. The glenoid cavity borders

this edge, and is small. The epicoracoid if it existed, is lost. The thick

inferior edge of the coracoid and scapula, is similar to those of the humerus

and vertebral processes, which suggest a cartilaginous cap. The position

of the scapula and coracoid is peculiar. If the glenoid cavity is directed

outwards, the ribs adherent to them fit their extremities, from which they

have been broken, which adhere to the vertebrae. This is probably the

natural position. When thus placed, the plate of the scapula is horizontal

transversely, and inclined upwards and posteriorly at 30°. The coracoid
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is vertical. When in place, there is a large tuberosity above and anterior

to the glenoid fossa, immediately behind which is a wide shallow fossa.

The curve of the proximal extremity of the humerus is a semicircle.

That of the .distal end is less convex, being flattened at the middle.

Viewed proximally the proximal end is a little concave on one side, and

one extremity of the articular surface is expanded and rounded. Viewed
distally, the distal extremity is angulate concave, the middle portion being

straight and the extremities bent in the same direction, one being longer

than the other, and neither expanded. The entire extremity makes an

angle of 90° with the plane of the proximal end. The epitrochlear foramen

is protected by a strong bridge.

Measurements.

Skull. M.

Length to line of angles of mandible 188
" posterior edge of supraoccipital 168
'

'

line of posterior edge of orbit 121
" " anterior edge nares 017
" " extremity of pterygoid 142

Width of skull at angles of mandible 134
" "

,
greatest 158.

" " just behind nares 051

" " at nares 054
" of cranial table at middle 086
" between orbits 030

Length of a premaxillary tooth , Oil

Diameter of base of ao 004

Length of a median maxillary tooth 007

Diameter of base of do 004

Length of a median palatine tooth .021

Diameter of same at base 009

Depth of ramus mandibuli at angle 015

Vertebrae and Bibs.

Diameters of intercentrum {
transverse 01§

<- antroposterior 010

Total elevation of same vertebra 027

Elevation of neural spine above postzygapophysis 005

Total expanse of diapophyses of same 027

Length of diapophysis from postzygapophysis 0095

r neural spine 206

Diameter of end of < -, . „ ^ . f transverse .004
) diapophysis \ ,- „•
(

J
I vertical .006

Length of rib of 5th vertebra in advance of the vertebra

measured 038

Width of rib distally 027
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Scapular arch. M.

Length of scapula on anterior face 069

Width do. at antero-internal distal angle, transversely. .032

" of coracoid and epicoracoid at glenoid cavity,

from edge of scapula 023

Length of epicoracoid and coracoid 037
" humerus 064

Width of shaft at middle 016

Diameters proximal end \
on°

c short at middle 010

Diameters distal end {
lon§ °39

I short at middle 010

Length ungual phalange 004

second " 0075

" first " 0135

Width do. (Prosimall"V °10

I distally 008

This species was discovered by Mr. W. F. Cummins, to whom I dedi-

cate it with much pleasure.

ANISODEXIS Cope, genus novum.

Class Batrachia ; order Rhachitomi ; family Eryopidae. Teeth on pre-

maxillary, maxillary, and dentary bones of unequal lengths, some very

large, others very small. Dentinal inflections straight, nearly reaching

the pulp cavity. Cranial surfaces sculptured.

This genus differs from all the others of the Eryopidce, in the great and

abrupt inequality of the teeth of the external series of the mouth, resem-

bling in this respect some of the Saurians of this deposit, rather than the

batrachia. Whether it possesses long palatine or pterygoid teeth such as

most of the latter exhibit, is not rendered clear by the specimens, but ap~

pearances indicate the presence of one near the anterior part of the maxil"

lary. Mandibular series simple.

Anisodexis imbricarius Cope, sp. nov.

Founded on numerous fragments of the skull with jaws, and a verte-

bral arch and spine found in connection with the remains of the Diplocau -

pis magnicornis. These pieces indicate a larger species than the latter,

and are nearly equal to the Eryops megaceplialus. The jaws are not pre-

served entire, but portions from different parts of the length display

the dental characters.

The sculpture of such parts of the superior surface of the skull is a coarse

reticulation, coarser than in any other species known to me. Near the

edges, some of the bones become smoother, and the ridges flatten into

overlapping laminse. The entire sculpture of the dentary bone is of this

imbricate character, the apparent overlapping being from before back-

PROC. AMER. PHILOS. SOC. XX. 112. 3f. PRINTED NOVEMBER , 1882.
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wards, and below upwards. This is totally different from what is observed

in the other known species of Eryopiclw, TrimerorliacMdaz, and Dvplocau-

lidce. The teeth are round in section, but become lenticular near the apex,

developing low cutting edges.- The basal grooves are fine, but distinct,

and extend half way to the apex, or farther. One large, and one medium
sized teeth stand on each dentary bone near the symphysis, and there are

two similar ones at a point further back on the same bone. Near the an-

terior part of the maxillary, below the ? nostrils, is a huge tooth, with a

graduated series of small teeth posterior to it, and a very small "one ante-

rior to it.

The neural arch of a vertebra has a well developed vertical spine. Its-

neurapophysis rested in an oval fossa of the centrum which probably was
divided into pleurocentra. The prezygapophyses are very small, and look

directly upwards. The postzygapophyses are much larger, and look

obliquely outwards and backwards. The spine is not expanded at the

summit, and is granular, as though it was protected by a cartilaginous

cap. Its section is anteroposterioriy lenticular, with acute edge (angle)

posteriorly, and a very narrow truncate edge anteriorly. The latter is

bounded below just above .the root of the neural arch by two little fossae.

The posterior keel is bounded below by a corresponding single fossa. The
posterior acute edge of the spine is dentate, and the surface on each side

of it, is beveled with rabbeted surfaces as though for a coarse squamosal

suture. But the appearance of suture is fallacious, and is simply due to

contraction of the transverse diameter of the spine. The neurapophysis

is much narrower anteroposterioriy than the neural spine.

Measurements. M.

Depth of maxillary bone at large anterior tooth .' .037
•

'

dentary at symphysis . 025
" " near middle 021

Width " " " .015

Diameter of base of large maxillary tooth 010
" " small maxillary tooth 0035

Length i" " " " 008

" of large mandibular tooth near symphysis 016

Diameter of base of crown of do 006

Elevation of neural arch 037

f vertical 029
Diameters neural spine < ( anteroposterior 019

I
at apex

I transverse 012

Width neurapophysis anteroposterioriy .... .010

From Mr. W. F. Cummins' collections.

I had thought at one time that this species might be referable to the ge-

nus Leptophractus of the Coal Measures. No trace of the vertebrae of the

Rhachitomous order has yet been found in that formation in this country,

nor have any of the Coal Measure genera of Batrachia yet been found in
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the Permian of the United States.* It is not improbable that such occur-

rence of genera may yet be substantiated, but the identification of an or-

der hitherto unknown in a formation, on uncertain characters, is not a safe

proceeding. The vertebra? of Leptophractus although not certainly known,

are supposed to be of the Labyrinthodont type. The teeth are much more

compressed and trenchant than in the present species, nor do there appear

to be any long ones near the symphysis mandibuli. I consider the ques-

tion of reference to Leptophractus to be still an open one.

The family Eryopidm, though abundant in individuals, is not represented

by many species. They are presumably as follows :

Anisodexis imbricarius Cope.

Acheloma cumminsi Cope.

Eryops reticulatus Cope.

Eryops ferricolus Cope (Parioxys olim).

Eryops megacephalus Cope.

Actinodon frossardi Gaudry.

Zatrachys serratus Cope.

Zatrachys apicalis Cope.

But the occipital condyles are unknown in Acheloma and Zatrachys.

I may add here that through the courtesy of Messrs. Scott and Osborne,

I have seen, in the Museum of Princeton College, vertebrae of some species

of the Rhachitomi from Saarbriicken, along with Archegosaurus, with entire

centra, from the same locality.

Synopsis of the Vertebrata of the Paerco Eocene epoch. By E. D. Cope.

(Bead before the American Philosophical Society, October SO, 1882.)

REPTILIA.

CROCODILIA.

Crocodilus sp.

Grocodilus sp.

Crocodilus sp.

TESTUDINATA.

Plastomenus ? communis Cope.

Dermatemys sp.

Gompsemys sp.

Emys sp.

* Peplorhina arctata Cope, from the Illinois Permian is not a Pepl'orhina, but
a Theroniorpli Saurian.
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CHORISTODERA.

Champsosaurus australis Cope, American Naturalist, 1881, p. 690.

Champsosaurus puercensis Cope, Proceedings American Philosophical

Society, 1881, p. 195.

Champsosaurus saponensis Cope, Loc. cit. 1881, p. 196.

MAMMALIA.

MARSUPIALIA.

Ptiloclus mediaevus Cope, American Naturalist, 1881, p. 92.2.

Ptilodus trovessartianus Cope, loc. cit. 1882, p. 686.

Catopsalis foliatus Cope, loc. cit. 1882, p. 416.

Catopsalis pollux Cope, loc. cit. 1882, p. 685.

Polymastodon tabensis Cope, loc. cit. 1882, p. 684.

BUNOTHERIA.

Taeniodonta.
,

Hemiganus vultuosus Cope, loc. cit. 1882, p. 831.

Tceniolabis scalper Cope, loc. cit. 1882, p. 604.

TlLLODONTA.

Psittacotherium multifragum Cope, 1. c, 1882 p. 156.

Psittacotherium aspasice Cope, Proceed. Amer. philosophical Society,

1882, p. 192, (1882).

Mesodonta.

Pelycodus pelvidens Cope, Proceeds. Amer. Philos. Soc. 1881, (1882) p.

151. Lipodectes pelvidens Cope, American Naturalist. 1881, p. 1019.

Hyopsodus acolytus Cope, sp. nov.

This the least species of the genus, is also the oldest, heing derived from

the Puerco horizon. Parts of two individuals furnish the characters of

the inferior and superior true molars, and the fourth superior premolars.

The species differs from those hitherto described in other characters than

the minute size. One of these is the absence of posterior interior cu6p, the

heels of the first and second true inferior molars being bounded by a ridge

only at this point, as in most of the species of Pelycodus. The last inferior

molar is not smaller than the second, nor longer. The anterior cusps of

all the molars are robust, so that on the first and second true molars they

are separated by a shallow notch only. There is a rudiment of the anterior

inner cusp on the first true molar but none on the second and third. The
posterior external .is obtuse and has a triangular section on all the molars

;

a crest is continued from the heel of the third molar on the inner side of

the crown half way to the anterior inner cusp.
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The Microsyops spierianus differs from this, species in its smaller size

(true molars .008) and in the presence of posterior internal cusps of the

true molars.

The Hyopsodus acolytus was found by Mr. D. Baldwin, in New Mexico.

Creodojstta.

Sarcotliraustes antiquus Cope, Proceeds. Amer. Philos. Soc. 1881 (1882),

p. 193.

Dissacus camifex Cope, Amer. Natst. Oct. 1882 (Sept.), p. 834.

Dissacus navajovius Cope, loc. cit. 1881, p. 1019. Mesonyx navajovius

Cope, Proceeds. Amer. Philos. Society, 1881, p. 484.

Triisodon quivirensis Cope Amer. Nat. 1881, p. 667.

Tri'isodon heilprinianus Cope, Proceeds. Amer. Philos. Soc. 1881 (1882),

p. 193.

Deltatherium fundaminis Cope, Amer. Nat. 1881, p. 237 ; 1881, p. 337.

Lipodectes penetrans, loc. cit. 1881, p. 1019.

Deltatherium oaldwini Cope.

This Creodont is known only from a portion of a right mandibular

ramus which supports the two last premolars, and the first true molar with

part of the second. It differs from the D. fundaminis in its materially

smaller size, and in the forms of the teeth. The first true molar is a more
robust tooth, and the basis of the posterior or heel crest is more rounded,

and less angulate. The anterior inner cusp projects less anteriorly. The
fourth premolar has a distinct anterior basal lobe which is wanting in the

D. fundaminis. Its heel is short and wide, and the posterior face of the

principal cusp is flat, and there is a rudiment of an internal tubercle on its

side. The second premolar is elevated and acute, has no anterior basal

lobe, and has a very short wide heel, enamel slightly roughened. The
animal was rather aged.

Measurements. M.

Length of P-m. ii and iii and M. ii I . . . .0160

Diameters M. i {
anteroposterior 0058

t transverse 0040

Elevation of crown of P-m. iii 0052

Depth of mandible at M. i 0180

From the Puerco beds of N. W. New Mexico. Dedicated to Mr. D.

Baldwin, the discoverer of the Mammalian Fauna of the Puerco beds,

which is one of the most important in the history of American Palaeon-

tology.

Deltatherium interruption Cope.

The smallest species of Deltatherium is, like the D. baldicini, only repre-

sented by the anterior part of a right mandibular ramus, which supports

the last premolar and the first true molar, with the bases of the other pre-
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molars arid part of the canine. The canine is small and the first premolar

in accordance with the generic character, is wanting. The second pre-

molar is two-rooted.. The fourth has an elevated principal cusp, and a

narrow heel on the inner side of the posterior base ; anterior base injured.

The first true molar has very little sectorial character, and resembles the

corresponding tooth of a Pelyeodus. It differs entirely from that of the

D. fimdaminis in the possession of a well marked posterior internal cusp,

which is connected by a ridge with the large internal lateral cusp of the

heel. The anterior cusps of opposite sides sub-equal. A weak external

basal cingulum on the anterior half of the crown ; no internal cingulum.

Enamel of the tooth wrinkled.

Measurements. M.
Length of premolar series 0140

Elevation of P-m. iv 0040

DiametersofM.il
antero Post«rior 0055

i. transverse 0042

Depth of Ramus at P-m. i 0090

M 0113

On comparison with the D. fundaminis, the first molar tooth has the

same dimensions, but the premolars are considerably smaller. The ramus
is also shallower. Found by Mr. Baldwin in the Puerco beds of North-

west New Mexico.

Didymictis Jiaydenianus, sp. nov.

This creodont is represented by parts of the maxillary and mandibular

bones of the left side, the former supporting the four, and the latter

supporting the three last molars. The arrangement of the superior molars

is much as in D. protenus, the fourth premolar being a true sectorial. The
third premolar has no internal lobe, although the section of the base of the

crown is narrowly triangular. It has anterior and posterior basal lobes, and
a posterior lobe on the cutting edge. In the sectorial the median lobe is

a good deal more produced than the posterior, though the two form together

the usual blade. The anterior basal lobe is distinct ; and the internal is larger

and is conic. The first true molar has the anterior external base of the crown
produced. Its two external cusps are conic and distinct. The internal part

of the crown is rounded and supports a conic internal tubercle, which is

separated from the external cones by two small concentric tubercles. The
second true molar is considerably, smaller, and is transverse, its external

border being very oblique. It has an acute internal lobe.

The character of the species is well-marked in the inferior true molars.

The first has the form seen in other species of Didymictis. The heel is

large, and with a median basin between lateral cutting edges. The two
anterior inner cusps are of equal elevation and are near together ; the

external is much larger. The last molar is elongate, but reduced in size.

Its anterior three cusps, rudimental in other species, are here elevated,

forming the triangular mass seen in the first true molar. They are not so-
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elevated, however, as in that tooth, and thus not so much developed as in

Oxycena, Stypolophus, etc. The fourth premolar has a median cutting edge

on the short heel.

Measurements. M.

Length last four superior molars 022

" P-m. iii 0065

<< iv 0085

Width '* " 0050

!

anteroposterior 0055

transverse 0088

oblique external 0072
-

,.. .. r anteroposterior 0027
Diameters M. iw . nri ,~ r

\ transverse 0055

_[; .».'-.» -r r anteroposterior 007
Diameters inferior M. 1 1 L „„_

\ transverse 005

~. . „ .
' ,, TT r anteroposterior 0055

Diameters interior M. II J
, nnn

I transverse 003

Depth of ramus at M. II, (squeezed) 010

The peculiar characters of the last inferior molar distinguish this species

from its congeners. The last superior molar is relatively smaller than in

the D. protenus. In size this species is superior to the D. dawMnsicmus,

and is smaller than the D. leptomylus. It is dedicated to the distinguished

geologist Dr. F. Y. Hayden.

New Mexico, D. Baldwin.

TAXEOPODA.

CONDYLARTHRA.

Periptychidse.

Periptychus rhabdodon Cope. Gatathloius rhabdodon, American Natur-

alist, 1881, 829.

Periptychus carinidens Cope, loc. cit. 1881, p. 337.

Periptychus ditrigonus Cope, sp. nov.

This rare species is known from a right mandibular ramus, which ex-

hibits part of the symphyseal suture, with the alveoli of the molar teeth,

except the first. The only well preserved crown is that of the second true

molar.
The second true molar presents very peculiar characters, and the man-

dibular ramus is shallower and thicker than in the two other species of

Periptychus. The former has a wide external cingulum which is

not present in the other species, and there are only six cusps

instead of seven. These are peculiarly arranged. The anterior three

are much as in P. rhabdodon, the anterior being not quite so far in-

ternal as the posterior inner, close to it, and as large as the anterior

external. The posterior three, are a posterior inner and posterior median

as in P. rhabdodon, and a peculiarly placed posterior external. This is not
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opposite the posterior inner, but is anterior to such a position and inter-

mediate between the latter point, and the one occupied by the median
tubercle in P. rliabdodon. It is as large as the anterior external tubercle.

All these tubercles are conical, and not connected by angles or ridges*

The posterior external cusp leaves the cingulum wide posteriorly, and its

edge develops some small tubercles. There are also some small tubercles

at other points on the edge of the crown, but no other cingula. The
enamel is not regularly ridged as in P. rliabdodon, but has a rather coarse

obsolete wrinkling.

Measurements. M.

Length from P-m. ii to M ii inclusive 052

Diameters of M.ii {
anteroposterior Oil

t- transverse 010

Depth of ramus at M. ii. 022

Width of " " 016

Depth of " " P-m. ii 019

From the Puerco formation of New Mexico, D. Baldwin, discoverer.

Haploconus lineatus Cope, Amer. Nat. 1882, p. 417.

Haploconus angustus Cope, Loc. cit. 1882, p. 418. Mioclcenus cmgustus

Cope, loc. cit. 1881, p. 831.

Haploconus xiphodon, sp. nov.

This species is represented by a mandibular ramus, and perhaps by three

rami. The one on which the species rests contains five molars, the middle

one of the series broken, so that its form cannot be positively ascertained.

It is probable that it is the first true molar, so that the animal exhibits the

last true molar not entirely protruded, and is therefore nearly adult, but

there are some reasons for suspecting it to be young. Thus the last inferior

molar does not exhibit more of a heel than the second usually does, and

the third supposed premolar is smaller than that tooth is in the other spe-

cies, having nearly the proportions of the second premolar. The teeth

present may then be supposed to be the molars from the second

to the sixth inclusive. But opposed to this view is the fact that the sup-

posed third premolar has more the structure of that tooth in details, than

that of the second, and the specimens accompanying, which have the tem-

porary dentition apparently of the same species, present premolar teeth of

a very different character. In any case the present specimen represents a

third species of the genus, and I describe it at present as an adult.

The third premolar has a simple compressed crown, about as high as the

length of its base, and without anterior basal tubercle. It has a narrow

triangular posterior face which is concave, and truncated by a cingulum

below ; no heel proper, nor lateral cingula. The fourth premolar is an

elongate tooth consisting of a compressed principal median lobe, an ante-

rior lobe connected with it, and a heel. The latter has elevated posterior

and interior borders. A rudiment of an exterior border is seen in a narrow
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ridge on the external side of the posterior face of the principal lobe of the

tooth.

The sides of the premolars present rather distinct ridges, as in Peripty-

chus carinidens. The second true molar has two anterior and three poste-

rior tubercles ; the latter close together, pointed and of about equal size.

Of the anterior tubercles, the external is much the larger and more ele-

vated. It is compressed and has a curved subacute anterior edge, Avhich

extends much in front of the internal tubercle. There is no anterior inner

tubercle, nor are there any cingula. The enamel of the sides of the crown

presents a few vertical ridges. The last inferior molar only differs from

the second, in the greater size of the median posterior lobe, which is never-

theless smaller than in the two other species of Haploconus.

There is a mental foramen below the posterior edge of the second in-

ferior premolar.

Measurements. M.

Length of last five inferior molars 0250
" third premolar 0050
" fourth premolar 0066
" second true molar 0050

Width of second true molar 0032

Length of third true molar 0050

Depth of ramus at P-m. iii 0095

M. iii 0130

The two rami with the temporary premolars, exhibit the last true molar

enclosed in the jaw. The third and fourth premolars are much like the fourth

premolar of the specimen above described, but the fourth is a little more
robust than that of the latter, which is very much like the third of the de-

ciduous series. The space occupied by the supposed first premolar of the

type specimen is too short for the fourth premolar of the deciduous series,

otherwise it might be supposed to have occupied that position. The two
true molars resemble those of the type, excepting that the last one does

not extend so far into the base of the coronoid process, and is in accord-

ance with the position as number two in the series.

The specimens were procured by Mr. D. Baldwin in the Puerco beds of

New Mexico.

Haploconus entoconus Cope, loc. cit. 1882, p. 686.

Anisonchus coniferus Cope, loc. cit. 1882, October (September), p. 832.

Anisonchus gillianus Cope. Haploconus gillianus Cope, loc. cit., 1882,

p. 686.

Anisonchus sectorius Cope, Proc. Amer. Philos. Soc. 1881, p. 488, Mio-

claenus sectorius, Amer. Nat. 1881, p. 831.

Hemithlceus kowalevskianus Cope, Amer. Nat. 1882, p. 832.

Hemithlceus opisthacus Cope. Mioclcenus opisthacus, 1 c. 1882, p. 833.

Gonoryctes comma Cope American Naturalist, 1881, p. 829.

PROC. AMER. PHILOS. SOC. XX. 112. 3<j. PRINTED NOVEMBER , 1882.
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Conoryctes crassicuspis Cope.

The posterior part of a mandibular ramus supporting the last two molar

teeth indicates a second and larger species of the genus. The ramus is

one-half deeper than that of the C. comma, and the second true molar is

much larger than in that species. The last true 'molar is much smaller

than the the penultimate, and consists of three anterior cusps and a longer

heel. The former are obtuse, the external the longer, the internal equal,

the anterior on the inner edge of the crown. The heel sustains a low

conic tubercle.

From the Puerco beds of N. W. New Mexico.

Phenacodontidse.

Protogorria plicifera Cope, Amer. Nat. 1882, Oct. (Sept.), p. 833.

Protogonia subquadrata Cope, Proceedings Amer. Philos. Soc. 1881, p. 492.

Phenacodus puercensis Cope, Proc. Amer. Philos. Soc. 1881, p. 492.

Phenacodus suniensis Cope, loc. cit. p. 492 ; loc. cit. 1881 (1882), p. 180.

Pantolambda bathmodon Cope, Amer. Nat. 1882, p. 418.

Mioclmnus turgidus Cope, Amer. Nat. 1881, p. 830.

Mioclmnus minimus, sp. nov.

This is one of the least mammalia of the Puerco fauna, exceeding by a

little the Hyopsodus acolytus. It is represented by parts of two mandibles,

which display all the true molars. As there are no premolars preserved,

its reference to the genus Mioclmnus is provisional only, but its true molars

have the peculiar characteristics of those of the M. turgidus

.

The two anterior cusps of the true molars are higher than the heel, and

they are united together to a point above the level of the heel. The sec-

tion of both those of the M. ii is round ; that of the external one of the first

is cresentic ; of the inner cusp, round. The heel is wide, and supports a

cusp at the posterior external angle. It is bounded posteriorly, and on the

inner side by a raised ridge, which gives with the cusp, on wearing a

comma-shaped surface. A transverse ridge closely appressed to the ante-

rior cusps connects them anteriorly. In one of the specimens there is a

cingulum on the external side of the second inferior molar ; on the other

specimen it is wanting. Enamel smooth.

The mandibular ramus is rather deep and compressed, and displays an

external ridge on the anterior border of the coronoid, which is not con-

tinued downwards.
Measurements (-N~o. 2). M.

Length of basis of true molars . . . . 0125

Diameters M. ii
{ anteroposterior .0040

v. transverse 0035

Depth of ramus at M. ii 0073

From the Puerco beds of New Mexico. D. Baldwin.

Mioclmnus subtrigonus Cope, Amer. Nat. 1881, p. 490, 491.

Mioclmnus protogonioides Cope, loc. cit. 1882, Oct. (Sept.), p. 833.

Mioclmnus mandibularis Cope, Amer. Nat. 1881, p. 830.

Mioclmnus baldwini Cope, loc. cit. 1882, Oct. p. 833.
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GENERAL REMARKS.

The preceding list of fifty-six species is doubtless sufficiently character-

istic to enable us to form a pretty good idea of the Puerco fauna.

Omitting six undetermined species of reptiles, we find the following

peculiarities in the remaining forms. As already pointed out the three

determined species of reptiles belong to a suborder, which has thus far

been only found in the Laramie formation, or Cretaceous No. 6. This

gives the Puerco at once a position below all the other tertiaries. The
mutilate orders of mammals may be dismissed as being not likely to occur

in a lacustrine formation.' The orders of land Mammals are represented

as follows :

Monotremata *. * . ...

Marsupialia 5

Rodentia *

Chiroptera *

Edentata . ; *.
.

Bunotheria i i . .. . 15

Tseniodonta. 2

Tillodonta 2

Insectivora

Mesodonta 2

Lemuroidea

Creodonta » 9

Taxeopoda 25

Hyracoidea

Condylarthra » . .25

Proboscidea

Amblypoda
Diplarthra

Carnivora

Quadrumana

Total 45

The above list renders the peculiar facies of this fauna at once apparent.

It is the only Tertiary fauna known, from which Perissodactyla are ab-

sent. The absence of Amblypoda, one of the oldest types, is unexpected.

The lack of Rodentia is remarkable, and perhaps only due to failure of

discovery ; but if yet to be found, they must be very rare, and their

absence is consistent with their small representation in the Wasatch beds

above them. In the large number of Bunotheria, the Puerco agrees with

the later Eocenes, but the order is here characterized by the small number
of Mesodonta ; and the Lemuroidea are apparently absent. An especial

feature of the fauna is the presence of five undoubted species of Mar-

supialia of the family Plagianlacidae, which has its origin in the Jurassic
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period, and extended through the Cretaceous. It is represented in the

latter period in the Laramie by the genus Meniscoessus.*

In the absence of a number of the existing orders of placental Mammalia,

the Puerco agrees with other Eocene faunae. In the absence of all of the

placental orders with convoluted cerebral hemispheres, this fauna is more

primitive than any other Eocene fauna. The absence of all ungulata ex-

cepting Taxeopoda, which have the most primitive foot structure, is further

evidence of its primitive character. This is further increased by the pres-

ence of the Marsupialia above mentioned. The general result is a mix-

ture of Marsupial, and semi-marsupial forms, with half lemurs, and a

great expansion of the Hyracoid type.

In more detail, the genera of Bunotheria may be compared with those of

the period immediately following ; viz. : The Wasatch. One genus only

of the Creodonta is common to the two epochs (Didymictis). Five of the

species v niaining are much like oppossums, and may be Marsupialia. The
two genera (Deltatherium and Triisodon) to which they belong, do not

occur in the Wasatch. The remaining two genera, (three species) are

peculiar to the Puerco, but represent a family (Mesonychidse) which

occurs throughout our Eocenes. The two species of Mesodonta belong to

genera of the Wasatch, one of them at least extending into the Bridger.

The genera of Tgeniodonta and Tillodonta are distinct from those of any

of the later Eocenes, so far as known.

Supplement on a new Meniscotheriumfrom the Wasatch epoch,

Menisffotherium tapiacitis, sp. nov.

The species now to be described is a good deal smaller than M. chameme,

and, a fortiori, than the M. terrmrubrm. It is known to me from the

nearly entire rami of a single mandible. These support the last five molars

of one side or the other, and alveoli of two others and of the canine tooth.

Two characters besides the small size, are observable in this jaw. First,

the symphysis has not the shallow convex inferior outline in transverse

section ; but is on the contrary angular, having subvertical sides separate

from a convex middle by a rounded angle. The symphysis is thus deeper

than in M. terrcerubros. Second, the crown of the third inferior molar tooth

has partly the form of that of the second of the M. terrmrubrce. It is antero-

posterior^ short, and has a short heel and no anterior basal lobe ; the sec-

tion of the principal lobe is lenticular, and profile subconic. In M. terra-

rubrce this tooth is elongate, with well developed heel and anterior lobe.

The alveolus of the canine is relatively larger than that of the M. terrozru-

bra. The coronoid process does not rise so close to the last molar tooth,

nor so steeply, as in the latter species. The posterior recurvature of the

internal extremity of the anterior limb of the posterior V of the true mo-

lars is but little marked.

* American Naturalist, 1882, p 830, Sept, 28th.
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Measurements. M.
Length of true molars on base 018

Diameters M. ii {
anteroposterior 006

t transverse 0044

Diameters M. iii ( anteroposterior , 0065

t transverse 0038

Diameters P-m. m {
vert*cal 0045

t arteroposterior 004

Width of inferior face of symphysis 008

Depth ramus at P-m. iii . .009

" M. iii 0103

This species was obtained by Mr. D. Baldwin from beds of probably

lowest Wasatch age, in New Mexico.

- On the Systematic Relations of the Carnivora Fissipedia. By E. D, Cope.

~^(Read before the American Philosophical Society, October 20, 1882.)

This order embraces the clawed mammalia with transverse glenoid cav-

ity of the squamosal bone, confluent scaphoid and lunar bones of the

carpus, and well developed cerebral hemispheres. It is well distinguished

from all others at present known, but such definition is likely to be invali-

dated by future discovery. Some of the Insectivora possess a united

scapholunar bone, but the reduction of the cerebral hemispheres of such

forms distinguishes them. The presence of the crucial fissure of the hemi-

spheres is present under various modifications in all Carnivora, while the

parietooccipital and calcarine fissures are absent.

The many types of existing carnivora fall into natural groups, which are

of the grade termed family in zoology. But the distinction of these from

each other is not easily accompanisbed, nor is it easy to express their ref-

lations in a satisfactory manner. The primary suborders of pinnipedia

and fissipedia are easily defined. Various characters have been considered

in ascertaining the taxonomy of the more numerous fissiped division. The
characters of the teeth, especially the sectorials, are important, as is also

the number of the digits. Turner* has added important characters derived

from the foramina at the base of the skull, and the otic bulla, which Flow-

erf has extended. Garrod:t has pointed out the significance of the number
of convolutions of the middle and posterior part of the hemispheres. I

have added some characters derived from the foramina of the posterior and

lateral walls of the skull. § Mr. Turner also defines the families by the

form and relations of the paroccipital process.

* Proceedings Zoological Soc, London, 1848, p. 63.

"t Lot. cit., 1869, p. 5. % Loc. cit., 1878, p. 377.

§ Proceedings Amer. Philosophical Society, 1880, p.
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In studying the extinct carnivora of the Tertiary period, it has be-

come necessary to examine into the above definitions, in order to de-

termine the affinities of the numerous genera which have been discov-

ered. To take them up in order, I begin with the foramina at the base of

the skull. The result of my study of these has been, that their importance

was not overrated by Mr, Turner, and that the divisions of secondary

rank indicated by them are well founded. Secondly, as to the form and

structure of the auditory bulla. Although, the degree and form of infla-

tion are characteristic of various groups of Carnivora, they cannot be

used in a systematic sense, because like all characters of proportion

merely, there is no way of expressing them in a tangible form. For, if

the forms in question pass into each other, the gradations are insensible,

and not sensible, as is the case with an organ composed of distinct parts.

The same objection does not apply so much to the arrangement of the

septa of the bulla. The septum is absent in the Arctoidea of Flower
(Ursidce of Turner), small in the Cynoidea (Flower, Canidm Turner), and

generally large in the ^Eluroidea (Flower, Felidm Turner). But here oc-

curs the serious discrepancy, that in the Hysenidse, otherwise so nearly

allied to the Feliclse, the septum of the bulla is wanting. Nevertheless,

the serial arrangement of the order indicated by Flower, viz. : commenc
ing with the Arctoidea, following with the Cynoidea, and ending with the

./Eluroidea, is generally sustained by the structure of the auditory bulla,

and by the characters of the feet and dentition, as well as of the cranial

foramina. Turner's arrangement in the order, Ursidse, Felidse and Cani-

dae, is not sustained by his own characters, and its only support is derived

f?om Flower's observations on the external or sylvian convolution of the

hemisphere of the brain.* There are three simple longitudinal convolu-

tions in the raccoons ; in the civets and cats the inferior convolution is fisr

sured at the extremities, while in the dogs it is entirely divided, so that

there are four longitudinal convolutions between the Sylvian and median
fissures.

An important set of characters hitherto overlooked, confirms Flower's

order. I refer to those derived from the turbinal bones. In the ursine

and canine forms generally, the maxilloturbinal is largely developed, and

excludes the two ethmoturbinals from the anterior nareal opening. In the

Feline group, as arranged by Turner, the inferior ethmoturbinal is devel-

oped at the expense of the maxilloturbinal, and occupies a part of the

anterior nareal opening. These modifications are not, so far as my expe-

rience has gone, subject to the exceptions seen in the development of the

otic septa and molar teeth, while they coincide with their indications.

The seals possess the character of the inferior group, or Ursidse, in a high

degree.

The characters derived from the paroccipital process are of limited ap-

plication, as the study of the extinct forms shows.

* Proceedings Zoological Society, London, 1859, p. 482.
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I would then divide the fissiped carnivora into two tribes as follows :

External nostril occupied by the complex maxilloturbinal bone ; ethmo-

turbinals confined to the posterior part of the nasal fossa ; the inferior

ethmoturbinal of reduced size Hypomycteri.
External nostril occupied by the inferior ethmoturbinal and the reduced

maxilloturbinal. „ Epimycteki.

While no doubt transitional forms will be discovered, the types at

present known fall very distinctly into one or the other of these divisions.

The characters are readily preceived on looking into the nares of well

cleaned specimens. The Hypomycteri stand next to the Pinnipedia, since

the maxilloturbinal bone has the same anterior development in that group.

In searching for definitions of the families, it is necessary to be precise

as to the definition of terms. The meaning of the word sectorial is in this

connection important, sinee there are so many transitional forms be-

tween the sectorial and tubercular tooth. A sectorial tooth then of the

upper jaw, is one which has at least two external tubercles, which are the

the homologues of the median and posterior lobes of the sectorial of the

cat. By the flattening and emargination of their continuous edges, the

sectorial blade is formed. One or two interior, and an anterior lobe, may or

may not exist. In the genera of the Procyonidce, except in Bassaris, the

two external tubercles do not form a blade. The inferior sectorial tooth

differs from the tubercular only in having an anterior lobe or cusp, which
belongs primitively to the interior side. The inferior sectorial teeth with

large heels, as in Viverridse and Canidae, I have called tubercular-secto-

rials. The sectorial blade is formed by the union and emargination of the

edges of the anterior and the principal external cusp. This blade is not

well developed in the genus Cynogale and still less in the Procyonidce and
Ursidce. The families are then defined as follows.

Hypomycteri.

I. No sectorial teeth in either jaw.

Toes 5-5 Cercoleptidoe.

II. Sectorial teeth in both jaws.

a. Toes 5-5

j9. No alisphenoid canal.

True molars § Procyonidce.

" " % Mustelidce.

fifi.
An alisphenoid canal.

Molars quadrate, f Aeluridm.

Molars longitudinal, § Ursidce.

aa. Toes 5-4 or 4-4. *

Sectorials well developed, an alisphenoid canal Oanidce.
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Epimycteri.
, i

I. Molars haplodont.

Toes 5-4 ; no alisphenoid canal .-...-. Protelidw.

II. Molars bunoclont, no sectorials.

Toes 5-5 ; an alisphenoid canal Arctictidm.

III. Molars bunodont, with sectorials.

a. Otic bulla with septum.

/5. Alisphenoid canal and postglenoid foramen, present.

y. True molars well developed.

Toes 5-5. . . . . Vivevridoe.

Toes 5-4. . : Gyrdctidm.

Toes 4-4 . . Suricatidm-

yy. True molars much reduced.

Toes 5-5 Gryptoproctidm.

Toes 5-4 ^ Nimrwvidce.

/?/?. No alisphenoid canal; post glenoid foramen rudimental or wanting.

Toes 5-4 .- FeUdas.

aa Otic bulla without septum. '

No alisphenoid eanal, nor post glenoid foramen ; Toes 4-4.. . . . .Hycenida.

The genera of these families are the following

:

Cercoi/eptid^e ; Cercoleptes Neotropieal.

Procyonid2e ; Procyon* Bassaricyon, Bassarts ; Neartic and Neotrop-

ical.

Mustelid^e ;; Melinse (two tubercles of internal side of superior sec-

torial) ,; Taxidea, Meles. Mustelinse, (one internal tubercle of superior sec-

torials) / Enhydris, Pteronura., Lutra, Aonyx, Barangia ; Helictis, Zorilla,

Mephitis, Gonepatus ; MelUvora ; Gulo., Galictis, Putorius, Mustela.

iELURib^E ; Aelurus .; ^Eluropodm ? Hy&narctos. -

Ursid^e ; Helarctos.; Arctotherium ; Ursus ; Melursus.

Canid^e ; Megalotis\ ; Am/phicyon 4 Thous, Paieocyo-n, Temnocyon, Gale-

cynus, Ganis, Vulpes, Enhydrocyon, Hycenocyon, Tomarctus, Speotlius,

Synagodus, Bysodus, Oligobunis, IcMcyon, Lyemn.
Protelid^e ; Proteles. Ethiopian.

Arctictid^e ; Arctictis. Indian.

Viverrid;e ; Gynogale, Ardogale, Paguma, Paradoxwus, Nandinia,

Hemigale, Galidia, Prionodon, Genetta Viverricula, Viverra, Galidictis,

Serpestes, Athylaz, Galogale, Ichneumia, Bdeogale, Urm, Tatiiogale, On-

ychogale, Helogale, Bhinogale, Mungos, Grossarchus, Eupleres.

Cynictid^e ; Gynictis, ? Ictitherium.

Surtcatid^e ; Suricata ; Ethiopia.

Cryptoproctid^e ; Proceluruft ; Gryptoprocta.

Nimravid^e ; Archmlurus, Nimravus-; uEluregale, Dinictis, Pogonodon ;

Hoplophoneus. •

* Including Nasua, which is not ilistinet.

t This genus cannot be made the type of a family as Is done by Dr. Gray.
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Felid^e ; Machserodontinse ; Maclmrodus, Smilodon ; Felinse ; Plethcel-

urus (g. n.)*, Catolynx ; Felis ; Neofelis ; TIncia,\ Lynx, Cyncelurus.

Hyjenid^e, Hymnictis, Hycena, Crocuta.

* Type, Felis planiceps Temm. Char. Second (first) superior premolar two
rooted ; orbit closed behind

;
pupil round.

t Mr. Wortman lias called my attention to a character of this genus which
confirms its separation from Eelis, as I proposed in 1879. The maxilloturbinal

bone is less complex in the genus Uncia, than in Felis, consistently with a less

nocturnal habit, and less necessity for acute smell.

Printed Nov. 11, 1882.
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.Ft>s£ Addition to the Fauna of the Puerco Eocene. By E, D. Cope.

{Read before the American Philosophical Society, Jan. 5, 1883.)

There are fifty-five species included in my synopsis of the vertebrata of

the Puerco epoch*. Ten of these are reptilia, the remainder mammalia.

In the present paper a number of interesting additions are made. The
typical specimens are figured in the fourth volume of the U. S. Geological

Survey of the Territories, now in press.

Ophidia.

Helageas . prisciformis, gen. et sp. nov.

Char. gen. The generic characters are drawn from vertebrae only.

These display a modified form of the zygosphen articulation, as follows :

The roof of the zygantrum is deeply notched on each side of the median
line so as to expose the superior lateral angles of the zygosphen. This

separate median portion of the roof of the zygantrum forms a wedge-

shaped body which may be called the episphen, It is surmounted by a

tuberosity, which constitutes the entire neural spine. The latter is thus

entirely different in form from that of other serpents. Articular extremi-

ties of centrum round, the ball looking somewhat upwards. Costal arti-

culation 8-shaped, the surfaces convex and continuous. Hypapophyses
none on the two vertebrae preserved. Zygapophyses prominent. Free

diapophyses none.

This genus is readily distinguished by the presence, now first observed,

of the episphen in addition to the zygosphen ; and by the peculiar form of

the neural spine. We have now several vertebral articulations originally

discovered in American vertebrata. These are the episphen as above, the

hyposphen, which characterizes the Opisthocoelous Dinosauria (Sauropoda

Marsh), and the Diadectidce of the Permian period ; and the zygantra-

pophysis, which is present in the Diplocaulid family of Batrachia.

Char, specif. A section of the vertebra at the middle is pentagonal, the

inferior side slightly convex downwards. The lateral angle is the section

of the angular ridge which connects the zygapophyses. The episphen has

a shallow rounded groove on its infero-posterior side, which is bounded by
a projecting angle on each side at its middle. The episphen does not pro-

ject so far posteriorly as the postzygapophyses, and the degree of its prom-
inence differs in different parts of the vertebral column. In one of the

.
two vertebrae in my possession its prominence is small. The tuber-

osity on its summit is a truncate oval with the long diameter anteropos-

terior, and equaling two-fifths the length of the arch above. It is ele-

vated above the rest of the median line, which is roof-like, with obtuse

angle. The tubercular articular facet is entirely below the prezyga-

pophyseal surface, but the free part of the prezygapophysis extends well

in front of it. It is distinguished from the capitular surface by a very

slight constriction. A slight ridge extends from the capitular articulation

* Paleontological Bulletin No. 35, Nov. 11th, 1882.
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to the edge of the ball of the centrum. Below this the surface is slightly

concave, and the middle line is gently convex. The latter terminates in

an obtuse angled mark just in front of the edge of the ball. This edge is

also slightly free from the ball. The capitular costal surfaces do not pro-

ject inferiorly quite to the line of the inferior surface of the centrum.

Measurements of a Vertebra. M.

Length of centrum (with ball) 0070

c vertical 0035
Diameters of ball

j trangverse 0(M0

• Elevation of vertebra at episphen .0085

middle 0062

Width at prezygapophyses ' 0120

" tubercular costal faces 0105

" of zygantrum. 0058

Vertical diameter costal faces 0040

Transverse diameter tubercular costal face 0028

This snake was about the size of the black snake, Bascanium constrictor.

It is an interesting species for two reasons. First, it is the oldest serpent

known from North America. Second, in the imperfection of the zyiian-

trum we observe an approximation to the ordinary reptilian type of verte-

bra, from which the ophidian type was no doubt derived. In the former

there is no zygosphen or zygantrum.

Mammalia.

Triisodon levisianus, sp nov.

This creodont is represented by part of a right mandibular raums which

contains the fourth premolar minus its principal cusp, and the first and

second true molars, with the alveoli of the third. The ramus is deep, and

probably belonged to an animal of about the size of the red fox. The molars

have the structure most like that of the T. heilprinianus, especially an-

teriorly. The principal anterior cusps are united together for most of their

elevation, while the anterior inner is much smaller and lower, and is situ-

ated between the middle and inner side of the anterior cusp. The heel is

rather wide, and has a raised border. The external part of it is angular,

and is somewhat within the vertical line of the base of the crown. The
fourth premolar differs from that of the type the genus, T. quivirensis,

in having two acute longitudinal tubercles situated close together on the

heel.

The anterior masseteric ridge is very prominent. The masseteric fossa is

strongly concave, but shallows gradually inferiorly. Its inferior border

presents a low thickened ridge, which is recurved in front. This may be

an individual character only. The inferior outline of the ramus is gener-

ally convex, and does not rise much below the masseteric fossa.
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Measurements. M.

Length of last four inferior molars 0315
" true molars 0230

/ anteroposterior 0085
Diameters of M.i. | transverge 0055

Length of P-m. iv. on base 0090

Depth of ramus at M.i 0200

Thickness " " 0085

This Triisodon is not only materially smaller than the T. Tieilprinianus,

but differs in the characters of the heel of the inferior molars. In that

species the internal border is tubercular ; in this, one it is entire. The
T..conidens and T. quivirensis differ in the arrangement of the anterior

cusps.

Dedicated to my friend, Henry Carvill Lewis, professor of mineralogy

and geology in the Academy of Natural Sciences, Philadelphia.

MlOCL^ENUS FEROX, Sp. nOV.

This new species is represented by three specimens. One of these in-

cludes various separate teeth and a considerable portion of the skeleton ; a

second includes loose teeth and a smaller number of bones of the skeleton
;

and the third consists of a part of a mandibular ramus, which contains the

three true molars. These indicate the largest species of the genus yet

known, the first individual above mentioned being about the size of a wolf.

The bones of the Mioclomus ferox enable me to refer the genus approxi-

mately to its proper position in the system. Although we do not possess

the corresponding parts of the Mioclmius turgidus, the type of the genus,

it is probable, if not certain, that they agree in generic characters. The
agreement in dentition extends to all the principal technical points, though

the specific differences are marked.

The skeleton is that of a creodont. The unequal phlanges are compressed

daws, and the metapodial bones have protuberant condyles. The astrag-

alus has a simple head with convex surface, and the trochlea is a shallow

open groove.

The tubercular dentition refers this genus to the Arctocyonidce,* With
this family it is accordingly placed provisionally. It differs from the known
fossil genera in the single tubercle of the internal part of the crown of the

superior molars.

The species M. brachystomics and M. etsagicus of the Wasatch epoch must

now be removed from this genus. I have shown that the former is an Artio-

dactyle. Now in technical points, the dentition of those species is identi-

cal with that of Pantolestes Cope, as well as with Mioclomus. Although the

skeleton of the type of Pantolestes, P. longicaudus of the Bridger Beds, is yet

unknown, it is safe to suppose that it does not differ from that of the M.

urachystomus. I therefore refer the two species first mentioned to Panto-

lestes, and place that genus in the Artiodactyle sub-order.

* For the dentition of this family see Lemoine, Annales, Sc. Nat., 1878, July.
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Char, specif.—The canines are well developed, and have a robust root.

The crown is rather slender and is very acute. It is rounded in front, hut

has an acute angle posteriorly. It is not grooved, and the enamel is smooth.

The single-rooted first superior premolar is situated close to the canine, and

behind it is a short diastema. I have the probable first true molar or fourth

premolar. The external cusps are rather small, and are well separated from

each other. The inner outline of the crown is rather broadly rounded.

The internal tubercle is connected on wearing, with an anterior transverse

crest which terminates near the inner base of the anterior external cusp in an

intermediate tubercle. There is a posterior intermediate tubercle. There is

a cingulum all round the crown excepting at the posterior intermediate

tubercle. The second (? first) true molar is like the one just described, but

has relatively greater antero-posterior width. In this tooth the cingulum

extends all the way round the crown.

There are but two inferior molars of this individual preserved, the second

and third true. The former of these has a parallelogrammic outline with

rounded angles. There are two posterior and two anterior rather large

tubercles ; an anterior transverse ledge ; and a narrow external and posterior

cingulum, the latter running into the internal posterior tubercle. The latter

has a circular section, and is much smaller than the external posterior, which

has a wide crescentic section. Of the anterior tubercles the anterior is much
the larger, judging from its worn base. The third true molar is triangular

in outline. Its crown includes two anterior and an external median tubercle.

The inner and posterior parts of the crown form a wide shelf, with the

internal edge denticulate. A weak external cingulum.

Measurements of Teeth. M.

Diameters base of crown of incisor \
n

"
c transverse 004

Diameters base crown of canine \
anteroposterior 0130

t transverse 0095

tv„™~+~ Ti/r • (anteroposterior 0095
Diameters crown, superior M. i. ]

*

(. transverse 0120

Diameters, M.? ii. j
anteroposterior 0110

I. transverse 0110

Diameters of inferior M. ii j
anteroposterior 0120

l transverse 0105

Diameters of inferior M. iii. j
anteroposterior 0125

(- transverse 0090

The second individual includes part of the superior walls of the skull.

The fragment displays a high sagittal crest, which is fissured in front so

as to keep the temporal ridges apart to near its anterior apex. The brain

surfaces show small, smooth, flat hemispheres, separated by a constriction

from the wideband large olfactory lobes. The navicular bone shows three

well defined dislal facets, indicating probably five digits in the pes. The
teeth of this specimen include a posterior superior molar, and an inferior
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third or fourth premolar, with other teeth. The premolar is like that of

a creodont. Its principal cusp is a simple cone. To this is added a short

wide heel, whose superior surface is in two parts, a higher and a lower,

divided by a median ridge. A low anterior basal lobe, and a weak exter-

nal cingulum.

The third specimen belonged to an individual a little smaller than the

other two. It includes the first inferior true molar, a tooth lost from the

others. Its form is somewhat narrowed anteriorly, where it has two low,

but well separated anterior inner tubercles, which form a V with the ex-

ternal anterior.

Specimen No. 1 is accompanied by fragments of vertebrse and limbs.

The former are principally from the lumbar region, but fragments of the

atlas remain. This vertebra is of moderate length, and the cotylus is.

somewhat oblique. The vertebrarterial canal is rather elongate, and its

anterior groove-like continuation in front of the diapophysis is not deeply

excavated. The lumbar vertebrae are remarkable in the characters of their

zygapophyses. These display subcylindric surfaces of the posterior pair,

which indicates that the anterior ones are involuted, as in the specialized

Artiodactyles and Perissodactyles of the later geological ages. Such a

structure does not exist among carnivora, nor to my knowledge among
creodonta, nor in any mammals of the Lower Eocene. I do not find it in

Didelphys nor Phascolarctos, but it exists in a moderately developed degree

in SarcopMlus. The articular surface forms more than half of a cylinder,

and its superior portion is bounded within by an anteroposterior open

groove. The surface within this is not revolute, as in Bos and Sus, but

the articular surface disappears, as in Cervus. Eight such postzygapoph-

yses are preserved, all disconnected from their centra. Two of them are

united together. There are two other separated zygapophyses of smaller

size, which have but slightly convex surfaces. One is probably a prezyg-

apophysis of a dorsal vertebra. No centrum is preserved.

Of the anterior limb there is a probable distal half of a radius. It is of

peculiar form, and resembles that of SarcopMlus ursinus more than any

other species accessible to me. One peculiarity consists in the outward

look of its carpal surface, which makes an angle of about 45° with the

long axis of the shaft. The obliquity in S. ursinus is less. The external

border of the shaft in M. ferox is, however, straight, and terminates in a

depressed tuberosity. Beyond this, the border extends obliquely outward

to the carpal face, which it reaches at a right angle. The internal border

of the shaft is gradually curved outwards to the external border of the car-

pal face. Its edge is obtuse, while the external one is more acute for a

short distance, and rises to the anterior (superior) plane of the shaft. The
carpal face is a spherically subtriangular with rounded angles. It displays

two slightly distinguished facets, one of which is superior, and the other

is larger and surrounds it, except on the superior side. The internal mar-

ginal projection, or "styloid process," is not so prominent as in S. ursi-

nus, and is a roughened raised margin. Joining it on the inferior edge of
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the carpal face is another rough projection of the margin. Immediately

opposite this, on the superior edge of the carpal face, is a rough tuberosity,

which encloses a small rough fossa, between itself and the styloid pro-

cess. Internal to it is a shallow groove for an extensor tendon of the

manus ; then a low short ridge, and internal to that a wide shallow de-

pression for other extensors. The carpal face differs greatly from those of

Sarcophilus and Didelphys in having the inner portion wider than the outer,

instead of the reverse, and in having no distinct styloid process. It indi-

cates that the manus was turned outwards much more decidedly than in

those genera.

Of carpal hones the only recognizable one is the unciform. Its proximal

articular surface rises with a strong convexity entad, and descends to an

edge ectad. The metacarpal surface is concave in anteroposterior sec-

tion, forming a wide shallow groove, extending in the direction of the

width of the foot. Its two metacarpal areas are not distinguished. The
entire first and second metacarpals, with the heads of the third and fourth

are preserved. They considerably resemble those of Sarcophilus ursinus.

The distal articulations are injured in both, but both display a sharp troch-

lear keel posteriorly, which on the second extends nearly to the superior

face of the articulation. The condyle is subround, and is constricted lat-

erally, and at the base above. The second metacarpal is short and ro-

bust, shorter than in Sarcophilus ursinus. The first is also robust, but is

relatively longer, as it is three-quarters the length of the second. Its head

is expanded, especially posteriorly, and the large trapezial face is subtrian-

gular, with round apex directed inwards as well as forward. The poste-

rior face of the head is notched ectad to the middle. On the external

side of the head there is a vertical facet with convex distal outline, for con-

tact with the second metacarpal. The head of the latter is narrow, and is

concave between the sides. The concavity is bounded posteriorly by a

raised edge. The anterior part of the proximal facet is decurved. The
shaft is deep proximally, but on the distal half is wider than deep. The
lateral distal fossse are remarkably deep and narrow, the condyle very much
contracted. The head of the supposed third metacarpal is as wide as the sec-

ond anteriorly, but narrows to the posterior third, and then contracts ab-

ruptly to a narrow apex. The supposed external side of the head is per-

fectly straight, and is continuous with the side of the shaft without inter-

ruption. The entad side displays no facet, but has a depression below

the head which adapts itself very well to the head of the first metacarpal.

In fact, if the metacarpals just named second and third, exchange places,

so that second is placed third and third second, the metacarpal series fits

far better. The fourth fits the so-called second much better than the so-

called third. This may therefore be the true order, although that first

used agrees better with the carpus of Sarcophilus. The head of the so-

called third is sl'ightly convex anteroposteriorly, and is oblique laterally,

descending a little to the inner side. The fourth metacarpal is. wider an-

teriorly than either the second or third. The inner edge is straight, while'
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the outer is concave, the head being narrower before than behind. It has

a lateral facet on each side ; the inner plane, the external concave in the

vertical as well as in the anteroposterior direction. It thus approaches the

form of a metatarsal, but is not so strongly excavated, nor is the head

notched on either side. The unciform face is convex anteroposteriorly

and plane transversely.

The femur is broken up so that I cannot restore it. The head of the tibia is

gone, but a considerable part of the astragalar face is preserved. This is

transverse to the long axis of the tibia. It is narrowed anteroposteriorly

next the fibular facet. Malleolus lost. The shaft is robust, and does not

expand distally for articulation with the astragalus. Three centimeters

proximal to the distal end, the external side throws out a low, rough, ridge-like

tuberosity. Above the middle the crest turns outwards, leaving the internal

face convex. There is a broken patella, which has one facet much wider

than the other.

The astragalus has the trochlear portion a little oblique. That is, the in-

ternal crest is a little lower than the external, and the inner face is a little

sloping- The latter is impressed by a fossa above the posterior part of the

sustentacular facet, which runs out on the neck. The trochlea has a shallow

groove which is nearer the external than the internal crest, and which

passes entirely round the posterior aspect to the plane of the inferior face

of the astragalus. The groove for the flexor tendon is thus entirely en-

closed, and issues on the inferior face at the posterior extremity of the

groove which separates the sustentacular from the condylar facets. The
external crest of the trochlea is less prominent posteriorly than the internal,

thus reversing the relations of the superior part. The internal ridge be-

comes quite robust, but does not flatten out and project sub-horizontally

as in Oxyoma forcipata. The fibular face is vertical ; neither its anterior nor

posterior angles are produced. The neck is somewhat contracted (the in-

ternal side is injured). The head is a transverse oval, strongly convex

vertically, moderately so horizontally, and without flattening. A meso-

cune'iform (or possibly ectocuneiform) bone is wedge-shaped in horizontal

section, without posterior tuberosity, and its anterior face is a slightly ob-

lique square. The narrower facet is oblique in the transverse sense.

The metatarsals are represented, excepting the first and second. The
only complete one is the fifth. The heads of the third and fourth are much
like those of Oxymna, forcipata, and of about the same size. Their anterior

width is equal, and in both the external side is more oblique than the in-

ternal. Both have a notch at the middle of the internal side, but they dif-

fer in that the third has an open notch on the external side which is want-

ing to the fourth. The lateral excavations of the external sides are deep

and rather large, and thin out the anterior external edge. The lateral

facets are correspondingly large on the fourth and fifth ; on the third meta-

tarsal it is small, and a mere decurvature of the proximal surface. That of

the fourth is longer proximo-distally than transversely. That of the fifth

is about as long as wide, and presents more anteriorly ; or, to express it
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more accurately, the shaft and head present more outwardly than those of

the fourth. The proximal, or cuboid facet is narrow anteroposterior^, and
is curved, the external side being concave. On the external side just distal

to this facet, the bead of the bone expands into a large outward-looking

tuberosity, which is separated from the posterior tuberosity by a strong

notch. Between it and the head proper, on the anterior face, is a large

fossa. The entire form is something like that of the proximal extremity of

a femur with head, neck, great trochanter and trochanteric fossa. A some-

what similar form is seen in the corresponding bone of Oxymna forcipata.

The shaft of the fifth metatarsal, is one-fifth longer than that of the second

metacarpal (? 3d) above described. Its direction is straight, but it is some-

what curved anteroposteriorly. Its section is subtriangular, the apex ex-

ternal. The condyle is narrowed and sub-globular above, and spreads

laterally behind, the external expansion being wide and more oblique.

The keel is prominent, and is only visible from above (in front) as an angle.

The distal extremities of some other metatarsals differ in being flatter at the

epiconclyles, and concave between them on the posterior face. The con-

dyles are more symmetrical, and are bounded above on the anterior face

by a profound transverse groove. Several phalanges are preserved, including

part of an unguis. They are all depressed, and with well marked articular

surfaces, of which the distal are well grooved, and the proximal notched

beloWi The lateral areas of insertion of the tendons of the flexors are well

marked on the edges of the posterior faces. An ungual phalange is much
compressed at the base. The basal table is well marked, and has a free

lateral edge. The nutritive foramen enters above the posterior extremity

of this edge. No trace of basal sheath.

Measurements of No. 1. M.
Length of atlas at anterior vertebrarterial foramen 0165

Expanse of postzygapophyses of a lumbar vertebra 0230

Diameter radius at middle of shaft 0100

Greatest distal width of radius 0220

Diameters carpal surface •<

<- transverse 0185

^ vertical (interiorly) 0130

Diameters of unciform 1 anteroposterior (greatest).. 0140
' transverse (in front) 0150

Diameters head metacarpal I {
anteroposterior 0130

I. transverse 0120

Length of metacarpal 1 0310

"Width metacarpal I at epicondyles 01 10

Diameters head metacarpal II /
anteroposterior 0110

I transverse 0070

Length of metacarpal II (or III) 0400

"Width do. at epicondyles 0120

Diameter head of M. Ill (or II) {
anteroposterior 0125

I- transverse 0075
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Measurements of No. 1, M.

Diameters head of M.Iv{ anter°P°sterior -;;-; :
^20

<- transverse (at middle) 0070

"Width of patella near middle. 0190

Diameters of tibia . 07 M. from astragalus \

c ^
„„ „„

I transverse 0130

Anteroposterior width of astragalar face 0200

Total length of astragalus 0310

r length on groove 0210

Diameters ofthe trochlea < width above 0160
' elevation externally 0130

Greatest width of astragalus below - 0225

Length anterior to internal crest of trochlea 0100

t.. . t -, r, .. t TTT f anteroposterior .... .0130
Diameters head of metatarsal 111 -s . _

*- transverse (m front) 0110

Diameters head of metatarsal IV {
^teroposteiior 0140

*. transverse 0105

^anteroposterior 0120
' without tuberosity < / with lateral

( transverse < facet 0080

(without do.. .0040

transverse over all 0170

Length Mt. V .' 0460

Width do. at epicondyles 0120

Width do. at condyle above 0065

Width of M. Ill or IV at epicondyles 0120

Width of proximal end of phalange 012

Length of smaller phalange (1st series) 0230

Proximal diameter do-

j

vertical 007°

(-transverse 0110

Ungual phalange, vertical diameter of cotylus , 0090

The specimen which has been partially described in the preceding pages

as No. 2, has many pieces which are identical with those preserved in spec-

imen No. 1. Among these may be mentioned the glenoid cavities of the

squamosal bone. These display, besides the large postglenoid process, a

well developed preglenoid ridge, as in Arctocyonidm, Oxycenidce and Meso-

nychidoe. A large distal caudal vertebra of elongate form, indicates a

long tail. An articular extremity of a flat bone is intermediate in form be-

tween the proximal end of the marsupial bone of Didelphys and that of

Sarcophilus. Its principal and transverse articular surface is transversely

convex, as in the latter (8. ursinus), but the lesser articular face is sepa-

rated from it by an even shorter concave interspace than in the opossum.

It has almost exactly the form of that of the latter animal. It is a short,

flat cone, with two faces presenting on the same side, the one part of the

concavity mentioned, the other flat and presenting away from it. This
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piece has a slight resemblance to the very peculiar head of the fibula in

the oppossum, but is not like that of SarcopJiilus ursinus. I, however,

think it much more probably the proximal extremity of a marsupial bone.

A supposed cuneiform is subtransverse in position, and resembles in gen-

eral those of Oxycena and Esthonyx. It has the two large transverse prox-

imal facets, the anterior one-quarter wider than the posterior. The distal

facet (trapeziotrapezoidal) is simple. The navicular is much like that of

Oxycena forcipata, but is more robust. Its external tuberosity is flattened

anteroposteriorly, and is produced proximally. The three distal facets

are well marked^ the median a little wider than the external, while the

internal is subround, convex, and sublateral in position. The entocunei-

form is a flat bone, with cup-shaped facet for the navicular, and narrow

facet for the first metatarsus. This facet is transverse transversely, and

concave anteroposteriorly. It shows (1), that there is a pollex; (2), that

it is. probably small ; and (3), that it was not opposable to the other digits,

as is the case in the opossum. (4). It does not show whether the pollex

has an unguis or not.

Measurements No. 2. M.

Transverse width condyle of mandible 0230

Anteroposterior width condyle of mandible (at middle) .0103

Diameters head of os marsupii {
ransverse

t anteroposterior 0068

t-x. .
..c ( vertical 0075

Diameters cuneiform \
I anteroposterior 0115

r vertical in front 0085

Diameters navicular < transverse 0180

v anteroposterior (middle) 0110

r vertical at middle 0100

Diameters ectocunei'form < anteroposterior (middle) . . .0140

'transverse distally .0060

Two other bones of specimen No. 2 I cannot positively determine. The
first resembles somewhat the trapezium of SarcopJiilus ursinus, and still

more that of Didelphys. I will figure it, as a description without identifi-

cation will be incomprehensible. The next bone is of very anomalous

form. It may be the magnum, which is the only unrecognized bone of

importance remaining, or it may be a large intermedium. It has no re-

semblance to the magnum of any mammal known to me. It was evi-

dently wedged between several bones, as it has eight articular facets.

Two are on one side ; the largest (convex and oval) is on one edge ; three

are on one end, and two, the least marked, are on the other flat side, oppo-

site to the first.

Restoration. "We can now read the nature of the primitive mammal
Miockenus ferox, in so far as the materials above discussed permit. It was

a powerful flesh-eater, and probably an eater of other things than flesh. It

had a long tail and well-developed limbs. It had five toes all around, and

the great or first toe was not opposable to the others, and may have been
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rudimental. The feet were plantigrade and the claws prehensile. The
fore feet were well turned outwards. There were in all probability mar-

supial bones, but whether there was a pouch or not cannot be deter-

mined. These points, in connection with the absence of inflection of the

angle of the lower jaw, render it probable that the nearest living ally of

the Mioclcenus ferox is the Thylacynus cynoceplialus of Tasmania. The pres-

ence of a patella distinguishes it from Marsupials in general. Its den-

tition, glenoid cavity of the skull and other characters, place it near the

Arctocyonidm. Should the forms included in that family be found to pos-

sess marsupial bones, they must probably be removed from the Creodonta

and placed in the Marsupialia.

This species is about the size of a sheep. The bones are stated by Mr.

Baldwin, who discovered it, to be derived from the red beds in the upper

part of the Puerco series.

MlOCL^NUS BUCCTJLENTTJS, Sp. nOV.

A part of the right maxillary bone which supports three molars indi-

cates this species. The molars are P-m iv, M. i and M. ii, This series is

characterized by the remarkably small size of the fourth premolar, and

large size of the second true molar. The first true molar is intermediate.

The fourth premolar consists of an external cone and a much smaller in-

ternal one. There is a weak posterior basal cingulum. The reduced size

of the internal cone suggests the probability that the third premolar has

no internal cusp,ancl that there may be but three premolars. In either

case the species must be distinguished from Miodmnus.

The first and second true molars have conic well separated external

cusps, and a single pyramidal internal cusp. The intermediate tubercles

are distinct. There is a posterior cingulum which terminates interiorly in

a flat prominence. There is an anterior cingulum and a strong external

one, which form a prominence at the anterior external angle of the crown.

Enamel wrinkled.

Measurements of Superior Molars. M.

Length of bases of P-m. iv M. i and ii 0180

Diameters P-m. iv {
anteroposterior 0040

•- transverse . 0046

Diameters of M. i j
anteroposterior . . . .. 0060

,
I transverse 0065

Diameter of M. ii {
anteroposterior 0070

I transverse 0085

MlOCL^NUS STJBTRIGONUS Cope.

This species has been known hitherto* from a palate with three molars.

I am now able to give the characters of the inferior molar series, which

have been found, by Mr. Baldwin, associated with the true superior molars.

Of the latter it may be remarked that the second true molar is not so much

*American Naturalist, 1881, 490-1.
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longer than the first as in M. bucctclentns, although the difference in size is

very evident. The third is smaller than the first, and ovoid in outline, while

the first and second are subquadrate. The external cusps are conic and

widely separated and the intermediate areas are distinct. There is a cingu-

lum all round the crown of the last two, and round that of the first except

at the inner side, and at the anteroexternal angle.

The last three inferior premolars are higher than long at the base, and

are compressed and the apex acute. The posterior edge of the third and

fourth is truncate, and simple. Each has a posterior cingulum which forms

a narrow heel on the fourth. No other cingula. Of the true molars

only the second is wanting. The form of these is like those of the M. ferox,

with the cusps more prominent. The first only has trace of the anterior

V ; in the others, the two anterior tubercles are opposite and connected by

a short anterior ledge. The heel of the first consists of a basin bounded by
these tubercles, of which the external is pyramidal and largest. The

median posterior is small. The heel of the third is narrow and prominent,

and the internal lateral tubercle is represented by a short raised edge. The
enamel of all the molars is wrinkled, and the inner side of the premolars

is grooved with the height of the crown. A weak external cingulum on

M. iii.

Measurements. M.
Length of last three superior molars 0265

Diameters ofM. i \
anteroposterior 0060

C transverse 0060

Diameters of M. ii $
anteroposterior .0062

c transverse 0072

Diameters of M. iii {
anteroposterior. 0047

I transverse 0060

Length of last inferior molars. 0340

Length of last three premolars 0140

Length of P-m. iv 0050

Elevation of P-m. iv 0050

Diameters of M. i {
anteroposterior .0057

( transverse 0042

Diameters of M. iii {
anteroposterior 0070

<- transverse 0035

Rather larger than the pine weasel, Mastela americana.

MlOCL^NTJS COKRUGATUS, Sp. nOV.

This species is known from a right maxillary bone which contains the last

four molar teeth, with parts of pelvis and other bones of one individual.

This species is intermediate in size between the M. protogonioides and
M. ferox, as the following measurements of the second superior true molar

show :

M. protogonioides. M. corrugatus. M. ferox.

Diameter, transverse Oil .0118 .015

anteroposterior 008 .010 .013

—
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The superior molars are more nearly quadrate than in the other species

of the genus, owing to the better development of the posterior internal

tubercle, which is, however, as in the others, a mere thickening of the

posterior cingulum. It is wanting from the last superior molar. The
cusps on the true molars are as in the M. ferox, small, and not large and
closely placed as in M. protogonioides. The intermediate ones are nearly

obsolete. The crowns are all entirely surrounded by a cingulum. The
entire enamel surfaces wrinkled so as to be rugose, although the teeth are

those of an adult and well used. The second superior molar is larger than

the first, exceeding it in the transverse rather than the fore-and-aft diame-

ter. The third is the smallest, and is of oval form with obliquely truncate

external face. It is less reduced than in the M. turgidus.

The fourth premolar consists of a strong compressed-conic cusp with

three basal cusps of small size, viz., an anterior, a posterior, and an in-

ternal. The last is the larger, though small, is formed like a heel, and is

connected with the others by a cingulum. No external cingulum.

Measurements. M.

Length of last four molars 036

Diameters P-m. iv {
anteroposterior .010

<- transverse 008

" M i I
an teroP°sterior .010

I transverse 010

" M i'i -T
anteroposterior 008

I transverse 011

From the Upper Puerco beds.

Pantolambda bathmodon Cope, American Naturalist, 1882, p. 418.

In describing this genus and species, I remarked, loc. cit., that they

were "founded on a mandibular ramus, which supports the first true

molar, and the last two premolars. The characters of these teeth remark-

ably resemble those of Goryphodon. * * * It will be for additional

material to demonstrate whether this genus belongs to the Airiblypoda or

Perissodactyla.
'

'

A considerable part of the skeleton of this species having been recently

sent me by Mr. D. Baldwin, I am able to throw much light on the affini-

ties of this curious genus.

In the first place, the phalanges (not ungual), show that the genus is

ungulate. Secondly, the astragalus has a large distal facet for the cuboid

bone. This proves that the genus cannot be referred to the Taxeopod

order. The question as to whether it belongs to the Amblypoda or the

Diplarthra would be decided by the carpus, but that part is unfortunately

not preserved, and I have to rely on empirical indications for a provisional

determination. Apart from the astragalus, the characters are those of the

Condylarthra rather than of the Perissodactyla, and it is therefore to be

supposed that the carpus has also the characters of that order. This would
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place the genus in the Pantodonta, which has the carpus nearly that of the

Taxeopoda, and the tarsus of the Diplarthra. The points of resemblance

to the Condylartlira are the following : The ilium is narrow. The humerus
has an epitrochlear canal. The superior molar teeth have but one internal

lobe. The resemblances to the Pantodonta are these : The cervical ver-

tebrae are plane and short. The femur has a third trochanter. The pre-

rnaxillary bone in dentigerous. The astragalar trochlea is as in the

Periptychidce, and the Proboscidia ; that is without groove, and slightly

convex anteroposteriorly, thus differing from that of the Pantodonta. The
dentition is especially like that of the Amblypoda in general, and that of

the superior series is unlike anything known in the Diplarthra.

I propose to place this genus in the Amblypoda for the present, next to

the Pantodonta, but it cannot enter that sub-order on account of the form

of its astragalus. The sub-orders of Amblypoda will be defined as follows :

Astragalus with a head distinct from trochlea, with distal ar-

ticular facets Taligrada.

Astragalus without head ; distal facets subinferior Pantodonta.

In the sub-order Taligrada, the single family Pantolambdidce presents the

following characters

:

Superior and inferior molars with the cusps developed into Vs. Post-

glenoid process present
;
postympanic and paroccipital not distinct. All

the vertebrae with plain articulations. Humeral condyles without inter-

trochlear ridge. Femur with third trochanter. Digits of posterior foot

probably five. Metapodial keels small and posterior.

Of this family Pantolambda is as yet the only known genus. Its leading

characters are as follows :

Canine teeth distinct ; dental series continuous. Superior molars all

triangular, that is with a single internal cusp. External cusps of premo-

lars unknown ; of molars two. Internal cusp V-shaped, sending its horns

externally as cingula to the anterior and posterior bases of the external

side of the crown, without intermediate tubercles. Inferior true molars

with a crown of two Vs, the anterior the more elevated. Premolars con-

sisting of one open V, with a short crest on a short heel, as in Coryphodon.

Dental formula Pf ; C. { ; P-m. \\ ; M. f ; the last inferior with a heel.

A strong sagittal crest. Auricular meatus widely open below. Large

postparietal, postsquamosal and mastoid foramina.

Cervical vertebrae rather short ; other vertebrae moderate, the lumbars

not elongate. A large tail. Humerus with large internal epicondyle.

Femur with all the trochanters large. Ilium with the anterior inferior

spine well developed. Metacarpals short, plantigrade. Phalanges of second

series flat, and of subquadrate outline. The astragalus has a wide head, but

no neck, as it is not separated from the tochlear portion by a constriction.

It is as wide as the trochlear portion, but about one-third of its length ex-

tends within the line of the malleolar face of the trochlear portion. The
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navicular face is flat, that of the cuboid bone is convex vertically, and one-

half as long horizontally as the navicular, and only half as deep. These

two facets are continuous with the sustentacular below. Interior to

all of these, on the internal tuberosity of the head is a sub-round facet look-

ing inwards, like that characteristic of the genus Bathmodon, but rela-

tively larger. A continuous facet is seen on the adjacent edge of the

navicular. The use of these facets is unknown.

The brain case indicates small and nearly smooth hemispheres, extend-

ing with little contraction Into a rather large cerebellum. The olfactory

lobes are produced anteriorly at the extremity of a rather long isthmus.

If we consider the dentition alone, Pantolambda is the ancestor of the

Coryphodontidce. The history of the feet requires further elucidation.

The Pcmtolambda bathmodon is about as large as a sheep.

From the upper beds of the Puerco.

Mixodectes pungens, gen. et sp. nov.

Char. Gen.—The position of this genus is uncertain, but may be near to

Cynodontomys Cope, which I have provisionally placed among the Pro

-

simiag*. It is only known from mandibles, which have presumably the

following dental formula. I. ; C. 1 ; P-m. 4 ; M. 3. An uncertainty

exists as to the proper names of the anterior teeth, which cannot be de-

cided until the discovery of the superior series. For instance the formula

may be ; I. 1 ; C. 1 ; P-m. 3.

The supposed canine is a large tooth, issuing from the ramus at the

symphysis like a rodent incisor, and has an oval section, with long dia-

meter parallel to the sj'mphysis. The crown is lost from all the speci-

mens. The second tooth is similar in form to the first, but is much
smaller. It is situated posterior and external to the first. The next tooth

is still smaller and is one-rooted. The third and fourth premolars have

simple conic crowns, and more or less developed heels without cusps. The
true molars are in general like those of Pelycodus ; i. e., with an anterior

smaller, and a posterior triangle or V. The supplementary anterior inner

cusp is quite small, while the principal anterior inner is elevated. The
posterior inner is much more elevated than in the species of Pelycodus.

Last inferior molar with a fifth lobe.

This genus cannot be referred to its place without additional material,

but the parts discovered indicate it to be between Pelycodus and Cynodon-

tomys ; either in the Mesodonta or the Prosimice. I may here remark that

in defining the latter genus I was in doubt as to the number of the inferior

premolars. The discovery of the present genus renders it probable that it

has three such teeth, and that the anterior two are each one-rooted.

Char. Specif. The mandible of the Mixodectes pwngens is about the size

of that of the mink. Its inferior outline is straight to below the second

premolar, whence it rises upwards and forwards like that of a rodent.

The anterior masseteric ridge is very prominent, but terminates below the

* Paleontologieal Bulletin No. 34, p. 151.
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middle of the ramus. Inferior masseteric ridge much less pronounced.

The inferior part of the ramus is rohust below the base of the coronoid

process, but there is no indication of recurvature of the. edge. Mental

foramina two ; one below the front of the first true molar, and one below

the second premolar.

The oval base of the canine is not flattened on either side; that of the

second tooth is flattened on the inner side. There is a great difference be-

tween the sizes of the last three premolars. The fourth is twice as large

as the third, and the second, judging from the space and the size of its al-

veolus, was much smaller than the third, and the crown was probably a

simple 'acute cone. The crown of the third is of that form, with the addi-

tion of a short heel. The long axis of the base of the crown is diagonal to

that of the jaw. The fourth premolar has a relatively larger heel than the

third, but it is shorter than the diameter of the base of the cusp. Its pos-

terior edge is elevated. The cusps ot the anterior pair of the true molars

are elevated, but the interior is the most so. The supplementary one is

not exactly in the line of the interior border of the crown. Each of the

inner cusps are connected with the base of the external by a ridge, which
together form a V. The posterior base is nearly surrounded by a raised

edge, which rises into cusps at the posterior lateral angles. Of these the

internal is the more prominent. The edge connecting these cusps is slightly

convex backwards, and evidently bears a part in mastication. The lateral

borders of the last molar are somewhat expanded, and the fifth lobe is very

short. No cingula on any of the teeth.

Measurements. M.

Length of dental series from " canine" exclusive 0265
" true molar series 0140

( longtitudinal 0040
Diameters -canine"

j transverse <0030

Long diameter of base of "P-in. i" 0028

. " " " P. m-ii 0017

-r.. , -o • f vertical 0055
Diameters P-m. iv 1

t- anteroposterior 0050

DiametersM. ii
(transverse 0038

(. anteroposterior 0050

Length of crown of M. hi - .006f>

Depth of ramus at P-m. iii 0090

M. hi 0100

MlXODECTES CRASSIUSCULTJS, sp. nOV.

This mammal is represented by fragments of two mandibles from differ-

ent individuals ; one less and the other more worn by mastication. The

species differs from the last in its greater size, and in the relatively greater

length of the last inferior molar. The length of the posterior four molars

of the M. pungens equals that of the three true molars of the H. crassius-
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cuius; and the last true molar of the latter is half as long again as the pen-

ultimate, while in M. pungens it exceeds it but little.

The best preserved true molar is the second. Its most elevated cusps

are the anterior and posterior inner, of which the anterior is subconic and
more elevated. The anterior external cusp is crescentic in section, and

sends crests to the supplementary, anterior, inner and the posterior anter-

ior inner, both of which descend inwards. The posterior crest reaches the

posterior base of the anterior inner cusp.

The posterior external eusp is an elevated angle, sending crests forward

and backwards. The former reaches the base of the anterior external

cusp (hot reaching the inner), while the latter passes round the posterior

edge of the crown. As in M. pungens, it is convex posteriorly, and rises

to the posterior internal cusp . In both species its appearance indicates that

it performs an important masticatory function in connection with the su-

perior molar. No cingula.

Measurements. M.

Length of bases of M. ii and hi ; (No. 2) 0125

base of M. hi ; (No. 2) 0070

Diameters crown M. ii
;

(No. 1) 5
anteroposterior . .. .0056

t transverse 0050

Depth of ramus at M. ii ; (No. 1) 0100

Periptychus carinidens Cope.

Additional specimens of this species demonstrate that the last inferior

molar has a different form from that of the P. rMbdodon. While of the

same length, it is narrower throughout, conformably with the smaller size

of all the other molar teeth.

Phenacodus calceolatus, sp. nov.

This species is founded on fragments of the skull and limbs, with teeth,

of a single individual. The teeth consist of two superior and four inferior

molars of one side, and a smaller number of those of the opposite side.

The teeth are of the size of those of the Phenacodus puercensis, and like

that species, there is no median external cingular cusp of the superior

molars. In these teeth the external basal cingulum is weak, but there is

a strong anterior cingulum, distinct from any of the cusps. No internal

cingulum. External cusps conical, well separated ; intermediate cusps

rather large ; internal cusps rather large, close together, but deeply sepa-

rated. The last superior molar is reduced in size. It has well developed

anterior and posterior cingula, a weak external, and no internal cingula.

The intermediate tubercles are rather large, and there is one large in-

ternal tubercle.

The heel of the last inferior molar is short, wide and rounded. The
posterior tubercle is but little behind, opposite the posterior internal tu-

bercle. The latter is separated from the anterior inner by a deep fissure,

while the opposite side of the crown is occupied by a large median exter-

I =_
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nal cusp, which has a semicircular section. The large anterior cusps are

confluent on wearing. No anterior cingulum in the worn crown. The
crowns of the first and second true molars of the specimen are rather worn.

They show that the posterior median tubercle is very indistinct and prob-

ably absent. The bases of the smaller inner cusps are round, and on wear-

ing unite with the larger external cusps. Of the latter the posterior is the

larger. Anterior cingulum rudimental or wanting. No lateral or pos-

terior cingula. The principal peculiarity of the lower dentition of this

species and the one from which it is named, is the form of the third or

fourth (probably third) premolars, both of which are preserved. They
have a compressed apex, which descends steeply to the anterior base, with-

out basal or lateral tubercle. The base of the crown sprsads out laterally

behindhand is broadly rounded at the posterior margin, so as to resemble

the toe of a wide and moccasined foot. It is depressed, the surface rising to

the apex from a flat base. *

,
Measurements. M.

Diameters of seeond superior molar
\ ^SSSS^. \S

Diameters of las. superior molar
\
jj™^*-— ijgg

Length of inferior true molars 0258

Diameters of M. ii \
anteroposterior 009

£ transverse 008

Diameters of H.m{^S :̂;:::::::::::::::: :j«J

Diameters of the P-m. m{fSSS^\::":""^ X
About the size of the P. puercensis.

Note on the Mammalia op the Puerco and the Origin of the
quadrituberculate Superior Molar.—It is now apparent that the type

of superior molar tooth which predominated during the PuerCo epoch

was triangular; that is, with two external, and one internal tubercles.

Thus of forty-one species of Mammalia of which the superior molars are

known, all but four have three tubercles of the crown, and of these thirty-

eight triangular ones we may except those of three species of Periptychus,

which have a small supplementary lobe on each side of the median prin-

cipal inner tubercle.

This fact is important as indicating the mode of development of the

various types of superior molar teeth, on which we have not heretofore

had clear light. In the first place, this type of molar exists to-day only in

the insectivorous and carnivorous Marsupialia ; in the Insectivora, and the

tubercular molars of such Carnivora as possess them (excepting the planti-

grades). In the Ungulates the only traces of it are to be found in the

molars of the Coryphodontidae of the Wasatch, and Dinocerata of the
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Bridger Eocenes. In later epochs it is chiefly seen only in the last supe-

rior molar.

It is also evident that the quadritubercular molar is derived from the

tritubercular by the addition of a lobe of the inner part of a ciagulum of

the posterior base of the crown. Transitional states are seen in some of

the Periptychidce (Anisonchus) and in the sectorials of the Procyonidce.

On the Brains of the Eocene Mammalia Phenacodus and Periptychus. By

KB.

(Bead before the American Philosophical Society, December 15, 1882.')

PHENACODUS PRIM^EVUS Cope.

A cast of the cranial cavity gives the following as the general characters

of the brain. The cerebal hemispheres are remarkably small, each one

being less by one-quarter than the cerebellum. They are separated from

the latter and from the large olfactory lobes by strong constrictions. The
posterior one is occupied by a thick tentorium. In like manner a wide

groove for a robust falx separates the hemispheres above, a notch repre-

sents the sylvian fissure, and the lobus hippocampi is quite large. The
vermis of the cerebellum is quite distinct, and the lateral lobes are large.

They are impressed laterally by the petrous bones as in various ruminants.

The anterior columns of the medulla are not visible. There are traces of

the convolutions on their hemispheres.

The brain displays the following more special features. The olfactory

lobes are as wide as long, and they diverge, having two external sides.

In section they are triangular, presenting an angle downwards. The
hemispheres are depressed, and wider posteriorly. They are well sepa-

rated from each other and from the cerebellum ; so much so that it is

quite probable that the copora quadrigemina are exposed. Their outlines

are however not distinguishable on the flat surface which connects the

hemispheres posteriorly. No further indication of sylvian fissure can be

seen in the cast beyond an entering angle defining the lobus hippocampi

anteriorly. The latter is prominent externally, and less so downwards.

There are distinct indications of convolutions. There are three on each

side above the sylvian convolution, and a fourth extends from the sylvian

upwards and posteriorly below the posterior part of the third or external

convolution. The sulci separating the convolutions are very shallow.

The internal and external convolutions unite anteriorly, passing round the

extremity of the median convolution. The space between this gyrus and

the base of the olfactory lobe is only three millimeters.
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The cerebellum is larger than a single hemisphere. Its superior surface

is somewhat flattened, and descends forwards ; the lateral boundary of

this face is a projecting edge which rises behind to an angle of the vermis.

The posterior face is shorter than the superior, and is vertical. It is sepa-

rated by a space Irorn a very prominent lateral convolution, while the

region of the flocculus is concave from the internal form of the ascending

portion of the petrous bone. This concavity is open anteriorly. The
base of the fifth pair of nerves is below its apex, and that of the sixth

below the inferior extremity of the lateral convolution. The section of the

medulla oblongata is a transverse oval ; its inferior face and that of the

pons varolii, smooth; A deep fossa just anterior to the bases of the optio

nerves.

Measurements of brain. M.

Length from vermis to olfactory lobes inclusive. , 070
" of olfactory lobes from above 015

" of hemispheres, from above 030
" of cerebellum from above .024

Depth of olfactory lobe 010
" of hemisphere 023
" of cerebellum and medulla 026

" of medulla at vermis 015

Width of olfactory lobes at middle 030
'

' of hemispheres in front 044
«« behind 044

" of cerebellum.... 036
" medulla at vermis 020

PERIPTYCHUS RHABDODON Cope.

I have obtained a cast of the top and sides of the cerebral hemispheres,

and the proximal portion of the olfactory lobes, from a skull of a Periptychus

in which the teeth are preserved, and prove the species to be the P. rhab-

dodon. The olfactory lobes are enormous, and the hemispheres small and
very flat. The mesencephalon is entirely exposed. The cerebral hemispheres

are very flat, and are only differentiated from the olfactory lobes, by a

moderate contraction and depression, which forms the peduncle of the

latter. Only the proximal part of the olfactory lobes is preserved, but this

expands so as to be only a little narrower than the hemispheres. The
peduncle has a ridge on the median line, and a shallow fossa on each side

of it. The lateral outlines of the hemispheres diverge, and the widest part

is posterior. There is no indication of sylvian fissure. The transverse sec-

tion of the hemispheres would be a flat arch, but for the presence of a

longitudinal ova'l protuberance on each of them, which do not quite touch

the median line, and which have definite boundaries. If their limits

determine the size of the cerebral hemispheres, then the latter are wider,
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than long, but they probably pass gradually into the mesencephalon be-

hind them. These bodies remind one of the corpora olivseformia, and

may represent the superior or median frontal convolutions. They are

probably, however, not to be homologized with any convolutions, repre-

senting rather the cerebral vault of the lateral ventricle. Posterior to

them the flat surface descends gently without indication of copora quadri-

gemina or other irregularity^ and at a distance about equal to the length

of the oval bodies, it begins to rise gently. The cranium is broken here,

and no cast of the cerebellum was obtained.

I may remark that the cranium from which this cast is taken is not

crushed, and that it consists of parts of the parietal and squamosal bones

only. The latter remain as far as the incurvature to the pterygoid pro-

cesses in front of the glenoid cavity.

Measurements of brain. M.

Length from posterior rise to base of olfactory lobes 037

Length of oval bodies of hemispheres 018

Width of proximal part of olfactory lobes. 027

Width of olfactory peduncles 021

Length from olfactory lobes to oval bodies of hemis-

pheres *.. .005

Diameter of hemispheres at posterior part of oval bodies. .038

t>epth from sagittal crest to olfactory lobes .024

•

EXPLANATION OF PLATES.

Plate I.

Casts of the brain case of Pkenacedus primcevus Cope, natural size.

Fig. 1. Lateral view.

Eig. 2. Superior view.

Eig. 3. Anterior view.

Eig. 4. Posterior view.

Plate It.

Fig. 1. Brain of Phenatodus primcevus, inferior view.

Eig. 2. Cast of brain case of Periptychus fhabdodon, superior vi'eW.

Eig. 3. Cast of brain case of Periptythns rkabdodon, lateral view.
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fourth Contribution to the History of the Permian Formation of Texas. By
E, D. Cope*

{Read before the American Philosophical Society, March 16, 1883.)

PISCES.

ECTOSTEORHACHIS CICERONIUS, Sp. HOV. •

The genua Ectosteorhachis Cope, is known up to the present time from

ichthyolites, which do not exhibit the interior details of the structure of

the skull. Several portions of crania having recently come into my hands,

I am able to add some important features, and a new species, which I name
as above.

The base of the skull consists of ossiQed parachordals, which embrace

the chorda dorsalis posteriorly and are continued for a short distance

posteriorly as a tube. Anteriorly the chordal groove is open. Trabecular

not ossified. The cranial structure is an excellent illustration of a perma-

nent embryonic type. Above and in front of the opening for the chorda,

the neural canal enters the groove. The parachordals are subtriangular,

presenting one angle forwards, and having the internal side that bounds

the groove straight and longitudinally grooved. The anteroexternal side

is oblique and nearly straight, and is overhung by the osseous roof of the

skull. These characters are identical in both species.

The E. ciceronius differs from the E. nitidus in having a narrower inter-

orbital region, and in the possession of small tubercles of ganoi'ne on the

posterior parts of the superior surface of the skull. These are seen

on the sides of the surface, and are quite small, not numerous, and

*The third contribution can be found at page 447 Proceedings ot the Society

for 1882.

mm*
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of various sizes and shapes. They resemble shining seeds. In E. nitidus

these points are wanting, but there are rugosities on the postfrontal and

pterotic regions of a radiating character, not found in E. ciceronius.

Measurements. M.
No. 1.

Length of skull to occiput above (muzzle worn) 069

Interorbital width . . . 014

No. 2.

Length of osseous base of cranium (parachordal) 089
" open median groove 022

"Width of base at parachordals 036
" groove at apices of parachordals 011

" foramen notochordse 0095

Found by Mr. "W. F. Cummins.

Gnathorhiza serrata, gen. et sp. nov.

This presumed fish is represented by some teeth which are processes of

osseous bodies, which may be roots properly so called, or may be jaws.

The osseous bases are shallow, and thickened on the free edge, which is

directed obliquely away from the plane of the crown of the teeth. The
teeth obtained are flat, and doubtless bilaterally symmetrical, though no
complete pairs are preserved. The largest of these has a curved edge, and

a branch extending posteriorly at right angles to it, joining it at a point at

one side of its middle. The longer (and more curved) part of the convex

edge, has two coarse angles ; the shorter part is finely denticulated, as is

the transverse lamina. The principal edge is worn posteriorly by use. The
external convex face is marked by coarse and finer lines of growth, like

those on corneous processes. A second form of tooth is not curved, but fiat,

so far as preserved. It has three coarse obtuse teeth. Two other toothed

bodies resemble it. All the teeth are covered with brilliant ganoi'ne on

both sides.

Measurements. M.
Length of chord of larger tooth .010

" cross lamina . 0055

Elevation of principal edge 006

with root 008

Thickness of root at base 002

The genus Gnathorhiza may belong to the Petalodont family, though I

think it very* doubtful. The characters of the roots of the teeth are more
like those of sharks.

BATRACHIA.
Trimerorhacrts bilobatus, sp. nov.

Among the many specimens of animals of this genus which have passed

through my hands, I have not until now been able to select more than one
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species, the 1. insignis. Mr. Cummins, however, now sends me parts of

skeletons of four individuals, which present distinctive characters. Two
of these include vertebral elements, and all embrace jaws and bones of the

limbs and arches.

The vertebrae present no important difference from those of T. insignis,

but the surface of the intercentrum is not yet cleaned of a thin layer of

matrix. The peculiar character of this species is most readily seen in the

posterior portions of the mandibular ramus. The angle consists of two

subequal tuberosities which are separated by a deep groove, instead of one

prominent one. The external tuberosity is represented in the T. insignis by
a small protuberance of the lateral enlargement of the external face of the

ramus. The extremity of this tuberosity is in the T. Mlobatics strongly

honeycombed, and it is bounded below and externally by a groove which

is faintly indicated in T. insignis. Above it, on the inner side, is another,

shallow groove, from which it is separated by a sharp ridge. Both grooves

are smooth. The superior one is wanting in T. insignis. The quadrate

cotylus is more depressed externally than in T. insignis, thus making it

more oblique. The internal fossa of the cotylus is not divided by a longi-

tudinal groove, as it is in T. insignis The dental foramen is large, and is

located as in the T. insignis. There is also an inferior longitudinal groove of

the ramus as in that species. The surfaces preserved show that the sculp-

ture is more marked in the T. bilobatus than in the T. insignis.

Measurements. M.
Depth of ramus at interior edge cotylus 026

Length " from " " " 020

Width " at " " "'. ..017

"of both tuberosities of angle 0125

Diameters of intercentrum j
anteroposterior 011

<- transverse . .021

Thickness of intercentrum 004

The specimens described came from the same locality, and a different one

from that which has produced the specimens of the T. insignis (Type No.

. 39, 1882).

. REPTILIA.

Pariotichus megalops, sp. nov.

This reptile is known to me from a nearly complete, somewhat distorted

cranium. A thin layer of matrix conceals the greater number of the teeth,

so that the presence of canines cannot be demonstrated. Those which are

visible are on the premaxillary and anterior parts of the maxillary bones.

They are small, conic, slightly curved, acute and absolutely smooth.

The muzzle is short and broadly rounded. The nareal opening is latero-

superior, and is just above the principal convexity where the lores pass into

the muzzle. Canthus nostralis rounded off. Interorbital region wide,

convex in section, nearly plane anteroposterior^, its width a little exceed-

ing the diameter of the orbit. Orbit large and round, its diameter equal to
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the length of the muzzle in front of it, obliquely measured, and one-half the

distance from its posterior edge to that of the temporal roof (? squamosal

bone). Posterior outline of skull above, truncate, surface slightly convex

transversely.

The premaxillary spines are short and wide, the nasals are also short and

wide. The prefrontals and postfrontals form the superior edge of the orbit,

excluding the frontals. The intercalaria (or ? pterotics) are very large; at

the externoposterior angle is a very small element in contact with the supra-

occipital which may be the true intercalare. The supraoccipitals have

considerable transverse extent, running out externally in narrow apices.

All the bones of the cranium are sculptured in honeycomb fashion, the

ridges radiating on some of the bones. That is, on the posterior parts

of the frontals and parietals and anterior part of the intercalare and squa-

mosal. A groove follows the edge of the orbit, and turns inwards on the

prefrontal bone, forming a rudimental lyra. External surface of mandible

grooved below; superior part concealed.

Measurements. M.
Width of skull between posterior angles.-. .018

Interorbital width 008

Axial length of skull .024
" from muzzle to between centres of orbits. . .009©

Width of muzzle at nares. 0095

Length from orbit to nostril . 0035

Depth of skull posteriorly, to mandible .010

The superior part of the posterior region of the inner face of the dentary

bone supports a patch of small obtuse teeth, whiy,h narrows forwards into

the single row of the edge of the ramus. This patch is no doubt homolo-

gous with that which is so largely developed in Pantylus.

The surface of the cranium has been mostly weathered away in the type

of Pariotichus, P. brachyops, and I suspect that it is really sculptured and

not smooth, as I originally stated. The P. megalops differs from the P,

braehyops in the larger orbit, the narrower interorbital space, and the

smaller and more numerous teeth.

Pariotiehus and Pantylus and probably Eetycynodon must be referred to

a special family, the Pariotichidce, which has teeth like the Edaphosauridm*

but differs- from it in the entire overroofing of the temporal fossse.

Chilonyx rapidens Cope, gen. nov.

Char. Oen.—Teeth with the long diameter of the crowns transverse to

that of the jaws, and with the crown contracting to a single slightly in-

curved apex. Maxillary series of teeth short. Temporal fossae overroofed.

Superior surface of cranium divided into more or less swollen area by
grooves.

. The characters above enumerated indicate for this genus, a position near

the Diadeetidce. From these it differs in the fofm of the teeth, and the

* Proceed. Amer* PMlo&. Soc.. 1882, p.. 45G. *
;i -
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short and narrow maxillary bone. Two ilia accompanying the cranium

have the form of those of the Clepsydropidai, and differ entirely from those

of the Diadectidce. On the other hand, the foramen magnum is wide, and

the exoccipitals present two articular facets downwards as in the latter family.

It is possible that the genus should be referred to the Bolosauridce, which is

in dentition intermediate between the Glepsydropidce and Diadectidce.

A femur, which is included in the lot of specimens, has a wide head with-

out trochanters, convex in the plane of the distal condyles and flat in the

direction at right angles to it. There is a huge trochanteric fossa extend-

ing from the head two-fifths the length to the condyles, bordered by a ridge

on each side. The condyles present in the same direction as the fossa pos-

teriorly. They are separated by a deep anterior and posterior emargina-

tion. Their anterior edges overhang the condylar articular surfaces,

making acute angles with them. One of the articular surfaces is smaller,

is anteroposteriorly extended, and has a convex ectad, and concave entad

border. The other surface is also anteroposterior, reaching further distad,

but not so far proximad as the other. Its area is greater than that of the

other, and it is deeply notched by the entering surface of the bone ectad

and proximad. It is then contracted into a Wide isthmus, and the lateral

grooves which produce this isthmus are overhung by the expansion of the

anterior face. The anterior face of the femur is without ridges or pro-

cesses.

The condition of the specimen is such that the composition of the skull

may be readily made out. The postfrontal bones are large, and form the

superior border of the orbit. At the front of the orbit they reach the pre-

fontal, thus excluding the frontal. The parietal bones are wider than the

frontals, and are bounded laterally by the postfrontals and the squamosals

and by an element between the squamosal and exoccipital, which occu-

pies the position of the intercalareof the Stegocephali. Below this bone, on
the inner side of the suspensorium, is the probable prootic. The squamo-

sal, or an element which I cannot distinguish from that bone, extends to

the condyle of the quadrate, concealing that bone from view from exter-

nally. The quadrate is short, and thins out rapidly upwards, being closely

united with the squamosal. Its condyle is set at an angle of 45° with the

axes of the skull, and consists' of one flat and one convex surfaces, con-

tinuous but forming a deep angle together. Exterior to the exoccipital,

and interno-inferior to the intercalare, is a small distinct element, appar-

ently in the position of an opisthotic or external occipital.

The excavatioh for the auditory apparatus appears to be in the exoccip-

ital. It is almost entirely filled by what I suppose to be a large stapes.

This bone is in shape like a compressed flask, with the head directed in-

wards and forwards, and its inferior edge produced into a prominent keel,

which is produced into a point below, and free from the neck of the flask.

The head is truncate, and is separated from the internal cranial wall by a

narrow interspace. Its external extremity is not absolutely perfect in the

specimen, but does not appear to have extended in an ossified condition be-

ns**.
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yond the exoccipital bone. In a specimen ot Empedias molaris* there is a

meatus auditorius, in which the stapes was not found on cleaning out.

This element, is coosified with the surrounding bones laterally and poste-

riorly. Consequently when broken open, the vestibule is represented by
two deep grooves, directed inwards and anteriorly.

The single species of this genus is one of the largest saurians yet obtained

from the Permian of North America.

Char, specif. The superior surface of the skull is everywhere flat, as is

the external face of the maxillary. The surface of the latter is marked by
moderately coarse fossae and grooves, separated by more or less fine irregu-

lar but generally longitudinal ridges. The minute sculpture of the supe-

rior cranial surface, is finer and more punctate in character. The arese 'of

this surface, already mentioned, are arranged as follows : There is a series

over the orbits, which are separated from each other by straight grooves,

and which grow larger and more swollen posteriorly. Between these su-

praorbital rows, the arese of the top of the skull are separated by longitu-

dinal grooves, except immediately between the widths of the orbits, where
there are some narrow transverse arese. On the supraoccipital region there

is a median subtriangular area, and three narrow longitudinal ones on
each side of it. External to these, and on the posterior part of the squa-

mosal region, the area? are larger and more swollen. A cluster of three of

these lies between the exoccipital bone, and the smooth descending surface

of the posterior edge of the squamosal. Of these the one bounding the ex-

occipital bone, is a robust cone, forming a short horn, like that occupying

a similar place in the horned toad, Phrynosoma dauglassi. Between the

temporal area?, and in front of the supraoccipital arese, on each side of the

middle line, there are three longitudinal arese, which are successively nar-

rower externally, the exterior being very narrow. On the frontal region

anterior to the transverse arese, are two wide longitudinal arese. Each
nasal bone has a small median area, from which radiate grooves, of which
some of the posterior are close together.

The occiput is excavated into a large fossa on each side of a large trian-

gular supraoccipital region. The fossse are bounded externally by a strong

exoccipital crest and at the anteroinferior "corner by the " opisthotic.
"

This bone projects posteriorly and downwards, in the form of a robust

hook. The foramen magnum is not excavated so abruptly above the ex-

occipital facets as in Empedias molaris.

Measurements o£ Skull and Femur. M.

Interorbital width 108

Length from supraoccipital crest to frontonasal suture. . .135

Width between apices of tuberosities of the intercalaria. .113

Length from apex of tuberosities to inferior extremity of

quadrate 120

* Figured in tl>e Proceed. Amer. Philos. Soc. six. p. 56v
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Measurements of Skull and Femur. M.

Diameters of quadrate condyle <
an roP s

„„„H J
(-transverse : .039

Length of maxillary on alveolar edge 087

Diameters base of a posterior tooth {
anteroposterior 007

I transverse 010

" of base of another posterior f anteroposterior . . .005

tooth I transverse 010

Length of femur . ......**•..* * 236

Proximal diameters of femur {
anteroposterior 047

•-transverse .085

Width of shaft 052

" distally (greatest) * * .115

Empedia.s fissus, sp. nov.

The species of Empedias form a series which diverges from Diadectes in

a successive widening of the crowns of the teeth and diminution in their

number. Thus the D. phaseolinus is nearest to Diadectes ; D. molaris suc-

ceeds it, and in E. fissus we have the molariform character most strongly

developed. In the E. latibuccatus, on the other hand, the diminution of

the transverse extent of many of the teeth and the areolar sculpture of the

superior surface of the cranium points in the direction of the genus Ohilo-

nyx. The species of Empedias may be easily distinguished as follows :

I. Surface of skull divided by grooves into areae.

Superior teeth, 16 on each side, a number on each end of the maxillary

bone of little transverse extent E. latibuccatus,

II. Surface of skull uniformly rugose.

Superior teeth narrower, 16 on each side, the last one small, sphenoid flat,

pterygoids narrow < i.^.E. phaseolinus.

Superior teeth wider, 14 on e*ach side, the last one smaller, sphenoid keeled

medially, pterygoids Wide » E. molaris.

Superior teeth wider, 14 on each side, the last the largest, sphenoid not

keeled. E. fissus.

Of the E. latibilccatus 1 have two specimens with teeth, one including a

large part of the cranium and lower jaw. Of the E. phaseolinus I have

five specimens with teeth, one of which embraces a nearly complete skull

and a large part of the skeleton. Of the E. molaris I have also five indi*

viduals, of which three are crania. The E. fissus is represented by two in-

dividuals. One of these is one side of ihe entire upper jaw ; the other is

a broken skull with the four series of molar teeth. Of other parts of the

skeleton, not identified as to species, I have a large number.

The Empedias fissus is nearest the E. molaris, and has the same number
of teeth. It differs, however, in various essential points. The last max-

illary tooth, which -.is much reduced in size in the E. molaris, is here as

large as any of the others. The portion of the crown within the medium
cusp is fissured medially in the direction of its length ; that is, transversely

—

—
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to the axis ofthe jaws. This fissure is not so distinct in the mandibular

teeth. The median cusp has a straight edge at right angles to the long

axis of the crown. The specimen where the entire dental series of one side

is preserved, shows that the latter has a sigmoid flexure, the middle of the

maxillary bone being incurved, and the anterior part convex outwards.

There are five or six conic teeth between the incisors and the molars.

The inferior surface of the sphenoid bone is medially flat in transverse

section, and concave anteroposteriorly, in this resembling E. phaseolinus

rather than E. molaris. The upper jaw specimen shows that the muzzle

projects beyond the incisor teeth, which is not the case in E. phaseolinus,

which has the incisors very prominent. The supraorbital border is regu-

larly convex, and not depressed and notched as in E. phaseolinus and E.

latibuccatus. The superior surface of the skull is marked with innumerable

small impressed pits.aand assumes a spongy appearance above the orbits.

Measurements.

No. 1. M.

Length of last six superior molars .055

Diameters of antepenult molar {
anteroposterior 010

*- transverse .020

1
vertical. 013

transverse (at base) .... .007

anteroposterior. .011

No. 2.

Length of dental series in a straight line. .093

Width of palate at anterior expanse. 062
" " contraction.... 068
" " between widest molars .036

Discovered by Mr. W. F. Cummins.

Empedias phaseolinus Cope, Proceeds. American Philosoph. Society,

May, 1880 (JDiadectes).

The fine specimen of this species above mentioned, which was obtained

by Mr. Cummins, includes some parts of the skeleton not or rarely found

hitherto. The pelvis shows that the corresponding part described by me,

Proceedings of the American Philosophical Society, 1882, p. 448, belongs

to another species of this group, The clavicles are preserved, and enable

me to identify the corresponding part of another species in which the struc.

ture is more distinctly visible. This shows an episternum wedged in be-

tween the adjacent extremities of the clavicles, which are here very robust.

But a small part of it appears in the inferior surface, but superiorly it forms

a plate which covers the symphysis of the clavicles, but does not extend

posterior to them. The suture of the episternum with the clavicles below

is a coarse interdigitation. Posterior to it is the symphysis of the clavicles.

The skull of this specimen is the first that I have seen in this group

which possesses a basioccipital bone and condyle. This proves that in the

five other crania of allied species, it has fallen out, which indicates its very
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weak attachment to the sphenoid. The lateral superior articular facets of

the exoccipital bone are characteristic of the family, and of the genus

Gldlonyx. This skull also shows that the premaxillary bones may be dis-

tinct, and that they extend but a short distance on the superior face of the

muzzle.

In this species the interorbital region is wide and concave, and the pa-

rietal regions are swollen and convex. The supraorbital border is nearly

straight, and has an open notch medially.

The hyposphen varies in size in different parts of the vertebral column,

and is generally very large. The neural spines have bilobate extremities.

Printed April 17, 1883.
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PALEONTOLOGICAL BULLETIN,

No. 37.

From Prof. B. D. Cope, a letter to the Secretary, dated Sully-

Springs, Dakota, Sept. 7, 1883, was read, as follows

:

On a New Basin of White River Age in Dakota.

"I have the pleasure to announce to you that I have within the past

week discovered the locality of a new lake of the White River epoch, at a

point in this Territory nearly 200 miles north-west of the nearest boundary

of the deposit of this age hitherto known. The beds, which are unmis-

takably of the White River formation, consist of greenish sandstone, and

sand-beds, of a combined thickness of about 100 feet- These rest on white

calcareous clay, rocks and marls, of a total thickness of 100 feet. These

probably also belong to the White River epoch, but contain no fossils. Be.

low this deposit is a third bed of drab clay, which swells and cracks on

exposure to weather, which rests on a thick bed of white and gray sand,

more or less mixed with gravel. This bed, with the overlying clay, proba-

bly belongs to the Laramie period, as the beds lower in the series certainly

do.

" The deposit as observed, does not extend over ten miles in north and

south diameter. The east and west extent was not determined, but is

much greater,

"The fossils, which indicate clearly the age of the formation, are the

following :

Pisces.

Rhineastes,' sp. nov i

Amiurus, sp. nov /
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Lacertilia.

Sp. indet 1

Testudinata.

Trionyx, sp

.

Trionyx, sp.

.

Stylemys, sp.

RODENTIA.

Castor, sp 2

Carntvora.

Galecynus gregarius

Hoplophoneus, sp

? Hoplophoneus

Perissodactyla.

Aceratherium, sp

Aceratherium, sp )- 3

Anchitherium, sp

Artiodactyla.

Elotherium ramosum
Hyopotam is sp

Oreodon, sp

Oreodon, sp

Oreodon, sp

Leptomeryx, sp

Hypertragulus, sp

Total species 21

"Interesting features of the above catalogue are : The absence of Hyra-
codon and Poebrotherium, so abundant in the beds of this age elsewhere

;

the presence of fishes, not hitherto detected in them ; and the presence of

the genius of tortoises, Trionyx. The latter genus has not hitherto been

found in our Western lacustrine beds of later than Eocene age ; while they

are abundant in our modern rivers. This discovery partially bridges the

interval. The same is true of the fishes mentioned, which represent the

order Nematognathi."

PROC. AMER. PHILOS. SOC. XXt. 114. 2b. PRINTED OCTOBER 30, 1883
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On the distribution of the Loup Fork formation in New Mexico. By E. B.

Cope.

{Read before the American Philosophical Society, December 7, 1883.)

In his report on the Geology of New Mexico to the Secretary of the

Interior, by Dr. F. V. Hayden, in 1869, this eminent geologist described

the Santa Fe marls in their principal physical features. In 1874, in my
report to Capt. George M. Wheeler, U. S. Engineers, I showed that this

formation is a member of the Loup Fork division of the Miocene Tertiary,

a conclusion clearly deducible from the remains of vertebrata which it

contains. An illustrated report on the latter was published in the fourth

volume of the report of the United States Geographical and Geological

Survey. W. of the 100th meridian, Capt. G. M. Wheeler in eharge(1877).

Since that time the writer has made several visits to parts of New Mexico

not previously explored, and I am able to show that the Loup Fork for-

mation has a much wider distribution in that Territory than has hitherto

been supposed to be the case.

In descending the Rio Grande, beds appear on the west side of the

river, which strongly resemble those of Santa Fe. They extend along

the eastern base of the Magdalena mountains, and as far south as Socorro,

in considerable extent and thickness. South of Socorro they appear, but

less extensively. The eastern part of the plain which lies between the

Rio Grande and the Mimbres mountains is composed of beds of this age

where cut by the grade of the Atchison, Topeka and Santa Fe railroad,

west of Hatch station. West of the Mimbres mountains the valley of the

river of the same name is filled with debris of the bed of eruptive outflow

which once covered the country, as far as traversed by the railroad from

Deming to Silver City. Its age I could not ascertain.

A great display of the Loup Fork formation is seen in the drainage basins

of the heads of the Gila river. In traveling westward from Silver City, its

beds first appear in the valley of Mangus creek, which enters the Gila

from the east. Crossing the Gila, the mail route to the west passes

through the valley of Duck Creek, which flows eastwards into that river.

Though bounded by eruptive hills and mountains and their outflows, the

valley was once filled with Loup Fork beds, which have been extensively

eroded, the principal exposures being on the north side of the valley,

forming the foot hills of the Mogollon range. On the divide between the

waters of the Gila and San Francisco rivers the formation rises in bluffs

of 300 feet elevation. The descent into the valley of the San Francisco

brings to light a still greater depth of this deposit. The valley which ex-

tends from the canyon which encloses the river south from the mouth of

Dry creek to the Tulerosa mountains on thenorth, and between the Mogol-

lons on the east and the San Francisco range on the west, was once filled

with the deposit of a Loup Fork lake. This mass has been reduced by the

erosive action of the San Francisco and its drainage, to a greater or less
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extent, as it has been protected by basaltic outflows or not. "When so pro-

tected, the river flows through comparatively narrow canyons. Where
the outflow is wanting, the valley of the river is wider, and the Loup
ForK formation remains as wide grassy mesas which extend to the feet of

the mountain ranges.

The age of these beds would have remained problematical but for the

fortunate discovery by Mr. Robert Seip, of the skull of a species of Rhi-

noceros of the typical Loup Fork genus, Aphelops. It is apparently the

A. fossif/er Cope, a species abundant in the Loup Fork beds of Kansas

and Nebraska. It was found near the mouth of Dry creek in a conglom-

erate bed of the formation.

In the valley of the San Francisco the Loup Fork beds reach a thick-

ness of 500 feet, and consist of sand, clayey sand, soft sandstone, and
conglomerates of larger and smaller pebbles of eruptive material, having

a near resemblance to those of the region of Santa Fe.

Second Addition to the Knowledge of the Puerco Epoch. By E. D. Cope*

{Bead before the American Philosophical Society, December 7, 1SS3. )

Recent collections from the formation above-named, include many finer

specimens than have been previously obtained. Skulls of several species

in calcareous concretions were received, so that their characters can be de-

veloped more fully than heretofore. I mention especially Deltatherium

fundaminis ; Periptychus rhabdodon and P. coarctatus ; Haploconus linea-

tus ; H. entoconus ; Anisonchus seciorius ; Protogonia plicifera ; Mioclamus

turgidus, M. ferox, M. subtrigonus and M. cuspidatus, sp. nov. Some species

hitherto rarely seen, prove to be abundant, as Hemithlceus kowalevskianus,

Protogonia plicifera, Mioclaenus minimus and M. subtrigonus. With the

additional species now described, the number of Mammalia from the de-

posit of the Puerco epoch amounts to seventy-four species.

DlDYMICTIS PRIMUS, Sp. nOV.

That the genus Didymictis existed during the Puerco epoch, has been

already demonstrated by the discovery of the D. haydenianus Cope. This

species is of aberrant form however, so that it remained to prove that the

typical form had appeared so early in Tertiary time. This is now shown
to have been the case by the discovery of the present animal, which is

allied to the D. leptomylus of the Wind river and Wasatch epochs.

The Didymictis primus is known from two maxillary bones with teeth,

*The "First addition" appeared in the Proceedings of the American Philo-
sophical Society for 1883, beginning at page 545. Since that date I have described
in the Proceedings of the Philadelphia Academy, 1883, p. 168, the following spe-

cies : Periptychus co'irclatus, Pantolambda cavirictu?, Zelodon gracilis (g. n.) and
Conoryctes dilrigonus.
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and a part of a mandibular bone with the last two molars in place, all be-

longing to different individuals. The inferior sectorial tooth is much like

that of the D. leptomylus, but the tubercular is only two-thirds as long, and

is not only absolutely, but relatively narrower posteriorly. It has the

usual three cusps in a reduced condition. In the first superior true molar

the external cusps are conical, and there is a small cusp between the ante-,

rior one and the produced anterior angle of the crown. There is an ante-

rior intermediate tubercle, but no posterior one. The cingulum does not

extend all round the inferior base of the crown, as it does in D. protenus.

The sectorial has a distinct anterior basal conic lobe. The internal lobe is

in transverse line with the last named, and is conical and not large.

Measurements. M.

Diameter inferior sectorial {
anteroposterior 0138

t transverse 0055

Diameterinferior tubercular {
anteroposterior 0050

I transverse 0033

Depth of ramus at M. i 0098

Diameter superior sectorial (No.
^(anteroposterior. .

.
.0110

t transverse 0060

Diameters superior sectorial (No. 2) {
anteroposterior

. 0050
t- transverse 0090

The fourth specimen is especially important as presenting almost the

entire dentition including canines and incisors, and the anterior part of the

skull from the line of the coronoid process of the mandible. The specimen

shows that the species differs from the species of the "Wasatch period with

oval inferior tubercular, in the absence of the posterior cutting lobe of the

third, and probably fourth inferior premolar. The corresponding superior

premolars are also simple. The first premolars in both jaws are one-

rooted. The canines are long and acute, and are directed vertically. Both

have flat facets on their external (the only visible) faces : on the superior

canine I count four lateral, and one nearly anterior. On the inferior I see

three lateral and one nearly anterior. There are three small superior in-

cisors, of which the first is the largest, and has a subcorneal crown. The
infraorbital foramen is large, and is above the anterior border of the supe-

rior sectorial.

Measurements. M.
Length of superior dental series to front of canine 041

" " crown of superior canine 011

" " superior true molars 0105

Depth of ramus at inferior sectorial 0090

In its simple premolars this species agrees with the D. haydenianus, and

is more primitive than the Wasatch species.

Tktisodon rustictj.8, sp. nov.

Founded on a portion of the mandible which supports the first two true

molars and part of the last premolar. The species is of the type of T.
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levisanus, but is much larger. I give here a synopsis of the species of the

genus, so that its affinities may be better understood. In general, the

genus Triisodon is characterized by the rudimental cbaracter in the infe-

rior molars of the anterior cusp. It is thus like Mops, but differs in having

the fourth premolar different from the true molars and like the premolars.

From Mioclmnus it differs in having the anterior and posterior cusps of the

inferior molars unequal ; the anterior forming together an elevated crest

with two apices, while the posterior are low, and on the borders of a heel.

I. Cusps of inferior molars compressed.

Anterior cusp very low T. quivirensis.

II. Cusps of inferior molars not compressed.

Anterior cusp very low ; T. rusticus ; T. levisanus, and T. assurgem.

Anterior cusp as high as other anterior cusps to which it is closely united.

T. conidens and T. heilprinianus.

In dimensions the T. rusticus is about equal to the T. quivirensis, thus

exceeding the other species excepting the T. conidens. The interior ante-

rior cusp is nearly as elevated as the exterior, and is united with it nearly

to the apex ; the anterior cusp is a tubercle which projects forwards from

its anterior base. The heel of the tooth is wide, and is rounded poste-

riorly, and supports three tubercles, an external, a posterior and an inter-

nal, all in contact with each other. On the second true molar the internal

anterior tubercle presents a slightly projecting edge anteriorly and poste-

riorly, which bounds a shallow vertical groove of the mass which repre-

sents their united bodies. This is not apparent in the first. The enamel

is smooth, but the animal is rather old.

Measurements. M.
C anteroposterior 0123

Diameters of m. i < transverse 0068

vertical <
fin front 0068

at heel 0038

-I Li cxiia v fi sc . . • ....•••••.•• . vvj i

( <.. i
f anteriorly 007

^vertical < .
J

_„_

C anteroposterior 0137

JDiameters of m. ii < transverse 007

f anteriorly 007

I at heel 0062
D. Baldwin, discoverer.

Triisodon assurgens, sp. nov.

This is the least species of the genus, and resembles in its inferior denti-

tion the species of Diacodon. It is very much larger than the D. alticuspis,

the larger species of that genus, which is found in the Wasatch formation.

The T. assurgens is known from a mandibular ramus which supports the

last four molars, the last premolar having lost its principal cusp. The
peculiarity of the true molars is seen in their generally more produced

character ; the anterior cusps are higher and the heels are longer. The an-

terior cusp is very small and basal ; the principal anterior cusps are united
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to near their free summits. There are the usual low marginal tubercles on
the heels. That of the fourth premolar is a short simple edge.

Measurements. M.
Length of four molars on basis 028

" " three true molars 0212
" " second true molar 008

Elevation of cusps of molars 0045

Length of last true molar 0067

Width of last true molar 0030

Elevation of last true molar in front 0035

Found by D. Baldwin.

MlOCL^ENUS CUSPIDATUS, Sp. nOV.

The species of this genus known to me are, with the present one, nine

in number'. They range in size from that of a rat (M. minimus) to that ot

a wolf (M. ferox). The general osteological characters of the last named
species are best known, and are described in the Proceedings of the Amer-
ican Philosophical Society, 1883, p. 547. In two of the species the supe-

rior dental series only is more or less known, and one species rests on
mandibular dentition only. In the remaining seven species the dentition

of both jaws is more or less known. The species may be arranged in

groups as follows :

I. The posterior heel of the second inferior molar bordered by a curved

edge or crest.

a. Posterior cingulum of superior true molars obsolete ; M. minimus,

aa. Posterior superior cingulum weak ; M. turgidus.

aaa. Posterior superior cingulum large, angulate ; M. corrugatus ; M.
ferox.

II. The posterior heel of the second inferior molar supporting a cusp.

a. Posterior inner cusp of superior molars small, present on m. ii only
;

31. cuspidatus.

aa. Posterior inner cusp large, present on m. i and m. ii ; premolars

small, M- subtrigonus j premolars large, M. opisthacus (Semithlceus milii

olim).

III. Second lower molar unknown. 31. protogonioides, and 31. mandib-

ularis.

The supposed 31. baldwini, resembles closely the species of Hemithlceus.

It is probable that two genera are here included under the head of 3iio-

clcenus. If the character is permanent, these will be distinguished as fol-

lows :

Third superior premolar with internal tubercle 3Iioclcenus.

Third superior premolar without internal tubercle Oxyclomus.

The species of Mioclamvs are 3f. turgidus (type) ; and very probably

M. opisthacus, minimus and 3f. subtrigonus ; but the diagnostic tooth has

not been seen in them as yet. The species of Oxyclcenus are : 0. cuspidatus
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and 0. corrugatus ; and very probably, 0. ferox. The position of the M.
protogonioides, M. baldwini and M. mandibularis is uncertain, though the

last two are probably Oxyclceni.

The Mioclcenus cuspidatus is distinguished among its congeners, by the

transverse character of its superior molar teeth, that is, by the relatively

smaller anteroposterior diameter as compared with the transverse ; and by

the prominence and acuteness of their principal cusps. They thus stand

at the opposite extreme of the genus from the M. turgidus, where the teeth

are characterized by the robustness and obtuseness of the cusps, although

in the triangular basis of the second superior molar they agree. The ex-

ternal cusps are compressed cones, and in contact at the base ; the inter-

mediate tubercles are small and distinct. The internal cusp is large and

prominent. The base of the fourth premolar is T-shaped, and is as long

as wide. Its internal and external cusps are well developed. The cingu-

lum of the true molars is complete all round on the last one, and on the

two others except at the internal base, where it is interrupted. The second

molar only displays a posterior inner tubercle of the cingulum, which is

small, and does not give a truncate interior outline of the crown, charac-

teristic of M. opisthacus, M. ferox, etc. On the ms. i and ii, the cingulum is

expanded at the external angles of the crown, most so anteriorly. The an-

terior expansion rises in a low cusp in the P-m. iv. The enamel is smooth.

This species need only be compared with M. opisthacus and M. subtri-

gonus, which are of about the same size. Passing by the differences

already mentioned in the table, the fourth premolar has a different form

from that of the 'M opisthacus. In the latter it is narrower and more trans-

verse, and with larger conical cusps, much as in M. turgidus ; in the pres-

ent species it has the trilobate outline seen in M. subtrigonus. As to the

latter species, the teeth are wide, and the cusps smaller and separated at

at the base, and the cingulum is crenate and lobate, in a manner quite

different from the smoothness and compactness of structure seen in the

M. cuspidatus.

Measurements. M.
Length cf base of last four superior molars .026

" " " three true molars 019

-r.. , ~ -r, • (anteroposterior .006
Diameters of P-m. iv < *

<. transverse .004

Diameters of m. i.
J

anteroposterior 006

c transverse 006

Diameters of m. ii {
anteroposterior .0064

t transverse 008

Diameters of m. iii {
anteroposterior .0045

<- transverse 006

D. Baldwin, discoverer.

Chkiactjs truncatus, sp. nov.

The genus Chriacus m. was characterized in the Proceedings of the

PROC. AMEE. PHILOS. SOC. XXI. 114. 2N. PRINTED JANUARY , 1884.
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Academy of Philadelphia, 1883, p. 80, and two species were mentioned,

C. pelvidens (type) and 0. angulatus. The former of these is from the

Puerco, the latter from the Wasatch formation ; the former is the larger

species ; the latter quite small. I now add two species to the genus which
are intermediate in dimensions between those already known.

I. Posterior cingulum of superior molars with large tubercle.

Large species ; G. pelvidens ; small species, G. truncatus.

IT. Posterior cingulum with small tubercle ; small species ; C. angulatus.

III. Posterior ciugulum without tubercle ; small species ; G. simplex.

In the G. truncatus the posterior singular (inner) tubercle reaches the

largest development, but is not present on the cingulum of the last supe-

rior molar. The anterior cingulum is weak on that tooth and on the first

true molar, but on the second it is thickened into a small anterior or

inner tubercle. This with the posterior inner gives the crown a truncate

internal outline, as is also the case in the G. pelvidens. The intermediate

tubercles are distinct, and the external cusps are separate at the base. An
external cingulum. The fourth premolar has a triangular base ; a single

compressed external cusp, and a small acutely conical internal one. The
internal tubercle is small and acute on the third premolar. The second pre-

molar is small and probably one-rooted, and it is possible that there is no

first premolar. The canine is directed vertically downwards, and the base

of the crown is oval.

Besides the considerably smaller size, the posterior internal cusps are

relatively larger than in G. pelvidens.

Measurements. M.

Length of superior dental series including canine 039

Length of true molar series 014

Diameters P-m. iU {
anteroposterior. . . 004

<- transverse 003

Diameters P-m. iv {
anteroposterior 004

*. transverse 005

Diameters M. ii j anteroposterior 005

t transverse 0064

Diameters m. iii j
anteroposterior 0033

*- transverse 005

Two individuals from New Mexico. D. Baldwin.

Chriacus simplex, sp. nov.

This species is represented by a part of the left maxillary bone, which

supports the true molars except a part of the last one ; and by parts of the

mandible, with the first and second true molars, and perhaps one of the

premolars. The true molars are about the size of those of the G. truncatus,

but of very different detailed structure, as already pointed out. The pos-

terior cingulum is stronger than the anterior, but does not support a trace

of a cusp, and they do not unite on the inner face of the crown. External
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cingulum present. External cusps rather small, separate. Intermediate

cusps present ; V large and distinct. Enamel smooth.

The inferior true molars support Vs ; in the second the anterior is

smaller and is more elevated than the posterior. The latter is continued

as a raised posterior, and partly interior border of the heel, without promi-

nent cusp. The crown has a distinct external and a very faint internal

cingulum. In the supposed first true molar, the anterior V is more pro-

longed anteroposteriorly as in the corresponding tooth of Mioclmnus ferox,

etc., and the fourth premolar of Phenacodus primcevus. The anterior

cusp is the lowest. The heel supports three low cusps, of which the ex-

ternal has a crescentic section, and the posterior is the smallest.

It is probable but not certain that the fourth premolar has an internal

cusp, as the tooth, presumably this one, is injured at that point, Should

the internal cusp be absent, this species cannot be referred to Ghriacus.

Measurements. M.

Length of superior true molars 0135

/ anteroposterior. 005
Diameters of first true molars { transyerse 006

„. „ , . , f anteroposterior 0053
Diameters of second true molars <

*
„„„

I transverse 007

_.. ».,. , , , [anteroposterior .0034
Diameters of third true molar < ...

I transverse 006

_,. . „„,.„; , /anteroposterior.. .005
Diameters of first inferior true molars . ,,_._

(-transverse 0035

_.. . . „ . , /anteroposterior .0056
Diameters of second inferior true molar i , __.„

<- transverse 0043
D. Baldwin, discoverer.

Tricentes crassicollidens, gen. et sp. nov.

Char. gen. This genus is Ghriacus with only three premolars in the su-

perior, and probably inferior series. The canines are well developed, and

lateral in position, leaving space for small incisors, thus differing from the

genera of the Mixodeciidm, Mixodectes, Microsyops, andGynodontomys, on the

one hand, and from Necrolemur on the other. It has, so far as known, the

dental formula of several genera of typical Lemuridse, but differs from these

in the following points. The orbit is open posteriorly ; the inferior molars

have the anterior triangle of three cusps ; and the fourth inferior premolar

has an interior cusp. I have demonstrated the last mentioned characters

on the type, T. crassicollidens only, but suspect its presence on some or all

of the other species. In their details the superior true molars are like those

of Mioclsenus, as distinguished from those of Pelycodus.

To this genus belongs the Mioclcmus subtrigonus, and probably, from the

small size of its fourth premolar, the M. bueculentus. I add to these three

a fourth, T. incequidens, and remark that it is yet uncertain how many pre-

molars are present in the Ghriacus simplex. Should the latter possess

three only, it will be properly referred to Tricentes.
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These species differ as follows :

I. Posterior ciugulum of true molars i and ii, wide, rising into a small

cusp.

Length of true molars, M. . 0155 crassicollidens.

II. Posterior cingulum distinct, thickened inwards.

Length of true molars (m. ii inferential) .0175, crowns narrowed, trans-

verse bucculentus.

Length of true molars .0170 ; crowns quadrate subtrigonus.*

Length of true molars .0135 ; crowns narrowed, transverse

{Chriacus) simplex.

III. Posterior cingulum weak, disappearing inwards.

Length of true molars .0105, crowns transverse except the third, which is

very small '. incequidens.

Cliar. Specif. The Tricentes crassicollidens is about the size of the

Chriacus truncatus and resembles it a good deal. The latter has, however,

a more transverse form of true molars, as compared with the present spe-

cies, where the form is subquadrate. In the present animal the premolars

are smaller, and if the third (second present) has an internal cusp, it is

much more insignificant than in the C. truncatus. These two species and
the Mioclmmis opisthacus resemble each other in the similar size, and in the

true molars having the posterior inner cusp more distinct than in other spe-

cies. They differ in the dimensions of their premolars, those of the M.

opisthacus being the largest, and those of G. truncatus being intermediate

in size. In the T. crassicollidens the anterior cingulum is also distinct. The
external cusps are conic, and are well separated, and the internal V is dis-

tinct. The internal cusp of the fourth premolar is small and compressed,

so as to be transverse. The base of the third premolar is triangular and
much longer than wide. All the superior molars, except the first premo-

lar, are furnished with an external cingulum, which rises into a more or

less distinct apex at its anterior and posterior angles. The first premolar

is a simple cone. The alveolus of the canine tooth is of large size. The
last true molar is not much reduced, and the first is as large as the second.

This is not the case with the T. bucculentus, where the first is considerably

smaller than the second.

Measurements. M.

Length of dental series to canine, exclusive 036
" "diastema 006

" " premolar series .0143

*' " true molar series 0152

Diameter of P-m. iv {
anteroposterior 0042

t transverse 0042

* There may be two species confounded under this name. A specimen figured

in Vol. Ill of the final (4to) Report of the Hayden Survey, Plate XXIV, f, fig. 4

has four inferior premolars, all simple.
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Measurements. M.

Diameter of M. i {
anteroposterior 0058

I transverse 0050

Diameter of M. iii {
anteroposterior 0030

•-transverse 0048

A pair of mandibular rami, found on the same day, and at or near the

same place, probably belong to the same species, if not to the same animal,

they support all the teeth, but only the P-m iv and the M. i and ii have

yet been disengaged from the matrix. The P-m. iv is rather large and

robust, and has a short wide heel, and an anterior cusp which leaves the

main cusps half way to the apex, or at the same elevation as the internal

cusp. The anterior three cusps of the true molars are elevated above the

heel, and the anterior is nearly median, forms no blade with external ante-

rior, and is smaller than the anterior internal cusp. The heel is well de-

veloped, and its borders rise in two obtuse open Vs, whose apices look away
from each other. The internal supports two cusps, the external, but one.

No cingula ; enamel smooth.

Measurements of inferior teeth. M.

-r.. . « -d . (anteroposterior 0060
Diameters of P-m. iv 1

t
nnn

( transverse 003o

Diameters of m. ii {
anteroposterior 0050

<- transverse 0039

Length of bases of m. i and m. ii 01 10

From Upper Puerco ; D. Baldwin.

Tjucentes in^qtjidens, sp. nov.

This species is represented by two mutilated crania, obtained on the

same day and near the same locality as the preceding species. One of

these, which I select as type, embraces the muzzle and palate anterior to

the posterior border of the maxillary bone.

Besides its inferior size, other characters distinguish this species. The
simplicity of the superior molars is seen in no other, and the very reduced

size of the third superior molar is not found in any of its allies. This is

correlated with an oblique reduction of the maxillary bone behind, which

gives the second true molar an oblique external border instead of the longi-

tudinal one seen in the other species. The external cusps Of the molars

are conic, and are not in contact at the base. The internal cusp is also

conic, and is larger than the external. The internal cusp of the fourth pre-

molar is large. It is probable that the third premolar supports an internal

cusp, as the crown base is as wide as long. The premolars are spaced in

this species, as in the last, but the diastema is shorter than in the T. crassi-

collidens, not exceeding the premolar interspaces. The external cingulum

is quite weak. The canine alveolus is large. The incisors are wanting
j

but the premaxillary region is wide. The inferior dentition is unknown.
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Measurements of superior teeth. M.

Length of dental series, including canine 0273
" from canine to rn. i, exclusive .0130

Length of true molar series 0100

Diameter of P-m. iiij
anteroposterior 0028

t transverse 0025

•n- .„ e t> • f anteroposterior 0030
Diameters of P-m. iv J l

{ transverse 0042

Diameters M . i
J anteroposterior 0038

<- transverse 0048

Diameters M. ii {
anteroposterior 0039

I transverse 0059

Diameters M. iiij
anteroposterior. 0015

t transverse 0024
Upper Puerco ; D. Baldwin.

Indrodon malaris, gen. et sp. nov.

Char. gen. Family Anaptomorphidae, suborder perhaps Lemuroidea, as

indicated by the dentition only. It differs from Anaptom^rphus in three

points. First, there are three superior incisors ; second, the first (third)

premolar has no internal lobe ; and third, there is a distinct posterior in-

ternal tubercle on the first and second superior molars.

The animals of the Eocene period of the family of the Adapidce, may be-

long to the Lemuroidea, but the evidence which I have derived from the

feet of Pelycodus* has led me to refer themf to the Insectivorous division

of the Bunotheria, to the neighborhood of the Tupseidse and Erinaceidse.

At the same time I retained provisionally the genera with three and two
superior premolars in the suborder Lemuroidea, although the foot struc-

ture of these extinct genera is yet unknown. I also indadvertently defined

the Lemuroidea as having quadrituberculate superior molars, a character

which I well knew to be wanting in various extinct and recent genera

where they are tritubercular. Two families were proposed! for the Eocene

lemuroids, which are defined as follows :

Superior premolars three Mixodectidce.
" " two Anaptomorphidm.

The genera of the first named family are defined as follows :

I. Canine teeth large and lateral, well separated.

First superior premolar without internal lobe ; superior true

molars tritubercular with cingula Tricentes.

II. Canine teeth median in position or much reduced in size.

«. Last inferior premolar without internal tubercle.

Inferior premolars all one rooted ; canine and incisor small.

.

Ne&rolemur.

%

* Report of U. S. G. G. Survey W. of 100th Mer. G. M. Wheeler, iv, p. 140.

f Proceedings Academy Natural Sciences, of Philadelphia, 1883, p. 78-80.

I Filhol Rech. Phosph. Quercy.
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First premolars only one-rooted ; canine small ; incisor very-

large Mixodectes.*

aa. Last inferior premolar with internal tubercle.

A very large ? canine ; first premolar only, one-rooted Microsyops.\

A very large ? canine ; first and second premolars both one-

rooted Cynodontomys.X

The genera of Anaptomorphidse, which on dental characters includes

Indrodon, differ as follows :

a
: Incisors three.

First superior incisor without inner lobe
;
posterior inner tu-

bercle present on first and second tubercle Indrodon.

aa. Incisors two.

First superior incisor with inner lobe ; no posterior inner

tubercle on superior molars Anaptomorphus.

The superior dental formula of Indrodon is I. & ; C. £
; P-m. £ ; M. #.

The canine is compressed and acute ; the third premolar is compressed

conic, and has two roots. The fourth premolar has but one external cusp.

The external cusps of the true molars are conic and acute, and are con-

nected with the internal cusp by ridges which form a V. Posterior inner

cusp distinct on ms. i and ii, a part of the posterior cingulum. Intermedi-

ate tubercles present, small. The superior incisors are well developed,

and display no tendency towards the rodent type. A portion of lower jaw
adheres to the skull, and may belong to the same animal. It supports

the last two molars. These have two anterior, opposite, approximated

cusps. The heel of the penultimate molar is rather large, and has a raised

edge, which develops low tubercles at the angles.

Char. Specif. The first and third superior incisors are a little larger

than the second. Canine preceded and followed by diastemata, each of

which is 1.5 times as long as the long diameter of the base of the crown.

Premolars separated from each other and from the first true molar by in-

terspaces half as long as the diastema. Neither tooth has any basal

tubercles, but the posterior has a weak external cingulum, which is

stronger posteriorly. The internal cusp of the same tooth is anterior, is

acute and elevated. The superior true molars have a strong external

cingulum, which rises into a small tubercle opposite the space between the

external principal cusps. Of the latter, the anterior is a little more conic

than the posterior, and both are well within the external border. On the

last molar, the posterior external cusp is continuous with the external in-

termediate tubercle, and forms a cutting edge within the posterior margin

of the crown. The posterior inner tubercle is rather large, and projects

further inwards than the apex of the anterior V on the second true molar,

but not so far as in the species of Anisonchus and Haploconus.

* Proceedings American Philosophical Society, 1883, p. 559.

fLeidy Report U. S. Geol. Survey, Terrs. I.

X Cope, Pal. Bull., No. 34.
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The surface of the cranium is too much obscured by cracks and films ol

matrix to permit a view of the sutures and foramina. The face is wide, as

the posterior part of the maxillary and the malar bone are expanded out-

wards. I have not yet been able to ascertain the condition of the orbit

posteriorly. The mandibular ramus is rather slender.

Measurements. M.

Length of dental series from posterior base of i iii 0248

" " bases of superior incisors 0060

" from i iii to P-m. iii, exclusive 0074
" of premolars on maxillary bone 0060

• " " base of P-m. iii 0020

P-m. iv 0028

Width " " 0038

~. . f anteroposterior 0030
Diameters m.i < K

I transverse 0032

.~. .. r anteroposterior 0033
Diameters m. n < . AA , A

I transverse , 0040

-r,. . ... f anteroposterior 0030
Diameters m. uh f

„„.„
I transverse 0040

-p.. . • r • .. f anteroposterior 0032
Diameters inferior m. n { ^

l
AAOA

(.transverse 0030

Depth of ramus mandibuli at m. ii 0070

The skull is about the size of that of the Bassaris astuta. D. Baldwin,

discoverer.

The discovery of this type in the Puerco formation is a fact of interest.

In the shortening of its dental series it is the most specialized genus of

the epoch, while the forms of its true molars are like those of the simpler

Creodonta, and more specialized than those of Anaptomorphus, and the

lemurs generally. In the simplicity of its premolars, however, it main-

tains the general character of the Puerco fauna, and is more primitive

than the forms just named. Its nearest ally of the Puerco yet known
is Chriacus.

Anisonchus agapetillus, sp. nov.

This species is founded on parts of six mandibular rami, none of which
has more than four continuous molars in position, including the last. It is

not entirely certain that these belong to a species of Anisonchus, because

the superior molar teeth by which that genus is distinguished from Haplo-

conus and Hemithlaius, are wanting. The inferior molars have the ante-

rior inner cusp moderately well developed, as in Anisonchus gillianus.

The crowns of the true molars consist of two Vs ; of which the posterior

base of the posterior one, is rendered irregular by the presence of a small

posterior median tubercle. Of the anterior pair of cusps, the external is a

little the more elevated, and the internal is more elevated than any ot the

posterior ones. The internal posterior as well as the external posterior



1883.] 321 [Cop9.

cusp has a V-shaped section, because its anterior border is continued as an
oblique ridge to the base of the anterior internal cusp. Internal cingula

none
; a slight one on the external base of the large anterior external

cusp. The heel of the third true molar is well developed, and rises into

an acute cusp. That of the fourth premolar is short and flat. The anterior

cusp of the same is basal and rudimental. This tooth is not enlarged as is

usually the case in the Periptycliidm, and it first here differs from these

animals, and agrees with the unguiculate types in that its lateral faces are

unequally convex.
Measurements. M.

Length of last four molars on base 014
" " fourth premolar 0035

Elevation of " " 0038

Length of second true molar 0031

Width " " " (greatest) 003

Length of third " " " 004

Width " " " " 0028

Depth of ramus at second true molar 007

Anisonchtjs cophater, sp. nov.

A mandibular ramus supporting three molars, two of them true, is all

that I have seen of this species. Its proportions are the same as those of

the A. aga/petillus, that is, much smaller than the A. gillianus, and the

single premolar is much more like that of other species of the genus. The
true molars differ from those of the A. agapetillus in two strong characters.

First, the internal posterior cusp is inside the rim of the heel of the crown,

that is, outside the bordering edge, and is therefore very distinct from the

posterior median cusp. It is a sharp cone ; secondly, there is a cingulum
extending from this cusp round the internal base of the internal anterior

cusp. There is also one at the base ofthe external anterior cusp, which con-

tinues to the heel only on the last inferior molar. The posterior heel is rela-

tively wider, and the anterior V relatively more contracted, than in the A.

agapetillus. The anterior tubercle is moderately developed at the anterior

base of the anterior V. The third or fourth premolar is equilateral, and
larger than the true molars. It has a short apiculate heel, and a rudimental

anterior basal tubercle.

Measurements. M.!/ anteroposterior 0032
horizontal | trang

vertical (
antenor 0025

I posterior 0013

C anteroposterior , 0043

Diameters of P-m. iii or iv -j vertical (restored apex). . . .0040

(_ transverse 0023
D. Baldwin, discoverer.

Chirox plicatus, gen. et sp. nov.

Char. gen. These are known from three superior molars ; viz : the last

PROC. AMER. PHILOS. SOC. XXI. 114. 20. PRINTED JANUARY , 1884.
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premolar, and the second and third true molars. The fourth premolar has

two external, and one internal cusps, and the true molars have four cusps

each. The cusps are of peculiar form. The second true molar resembles

a convex body which has been divided by two cuts at right angles to each

other, from which the quarters thus produced has spread away from each

other subequally. The external faces of the cusps are convex. The
apices are acute. The last superior molar is larger anteroposteriorly than

transversely. The fourth premolar (supposed) is two-rooted.

These molar teeth remind one of the inferior molars of Ptilodus, through

they differ much from them. The genus is probably nearer to Gatopsalis,

and belongs to the Marsupial order. The presence of only two series of

cusps in the superior molars, distinguishes it from these genera, which
have presumably three series of such cusps. Lemoine has shown this to

be the case in Neoplagiaulax.

Char, specif. The external cusps of the fourth premolar are flattened

on the external side, and lean a little inwards. The internal cusp (proba-

bly homologically the anterior) is opposite the anterior external, and
has a convex internal face. Its apex is acute and compressed ; the apices

of the external cusps are trihedral and acute.

The cusps of the second true molars are more widely separated trans-

versely than anteroposteriorly ; that is, the longitudinal fissure is wider

than the transverse. The apices are all acute, the internal trihedral, the

external more compressed.

The transverse diameter of the last true molar is smaller than that of

the second true molar, while the longitudinal is nearly the same. The
crown projects convexly posterior to the posterior pair, and there is a small

tubercle at the anterior base of the external anterior cusp.

None of the teeth preserved display cingula. The bases of the crown
are smooth, but the cusps are sharply and finely parallel-grooved on their

external faces.

Measurements. M.

-.. . ._ r anteroposterior. ... , 0030
Diameters of P-m. iv< , nnna

I transverse 0038

_.. „ .. c anteroposterior 0033
Diameters of m. u r „„„_

t transverse .., 0035

_,. , ... r anteroposterior 0035
Diameters of m. iih x _- oa

{. transverse 0030

D. Baldwin, discoverer.

Catopsalis fissidens, sp. nov.

This Marsupial is represented by a portion of the lower jaw which sup-

ports the molar teeth. The first, which is probably the fourth premolar, is

represented only by its single root, which fills a round alveolus near the

anterior base of the first true molar.

In size this species is intermediate between the small C. foliatus and the

large G. pollux. The first molar is the longer and narrower, and the
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second the shorter and wider, as in the known species. The first molar

differs from that of both the latter, in having the tubercles of one side sepa-

rated nearly to the base. These tubercles are conic, and not flattened as

in G. foliatus and G. pollux, and the two rows are separated by a distinct

valley, as in the first named. There are five tubercles on one side, and four

on the other side of the crown, and in addition, two small cusps at the an-

terior extremity of each row, and another at the posterior extremity of one

of the rows. These additional cusplets are not present in the other species.

The last molar is relatively wider than in the other species. Its crown
is a good deal worn, but there are probably more than two rows of tuber-

cles, as there are some appendicular rows on one side of the crown at least.

Measurements. M.

Diameters M.ii anteroP°sterior 0135

*- transverse 0050

Diameters M. ii \
anteroposterior 0090

c transverse 0075

The Upper Puerco ; D. Baldwin.

General remarks on the characters op the Mammalia op the
Puerco Epoch.

I have already called attention to the fact that the Mammalia of the

Puerco epoch possess, with but few exceptions, superior molar teeth whose

crowns include only three of the component tubercles of the normal

mammalian molar, in a condition of full development.* In the number
of species of supposed placentals now known, sixty-seven, the proportion

of species (1), with quadrituberculate superior molars is even smaller,

being only four to sixty-three. The premolars display equally primitive

characters, and to these I wish now to draw attention.

2. The presence of two internal tubercles of the fourth superior pre-

molar is unknown as yet in the fauna.

3. The presence of two external cusps of the same tooth is known or

inferred in only five species in the sixty-seven, and in two of the five it is

of reduced size.

4. The presence of one internal cusp of the fourth superior premolar is

demonstrated or inferred in all of the placental species.

5. The presence of the internal cusp of the third superior premolar is,

on the other hand, only demonstrated in twenty-two species. In seven-

teen it is wanting.

Referring to the inferior premolars :

6. No species presents an internal cusp of the third premolar.

7. An internal cusp of the fourth premolar is present in only fourteen

species. In twenty-nine species it is certainly wanting.

* Proceedings of the American Philosophical Society, 1883, 562. American
Naturalist, 1883, 407.
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8. la no species of this formation is the fourth inferior premolar like a

molar tooth.

It is thus evident that the dentition of the mammalia of the Puerco

fauna presents a much greater degree of simplicity than does that of the

species of any of the later Eocene or other age. This result coincides

with the results I have already obtained from a study of the structure of

the feet, etc.* These may be summarized again as follows:

1. The species in which the number of toes is known, have them 5-5.

2. Those in which the feet are known are plantigrade.

3. No species is known to have interlocking carpal and tarsal bones,

excepting the two species of Pantolambda (carpus unknown).
4. No species is known to have well grooved astragalus (its presence is

inferred in two species of Dissacus).

5. No species is known to have a faceted radius or ulno-radius, adapted

to the separate carpal bones of the proximal row.

6. In no species is the tongue in the metapodio-phalangeal joints devel-

oped on the front of the metapodial bones.

7. The zygopophyses where known are all flat, except in some species

(probably all) of Oxyclcerius, where they are simply convex-concave, and

not doubly so.

On the Trituberculate Type of Molar Tooth in the Mammalia. By E. D.

Cope.

(Bead before the American Philosophical Society, Dec. 7, 18SS.)

It is now apparent that the type of superior molar tooth which pre-

dominated during the Puerco epoch was triangular or tritubercular ; that

is, with two external and one internal tubercles. \ Thus, of sixty-seven

species of placental mammalia of which the superior molars are known,
all but four have three tubercles of the crown, and of the remaining sixty-

five, all are triangular, excepting those of three species of Periptychus, and
three of Conoryctes, which have a small supplementary lobe on each side

of the median principal inner tubercle.

This fact is important as indicating the mode of development of the

various types of superior molar teeth, on which we have not heretofore

had clear light. In the first place, this type of molar exists to-day only in

the insectivorous and carnivorous Marsupialia ; in the Creodonta, and the

tubercular molars of such Carnivora as possess them (excepting the plan-

tigrades.) In the Ungulates its persistence is to be found in the molars of

the Coryphodontidse of the Wasatch, and Dinocerata of the Bridger Eocenes.

In later epochs it is occasionally seen only in the last superior molar.

It is also evident that the quadritubercular molar is derived from the tri-

tubercular by the addition of a lobe of the inner part of a cingulum of the

* American Naturalist, 1883, p. 1056; Science, 1883, p. 275.

fSee American Naturalist, April, 1883, p. 407.
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posterior base of the crown. Transitional states are seen in some of the

Periptychidae (Anisonchus) , and in the sectorials of the Procyonidse.

The tritubercular or triangular superior molar is associated with a corre-

sponding form of the anterior part of the inferior molar, This kind of in-

ferior molar* I have called the tubercular sectorial, and is very variable

as to the degree of development of the sectorial cutting edge. The anterior

triangle is formed by the connection by angle or crest, of the median and

anterior internal crests with the anterior external. Its primitive form is

seen in Didelphys, Pelycodus,Pantolambcla and the Amblypoda generally
;

in Centetes and Talpa; and in its sectorial form, in Stypolophus and
Oxysena, etc.

The mechanical action of such teeth is as follows : Of course, it results

from the form of the superior molars that the spaces between them are

wedge-shaped, the apex external, the base opening to the palate. The base

ot the triangular section of the anterior part of the inferior molar is inte-

rior, and the apex exterior, and when the jaws are closed, this triangular

prism exactly fits the space between the superior molars. The lower heel

of the inferior molar receives the impact of the crown of the superior

molar. Thus the oblique edges of the inferior triangle shear on the edges

of two adjacent superior molars. The anterior parts of the inferior molars,

and the superior molars, form an alternate dental series as distinguished

from the prevalent opposed dentition of most mammalia. In so far it re-

sembles the reptilian dentition.

This primitive dentition has been modified in two directions ; viz. to

form the grinding and the sectorial dentitions. As already remarked, the

superior molars gradually acquire a posterior internal lobe, which produces

the quadrituberculate type. This lobe, by opposing the anterior internal

lobe of the next posterior inferior molar, precludes the entrance of the an-

terior triangle of the latter between the two superior molars. Hence we
find in the types which possess quadritubercular superior molars, that the

anterior triangle of the inferior molar is not elevated, if present, as for in-

stance in Rhinoceru3. It is, however, more frequently atrophied, and dis-

appears, forming the inferior quadritubercular molar so well known.
On the other hand, as I have pointed out,f the anterior internal cusp

of the triangle of the inferior molar may be more developed antero-

posteriorly, giving the antero-internal edge of the triangle much greater

obliquity than the postero-internal. In correspondence with this modi-

fication, the superior triangular molar loses its equilateral character

by the more anterior position of its internal angle, thus elongating the

posterior internal side of the crown. The latter thus fits the correspond-

ing form of the triangle of the inferior molar, forming with it the shear of

the sectorial tooth.

* See Report G. M. Wheeler, D. Chief of Engineers on Explor. Surv. "W. 100th

Mer. Vol. IV, pt. ii ; on the Creodonta.

t On the origin of the sectorial tooth of the Carnivora, American Naturalist,

1875,
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In a former article, "On the Homologies of the Molar Teeth," etc., I

traced the modifications of the superior and many of the inferior molars ot

the ungulate mammals to a parent quadrituberculate type. In a subse-

quent essay* I traced the origin of the inferior sectorial to a primitive five-

tubercled, or " tubercular sectorial" type. Farther than this I did not go,

and made no attempt to derive the few cases of triangular superior molars

then known, nor the type of the superior sectorial. The revelations of the

Puerco fauna show, that the superior molars of both ungulate and ungui-

culate mammalia have been derived from a tritubercular type ; and that

the inferior true molars of both have been derived from a "tubercular

sectorial " type. Shall we look for the origin of the latter in a trituber-

cular tooth also, i. e. tubercular sectorial without heel ; and will the

crowns of the true molars of the primitive mammals alternate with, in-

stead of oppose each other? This is a probable result of future discovery.

* Journal Academy Natural Sciences, Philadelphia, March, 1875.

Published January 2, 1884.
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Synopsis of the Species of Oreodontidce. By E. D. Cope.

{Bead before the American Philosophical Society, Jamtary 18, 1884.. )

The tribe Ruminantia first appears in the White River Miocene period

in North A.merican geological history. It is represented there by a num-
ber of genera, which pertain to several family types. The most aberrant

ot these, the Oreodontidm, includes the largest number of forms, generic and

specific. The Poebrotheriidm certainly embraces but few species, while

a third group of genera, represented by Leptomeryx, which are inter-

mediate between the Tragulina and Pecora, and should be perhaps regard-

ed as aberrant Tragulidm, also includes a small number of species.

The Oreodontidce constitute a family related to the Anoplotheriidm of

the later Eocene, but representing a more specialized condition of the

structure of the molar teeth, in the full development of the selenodont

type; which is rudimental in the Anoplotheriidce. Their feet, on the other

hand, are less specialized than in the latter family. As a family, the Oreo-

dontidm display very little tendency in their limbs to the specialized con-

dition of the Buminantia, but are more like those of the suilline groups,

and, among recent families, of the Hippopotamidm.

OREODOATID.E,
Dentition ; superior incisors present ; molars selenodont. Cervicals

with the transverse processes perforated by the vertebrarterial canal . No
alisphenoid canal. Ulna and radius, and tibia and fibula distinct. Meta-

podial bones four on each foot, with incomplete distal trochlear keels.

Lunar bone not supported by magnum. Navicular and cuboid bones dis-

tinct.

The preceding synopsis of its characters should furnish a basis for the

definite location of the Oreodontidce in the system. Dr. Leidy called its

species Ruminating hogs, and created a family for Oreodon and the allied

genera, under the name of Oreodontidm. This family is adopted by Prof.

Gill who includes in it the Agriochoeridm of Leidy, and places it in his

division Pecora, which is more comprehensive than the Pecora of Prof.

Flower, being nearly identical with the Selenodonta of Kowalevsky.

More precise expression of its affinity to the existing families is not given,

excepting to place it under a division "incertee sedis."

As a selenodont type, this family is excluded from the Artiodactyla

omnivora, and as having its metapodial bones distinct, it cannot be placed

in any recent family excepting the Tragulidce. From this family it is

distinguished by the distinct ulna and radius. We then turn to the ex-

tinct families Poebrotheriidce and Anoplotheriidce. The former agrees

with the Tragulidce excepting in its Caineloid cervical vertebrae,

while the latter differs from the Oreodontidm in the structure of

the feet. The Anoplotheriidce are didactyle in front, and tridactyle

behind. The posterior foot has a well-developed second digit directed

PROC. AMEE. PHILOS. SOC. XXI. 116 3l. PRINTED JUNE 6, 1884.
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more inwards than the others, which it is supposed supported a nata-

tory web. In the Oreodontidse all the feet are regularly tetradactyle.*

The Anoplotheriidae differ also in the presence of an additional cusp on
the inner side of the superior molars, accompanied by an imperfect de-

velopment of one or both pairs of the internal crescents. In Anoplo-

therium the internal crescents of the inferior molars are incomplete, and

more or less represented by tubercles. In the Oreodontidce there are two

pairs of fully developed crescents, and no internal tubercles. The de-

tails of the structure express ' various affinities. The axis is intermediate

between that of the suilline and ruminant Artiodactyla ; the other cer-

vicals are suilline, while the remaining vertebrae are ruminant. The
scapula is ruminant, not suilline ; while the humerus is like nothing but

Anoplotherium. The radiocarpal articulation is intermediate between that

of hogs and ruminants. The unciform supports the lunar bone. The sac-

rum is ruminant, the ilium suilline. The femur and tarsus are much like

those of the peccary.

The genera of this family known to me are the following :

I. Orbit incomplete ; last premolars in both jaws with two external

^crescents or Vs.

Premolars three Coloreodon.

Premolars four Agriochoerus.

II. Orbit complete
;
premolars four, the fourth with one external crescent,

a. No facial vacuities.

Premaxillaries distinct ; otic bulla? not inflated. . .>. Oreodon.

Premaxillaries distinct ; otic bullae inflated Eucrotaphus.

Premaxillaries coossified ; otic bullae inflated Meryeochoerus.

aa- Facial vacuities present.

Premaxillaries coossified, dentigerous ; vacuities prelachrymal

only. Merychyus.

Incisors six above, persistent ; vacuities prelachrymal and pre-

frontal ; nasal bones much reduced Leptauchenia.

Incisors very few, caducous ; vacuities very large Cyclopidius.

III. Inferior premolars three.

True inferior canine functional; inferior incisors one on each side. Plthecistes.

The number of species referred to these genera in the succeeding pages

is as follows :

Oreodon 3

Eucrotaphus 3

Merycochcerus 7

Merychyus 6

Leptauchenia 3

Cyclopidius 2

Pithecistes 3

Agriochoerus 6

Coloreodon 2

35

* I have observed this in the genera Oreodon, Eucrotaphus, Merycochcerus,

and Merychyus.
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The present paper is chiefly devoted to the Iproper distinction of these

species and genera or cranial characters only. Figures of all will be

given in my volume which embraces this subject, in the Report of the

U. S. Geological Survey of the Territories.

Coloreodon ferox Cope, one-half natural size. Original ; from Report U. 8.

Geolog. Survey Terrs., vol. iii, P. V. Hayden in charge.

OREODOIV Leidy.

Proceedings Academy Philadelphia, 1857, p. 238. Ancient Fauna of

Nebraska, Smithsonian Contrib. to Knowledge, 1853, p. 29. Extinct

Mammalia Dakota and Nebraska, 1869, p. 72. Report U. S. Geological

Survey Terrs., 1873, I, p. 201. Merycoidodon Leidy, Proceeds. Acad.

Philada., 1848, p. 47 (nomen nudum). Ootylops Leidy, Loc. cit., 1851,

p. 239.

Premaxillary bones distinct from each other. Otic bullae not inflated.

No lachrymal vacuity of the face ; nasal bones normal. Premolars four

in both jaws.

Dental formula I. f ; C. % ; P-m. £ ; M. f ; the series uninterrupted,

Crowns of the molars robust, well distinguished from the roots. Grind-

ing surface of the true molars simply selenodont, i. e., with but two pairs

of crescents. Superior premolars composed of a single external compressed

cusp witb crescentic section, and internal cingula or crescent. The fourth

premolar with a well developed internal crescent ; the first three with rudi-

mental internal crescents in the form of basal cingula. Superior canines

distinct. Inferior premolars of two kinds ; the first canine-like in form

and function ; the others consisting of a single external cutting edge rep-
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resenting two crescents, of which the anterior has its posterior horn

developed as an obliquely transverse crest directed inwards. Last true

molar with a heel composed of two columns.

In the superior temporary dentition the last premolar has the form of the

first permanent true molar. The third premolar has five lobes, i. e., four

crescents and an anterior odd one. The other temporary premolar resem-

bles that of the permanent series. The last inferior temporary premolar has

the three pairs of lobes usual in the Artiodactyla, and the two which pre-

cede it resemble the corresponding permanent teeth. Says Leidy :
* "The

permanent true molars successively protrude and occupy their functional

position before any of the deciduous molars are shed. The displacement of

the latter by their permanent successors appears to begin with the eruption

of the last of these, which is followed by those in advance. The first

permanent premolar of the upper jaw appears to have protruded after the

deciduous teeth, and occupied a position with them in the functional series,

but remains after these are shed.

"

The cranial characters which belong to Oreodon as a genus are the fol-

lowing : Orbit completed behind ; temporal fossae separated by a sagittal

crest. A lachrymal fossa, but no facial nor frontal vacuities. Premaxil-

lary bones distinct from each other and from the maxillaries. Nasal bones

well developed. Auditory bullae not inflated.

The preceding dental and cranial characters have been pointed out by
Leidy in his various palseontological works. On account of the absence

of the necessary material he was unable to give the characters of the

remaining parts of the skeleton. These are of course necessary to a

correct estimate of the affinities of the genus, and I will endeavor to add

such information as my material will permit. This consists of numerous

more or less complete skeletons found in connection with the skulls by
myself in Colorado in 1873.

Vertebra. The cervical vertebrae are rather short, and the character of

the articulation of the centra slightly opisthocoelous, and the articular

faces are quite oblique. The axis is the longest vertebra ; the three last

centra are subequal in length. In one of my series the seven cervicals

are preserved. In all of these, excepting the seventh, the bases of the

diapophysis are perforated by the vertebrarterial canal. In the sixth

vertebra, the decurved parapophyses are especially robust. The axis and

three succeeding centra display strong hypapophyses at their posterior ex-

tremities, which are carried forwards as strong median keels. The odon-

toid process is depressed so as to have a lenticular section ; it is not exca-

vated above, but in my largest specimen the internal borders of the facets

for the atlas are continued so as to enclose a short groove on each side at

its base. In one smaller and immature specimen this is wanting. The
vertebrarterial canal of the axis is enclosed as in the other cervicals. The
canal for the second spinal nerve has a narrow roof, but there are no canals

* Ancient Fauna of Nebraska, p. ii.
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for the succeeding pairs of nerves perforating the neural arches. The atlas

is not very elongate. The base of the diapophysis has a perforating canal,

which issues in a large inferior fossa. The vertebrarterial canal then per-

forates the diapophysis upwards anterior to the middle of the base, and
then soon enters the neural canal just posterior to the superior margin of

the cotylus of the occipital condyle.

The centra succeeding the cervicals increase gradually in length poste-

riorly. Those of the anterior part of the dorsal series are quite depressed,

but the vertical diameter rapidly increases, so as to be equal to the trans-

verse in some of the lumbars. A trace of the opisthocoelous articulation

exists throughout the dorsals but is very little marked in the posterior

centra. There are no hypapophyses on the dorsals, but on one of them,

probably the third, the inferior and lateral faces are separated by a strong

angle, which is strongest anteriorly, giving the articular face a subquadrate

outline. The rib-bearing diapophyses are robust. On the posterior dor-

sals the capitular and tubercular surfaces are confluent, forming a narrow

facet on the anterior face of the diapophysis, in a manner not seen in

Cervus elaphus or Sus scropha. The centra of the lumbars, after lengthen-

ing, become shorter immediately in front of the sacrum. The vertical

diameter of one or two posterior ones is less than that of the anterior

ones. The greater number of the lumbars display a small compressed

hypapophysis at their anterior extremity ; but this is wanting on the

posterior ones. The neural arches of the dorsal and lumbar vertebrae are

nowhere perforated for the spinal nerves.

The lumbar prezygapophyses embrace the articular faces of the poste-

rior ones, which have a section of one side (below), the end (external),

and a half the other side (above), of a transverse ellipse. The superior

recurved surface does not appear.

The sacrum consists of five vertebrae, with very depressed centra. The
ilium is attached to the diapophysis of the first, and a small anterior por-

tion of that of the second. That of the fourth is flat and free. The an-

terior zygapophysis of the first displays a slight degree of the superior

incurvature general in Artiodactyla. The caudal vertebrae were numerous,

forming a long tail. The proximal ones are moderately depressed, while

more distal ones with wide diapophysis and complete neural arch, are sub-

cylindric, and more elongate. The number of vertebrae preserved in the

most complete of my specimens, is as follows :

Cv. D. L. S. Cd.

0. culbertsoni ad 7 5 6 4 4

0. culbertsoni juv 5 8 6 2 1

0. gracilis 4 5 3 * *

0. g. coloradoensis 7 8 6 5 3

An anterior, perhaps second, sternal segment is flat and subquadrate in

outline, with large haemal articular face of the lateral margin anteriorly,

and a small one posteriorly. No inferior carina.



Cope.l ^Oo [jalli 18f

The spine of the scapula rises abruptly from the neck as in Ruminantia,

and the coracoid process is short and obtuse. The spine continues to the

distal extremity, which is regularly convex.

The most perfect innominata in my collection are deficient in the sym-

physis. The form of the ilium is more that of a hog than of a ruminant.

The peduncle is even stouter, and the superior border is abruptly expanded

below the middle of the length of the bone. The superior and inferior

borders are subparallel as in the hog, and not divergent as in the rumi-

nants. The anterior edge is acute, and uninterrupted by an anterior in-

ferior fossa or spine. The pubis is robust and transverse, and without

prominent basal pectineal tuberosity. The incisura acetabuli invades the

base of the pubis a little, but the ischium more extensively. The ob-

turator foramen is quite large. The distal border of the ischium is ob-

liquely truncated as in many other Artiodactyla, and more nearly re-

sembles that of the peccary than any other recent form I have observed.

The tuber proper is a convex edge, not thickened, and its superior edge is

continued into a strong up-looking tuberosity. This region is not so

robust as in most recent forms.

The humerus of Oreodon is readily distinguished from that of recent

Artiodactyla by several peculiarities. The greater tuberosity is large, ris-

ing above the head ; and is incurved, terminating inwards in an acuminate

apex. Its border at the base is thrown into an obtuse angle. The lesser

tuberosity is small, and is well separated from the greater by a deep and

wide bicipital groove. The deltoid ridge is distinct. The condylar ex-

tremity is more transversely extended than in any recent Artiodactyle,

owing to the fact the posterior interior distal tuberosity is placed interior

to the trochlea instead of partially behind it, and that there is, in addition,

an internal epicondyle not seen in the recent suilline or ruminant mem-
bers of the order. The intercondylar ridge is strong, and wider than in

most recent ruminants ; in the suillines it has nothing like such a develop-

ment. Another peculiarity is the flange-like free border of the external

trochlea, which is especially recurved at its superior part.

The radius is distinct from the ulna throughout. The relation of the

ulnar to the radiocarpal surface is posterior as well as exterior ; the com-

mon suture of the two, making an angle of 45° with the long axis of the

radiocarpal surface. The head is a transverse oval, with the inferior face

forming a regular curve without notch. Its articular surface is divided into

three portions in adaptation to the internal and external humeral trochlea

and the wide median ridge. The external face is beveled forwards above,

to fit the flange-like projection of the external trochlea. The shaft of the

radius is not very stout, and has a nearly equal transversely oval section

to near the distal expansion. Here are wide grooves for the extensor

tendons, one superior, the other obliquely exterior. The carpal articular

facet has the general ungulate characters. The scaphoid facet is concave

above, convex and condyloid below, and is only distinguished from the
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lunar facet by a contraction of the anterior and posterior borders. There
is no indication of distinguishing ridge between the lunar and cuneiform

facets. The posterior border at their junction is prominent, enclosing a

fossa with the scaphoid condyle, which does not, however, excavate the

intervening surface. The scaphoid condylo is not divided by a ridge.

The ulna gradually contracts distally from a robust olecranon. The
shaft beyond the humeral cotylus has an oval section, with its long axis

forming an angle of 45° to the perpendicular. The olecranon is short and
compressed, its posterior border rising nearly as high as the coronoid

process. The edges of the humeral cotylus are not flared beyond the

shaft.

In the carpus the unciform nearly reaches the scaphoid, which is sup-

ported by the magnum and trapezium.

The great trochanter of the femur is not produced beyond the line of

the head, and is well recurved, enclosing a large fossa. The little trochan-

ter is large. The fossa ligamenti teris is submedian, subround and large.

Distally, the patellar trochlear groove is quite elevated ; its lateral crests

are of equal prominence, and nearly equal superior prolongation. The
patellar groove is continued some distance above the crests, but there is

no fossa in this region as in the hog. The popliteal fossa is well marked,

and the condyloid articular surfaces are not entirely cut off from the

rotular. The external linea aspera terminates first in a rugose muscular

insertion, and then in a shallow fossa a short distance above the condyle.

There is no crest nor deep fossa. This element is more like the corre-

sponding one in Dicotyles torquatus than in any other mammal. The
patella is a short wide bone, with a large anteroposterior diameter. One
extremity is acute, the opposite one truncate.

The head of the tibia is also like that of Dicotyles. The spine is divided

as usual, and not much elevated ; the crest is prominent, but is wide and

truncate above at the head. It is not excavated as in Sus. The external

tendinous notch is well marked. The external margin of the shaft does

not display any sutural surface for the fibula. The surface of attachment

of an external malleolus is distinct. The internal malleolar process is nar-

row and is produced well downwards. The anterior intertrochlear angle

is prominent ; the posterior only convex. The trochleas are deep, the

outer being both the wider and the deeper.

The astragalus presents well marked characters. The distal extremity

displays the two usual parallel trochleae, which are separated by a pro-

nounced angle. The cuboid trochlea slopes somewhat backwards, while

the navicular is strongly concave. The tibial trochleas are unequal, the

internal being smaller than the external. It is separated from the latter

by a constriction which is well rounded and not angulate as in the hog.

The external side of the astragalus displays a wide malleolar band, a wide

posterior and narrow anterior calcaneal facets, and an undivided concavity

intervening between the latter. On the inner side, the malleolar face
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descends to below the middle, as in Hypertragulus, and there is no verti-

cal nor horizontal distal crest. The inferior calcaneal facet is undivided

and not grooved, and does not extend over the internal border of the in-

ferior side of the bone. It exhibits an acute border on the external side.

The calcaneum is rather elongate, and the free portion is compressed and

"with obtuse margins above and below. The transverse astragalar pro-

cess is not large and is not produced beyond its facet. The ascending

plate is well developed and has a superior, uninterrupted convex facet for

the fibula, with a narrow facet on its inner side. The inner distal astraga-

lar facet extends the entire length of the cuboid facet. There is a longi-

tudinal ridge on the external side of the distal end of the calcaneum.

The navicular and cuboid bones are distinct from each other and from

the ectocuneiform. The astragalar ligamentous fossa is in the naviculo-

cuboid suture. The inferior proximal angle of the cuboid is produced

posteriorly, and the peroneal process well forwards. The ectocuneiform

is distinct, and much wider than long. The mesocuneiform is exterio-.

posterior in position, and the transverse diameters are small. It is pro-

duced distally, overlapping the head of the second metatarsus. Ento-

cuneiform wanting. The metapodial bones are entirely distinct. The
lateral metatarsals are well developed. The second articulates with both

the ecto- and mesocuneiform bones, by a proximal extremity which is

laterally compressed. The third and fourth are subequal in width, and

articulate exclusively with the ectocuneiform and cuboid respectively.

The fifth metatarsus is compressed proximally, and the external part of

its extremity articulates with a lateral fossa of the cuboid. The distal

articular extremities of the metapodials are separated from the anterior

face of their shafts by a transverse groove ; and they have a well marked
articular fossa on each side. The trochlear tongue only exists on the

posterior face, where it is prominent and compressed. It disappears on
the middle of the distal end, and is wanting on the anterior face. The
phalanges are depressed proximally, the penultimate ones distally also.

The ungues are rather depressed and have convex external borders. There

is a pair of sesamoid bones below the distal articular extremity of the

metatarsals.

History. The dental and cranial characters of this genus were fully

described by Dr. Leidy in 1852, as already cited. In the Extinct Mam-
malia of Dakota and Nebraska, published in 1869, Dr. Leidy added the

following points in the osteology of the skeleton of the Oreodontidce (p.

72) :
" What are supposed to be the bones of the forearm and leg are

discrete, as in the hog, and the bones of the feet correspond in number
with those of this animal." In 1873* Prof. Marsh confirmed these state-

ments so far as regards the metacarpal bones, and added that "the navicu-

lar and cuboid bones were loosely coossified or separate." The structure

of the vertebra?, and of the greater part of the scapular and pelvic arches,

*Amer. Journ. Sci. Arts, p. 409.
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with the carpus, tarsus and feet, with the exceptions above noted, are now
described for the first time.

This genus appears first in time in the known history of the family, and

presents us with its primitive or least specialized characters, or those

nearest the average condition of the ordinary primitive ungulate.

Species. The species of this genus are difficult to discriminate from the

evidence of crania alone, and their true number will remain uncertain

until we can study entire skeletons. My material enables me to make
some progress in this direction. After the removal of the forms with in-

flated bullae to the genus Eucrotaphus, there remain the two species origi-

nally referred to Oreodon by Leidy, the 0. culbertsoni and the 0. gracilis.

To these Leidy subsequently added two others, the 0. affinis, which is in-

termediate in size between the two named, and the 0. hybridus, of larger

size than either. As the condition of the otic bullae in the last is unknown,
its generic reference is not certain. All these forms are from the White
River epoch of Dakota, Nebraska and Wyoming.
My material is largely from the White River beds of Colorado. I find

from this region the true 0. gracilis and the 0. culbertsoni, abundantly

represented. Besides these there is a form intermediate between the 0.

gracilis and the 0. affinis, which is nearer the former than the latter. Of

0. gracilis there are two skulls complete ; of the form next larger, which

I call 0. gracilis coloradoensis, two complete crania (one with skeleton),

and a face with teeth. Of a form between the 0. affinis and the 0.

culbertsoni, there are four skulls complete (two with skeletons) ; and of

0. culbertsoni proper, numerous parts of skulls with teeth, but none com-

plete. No other regions which I have explored have produced these

species ; not even the Ticholeptus beds, where they might have been rea-

sonably expected to occur.

The distinction of the previously known species will remain as Leidy

has left it, with certain reservations in the matter of dimensions ; while I

add two sub-species.

Nasal bones obtuse posteriorly ; frontals little produced on

either side of them ; true molar teeth not exceeding M. .035

in length ; canine and premolars . 030 ; width of front .046. 0. gracilis.

Nasal bones obtuse posteriorly, frontals little produced on

either side of them ; true molar teeth not exceeding .037 in

length ; canine and premolars .039 ; width of front at middle

of orbits .046 0. coloradoensis.

Nasal bones obtuse posteriorly, frontals little produced on

either side of them ; true molar teeth not exceeding .038
;

front at orbits .057 in width O. affinis.

Nasal bones acute posteriorly ; frontal produced to an acute

apex on each side of them ; molar teeth .040 ; front, .056.

0. periculorum.

Nasals and frontals as last ; molar teeth .047 ; front, .050-}-. . 0. culbertsoni.

PROC. AMER. PHILOS. SOC. XXI. 116. 3M. PRINTED JUNE 6, 1884.
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From this table it may be seen that the passage from the small 0.

gracilis to the large 0. culbertsoni is accomplished by a series of inter-

mediate steps. That these extreme forms belong to one species cannot be

admitted without evidence of more complete transition than we yet

possess. As above remarked, groups of specimens represent each form

and adhere to the definitions given with considerable fidelity. The largest

of the specimens I refer to, the form 0. periculorum, however, reaches

.042 in the length of the true molar teeth, and the smallest of the 0.

culbertsoni measures .046. These I must consider as sub-species only. As
regards the three remaining forms the length of the true molar series

shows a- complete gradation. The size of the cranium, as indicated by the

interorbital width, is in the 0. affinis as large as that of the 0. culbertsoni

according to Leidy, and the combination of characters presented by this

form, would seem to entitle it to specific rank as suggested by Leidy. On
the other hand the form coloradoensis agrees in interorbital width with the

small 0. gracilis, differing from it in the greater length of the muzzle and
of the cranium. But here, while the proportions of the premolar teeth

distinguish the forms well, the length of the brain-case does net coincide

exactly with the other measurements. The measurements of four skulls

are as follows : 0. gracilis No. 1, length of skull M. 114.5 ; No. 2, .130.

0. coloradonesis No. 1, .129 ; No. 2, .135.

Oreodon gracilis Leidy.

Proceedings Academy Philada., 1851, 239 ; 1853, 392 ; 1854, 157 ; 1857,

89 ; Owen's Report Geolog. Survey, 1852, 550, PI. XI, figs. 2-3 ; PI. XIII,

figs. 5-6. Ancient Fauna Nebraska 1853, p. 53, PI. V, figs. 3-4 ; VI, figs.

1-7. Extinct Fauna Dakota and Nebraska, 1869, 94, PI. VI, figs. 2-3.

Abundant in the White River beds of Dakota, Nebraska,, Colorado and
"Wyoming.

The two sub-species are distinguished as follows :

Length of superior premolar series, M. .023 O. g. gracilis

Length of superior premolar series, M. .029 0. g. coloradoensis.

Oreodon gracilis gracilis Leidy.

Dakota, Nebraska and Colorado.

Oreodon gracilis coloradoensis Cope.

Colorado.

Oreodon affinis Leidy.

Extinct Mammalia Dakota and Nebraska, p. 105 ; PI. IX, fig. 3.

Probably from the White River beds of Nebraska.

Oreodon culbertsoni Leidy.

Owen's Report, Geological Survey. 1852, 548, PI. X, figs. 4-6 ; XIII,

figs. 3-4 ; Ancient Fauna Nebraska, Smithsonian Contrib. to Knowledge,

1853, 45 ; PI. II, III, IV, figs. 1-5, V, figs. 1-2, VI, figs. 8-11 ; Proceeds.
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Academy Philada., 1853, 392 ; 1854, 35, 157 ; 1857, 89 ; Bronn Lethsea

Geognostica, 1856, 930. Extinct Fauna Dakota and Nebraska, 1869, p .86 ;

PI. VI, fig. 1 ; VII fig. 2 ; IX, figs. 1-2. Merycoidodon culbertsoni Leidy,

Proceeds. Acad. Phila., 1848, 47, PI. II ; 1850,121; 1851,239. Oreodon

priscum Leidy, Proceed. Phila., Academy 1851, 238 ; Cotylops speeiosa

Leidy, Ibidem 239 ; Oreodon robustum Leidy, Ibidem 276.

The White River epoch of Dakota, Nebraska, Colorado and Wyoming.
The two sub-species are defined as follows :

Length of superior true molar series from M. .040 to .042

0. c. periculorum.

Length of superior true molar series from .046 to .050. . . . 0. c. culbertsoni.

Oreodon culbertsoni periculorum Cope.

This smaller race or sub-species has as yet only been found in the

White River beds of Colorado and Wyoming. I do not detect any differ-

ences between it and the Nebraska form other than those of size. The
largest measurement of the 0. c. culbertsoni given in the above table is

derived from Leidy ; my largest specimen gives .047 as the length of the

true molar series.

Oreodon culbertsoni culbertsoni Leidy.

Very abundant in the White River formation of Dakota, Nebraska,

Colorado and Wyoming.

EUCROTAPHUS Leidy.

Proceedings Academy Philada., 1850, p. 92. Ancient Fauna of Nebraska,

Smithsonian Contrib. to Knowledge, 1853, p. 56. Eporeodon Marsh, Amer.

Journ. Sci. Arts, Vol. ix, 1875, p. 249.

Premaxillary bones distinct from each other. Otic bulla swollen. No
prelachrymal or nasal vacuities.

This genus presents us with the first step in the series of modifications

which the primitive form underwent with the advance of geological time.

It appeared contemporaneously with the earliest representatives of the

family, i. e., in the White River epoch, but in small numbers. In the

succeeding or John Day epoch the genus Oreodon had disappeared, and

the present form had multiplied enormously in individuals, if not in

species. Subsequent to that epoch it is unknown.

The greater number of the Oreodont remains found in Oregon belong to

this genus. The Eucrotaphus jatksoni bore the same relation to the Oregon

John Day fauna, as the Oreodon culbertsoni did to that of the White River

epoch.

The species of Eucrotaphus are distinguished as follows :

I. Palatonareal border well posterior to posterior edge of maxillary

bones.
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a. Infraorbital foramen above front of P-m. iii.

Skull depressed, muzzle short
;

paroccipital process behind

bulla and not separated from it by grooves ; bulla grooved

to apex for styloid ligament, etc. ; zygoma more robust.

E. trigonocephaly.

II. Palatonareal border in line with posterior edges of maxillary bones,

aa. Infraorbital foramen above posterior part of third premolar.

Paroccipital process behind otic bulla, the internal border of

its base opposite that of the bulla E. jacksoni.

Paroccipital process external to the middle of the otic bulla ;

generally larger E. major.

The name here employed for this genus is the one first given with a

definition. The typical species, E. jacksoni, was widely distributed, and
appears under several varietal forms and sizes, some of which have re-

ceived names. Subsequently to the original description, Dr. Leidy added

to the genus a second species, which probably belongs to the genus

Agriochoerus. On this account Leidy inclined at one time to combine the

two genera, but afterwards abandoned the idea.

Eucrotaphus trigonocephalus, sp. nov.

This distinct form is only known to me from a single skull of an old

animal. In the character of its otic bulla it has resemblance to the species

of Agriochoerus, while the maxillary part of the skull has the posterior

position of a true Oreodon.

The muzzle is rather depressed, and the premaxillary alveolar border is

almost transverse. The position of the canine alveolus is swollen later-

ally, and between it and the infraorbital foramen the side of the face is

slightly concave. The expansion leading to the malar bone commences as

the posterior slope of the concavity mentioned, and spreads laterally, without

interruption, beginning to project beyond the superior alveolar border at

the fourth superior premolar. In the E. jacksoni this is not apparent

anterior to the first true molar. The top of the muzzle and the front are

wider than in that species, and are gently concave in the transverse direc-

tion. The anterior temporal ridges are well defined, and concave in out-

line, uniting early to form a prominent sagittal crest. The malar bone is

a little concave below the orbit. The malar process of the maxillary pro-

jects downwards in an obtuse angle, opposite the penultimate superior

molar. In E. jacksoni the malar is convex, and the tuberosity is opposite

the last molar. The squamosal process is deeper than in the E. jacksoni,

and sends a more robust apex into the malar bone, the apex not extending

in front of the posterior border of the orbit. The supraoccipital crests are

well developed, and project beyond the vertical plane of the condyles ;

they continue into well marked posttemporal crests, as in the other species

of the genus, as well as send an obtuse ridge downwards on each side to-

wards the foramen magnum. The median supraoccipital plane disappears

downwards in a wedge-shaped apex, which causes the transverse section
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above the foramen magnum to be obtuse angulate instead of broadly-

flattened as in E. jacksoni. The mastoid crests are roughened and are

vertical, but do not continue directly into the paroccipital processes, but
are separated from them by a deep excavation of the external margin,

due to the internal position of the base of the process.

The long diameter of the base of the paroccipital process runs outwards
and backwards, and it is attached to the bulla at the middle of the posterior

extremity without any intervening grooves such as are seen in the other

species of the genus. The bullae are ovoidal in anteroposterior section, the

regularity interrupted, however, by the presence of a ridge on the exter-

nal side directed posteriorly, enclosing a groove which is continuous with
the stylohyoid fossa. The ridge continues into the inferior crest of the

tympanic bone. The sphenoid bone is regularly convex in transverse sec-

tion, while the basioccipital is concave on each side with a narrow median
keel, which commences opposite the anterior edge of the paroccipital pro-

cesses. The basicranial axis is not quite in line with the basifacial, but

does not present such an angle with it as is seen in the species of Mery-
cochoerus, where the skull is known to me. In this respect it agrees with
the other species of the genus. The postglenoid processes are less promi-

nent than in E. jacksoni, but have a base more widety extended outwards.

The external border is very oblique, since the apex is narrowed. The
glenoid region is more extended, both transversely and anteroposterior^

than in the E. jacksoni. The anterior border is continued as an alisphe-

noid angle which becomes prominent, and overhangs the foramen ro-

tundum. The descending alisphenoid ridge commences within the anter-

ior border of the foramen ovale. The pterygoid angle is anterior to the

middle of the palatosphenoid wall of the nareal foramen, and in front of

it the edge of the processus pyramidalis is marked by a shallow fossa or

mark of insertion of the internal pterygoid muscle. The nareopalatal

border is as far posterior to the line connecting the posterior edges of the

maxillaries as the width of the second molar tooth. The palate is every-

where nearly flat. The malar bones spread well away from the maxillaries

on each side, the anterior border of the zygomatic foramen being a seg-

ment of a circle. The squamosal part of the zygoma is more widely ex-

panded than the malar part. In E. jacksoni the shape of the zygomatic

foramen is quite different. Its anterior outline is interrupted by the pro-

jection of the maxillary bone posteriorly, which gives its anterior outline

a bilobate form. It is longer than wide in that species, and wider than

long in the E. trigonocephalies.

The infraorbital foramen is small. There are two lachrymal foramina
;

one larger, within the preorbital border, the other smaller, below the

tuberosity on the rim of the orbit. The frontal foramina are separated by
a space equal to one-fourth the entire frontal width. The supraorbital

notches are wanting. The preorbital fossae are well marked, are distinctly

defined above, and extend as far as the anterior border of the lachrymal

bone. The orbit is round, and looks upwards as well as outwards and



Cope.] 51b [Jan. 18,

forwards, on account of the prominence of the zygomatic arch. There

are two postparietal foramina, one below and behind, the other on the

parieto-squamosal suture. The mastoid foramen is not small. The incisive

foramina are large, are longer than wide, and are separated by a rather

wide isthmus. The palatine foramina are opposite the third premolars.

There is a foramen immediately below the postfrontal process. The optic

foramen issues posterior to the line of the posterior border of the orbit,

and in front of the anteroinferior angle of the alisphenoid. The
foramen rotundum is large and round, and is immediately below and

within the ridge above mentioned, and is not overhung by a transverse

ridge of. the same, as in the species of MeryGochcerus known to me.

The f. rotundum doubtless includes the f. sphenoorbitale. The f.

ovale is smaller and is separated by a considerable interval from the f.

lacerum. The latter is subtriangular in form and is rather small, since

the base of the otic bulla is in close sutural contact with the sphenoid

and basioccipital for a considerable distance. The f. jugulare is sub-

triangular in outline and is smaller than the f. rotundum. It is entirely

distinct from the f. condyloideum, which is the size of the f. ovale. No
f. supraglenoideum. In comparing these foramina with those of the

E. jacksoni, a general resemblance is to be seen. The frontal fora-

mina in that species are generally closer together than in E. trigonocepha-

lies, and the palatine foramen is generally opposite the fourth premolar in-

stead of the third. The foramen magnum is slightly notched on its

superior border in both.

The posterior outline of the nasal bones is truncate ; it is more or less

acuminate in all the specimens of E. jacksoni and E. major accessible to

me. The prolongation of the frontal on either side of the nasals is also

short and truncate in this species, and narrow and acuminate in the E.

jacksoni and E. major. The lachrymal is deeper than long : in the species

last named it is of variable size and form, but is usually as long as deep.

There is no distinct ridge along the parieto-squamosal suture. The ali-

sphenoid has a considerable contact with the parietal. The palatomaxil-

lary suture is irregularly convex backwards on each side of the median

line. It crosses the palate as in the E. jacksoni, at the front of the second

maxillary tooth.

The teeth are much worn, and the first and last true molars with several

of the premolars have been lost, indicating the age of the animal. The
incisors are small and have round roots. The canines are large and of

the usual form. The space between them and the first premolar is short.

The fourth premolar is small. The second true molar is wider than long,

and has no internal cingulum except between the lobes, and has a trace of

anterior cingulum.
Measurements. M.

Axial length from occipital condyles to premaxillary

border . .
.' 187

Axial length from occipital condyles to postglenoid pro-

cess 031

_
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Measurements. M.
Axial length from occipital condyle to postfrontal pro-

cess 076

Axial length from occipital condyle to palatonareal bor-

der 079

Axial length from occipital condyle to end of last molar. .091

Diameters of orbit
vertical 031

horizontal , 027

Depth malar bone at middle of orbit 016
"

.
zygomatic process posteriorly to glenoid face. . . . .028

" skull (right angles to profile) at glenoid face 045

orbit 046

P-m. i 030

Elevation of occiput from foramen magnum 044

Width top of muzzle at preorbital fossae 040
" at middle of supraorbital border 059
" " postfrontal process .075

" " malar below orbit. 110
" " zygomatic process of squamosal 145
" of occiput at condyles 066
" " occipital condyles 039
" " palate at palatonareal foramen 028

" at M. ii .... 032
" " " "canines 030

Length of superior dental series with canines 088
" " premolar series 047
" " true molar series 036

Diameters canine at base (
anteroposterior 089

^ transverse 010

Diameters P-m. iv. j
anteroposterior 009

I transverse 013

Diameters M. ii. {
anteroposterior 014

<- transverse 018

The typical specimen of this species was found by Charles H. Sternberg

on the North Fork of the John Day river. The horizon is probably some-

what different from that of the true John Day epoch.

Eucrotaphtis sacksoni Leidy.

Proceedings Academy Philadelphia, 1850, p. 92. Ancient Fauna of Ne-
braska, Smithsonian Contributions to Knowledge, 1852, p. 56, Plate VII,

figs. 4-6. Oreodon bullatus Leidy, Extinct Mamm., Dakota and Nebraska,

1869, p. 106. Report U. S. Geol. Survey, Terrs. 1873, 1, p. 318. Oreodon

oceidentalis Marsh, Amer. Journal Sci. Arts, 1873 (May), p. 409. Epor-

eodon oceidentalis Marsh, Loc. cit., 1875, p. 250. Eucrotaphus oceidentalis

Cope, Bulletin U. S. Geol. Survey Terrs., V, p. 59.

Comparison of numbers of crania from the White river and John Day
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formations fails to reveal any characters distinguishing them as more than

one species. In fact the variation in various respects is greater among the

individuals of the John Day epoch, than between those of the two epochs.

This was by far the most abundant mammal of the John Day epoch

while it appears to have been rare during that of the White River.

Specimens differ in the size of the preorbital fossa irrespective of other

differences. In some specimens it is wide and profound, including the

lachrymal bone ; in others it is less extensive and is shallow, involving but

part of the lachrymal. It is never wanting or obscure. For estimation of

other characters, I select ten crania, nine from Oregon and one from

Dakota, as expressing the greatest range of variation. Of these, three

display a peculiarity in the form of the otic bulla. Instead of being con-

tracted backwards in front, it is protuberant and full at its inferior anterior

part. Five other crania, agreeing with these three in other respects,

possess the normal form of bulla. In one cranium, which is rather more
robust than the others, the infraorbital foramen is a little posterior to its

usual position, being above the anterior part of the fourth premolar.

This tooth is also distinctly smaller than in other specimens of otherwise

similar dimensions. The majority of specimens range nearly alike in

dimensions, but there are forms distinctly larger and smaller, which may
represent distinct species. This question can be better decided when the

skeletons are known. I give three sub-species which are defined as fol-

lows :

Length of cranium M. .197; of molar series M. .086; long

diameter of base of paroccipital process transverse ; its pos-

terior base flat E. j. jacksoni.

Length of cranium M. .219 ; of molar series M. .091
;
paroccipi-

tal process as above E. j. pacificus.

Length of cranium, M. .235; of molar series, M. .099; paroc-

cipital process strongly compressed, its posterior base an-

gulate on the middle line . . . , E. j. leptacanthus.

The above measurements of length are made from the occipital condyles

to the premaxillary border inclusive.

The three forms may represent good species. The E. j. jacksoni is of the

size of the Oreodon culbertsoni ; the E. j. leptacanthus is larger than the E.

major, while the E. j. pacificus is intermediate between the two.

Eucrotaphus jacksoni jacksoni Leidy.

The typical specimen of the Oreodon bullatus Leidy agrees so nearly with

the original type of Eucrotaphus jacksoni, that I cannot doubt their pert-

inence to the same species. There are two specimens in the collection of

the Philadelphia Academy, besides the last named, and at least one in the

museum at. Princeton. A specimen from the John Day, Oregon, cannot

be distinguished from these. It agrees with Marsh's measurements and

description of his Oreodon occidentalis, and no doubt represents it. Its
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;
identity with his 0. bullatus has already been surmised by Leidy (Report.

U. S. Geol. Survey Terrs., I, p. 318).

Encrotaphus jacksoni pacificus Cope.

This form is materially larger than the last named, equaling in dimen-

sions and resembling in general form the Eucrotaphus major Leidy, of

the White River beds. It is no doubt the form which has been identified

under that name by Leidy in his report on John Day Fossils in the Report

of the U. S. Geological Survey of the Territories, Vol. I. It is different

from that animal in the form and position of the paroccipital process, as

already pointed out. I have eight crania disengaged from the matrix

which agree in dimensions and other characters assigned to this sub-spe-

cies. In one of them the paroccipital process presents an approach to the

form of that of the E. j. leptacanthus. A specimen from the White Buttes

of Central Dakota agrees with those from Oregon in all the essential

characters, and is the second one of the sub-species I have seen which is

not Oregonian. I have many crania of this sub-species not yet entirely

cleared of matrix.

From John Day river and Crooked river, Oregon ; C. H. Sternberg and

J. L. Wortman ; White river of Nebraska, Mus. Princeton.

Encrotaphus jacksoni leptacanthus Cope.

This is the largest form of the genus, exceeding the typical E. major in

the length of the skull by 23 mm. It is thus far represented in my collec-

tion by two very perfect crania. There is considerable reason for antici-

pating that this form will turn out to be a valid species. Besides the pecu-

liar form of the paroccipital processes, the typical specimen presents the

following characters :

The frontal region is flatter than in the two other sub-species, and is

concave on the median line in transverse section. This concavity is

probably partly abnormal. The profile of the sagittal crest instead of pre-

senting a gently convex outline, is concave, rising posteriorly. The lateral

occipital crests instead of being angulate are truncate behind, and the in-

ferior angle projects much beyond the vertical line of the occipital con-

dyles. As this part is broken off in most of my specimens of the E. j.

pacificus, I cannot decide as to its value. The inferior carina of the tym-

panic bone extends forwards to contact with the internal extremity of the

postglenoid process. It does the same in the Oregon specimen of E. j.

jacksoni, and in the Dakota specimen of the E. j. pacificus. In two of

the latter, from Oregon, where the part is cleaned, the keel does not extend

so far forwards or inwards.

The typical specimen is from the John Day beds of John Day river,

Oregon, and was found by Jacob L. Wortman.

Eucrotaphus major Leidy.

Oreodon major Leidy, Ancient Fauna of Nebraska, 1853, p. 55, PI. IV,

fig. 6. Proceedings Academy Philadelphia, 1853, 398 ; 1856, 164 ; 1857, 89.
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Extinct Mammalia, Dakota and Nebraska, 1869, p. 99, PI. VII, fig. i

;

VIII. Eporeodon major Marsh, Am. Journ. Sci. Arts, 1875, p. 250.

I find this species to differ in the external position of the paroccipital

process, as related to the otic bulla, from the E. jacksoni. I might add that

it differs in dimensions from all excepting the E. jacksoni pacificus. In

the E. jacksoni the base of the paroccipital process is in the same line as

the interior base of the otic bulla. In' the Oregon form of the E. major

the base of the paroccipital process is much flattened, so as to be trans-

verse, and its internal border is on the external side of the extremity of the

large swollen bulla. This species differs also from the E. jacksoni in the

median vertical carina of the occipital bone above the foramen magnum,
a region which is in the E. jacksoni broadly flattened. Besides these

points I do not notice any divergence from the E. jacksoni, with which it

agrees in the various characters in which the latter differs from the E.

trigonocephalies.

The Nebraska and Oregon forms do not agree in all respects. Thus,

while the dimensions of the dental series are the same in both, the frontal

region is more elongate in the Oregon animal, giving greater length to the

skull. The third superior premolar has a somewhat different form in the

two. They may then be characterized as follows :

Dental series M. .125 ; skull .224 ; third superior premolar, sub-

triangular. E. m. major.

Dental series M. .125 ; skull .240 ; third superior premolar sub-

quadrate E. m. longifrons.

Encrotaphus major major Leidy.

Known only as yet from the White River epoch of Nebraska and Dakota.

Eucrotaplms major longifrons Cope.

Known from a single skull from the North Fork of the John Day river,

Oregon, found by Charles H. Sternberg. It may be observed here that

the Oreodontidse of this locality are mostly distinct from the species of

the John Day river proper.

MERICOCHCEHUS Leidy.

Report U. S. Geol. Survey Terrs., I, 1873, p. 202. Bettany, Quart.

Journ. Geol. Soc. London, 1876, p. 262 ; Cope, American Naturalist, 1884,

p. 281. Leidy, Extinct Mammalia of Dakota and Nebraska, 1869, p. 110

(nomen nudum). Proceedings Academy Philadelphia, 1858, p. 24

(nomen nudum).
As indicated in the analytical table at the head of this article, I can only

distinguish this genus from Eucrotaphus by the confluence of the pre-

maxillary bones. The position of the external infraorbital foramen can-

not be regarded as furnishing generic characters, especially as it displays

considerable variation and gradation. Some of the species are in this

respect quite identical with species ofMerychyus (M. superbus), while others
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possess the widely different position ascribed to this genus by Leidy. Few
if any of the characters given by Mr. Bettany as those of the genus, can

be regarded as other than characters common to several of its species.

Perhaps the most important of these is the angle formed by the basifacial

with the basicranial axis, by which the face is presented as much forwards

as upwards. The species present considerable variety in form. The ge-

nus embraces the largest species of the family, such as M. maerostegus, M.

superbus, etc. The characters of the species are as follows :

I. Foramen infraorbital e above middle of fourth superior premolar
;
pos-

terior part of zygoma expanded
;
palate moderately produced posteriorly.

Squamosal part of zygoma less expanded anteriorly and with

rounded border ; head elongated ;
premaxillary bone not

produced ; otic bulla larger, compressed, extending anterior

to postglenqid process ; size large M. superbus.

Head shortened occipitally, so that a line drawn through post-

glenoid and paroccipital processes makes 90° with the

middle line ; malar bone openly grooved below orbit

;

angle of mandible obliquely truncate M. leidyi.

Squamosal part of zygoma most expanded in front, and elevated

behind, so that the cranium is as wide as from the paroccipi-

tal process to the canine tooth ; its posterior angle rising to a

level with the sagittal crest ; its inferior edge spread out-

wards ; its superior edge truncated ; occiput not shortened
;

malar flat below orbit
;

postglenoid process marking front

of bulla M. chelydra.

II. Foramen infraorbitale above the first true molar. Palate greatly

produced posteriorly.

Squamosal part of zygoma much expanded, and with truncate

edge ; malar bone robust, prominent ; skull, width equal

length from condyles to first premolar ; maxillary produced

anteriorly ; frontal plane, transverse diamond-shaped

;

bulla small, conical, posterior to anterior edge of postglenoid

process M. maerostegus.

Squamosal part of zygoma little expanded upwards or lateral-

ly, edge rounded ; malar bone flat ; bulla large, extend-

ing in front of postglenoid process ; front longitudinally

diamond- shaped, decurved at orbit M. montanus.

III. Foramen infraorbitale above anterior border of second

true molar.

Zygoma originating above second molar ; large ; incisors

small (fide Leidy) M. rusticus.

Zygoma originating above third true molar ; larger ; incisors

large (fide Leidy) M. proprius.

Of the above seven species, four are represented in my collection, some
of them by a large amount of material. The latter are from the John
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Day and Ticholeptus Miocene horizons. The M. rusticus of Leidy is only

known to me from the descriptions of that author. It is from the Sweet-

water river, Wyoming, from a bed of probably Ticholeptus age. The
M. proprius Leidy, also unknown to me by autopsy, is from the head ot

the Niobrara river, Nebraska, from a bed said by Hayden to be inter-

mediate between the Oreodon or White River and Procamelus, or Loup
Fork horizons, and therefore probably ot Ticholeptus age also. The M.

leidyi I only know from the description of Mr. Bettany. It is from the

John Day beds. Mr. Bettany also describes an M. temporalis, wrhich I

cannot distinguish from the M. superbus Leidy.

Merycochcerus superbus Leidy.

Oreodon superbus Leidy, Proceedings Academy Philadelphia, 1870, p.

109. Extinct Mam. fauna, Dakota and Nebraska, 1869, p. 211 ; Plate I,

fig. 1 ; II, fig. 16 ; VII, figs. 7-11. M. temporalis Bettany, Quar. Journ.

Geol. Soc, London, 1876, xxii, p. 269 ; PI. XVII.

Of this fine species I have nine crania extracted from the matrix, and

a good many not yet cleaned. As the specimen described by Leidy is in

a very imperfect condition, the characters of the species, and even its

generic position, have remained hitherto very obscure.

As compared with the allied species, the M. superbus is slightly exceeded

in size by the M. macrostegus and M. montanus. Its posterior zygo-

matic expansion is less pronounced than in the M. macrostegus and M.

chelydra, and its border is rounded, even when, as is sometimes the case,

it is greatly thickened. In the first and last named of the above species,

its border is separated by a distinct angle from both the internal and ex-

ternal faces, forming thus a distinct truncate face which looks upwards.

The otic bulla is larger than in the two species mentioned, and extends

anterior to the postglenoid process. The nareal fissure extends well down
towards the alveolar border of the premaxillaries, which are therefore

more extensively separated than Leidy represents to be the ca.se in the M.

rusticus. The external face of the malar bone below the orbits is flat.

The anterior extremity of the zygomatic process is not so prominent as in

M. chelydra, and is rounded instead of being flared out below, as in that

species. The greatest width of the skull is at the glenoid surfaces, and

not anterior to them, as in M. chelydra. In only one of seven crania,

where the parts are preserved, does the posterior squamosal angle rise as

high as the sagittal crest.

I cannot detect any difference between the specimen described by Mr.

Bettany as the type of his M. temporalis, and those of the M. superbus

in my possession. The shallowness of the preorbital fossa described by
Mi". Bettany is repeated in one of my crania, and its depth is very vari-

able in the others. As regards the M. leidyi of Bettany, I have none ex-

actly like it, although the type specimen does not differ much from the

M. superbus, to judge from the figure and description given in the Quarter-

ly Journal of the Geological Society, 1876, p. 270. The two distinctive
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characters, which appear most tangible among those mentioned by Mr.

Bettany, the shortness of the occipital region, as measured by the angle

made by a line drawn through the postglenoid and paroccipital processes

,

with the middle line, and second, the grooved character of the sub-

orbital part of the malar bone, are not found in any of my specimens of

M. superbus. The anterior extremity of the squamosal process of the

zygoma is protuberant in one of them, as in the M. leidyi. Another char-

acter is suggested by Mr. Bettany's figure, but is not mentioned in the

text. The angular border of the mandibular ramus extends obliquely

forwards instead of being prominently convex as in the best preserved

entire mandible of the M. superbus in my possession. Nevertheless in

another specimen, where a good deal of the posterior border is preserved,

the outline is nearly as oblique as in the M, leidyi. The species, however,

is distinct so far as now known.
John Day epoch, Oregon, C. H. Sternberg and J. L. Wortman. Local-

ities, John Day river, Bridge creek, and Camp creek of Crooked river.

Merycochoerns leidyi Bettany.

Quarterly Journal of the Geological Society of London, xxxi, 1875,

p. 270 ; Plate XVIII.

Defined and discussed under the preceding species.

John Day epoch, Oregon ; Lord Walsingham. John Day river.

Merycochoeriis clielydra, sp. nov.

This species is known to me by a skull without mandible, which is

entire, except that the extremity of the nasals and the border of the pre-^

maxillary bones are broken off. It is unfortunate that I have no second

skull to confirm its characters, but my numerous specimens of the M.

superbus, to which it is most nearly allied, do not present any approxima-

tions which suggest transitions between the two.

The. striking character of this cranium is its great breadth at the tem-

poral region, as compared with its length and other dimensions. The
forms of the otic bulla difier from those of the M. superbus. One method

of expressing the width of the skull is as follows. The point of the frontal

bone which is equidistant from the supraoccipital notch and the external

edge of the zygomatic arch, measured in a horizontal plane, is directly

above the posterior or nareal palatal border, when the skull rests on the

teeth. In the M. superbus, in the most robust examples, this point is above

a point which is a good deal nearer to the line of the anterior edge of the

glenoid surfaces than to the palatal border, and at least 30mm. posterior

to the latter. That this relative shortness of the basicranial axis is not

due to a shortening posterior to the glenoid surfaces, as is the case in M.

leidyi Bett., is proven by the fact that a line drawn through the postglenoid

and paroccipital process makes an angle of 90° with the middle line, as

in M„ superbus.

The muzzle is compressed and its superior surface is regularly rounded
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The side is divided by the gentle convexity continued forwards from the

malar region. Below this and above the premolars the face is concave.

Above it the preorbital fossa is well marked, though not deep, and gradu-

ally fades out anteriorly. The interorbital region is flat, as in M. macroste^

gu8, and the supraorbital border is not decurved, as it is in M. superbus and

M. montanus. The supraorbital and preorbital borders of the front are,

however, not continuous as in M. rnacrostegus, though nearly in the

same line, which they are not in M. superbus. The orbits are more oblique

than in M. superbus, looking more upwards and forwards, and their verti-

cal exceeds their transverse diameter. The malar bone though oblique, is

more vertical than the orbit below the latter, and has an uninterrupted

gently concave surface. The postorbital bridge is narrow, and consists

one-half of the malar and one-half of the frontal bones. The inferior edge

of the malar is thin and is slightly convex downwards, and passes behind

the protuberant squamosal at a point behind the line of the postfrontal pro-

cess. The anterior extremity of the squamosal is not protuberant below the

orbit and only begins to rise gradually below the line of the postfrontal

process. It then expands rapidly downwards and outwards in a strong

curve, with its flat surface looking upwards as much as outwards. After

making a short downward turn it rises steeply, contracting gradually in-

wards, and presenting a convexity posteriorly, with its truncate edge

looking outwards. Its apex is nearly on a level with the sagittal crest.

The inner or descending edge of this process. is concave, so that the apex

overhangs a little the posterior outlet of the temporal fossa. The anterior

temporal angles are strongly marked and unite into a sagittal crest. The
edge of the crest is thickened, so that its section is a letter T.

The supraoccipital bone presents a wide flat convexity above the foramen

magnum, in distinction from the stronger convexity of M. superbus, and

the still stronger of the M. rnacrostegus and M. montanus. As in the other

species, the posttemporal (= lateral occipital) crests are only present

at the upper half of the occiput. Between them there are two ligamen-

tous or tendinous insertions, but no median keel. The exoccipital and

posttympanic borders form a tuberosity below the meatus auditorius, which

passes upwards into a short convex posttemporal crest. The paroccipital

process nearly reaches the postglenoid by its anterior external edge. The
tympanic is complete, is not keeled below, and extends itself as a lamina

over the posterior side of the postglenoid process. The section of the

basioccipital is open V-shaped. The inferior flat surface of the sphenoid

is produced backwards in a wedge-shaped prominence to a line connect-

ing the anterior edges of the paroccipital processes. It has the same form

in M. macrostegus, but in three skulls of M. superbus, where it is visible,

the apex of the wedge does not extend posterior to the middle of the otic

bullae. The bullae are small and subcorneal, and reach as far as the ante-

rior edge of the postglenoid process. In the latter the transverse diam-

eter exceeds the anteroposterior, which exceeds the vertical diameter.

This process and the otic bulla are of about equal protuberance. In four
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crania of the M. superbus, where both are well preserved and exposed, the

bulla is considerably more prominent than the postglenoid process. The
glenoid surface is well-defined and equally wide at both extremities, The
inferiorly presented surface of the zygomatic arch, is wider than in any of

the other species, including examples of M. superbus of superior dimensions

in other respects. The surface is rugose. The length from a line connect-

ing the median external columns of the last superior molar, to the poste-

rior nareal border, enters three times into the distance from the latter to

the border of the foramen magnum. In M. superbus it goes three to three

and a half times ; in M. macrostegus and M. montanus once only. Be-

hind the molars the produced palatal roof is more concave than between

the last two true molars. The palate becomes then more Concave (convex),

and between the first premolars and canines becomes flat, and expands

laterally. The nareal fissure is not much contracted between the pre-

maxilliaries.

The infraorbital foramen is above the anterior half of the superior fourth

premolar, and is of moderate size. The frontal foramina are separated by
a space which is less than half as wide as that which separates each one

from the superciliary border. There is no supraorbital notch. The in-

cisive foramina are large, are wider than long, and approach close to the

bases of the canine teeth. The palatine foramina are minute or obsolete.

The foramen ovale is isolated and is opposite the junction of the glenoid

and postglenoid surfaces. The jugular foramen is isolated by the exten-

sive contact of the otic bulla and the basicranial axis. Perhaps the

condyloid foramen is included in it, as I do not find it in the usual position.

The animal is so old that no sutures are visible.

The teeth are not all cleared from the matrix, which is hard and brittle.

The first true molar is much worn. The first premolar is two-rooted, and

is separated from the canine by a diastema equal in length to the long dia-

meter of its crown.

Measurements. M.

Length from occipital condyle to front of canine tooth. .300

" " " '.' " postglenoid process. . . .041

" " " " " postfrontal process. .. .132

" " " " " palatonareal border . . .118

«• " " " " end of last molar 146

-r.. r. ... f vertical 0455
Diameters of orbit < .„

I transverse 039

Depth of malar bone at middle of orbit. 034
" " zygomatic process to glenoid face behind 088

Width of top of muzzle at preorbital fossa 043

" at middle of supraorbital border 094

" " malar below orbit 160

" " middle of zygomatic arch 254

" of occiput at superior crests 050
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Measurements. M.

Elevation of oceiput from foramen 084

Width of occipital condyles. 063

Width of occiput at condyles 095

Depth of skull at right angles to profile at glenoid face. .095

orbit 087
"

.
" " " P-m 1 075

Length of superior dental series with canine 159
' ' " premolar series 061
" " true molar series ; 065

Diameters M. i {
anteroposterior 0180

t. transverse 0185

Diameters of canine {
anteroposterior 016

<- transverse 020

Diameters P-m. ii \
anteroposterior 0155

c transverse 090

Width of palate at m. i 044
" • P-m.i 057

The typical specimen was found on the John Day river, Oregon, by
Mr. J. L. Wortman.

Merycochcerus macrostegus, sp. nov.

I have been able to discover in my collection as yet, but one cranium

with entire mandible of this species. The very marked characters of this

skull are such that no farther evidence of its reference to a peculiar species

is needed. Its affinities, as expressed in the analytical key which accom-

panies the general discussion of this genus, are with the M. montanus.

This is shown in the posterior positions of the infraorbital foramen, and
of the posterior nares. As peculiar characters may be added the form of

the frontal plane and of the otic bulla ; also the prolongation of both the

premaxillary and supraoccipital regions, and the forms of the zygoma, the

angle of the mandible, and the first inferior premolar tooth. The skull

reaches a greater length than that of any species, excepting the M. mon-

tanus, but is not nearly so robust as in the M. chelydra, resembling in

this respect rather the M. superbus.

The muzzle is compressed, and there is a decided concavity just above

the second premolar, above which the surface is a little convex. Above
the infraorbital foramen, the face is abruptly convex, the convexity slop-

ing upwards to the base of the median ridge formed by the convex nasal

bones. Behind this the side of the face is a plane which slopes outwards

as it descends, which is only interrupted by the rather small, but well de-

fined, preorbital fossa. The fossa is better defined in front than in the other

species, but I do not know whether the character is constant. The front

is a transverse diamond-shaped area, bounded posteriorly by the anterior

temporal ridges, and anteriorly by the lines of the supraorbital borders
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produced to their point of intersection with each other. Such point of

intersection is above the second true molar in this species ; in M. superbus

and M. chelydra it is above the posterior part of the second premolar. The
area in these species enclosed by the lines in question is half as long again

as wide, instead of wider than long by t8mm. This difference is partly

caused by the greater prominence and flatness of the postorbital angle of

the frontal bone in the M. macrostegus , and the more anterior direction

of the orbits, which I may add have none of the tendency to superior

direction seen in M. chelydra. The wide triangular area thus enclosed on

its external sides by the orbit and anterior temporal ridges, is perfectly

flat. Such an area can hardly be defined in the other species, and the

surface there is rounded and descending. The malar bone is deep, flat

and a little oblique outwards, and the rim of the orbit projects a little,

giving it a slight concavity. The orbit is deeper than wide. The anterior

part of the zygomatic process of the squamosal is not protuberant below,

the orbit, but gradually rises outwards posteriorly, attaining its greatest

expansion opposite the middle of the zygomatic foramen ; above, its course

is for a time parallel with the middle line of the skull. The form of the

zygomatic arch is more like that of M. chelydra than any other species,

but it is not so much expanded, especially anteriorly. Its inferior and

posterior surface is, however, widened, making an angle with the ex-

ternal or marginal surface, which is in turn separated by an angle from

the superior and anterior surface ; at the middle of the arch the superior

surface has a width of 19mm., and the external a width of 23mm. The
posterior angle rises to the plane of the summit of the sagittal crest, and

the apex, which is less than a right angle, stands above the external

base of the postglenoid process. The preglenoid border is not exactly at

right angles with the middle line, but makes a slight angle outwards and

forwards. The long diameter of the zygomatic foramen is parallel with

it. The ridge along the parietosquamosal suture is insignificent. The
supraoccipital region is very prominent, and as in the other species of this

genus is narrowed below by the disappearance of the posterior temporal

or exoccipital crests. They are continued downwards and disappear, leav-

ing a wide convex surface above the foramen magnum. This is separated

by the usual lateral fossa from the posterior temporal angles.

The coossifled mastoid and paroccipital processes much contract the

auricular fossa below, but do not close it. The latter is contracted at the

base of its terminal part, and is distally slender. The otic bulla is the

smallest known in the genus, it is compressed and oval, and not produced

beyond the postglenoid processes either forwards, backwards or down-
wards, in this differing much from the M. montanus. It is separated by
wide and equal intervals from this process, the glenoid surface, and the

basisphenoid. It sends a process backwards and inwards to a sutural

junction with the basioccipital bone. The tympanic bone is flat below,

and is united with the posterior base of the squamosal by a flat expansion..

The postglenoid process is robust, and has the height and thickness equal,
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while the width exceeds both. The basioccipital bone is prominently

keeled on the middle line, so that the section is a V of a more compressed

character than the section of the same in M. superbus. The median plane

of the sphenoid is prominent, and is continued as a wedge with the apex •

opposite the posterior borders of the otic bullae. The palatine borders are

parallel, except where they form on each side an open angle at the junc-

tion of the descending process of the sphenoid, which is here directed forr

wards. Its external border is distinct from that of the palatopterygoid

plate, and makes a groove with it. The maxillary bone is not produced

posterior to the notch on either side of the base of the posterior production

of the palatine bones. The middle line of the latter is deeply concave

opposite the former, and the palate is also especially concave between the

first true molars. The palate is flat between the first and second pre-

molars. The inferior surface of the squamosal process of the zygoma is

roughened for the origin of the masseter muscle. The inferior edge of the

malar comes from its inner side, and is narrow and with a median groove.

Its inferior edge is continued as a ridge of the maxillary as far as opposite,

the anterior lobe of the second true molar. The maxillary bones are more
produced anteriorly than in any of the other species. The apex of the

nasal bones stands above the posterior border of the canine in this species ;

above the anterior edge in M. superbus, M. clielydra and M. leidyi (fide

Bettany). The posterior border of the nares is above the anterior part of

the first premolar in the three species named, except M. chdy&ra where it

is over the posterior edge of the canine : in M. macrostegus it is above the

posterior edge of the longer first premolar.

The infraorbital foramen is large, and its posterior border is above the

anterior root of the first true molar. The incisive foramina are large, and

each one is a little longer than wide. The nareal opening contracts gradu-

ally to its inferior apex. There is a considerable maxillary foramen op-

posite the middle of the fourth superior premolars. The posterior nareal

is not large ; its anterior outline is regularly concave. Its lateral (sphe-

noid) borders reach to opposite the anterior faces of the postglenoid pro-

cesses and bound the foramen ovale on the inner side. The latter is round,

is rather small, and is opposite the middle of the postglenoid surfaces.

The foramen rotundum on the other hand is large and vertically oval,

and is bounded below by a transverse prominence of the base of the ali-

sphenoid bone. It probably includes the sphenoorbital foramen, a foramen

anterior to its inferior border probably communicating with the nareal

chamber. The optic foramen is small, and is situated opposite the ante-

rior two-fifths of the zygomatic fossa and a little above the line of the

apex of the foramen ovale. The foramen lacerum is ovoid and not large.

The posterior foramen lacerum is a transverse sigmoid, one extremity

being the jugular foramen. The mastoid and postparietal foramina are

of moderate and equal sizes. No postsquamosal or supra- or postglenoid

foramina.

The animal described is too old to exhibit sutures.
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The mandible possesses some distinctive characters. The angular

border is not prominent posteriorly, extends forwards below, and projects

below the general level of the inferior border of the ramus. Neither of

these characters is observable in the only ramus of the M. superbus in

which the lower part of this border is well preserved, but in some others

of that species the superior part of the border is much as in M. macro-

stegus. The inferior edge of the ramus is straight, but there is a descend-

ing tuberosity of the symphysis which may be an individual peculiarity.

The symphysis is very concave in profile, and the incisive border is pro-

duced in accordance with the prolonged muzzle. In the M. superbus it is

sometimes convex, sometimes a little concave, but not so much so as in

this jaw. The coronoid processes are small and slightly everted. The
inner ridge of its anterior base is more prominent than the exterior, and

encloses a fossa with it. The masseteric fossa is not noticeable. There

is one large mental foramen below the third premolar. The dental fora-

men is large and oval, and when the mandible stands on a level surface is

opposite the middle lobe of the third inferior molar tooth.

In dentition this species is distinguished by the relatively large size of

the premolar teeth, of which the first, second and third are two-rooted in

both jaws. Both the first and second in the upper jaw have short diaste-

mata anterior and posterior to them, the largest being behind the canine

tooth, and nearly as long as the premolar's crown. All the teeth are a

good deal worn in the specimen. One can see two internal cingula in-

closing fossae on the third premolar. The true molars increase in size

rapidly posteriorly and the third has a well-developed external heel. The
molars have no internal cingula ; these are present in five of seven skulls

of the M. superbus where these parts are cleaned. The most noteworthy

point in the mandibular dentition is a very rudimental character of the in-

ternal vertical ridge of the crown of the first premolar. The posterior

fossa of the fourth premolar is closed, and the anterior remains open, on

wearing. In M. superbus both are closed in the specimen where visible.

The anterior inner wall is represented in the second and third premolars

by a cingulum. No cingula on the true molars. First premolar very ro-

bust, its section lenticular.

. . Measurements. M.

Axial length from occipital condyles* to premaxillary

border .345

Axial length from occipital condyles to postglenoid pro-

cess 045

Axial length from occipital condyles to postfrontal pro-

cess 138

Axial length from occipital condyles to palatonareal

border , .100

*The occipital condyles are broken off in the specimen, so I measure from the
superior border of the foramen magnum, whicb is, in the other species, in the
vertical line of the occipital condyles.
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Measurements. M.
Axial length from occipital condyles to end of last mo-

lar . ,. 058

Diameters of orbit |
verticaL - 044

*- transverse 036
Depth malar bone at middle of orbit 037

" zygomatic process to glenoid face behind 077
" skull (right angles to profile) at glenoid face 088

" orbit 088
" P-m. i 068

Elevation of occiput from foramen magnum 084
Width top of muzzle at preorbital fossa 038

" at middle supraorbital border 100
" " postfrontal process 137
" " malar below orbit 166
" " middle of zygomatic arch. 243
" of occiput at superior crests 050
" " " condyles 101

Length superior dental series, with canine. .'; 177
" premolar series 092

" " true molar series .083

Diameters canine {
anteroposterior 013

<- transverse 018

Diameters P-m. i {
anteroposterior , 017

*- transverse 075

Diameters m. i { anteroposterior 019

(. transverse 0215

Diameters m. iii {
anteroposterior 038

v. transverse (at middle column) 029

Width of palate at P-m. i 061

m. i ...053
" " middle of zygomatic arch 047

Length of inferior dental series with canine 179
" " premolar series .088
" " true molar series 088

" of ramus to posterior edge 279

Depth of ramus mandibuli at condyle 124

" - " " m. iii posteriorly 073
" " " m. i posteriorly 048

P-m. i (front) .015

Diameters inferior P-m.i{
anteroposterior. , 019

*- transverse 0125

Diameters « P-m. iv
{anteroposterior. . .,. .. .021

C transverse 013

Diameters « m. i {
anteroposterior. .020

Uransverse 014
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Measurements. \, M.

Diameters inferior m. iii \
anteroposterior 044

f. (transverse. 018

.
This fine species is from the John Day epoch of the Miocene. The

typical specimen was found by my assistant, Charles H. Sternberg, on
Bridge creek, Oregon. Much credit is due Mr. Sternberg for his unwearied

exertions in the cause of science, which have been continued through

many occasions of risk and discomfort.

Merycoclioerus montanus, sp. nov.

This large animal is represented in my collection by a nearly entire

skull with parts of both mandibular rami complete. Rami of another in-

dividual give the entire dentition of the lower jaw except the incisors.

A third individual is represented by a symphysis with premolars, ca-

nines and incisors, and by various parts of the skeleton, including feet.

Of the cranium mentioned, the muzzle to the preorbital fossa and the

palate to the first true molar are wanting. The region of the larmier is

lost, but the general resemblance of the species to the M. macrostegus in

other respects, leads me to suspect that it is absent, and that the M. mon-
tanus, is rightly referred to the genus Merycochcerus. This course is indi-

cated by the structure of the superior molar teeth, which have the character

of those of this genus, rather than that found in Merychyus. That is, the

posterior internal crescent sends its anterior horn to the external wall of

the crown, thus cutting off the posterior horn of the anterior crescent.

Dr. Leidy has shown that the reverse is the case in the Merychyus major ;

that is that the posterior horn of the anterior crescent reaches the external

wall of the crown, cutting off the anterior horn of the posterior crescent.

I have observed that this is also the case in the other species of Merychyus
which have come under my notice.

. The posterior position of the infraorbital foramen and the greatly pro-

duced palate distinguish this species Irom those of the John Day epoch,

excepting the M. macrostegus, while in the M. rusticus and M. proprius,

the infraorbital foramen is still further posterior. The palate of these

species is unfortunately unknown.
The part of the maxillary bone posterior to the infraorbital foramen is

nearly flat, and the proximal part of the malar bone is also flat. The in-

ferior edge of the latter is narrow and is marked by a groove which ter-

minates anteriorly in a shallow fossa. The ridge continuous with this edge

terminates above the anterior lobe of the second true molar. The zygoma

as far as the anterior border of the glenoid cavity is slender, and not con-

vex, but flat in every direction, nor is it decurved as in M. superbus. The
zygomatic foramen is relatively much smaller than in that species. Its

posterior or preglenoid boundary is not at right angles to the sagittal crest

as in that species, but is oblique outwards and forwards at an open angle.

The obtuse median edge of the zygoma looks upwards, not outwards as it

does in M. superbus and M. macrostegus, and the superior expansion is
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opposite the internal extremity of the glenoid face, instead of the external

as in M. superbus, or the middle, as in M. macrostegus. The border

descending to the supraauricular crest is thin and vertical in direction,

and the superior angle stands above the middle of the postglenoid process,

not external to it, as in the two species above named. The postglenoid

process is robust and has a convex posterior face. The paroccipital pro-

cess is long and acuminate. An external truncate ridge on the front of its

base partially embraces the meatus auditorius, and curving forwards be-

comes the anterior edge of the process, which is separated from the post-

glenoid by but a narrow interval. The tympanic bone forms a tube more

distinct from the surrounding regions than in the other species here de-

scribed, and has a longitudinal inferior keel, which is not visible in the M.

superbus and M. macrostegus. It is separated at the meatus by but a

short interval from the base of the postglenoid process. The supraauricu-

lar and mastoid crests unite and form a short acute crest, which does not

continue into a prominent posttemporal, but descends into a mere angle,

which continues as a fine line to jthe convexity of the true posttemporal

crest above. The latter arises from the bifurcation of the sagittal crest,

and after a strong convexity descends with its fellow to a narrow promi-

nent convex ridge, which rises from the foramen magnum, Thus the oc-

ciput on either side of this prominent middle line is deeply excavated, and

the fossa is bounded on each side and anteriorly by the low posttemporal

angle, and the more prominent mastoid ridge. There is no median keel.

The median ridge of the occiput is more prominent and not so flat as in

M. superbus, but is more as in M. macrostegus. The sagittal crest is well

developed, and has a straight superior border, which is not thickened as

in M. chelydra. The anterior temporal ridges are represented by an angle

which is nearly right. The superior squamosal suture is marked by a

prominent ridge. The front is gently convex transversely, and the supra-

orbital border is more strongly decurved than in M. superbus, which are

more so than in M. macrostegus.

The basicranial axis makes a strong angle with the basifacial as in the

other species of the genus, showing that the face was presented obliquely

forwards, as in the peccary. The section of the basioccipital bone be-

tween the paroccipital processes is V-shaped, owing to the presence of a

strong median angle. In M. macrostegus this bone is similar, but in M.

superbus it is much flatter, and there is a weak median keel. The sphenoid

is in line with the occipital and has a broadly rounded-truncate inferior

face. The otic bullae are large and compressed. They extend from the

middle of the base of the paroccipital process to considerably in advance

of the postglenoid process, and approach very near to the glenoid surface.

The interval which separates them is small, equaling one-fifth the antero-

posterior diameter of the bulla. This is very different from the M.

macrostegus, where the space between the glenoid surface and the bulla,

is equal to the anteroposterior diameter of the latter near the middle. As
already pointed out, this species agrees with the species just named in the
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great prolongation of the palatal floor of the nareal cavities. The distance

from the foramen magnum to the nareal border equals the distance from

the latter to the line connecting the median external vertical crests of the

last superior molars. In M. superbus the former measurement is two and

one-half times as great as the latter.

The mandible shows the nearer relationship to the M. maerostegus

than to the M. superbus, in the anterior elongation and greater relative size

of the premolar teeth. It agrees with the former in having the profile of

the symphysis concave, and not convex as in M. superbus. It is less con-

cave in my single specimen than in that of M. maerostegus. The posi-

tion of the posterior extremity of the symphysis is below the middle of

the third inferior premolar. The coronoid process is low, and of small

size. Its compressed convex apex is directed at an angle of 45° from the

middle line outwards and forwards. Its anterior face soon widens out

and the internal edge becomes much more prominent than the external,

with which it encloses a shallow, subtriangular, subvertical fossa. The
external border is continuous with the external alveolar border. The
masseteric fossa is small and has no distinct inferior border, and does not

descend below the level of the line of the middle molar teeth. The in-

ferior border of the ramus is nearly straight. The inferior incisive alveo-

lar border is much more strongly convex than in the M. superbus. The
condyle has the posterior articular face on the inner side, as in other

species.

The infraorbital foramen is large and is above the anterior part of the

first true molar tooth. The meatus auditorius is small. There are two
postparietal foramina on the parietosquamosal suture. No supraglenoid

or postglenoid foramina. There are two mental foramina, one not small

below the anterior part of the first true molar, the other, quite large,

below the posterior part of the third premolar. The dental foramen is

situated on a level with the alveolar border and well posteriorly, its ante-

rior border being a little in front of a line dropped vertically from the

apex of the coronoid process. It is thus similar in position to that of M.

maerostegus and different from that of M. superbus, where it is above

the line of the apices of the molars, and is posterior to the line dropped

from the apex of the coronoid.

In the superior true molars, the size increases rapidly posteriorly. The
third is relatively of more elongate form than the first, but the posterior

external column is but little produced. The other vertical ridges are

quite prominent. The external faces of the external lobes are nearly flat.

Besides the relation of the adjacent horns of the internal crescents already

mentioned, the posterior horn of the posterior crescent in the first and

second molars is cut off from the external wall of its own crown by the

anterior horn of the anterior crescent of the crown next posterior. This

does not exist in worn molars of M. superbus and M. maerostegus, but

is observable in little worn teeth of the former. It does not look as though

the character would disappear with wear in the M. montanus. The only
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trace of cinguluin on the superior molars is on the inner base of the ante-

rior lobe, where it is weak, and in the interspace between the internal

lobes, where it is a narrow tubercle. Enamel obsoletely vertically striate.

It is wanting on the external side of the internal crescent, as Leidy has

shown to be the case in certain species of Merychyus. The fifth lobe of

the last inferior molar is well developed and has its two crescents separated

by a groove. The adjacent horns of the external crescents are of about

equal length. No cingula, except a trace on front and rear of crowns, and

a tubercle between the bases of the external lobes. The fourth premolar has

two fossae isolated, one anterior to and the other posterior to the principal

apex, which is double, and anterior to the middle. Before wear, each of

these fossa? opens inwards. The crown of the third premolar has its inner

face unequally divided by a crest behind the middle. Posterior to this

the space is occupied on the inner side by two shallow fossae of which the

posterior is the narrower. Anterior part of inner face of crown concave.

One principal angular cusp. The second premolar has a compressed

triangular crown with a long base, and a weak vertical ridge on the in-

ternal side. The first premolar is a very robust tooth with a straight

posterior border directed at 95° forwards, and is vertically truncate in the

specimen by friction with the canine. Section of crown lenticular,

rounded in front.

Measurements. M.

No. 1.
;-

Length from occipital condyle to postglenoid process. . . .049

'* " " " " postfrontal process... .135

Width of occiput at posttemporal crests 054
" " " condyles 102

Elevation of occiput above foramen magnum 084

Length from foramen magnum to palatal border 060

Width between apices of otic bullae. 042

Length from inferior m. iii to apex of coronoid process. .075

" of superior true molar series 084

Diameters m. i {
anteroposterior , . .

.
.026

*. transverse (at middle rib) .025

Diameters m. m { anteroposterior. -......«, «*
I transverse (at middle rib) 025

Length of inferior true molar series 085

t.. . t> • f anteroposterior 0205
Diameters P-m. iv <

, , . ,
*• transverse behind 015

Diameters m. i {
anteroposterior 022

I transverse , 01b

Diameters m. iii
{anteroposterior 040

t transverse 022

No. 2.

Length of ramus mandibuli from incisive border to

condyle (oblique) 280
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Measurements. M.
Length of dental series (straight line) 4 191

" from last molar to apex of coronoid 0735

" of premolar series 085

" " true molar series 084
" " second premolar on base 021

" first premolar on base 0225

Depth of ramus at coronoid 044
" " end of m. iii 073
" " middle m. i 056
" " P-m. i. vertically 034

The specimens of this species were found by Mr. J. C. Isaac in the

Ticholeptus beds of Deep river, Montana, during his Expedition of 1880.

Merycochcerus rusticus Leidy.

Report U. S. Geological Survey Terrs., 1873, i,' p. 199, PI. Ill, figs. 1-3
;

VII, figs. 1-5 ; XX, figs. 9-81. Proceedings Academy Philadelphia, 1870,

109.

The smallest species, characterized among other things by the closure

of that part of the nareal fissure which separates the premaxillary bones

below. According to Leidy's figure above quoted, the depth of the middle

line of the undivided premaxillary is greater than the width of the bone,

a state of things not approached by any of the species of this genus de-

scribed in the preceding pages. The premaxillary in the M. proprius is

not described.

From the ? Ticholeptus beds of the Sweetwater river, Wyoming.

Merycochoerus proprius Leidy.

Proceedings Academy Philadelphia, 1858, p. 24 ; Extinct Mammalia
Dakota and Nebraska 1869, p. 110 ; PI. X.

This large species represents the extreme form of the genus in the ante-

rior position of its dental series as compared with the braincase. The
zygomatic arch and infraorbital foramen are therefore more posteriorly

placed than in any other species. The premaxillary bone is more promi-

nent than in any other, and the incisor teeth have relatively larger dimen-

sions. The size is about that of the M. superbus. I have not seen any

other than the typical specimen.

From the Ticholeptus beds at the head waters of the Niobrara river,

Nebraska.

MERYCHYUS Leidy.

Proceedings Academy Philad'a, 1858, p. 24, (nomen nudum). Extinct

Mammalia Dakota and Nebraska, 1869, 115. Report U. S. Geological

Survey Terrs, i, 1873, p. 202. Cope, American Naturalist, 1884, p. 281.

Ticholeptus Cope, Bulletin U. S. Geolog. Survey Terrs., 1878, p. 380.

Premaxillary bones coossified ; otic bulla swollen ; a vacuity between
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the maxillary, lachrymal, and nasal bones, or larmier. Nasal bones nor-

mal. First inferior premolar caniniform.

This genus has not been defined prior to the present article, although

some characters common to the species of the genus known to him, have

been given by Leidy. As now defined it is identical with genus Ticholep-

tus Cope. This group was distinguished by the presence of a larmier, a

character whose presence in the species of Merychyus has been hitherto

unknown. It is not yet reported indeed as present in any of the original

species of the latter, but I think that there can be no reasonable doubt of

its presence there. A character found by Leidy in the M. major I find to

be present in one or more of the superior molar teeth in all the species.

The posterior horn of the anterior internal crescent cuts off the adjacent

or anterior horn of the posterior internal crescent from contact with -the

inner side of the external wall of the crown. It is the anterior horn of the

posterior internal crescent which reaches the external wall, in the genera

Merycochoerus, Eucrotaphus and Oreoden. In Leptauchenia the arrange-

ment is generally as in Merychyus ; see under the head of that genus.

This genus is confined to the Upper Miocene beds, the Ticholeptus and

Loup Fork epochs. In size the species range from medium to large, the

M. major equaling any species of the family in dimensions. They are

distinguished as follows

:

I. True molar teeth not prismatic.

Infraorbital foramen above fourth premolar ; malar bone shal-

low ; squamosal with superior zygomatic angle anterior ;

true molars M. .042 M. pariogonus.

II. True molar teeth more or less prismatic.

a- Infraorbital foramen above third premolar.

Larmier a slit ; front narrow M. arenarum leptorhyn chits.

aa- Infraorbital foramen above fourth premolar.

p. Zygomatic arch vertical, and with posterior angle small and rounded.

Larmier triangular; front wide; true molar series M. .044;

face convex M. arenarum arenarum.

{3(3. Zygomatic arch expanded horizontally
;

posterior angle strong,

acute.

Larmier large ; true molars .051 M. zygomaticus.

ft(3.
Zygomatic arch unknown.

Facial plate generally concave ; true molars M. .045 M. elegans.

True (inferior) molars, M. .069 M. medius.

True (superior) molars (m. iii inferred), M. .095 M. major.

Of the above species, the M. arenarum and M. zygomaticus are known
from entire skulls. In the first named, the foramen infraorbitale appears

to be partly above -.the posterior edge of the third premolar, as well as

above the anterior edge of the fourth.
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Meryeliyus arenarum Cope, sp. nov. Sub-species leptorhyn-
clius Cope.

This species is represented by a skull which lacks of completeness only

the extremity of the muzzle and the angles of the lower jaw. Its size is

about that of the Oreodon culbertsoni or of the Merychyus elegans. The
confluence of the premaxillary bones shows that the place of the species

is with the last-named genus, and the sigmoid flexure of the masticating

line of the superior dentition is a point of resemblance to the species of

the same. The position of the external infraorbital foramen is one de-

gree further posterior than in the species of Oreodon, and agrees with

the position in two other species of Merychyus (31. arenarum and M.

pariogonus), which is more anterior than in the other species of the

genus. The foramen is in fact quite identical in position with that seen

in most of the species of Eucrotaphus, to which genus the above named
species must be regarded as the nearest in the genus to which they belong.

As in other species of the genus, the malar bone is deeper and less prom-

inent laterally than in those of Oreodon. The preorbital fossa is wider

and shallower. The orbit is closed behind.

' The premaxillaries are convex in every direction, least so transversly.

The fissure which separates them is quite narrow, and is separated from

the alveolar border by a rather narrow isthmus of uninterrupted bone.

At the canine tooth the direction of the surface becomes longitudinal by
an abrupt turn, and the side of the face above the second premolar is un-

interruptedly gently concave. The lateral convexity which bounds the

preorbital fossa below, appears above the third superior premolar, and be-

comes more prominent posteriorly as it passes into the flat surface of the

malar bone. The anterior orbital border is prominent and thin, and does not

develop a distinct tubercle, although its edge is roughened. The profile of

the muzzle is a straight line descending gently from the interorbital region.

Above the middle of the orbits the frontal bones are gently convex ; on

the line of their anterior border, there is a concavity of the median line.

The superior face of the nasal bones is flat, and is peculiarly narrowed,

especially posteriorly, where the large preorbital fossae approach each

other.

The anterior temporal ridges are well marked, and after a gradual

approach unite into a sagittal crest, which has a gently convex ris-

ing profile. After the posterior bifurcation of the latter, the convex

posterior temporal crests do not project beyond the occipital condyles

when the inferior edge of the lower jaw rests on a horizontal plane,

as in so many other species of this genus and of its allies. These

crests continue without interruption above the auricular meatus to the

posterior base of the postglenoid process. As compared with the

Oreodon culbertsoni, the postorbital part of the cranium is short ; it is

also shorter than in any other species of Merychyus. Thus the

length from the posterior border of the orbit to the convexity of the
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posterior temporal crest, is as long as from the former point to the

anterior base of the first premolar. In the Oreodon culbertsoni, the same

measurement is equal to the length from the same point to the anterior

base of the third incisor. This shortening posterior to the orbit is seen to

involve the zygomatic fossa as well as the region posterior to it. Thus the

horizontal diameter of the orbit in the M. leptorhynchus is exactly equal

to the distance between the posterior border of the same and the anterior

edge of the glenoid cavity. The posterior part of the superior edge of

the squamosal zygomatic process is thin and strongly convex. The apex

of the convexity is above a point just anterior to the posterior border of

the glenoid cavity. The posterior edge of the process is nearly vertical,

and if continued would reach the middle of the base of the postglenoid

process. The latter is compressed and rather elongate, and its convex

edge has considerable transverse extent. The paroccipital process is long

and is flat on its posterior face. The postorbital process of the frontal is

elongate wedge-shaped, with its truncate apex below joining a slight ele-

vation of the malar bone, which is much less prominent than in Oreodon

culbertsoni. It presents an angle outwards and forwards, as the orbital

border. The anterior half of the zygomatic process of the malar bone is

rounded- truncate below. The glenoid surface is plane transversely, and

slightly convex, rising backwards, anteroposteriorly. The anterior border

of the squamosal bone is not developed into a ridge.

The frontal bone extends forwards on either side of the nasals, forming

a narrow process above the lachrymal bones. It overlaps the superior

edge of the maxillary, of which a narrow splint appears between it and

the nasal. The nasals are rather narrow, and each has the posterior bor-

der rounded. The latter fall above the middle of the first true molar

tooth when the inferior edge of the mandible is horizontal. The lachry-

mal bone has greater anteroposterior than vertical diameter, extending

nearly to the line of the infraorbital foramen, or much in advance of its

position in Oreodon culbertsoni, Eucrotaphvs jacJcsoni, or Merycochcerus

superbus. The malar bone has a correspondingly large anterior extension,

reaching to above the posterior part of the fourth premolar. It does not

extend so far in the three species just named. The zygomatic process of

the squamosal is more deeply received into the malar bone than in any of

the three species mentioned, reaching to below the posterior third of the

orbit.

The larmier in this species is small, and its anteroposterior diameter is

more than twice as long as the vertical. More than halt of its inferior bor-

der is formed by the maxillary bone. As it is exhibited in the specimen,

its superior border is formed by the ascending process of the maxillary

bone ; whether this is overlapped by the laminar process of the frontal so

as to bound the foramen, when in a perfect condition, is uncertain. The

posterior edge of the larmier is the lachrymal bone. The external foramen

infraorbitale is on' one side double. The supraorbital foramina form

notches at the anterior edge of the supraorbital border. The frontal
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foramina are well separated from each other, as in the species of Meryco-
choerus. The space between them is about equal to that between each

one and the superciliary border. There is a large postparietal foramen
near the parieto-squamosal suture. If the supraglenoid foramen be pres-

ent it is not distinguishable in the specimen. The orbit is rounded sub-

quadrate, with the inferior anterior angle a little produced.

The ascending process of the mandible is relatively elevated. The
horizontal ramus narrows rapidly anteriorly, and the symphysis mandibuli

is produced so as to rise at a very low angle. The alveolar portion is

horizontal.

The superior incisors are small and their apices are but little expanded,

the external the most so. They are directed vertically downwards. The
superior canine is quite small ; its crown exceeds in length that of the

first premolar by but little, and is directed a little posteriorly as well as

downwards. The roots of the first premolar are not as well distinguished

as in many other species, and are united in their extra-alveolar part at

least. The same is true of the second premolar. The apex of the cutting

edge is in line with the anterior border of the crown ; the rest of the edge

rises obliquely backwards. In the third premolar there is a slight bevel in

front of the apex, which is much better developed on the fourth. These

teeth are more truncate than the corresponding ones of the species of

Oreodon and Eucrotaphus, and the larger species of Merycochcerus. The
external faces of P-m. i and ii are convex ; that of P-m. iv is concave,

but without the reverted vertical borders seen in Oreodon culbertsoni. The
first true molar has long roots and a short crown. The last two molars

have crowns of a more elongate character, with well developed anterior

and middle ridges. The latter are not so prominent as those of the molars

of the Merychyus zygomaticus.

The inferior incisors are directed upwards at an angle of about 30°.

They are similar and closely packed. The inferior canine is in close con-

tact with the third incisor, from which it differs in its larger, leaf-shaped

crown. The inferior first premolar is a slender one-rooted caniniform

tooth, with narrow crown and acute apex. The second premolar is one-

rooted, and has a leaf-shaped crown, with acute-angled apex. The third

is two-rooted, and has a wider and
#
nearly symmetrical crown. The fourth

is much larger, and its elongate crown laps inside of that of the third.

Its low angular apex is median. The last inferior true molar is dispro-

portionately larger than the others. No external cingula.

Measurements of Skull. M.

Length from occipital condyle to premaxillary border. . .161
" " " " " postglenoid process. . . .030
" " " " " postfrontal process. . . .078
" " " " " preorbital border 130

Diameters of orbit
{vertical 0250

*. transverse 0255
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Measurements of Skull. M.

Depth, of malar bone at middle of orbit 0195

" " zygomatic process at glenoid face (greatest). . .021

Width of top of muzzle at larmier 0175

" at middle of supraorbital border 051

" " malar bones 077

" " zygomatic processes of squamosal 0795

" of occipital condyles 031

Elevation of occiput, including condyles 054

Width of occiput at middle 033

Depth skull at right angles to profile, at glenoid face. . . .046

" orbit .049

" " " ". " " larmier, exclu-

sive of teeth 044

Depth of mandible at condyle 071

" m. ii (middle) 025

"P-ni. iii 022

Length of superior dental series 0885

" to superior P-m. i 0130

m. i 0470

of " m. iii 0180

" " " canine, crown 009
" to inferior P-m. i , 012

m. i 0425

" of " dental series 087

m. iii 022

The unique and beautiful specimen on which our knowledge of this

species rests, was found in a formation of the Ticholeptus Miocene near

Laramie Peak, Wyoming Territory, by my assistant, J. C. Isaac.

Merychyus arenarum, sp. nov. Sub-species arenarum.
This species was more abundant than the M. leptorhynchus during the

Ticholeptus epoch, if we may judge from the number of specimens which

have been procured. I enumerate here the five most important, viz.

:

No. 1, A skull which lacks the muzzle as far as the preorbital fossa, and

the palate as far as the third premolar, and which has the mandible com-

plete as far as the coronoid processes, and which is accompanied by fore

and hind feet and other limb bones. No. 2, A muzzle and right side of the

face including the orbit, with the entire dentition, including that of the

premaxillary bone, and that of the right mandibular ramus as far as the

second true molar inclusive. No. 3, A skull with a part of the mandible,

of an immature individual, in which the last superior molar is just ap-

pearing, and the last two temporary molars are in place, and which is ac-

companied by a few bones of the limbs. No. 4, Palatal part of skull with

nearly all the teeth,' accompanied by perfect mandible with all the teeth,

and a large part of the skeleton. No. 5, A skull from which the basi-
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cranial region, zygomata, and left maxillary bone, have been lost. The
measurements of No. 4 somewhat exceed those of the other specimens,

so that it is doubtful whether it really belongs here.

The characters which distinguish this form from the M. leptorhynchus

are not numerous. In the first place the front and muzzle are relatively

wider. Secondly, the larmier is of a different form. Instead of being a

horizontal slit, it is subtriangular, with the base above, and the angle

below ; thirdly the canine teeth are more robust in both jaws. But the

position of the infraorbital foramen is slightly variable, and the width of

the front in one specimen is about as in the sub-species leptorhynchus.

The size of the canine is not invariable. I am therefore precluded from

regarding the M. leptorhynchus as more than a sub-species.

As compared with the M. elegans, the strong convexity of the side of

the face distinguishes it. The convexity continues from the malar region

forwards above the infraorbital foramen, and nearly reaches the nareal

opening. Judging from Leidy's fig. 11, Plate XI, of the Extinct Mam-
malian fauna of Dakota and Nebraska, the premaxillary bone of the M.

elegans is flatter than in the M. arenarum. The infraorbital foramen has a

more anterior position in the latter than in the former.

The size is always a little larger than in the type specimen of 31. lep-

torhynchus.

Measurements. M.

No. 1.

Length from occipital condyle to postglenoid process. . . .037
" " "' " " postfrontal process 076
" " " " " preorbital border 105

Transverse diameter of orbit 030

Depth of malar bone at middle of orbit, 019

" zygomatic process at glenoid face (greatest) . . .019

Width at middle of supraorbital border 062
" malar bones 096

" zygomatic process of squamosal 100

of occipital condyles 034
" occiput at middle 036

Elevation of occiput including condyles 054

Depth of skull at right angles to profile at glenoid face. .041
" " " orbit (exclus. teeth) 051

" of mandibular ramus at m. ii 030

" P-m. iii 022

Length of last five superior molars 064
" " true molars 043

Diameters P-m. iii (
anteroposterior 010

t. transverse 010

t,. m . . .(anteroposterior 013
Diameters m. i I

v
I transverse 013
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Measurements. M.

No. 1.

Diameters in. iii {
anteroposterior 019

I- transverse 015

Length of inferior dental series (axial) 098
" " premolar series (axial) 038

Long diameter of crown of canine 007

" P-m. i 0086

". P-m. ii 0084

Diameters P-m. iv {
anteroposterior 012

<- transverse 009

Diameters m. ii {
anteroposterior 0147

C transverse 010

Diameters m. iii {
anteroposterior 0223

<- transverse .010

The specimens all came from the Ticholeptus beds near Laramie Peak,

Wyoming, and were discovered by my assistant, J. C. Isaac.

Merychyus pariogoims, sp. nov.

The generic position of this species is uncertain, and it may belong to

Merycochcerus or even to Eucrotaphus, as its otic bullae are inflated. The
doubt as to its position is due to the fact that the anterior part of the skull

of the typical specimen is lost as far back as the anterior border of the

orbit, and the second molar tooth. I place it here provisionally because

the internal crescents of the superior molars are arranged as in M. major

and M. arenarum, i. e., with the anterior crescent excluding the posterior

at the point of junction of the two.

The Merychyus pariogonus is about the size of the Oreodon culbertsoni.

The braincase is full, so that the internal side of the temporal fossa is

strongly convex, but without very prominent ridge along the parieto-

squamosal suture. The anterior temporal ridges unite at an acute angle,

but the sagittal crest is obsolete as far as a point above the posttympanic

process, where it gradually rises. The posterior temporal ridge is promi-

nent superiorly, but is not produced beyond the line of the occipital

condyles. It is discontinued in the direction of the supraauricular ridge,

but continues downwards as an obtuse ridge on each side towards the

foramen magnum. Between this and the squamoso-occipital angle is

a large open fossa which is present in the species of this genus, of Mery-

cochcerus and of Eucrotaphus, but is wanting in Oreodon culbertsoni. In

the obsolescence of the posterior temporal crest it agrees with the last

named species, and with some of those of Merycochcerus, but differs from

Eucrotaphus jacksoni where it is low, and from Merychyus leptorhynchus,

where it is well developed. In the size of the lateral occipital fossae this

species exceeds any of the others of this family. Below the depression,

the posterior tempdral crest rises abruptly, forming a convex edge which

continues downwards nearly obsolete, on the suture between the post-



1884.] o4cO [Cope.

tympanic and paroccipital processes. It is not distinctly continuous over

the auricular meatus. The paroccipital process is elongate and acumi-

nate, and becomes compressed so as to be anteroposterior for the greater

part of its length. The auricular meatus occupies but a small part of the

space between the posttympanic and postgienoid processes. It is partially

enclosed by the robust rounded ledge of the squamosal bone, which

separates it from the postgienoid process. This ledge is much more devel-

oped than in any other species of this family known to me. The bulla of

the petrous bone is longer anteroposteriorly than transversely, and its

anterior and posterior borders coincide with the anterior border of the

postgienoid process, and that of the paroccipital process. The postgienoid

process is robust, much as in the large species of Merycochcerus, and not

compressed as in Merychyus leptorhynckus and M. %renarum. The zygo-

matic arch is slender. The elevation of the posterior part of the zygo-

matic process of the squamosal has a different form from that seen in the

species last named. It is angulate, not rounded. The position of the

angle is different from that in M. zygomaticus in being more anterior,

marking a point well in front of the anterior base of the postgienoid pro-

cess. The border which connects the angle with the supra-auricular crest

is then not vertical as in the species just mentioned, but is oblique, and it

is also somewhat concave. The malar bone is shallow and stout, with

truncate edge below. The squamosal process enters it to below the poste-

rior third of the orbit. The postfrontal process is slender, and the post-

orbital process of the malar is elongate, meeting the former opposite the

middle of the orbit. It is thus longer than in any species of the family

known to me.

The frontal foramina are separated by an interspace equal to four-fifths

the distance between each and the superciliary border. The parieto-squa-

mosal suture ascends posteriorly in a nearly straight line to within M. .015

of the posterior zygomatic crest. The posterior squamosal suture then

turns directly downwards, reaching the depressed portion of the crest

where it bounds the huge mastoid fossa and foramen.

The posterior part of the mandibular ramus, shows a regularly convex

angular border commencing just below the condyle. The coronoid pro-

cess is quite small and the short connecting edge between it and the con-

dyle is not excavated below the level of the latter. The articular face of

the condyle is directed upwards, and on the internal third, presents a face

posteriorly also. The ramus diminishes rapidly in depth anteriorly. The
masseteric fossa does not descend below the level of the second true molar,

and is not sharply bordered anywhere. The internal pterygoid fossa on the

other hand occupies the entire inner face of the angle between the condyle

and the inferior border, and anteriorly to the line of the last inferior molar

tooth.
'

The superior true molars have short crowns, as in Eucrotaphus and

Oreodon. The anterior and median vertical ridges are very prominent,

and the posterior vertical border of the posterior column projects to a slight
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extent posteriorly. Enamel smooth. The last inferior molar is not so

disproportionately larger than the second as in M. leptorhynohus, arenarum

and elegans ; and with the second, has little of a prismatic character. No
cingula.

Measurements. M.

Length from occipital condyle to postglenoid process. . . .047
" " " " " postfrontal process. . . .101

Vertical diameter of orbit 036

Depth of malar bone at middle of orbit 012
" " zygomatic process at posterior angle 024

"Vyidth at middle of supraorbital border 060
" " malar bones 090

" of occipital condyles 032
" " occiput at lateral crests 036

"condyles 061

Elevation of occiput with condyles 054

Depth of skull at glenoid surface 058

" " " " orbit, exclus. malar 054

" " mandible at condyle 075

" " " " coronoid 083

" " " " posterior edge of m. iii 042

Depth mandible at middle of m. ii 028

-r.. . . .. f anteroposterior 016
Diameters superior m. n <

l

•-transverse 016

t-.. . . ... f anteroposterior 020
Diameters superior m. ni <

F
(. transverse 0155

Diameters inferior m. ii {
anteroposterior 015

•- transverse 012

Diameters inferior m. iii {
anteroposterior 0225

t transverse .Olio

A second specimen of this species consists of the occipital, parietal, and

part of the frontal regions, with the right maxillary bone, and fragments

of the left maxillary, of the mandible, etc. The latter demonstrates the

position of the infraorbital foramen to be above the anterior border of the

fourth superior premolar. The middle line of the occiput presents a keel

on its superior half. The basioccipital bone between the paroccipital pro-

cess is expanded laterally, and is without median angle or groove. Between

the bullse it is compressed, and its middle line forms a narrow truncation.

Opposite the posterior third of the bulla, this surface ascends at an angle,

and gradually widening, spreads into the general flattened convex inferior

face of the sphenoid. The anterior part of the sagittal crest is a little

better developed than in the typical specimen. The worn teeth indicate

an old individual. The canine is large, and the first premolar has its

roots well distinguished. The facial plate of the maxillary concave above

second premolar. No appreciable diastema.
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Measurements. M.

Length of molar series 081

" " premolars on bases 041

Width of canine posteriorly 010

Diameters P-m. iv {
anteroposterior 010

I- transverse 012

Of this species I have but two specimens, which were obtained from the

Ticholeptus beds of Deep river, Montana, by my assistant, J. C. Isaac.

Merychyus elegans Leidy.

Proceedings Academy Philada., 1858, p. 24. Extinct Mammalia
Dakota and Nebraska, 1869, p. 118, PI. XI, figs. 1-11.

Niobrara river, Nebraska.

Merychyus zygomaticus Cope.

Ticholeptus zygomaticus Cope, American Naturalist, Feb. 1878. Bulle-

tin U. S. Geolog. Survey Territories, 1878, p. 380.

This species is peculiar in having the posterior expansion of its zygo-

matic arch horizontal instead of vertical. It has a thickened external edge

which continues into a strong posterior angle which projects behind the

posterior margin of the postglenoid process. The auricular meatus is

directed posteriorly in a way quite peculiar, resembling somewhat the

position seen in some of the hogs. The malar bone is very prominent.

The infraorbital foramen is above the contact of the third and fourth

superior premolars. The larmier is large and its maxillary border descends

posteriorly.

In size this species is between the M. elegans and the M. medius. If

my identification of New Mexican specimens is correct, this species diflers

from the M. medius in the much less production of the premaxillary re-

gion, besides the smaller size.

Ticholeptus beds of Deep river, Montana ; J. C. Isaac.

Merychyus medius Leidy.

Proceedings Academy Philad'a, 1858, p. 25. Extinct Mammalia,

Dakota and Nebraska, 1869, p. 119, PI. XI, figs. 12-14. Cope U. S. Expl.

Surv. W. of 100th Mer., G. M. Wheeler, iv, pt. ii, p. 324.

Niobrara river, Nebraska, Hayden ; Santa Fe, New Mexico, Cope.

Merychyus major Leidy.

Proceedings Academy Philada., 1858, p. 26. Extinct Mammalia, Da-

kota and Nebraska, 1869, p. 121, PL X, figs. 15-16.

This species, known hitherto from Leidy's descriptions of four of the

superior molars, is the largest of the genus, and perhaps of the family.

More information regarding it is much to be desired.

Headwaters of the Niobrara river ; from Loup Fork beds, according to

Hayden.
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LKPTAUCHEWIA Leidy.

Extinct Mammalia of Dakota and Nebraska, 1869, 122. Proceedings

Academy Pkilad'a, 1856, 88, (nomen nudum), loc. cit. 1656, 163 (nomen

nudum).

As already remarked by Leidy, tbis genus is characterized by tbe pres-

ence of enormous vacuities of the superior surface of the muzzle. The
genus might be described as lacking the usual superior osseous wall of the

nasal cavities and maxillary sinuses. The generic diagnosis is as follows:

Otic bullae inflated. Four premaxillary teeth. Nasal bones excessively

contracted, leaving a wide interspace between them and the maxillaries.

Symphysis mandibuli coossified.

This genus has but a short range in time, not having been yet found out

of the Ticholeptus beds. It shows in its deficient ossification, and smaller

size, tbat this line of the family was approaching its extinction, its deca-

dence having already commenced in the genus Merychyus. The genera

which follow in systematic order, Cyclopidius and Pithecestes, exhibit the

last steps in the downward course.

I. Infraorbital foramen above- P-m. iii.

" Three inferior incisors ; nasal sinuses to middle of orbit

;

true molars .043 ; skull .135." (Leidy) L. major.

"Nasal sinuses not extending so far posteriorly as in L. major

;

true molars .032 ; skull, .101." (Leidy) L. decora.

"Nasal sinuses reaching to front of orbit ; true molars .020 ;

skull .085." (Leidy; L. nitida.

Leptauchenia major Leidy.

Proceedings Academy Philad'a, 1856, p. 163 ; 1857, 89. Extinct Mam-
malia, Dakota and Nebraska, 1869, p. 124, PI. XII, figs. 1-5.

Tributaries of White river, Nebraska.

Leptaiichenia decora Leidy.

Proceedings Academy Philadelphia, 1858, p. 88 ; 1857, p. 89. Extinct

Mammalia of Dakota and Nebraska, 1869, p. 127, PI. XII, figs. 6-20.

Tributaries of White river, Nebraska.

Leptauchenia nitida Leidy.

Extinct Mammalia of Dakota and Nebraska, 1869, p. 129 ; PI. XII, figs.

21-22.

White Earth creek, Dakota, tributary of the White river.

CYCLOPIDIUS Cope.

Proceedings American Philosophical Society, 1877, p. 221. Brachy-

meryx Cope, Ibidem, p. 220.

Dental formula : I. -§- : C. { ; P-m. f ; M. f . Premaxillary bones much
reduced ; mandibular rami coossified. Otic bulla inflated. Prelachrymal

vacuities present, and confluent with enormous nasal vacuities, which are

due to the excessive reduction of the nasal bones. Orbit closed behind.
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This genus is Leptauchenia without superior incisor teeth, and with but

two on each side below. I originally asserted the presence of superior

incisor teeth, and it is true that there is in early life a minute tooth in each

prernaxillary bone, as indicated by the alveoli in a specimen which con-

tains the full deciduous molar dentition. I have not seen the teeth them-

selves, and it is evident that they are early shed. In an adult specimen

of G. simus it seems that the alveolar portion of the prernaxillary bone has

been absorbed.

The meatus auditorius externus occupies a more elevated position in

this genus than in any other of the family. It is also directed somewhat
posteriorly. There are postparielal foramina.

The cerebral hemispheres are not large, and scarcely rise above the

plane of the summit of the large cerebellum. Convolutions three on each

side, weakly denned.

The concavity of the superior border of the prernaxillary bones, to-

gether with their upward production, leads me to suspect that the exter-

nal nares were superior in position. This is the indication of an aquatic

habit of life, such as is led by the hippopotamus. Like that animal, the

nostrils in Cyclopidius were probably valyular to prevent the ingress of

the water. The animals probably passed much of their time in the water,

and the nostrils could be brought to the surface for the purpose of respira-

tion, while the remainder of the head and body remained concealed. The
prominent rim of the auditory meatus suggests a similar valvular closure

of the organ of hearing, and is also a provision for its easy approximation

to the surface of the water when necessary.

The milk dentition is like that of Artiodactyla in general. That is, in

the superior series the third molar is more elongate and complex than its

permanent successor, and the fourth is like the first permanent true molar

in constitution. In the inferior series the anterior three teeth resemble

the permanent premolars, while tJae fourth is trilobate.

In the loss of the incisor teeth and the subprismatic molars, we observe

in Cyclopidius the same evidences of specialization already known in other

types of Ungulates.

I know of but two species of Cyclopidius.

Cyclopidius simus Cope.

Proceedings American Philosophical Society, 1877, p. 221. Brachy-

meryx feliceps Cope, Ibidem, p. 220 (immature).

The specimens of this species in my possession embrace a complete

skull with one zygoma and half of the brain-case wanting ; a left maxil-

lary bone with all the teeth ; and three mandibular rami with dentition,

all of adults. Of immature individuals, I have two muzzles with denti-

tion of both sides, and six mandibular rami ; in all, parts of thirteen in-

dividuals. The following description of the skull is taken from the speci-

men first named, which is the type of the species.

The cranium is wide and depressed, and the muzzle is short. The pro-
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file descends at the orbits into tlie nasal vacuities, which cause a deep ex-

cavation of the facial plate of the maxillary region. The small nasal

hones form a promontory below tbe level of tbe orbits, whose supe-

rior borders are convex. The maxillary bones rise at the end of the

muzzle, forming, probably, with the confluent premaxillaries, a sub-

quadrate projection. The superior side of this process is concave on its

interior aspect forming a curved suture of an expanded nasal bone. Its

anterior edge is also concave on their inner side, as though adapted to

a forward-looking nareal opening. This anterior border is produced

downwards into a free conical process which bounds the canine alveolus

in front. This I suppose is all that there is of the alveolar portion of the

premaxillary bone. The corresponding part of the other side is lost.

There is a well-marked preorbital fossa. Its supero-interior border bounds

the huge nasal vacuity on each side. The nasal bones form a narrow

promontory, with convex superior face, which extends a little beyond a

line connecting the middles of the preorbital fossse. The vacuities exca-

vate the frontal bones as far back as a line connecting the middles of

the supraorbital borders. The frontal bone is thus of a'^-shape. The
anterior temporal ridges are well defined, but do not reach the free edge

of the frontal bone. Their union into the sagittal crest is gradual. The
brain-case is moderately elongate, the postorbital process of the malar

bone marking the middle of the total length. In profile the posterior part

of the skull is nearly straight. The sagittal crest is gently convex, and

is not so deeply bifurcated posteriorly as in most other forms. The posterior

temporal crests are expanded laterally, and continue well developed to

above the meatus auditorius, into the superior edge of the zygoma. They

are not continued downwards on the occiput, as in most of the other genera

of the family, but resemble the species of Merychyus more than any

others in this respect. The temporal fossa has a wide floor, due to the

lateral extension of the meatus auditorius, and the glenoid portion of the

squamosal. The superior edge of the zygomatic process of the squamosal

is little elevated, and is regularly convex. The process is not produced

as far anteriorly as the posterior border of the orbit. The malar bone is

remarkable for its depth, exceeding in this respect any species of the

family yet known. Its external face slopes obliquely outwards below, but

not very much, and is slightly and uniformly convex. Its inferior edge

is thickened and descends anteriorly, and then thins and rises continuous-

ly to the zygomatic process of the squamosal.

The occipital aspect of the skull is wide and low. Its superior region

is slightly convex and roughened on each side of the median line. From
and below this valley, the middle line presents a sharp carina, which dis-

appears in a narrow convexity above the foramen magnum. Between

this convexity and the meatus auditorius, the surface is concave. The
occipital condyle is small, and the exterior half is more extensive than the

posterior half. The paroccipital process is large. Its base diverges from

the occipital condyle, and is adherent by its anterior face to the otic bulla,
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without intervening ridge. The posttympanic mass is broken away. It

is inferior in position to the auricular meatus. The latter, being directed

posteriorly, is considerably produced behind the postglenoid process, leav-

ing a wide postglenoid fossa. The postglenoid process is rather small,

and its posterior face is entirely covered by the tympanic bone, while its

interior edge is in close contact with the otic bulla. The bulla is of enor-

mous size, and is a slightly compressed oval placed anteroposteriorly. It

fills the entire space between the postglenoid process and the basicranial

axis, and reaches anteriorly almost to the line of the anterior border of

the glenoid region. The pterygoid process adheres to its internal wall

for half its length, and it sends forwards on the external side of the ptery-

goid, a narrow acuminate apex. The internal extremity of the glenoid

cavity is concave, and the surface descends, forming a robust peduncle, as

large as the postglenoid process, to which the anterior part of the otic bulla is

attached. This is a character I have not seen in any other species of the

family. A wide surface, continuous with that of the glenoid face, extends

on the external side of the pterygoid ala of the sphenoid, to the angle

where it unites with the pyramidal process of the palatine. It there termi-

nates abruptly, but the external angle marks the end of a ridge, which ex-

tends upwards and forwards to the postorbital process of the frontal. An^
terior to this line the cranial wall is concave

;
posterior to it, convex. The

processi pyramidales are divergent, and have thickened and rounded infe-

rior edges. The maxillary bones are produced a little beyond their bases,

leaving a notch between. The palatal surface is uniformly moderately

concave.

The incisive foramina are large ; the septa are wanting in my speci-

mens, perhaps accidentally. The infraorbital foramen is above the middle

of the fourth premolar tooth. The frontal foramina are further apart than

in any other species of the family, being equidistant between the median
line and the supraorbital border. There is an internal orbital foramen be-

low the postorbital process, as in other species of the family. There are

three postparietal foramina, two of which are on the squamosal suture.

Below the anterior of these two is a large postsquamosal foramen.

No supra or postglenoid foramina. The meatus auditorius externus

looks equally externally and posteriorly. It is large and of oval out-

, line, the long diameter being parallel to the superior border, which
is the usual suprameatal crest. Its tympanic or anterior border is very

prominent, while the posterior border is a little less so. A posttym-

panic tuberosity marks the middle of the inferior edge. Posterior to

the meatus is the rather large mastoid foramen, which is above the in-

ternal base of the paroccipital process. The basicranial bones being lost,

the characters of the basal foramina are not determinable. The posterior

nares are deeper than wide. The palatonareal border is a Gothic arch, of

which the apex is opposite the posterior border of the last molar tooth. I

perceive no palatal foramina.

The median and posterior nasal sutures remain. The latter is a V with
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tlie apex opposite to the frontal foramina. Lambdoidal suture confluent.

The malosquamosal suture marks the posterior edge of the posterior orbi-

tal rim at the middle of the orbit. The parieto-squamosal suture has an in-

ferior position in front. Opposite the front of the postglenoid process it

converges inwards in line for the occipital bifurcation, and is continued as

the parietooccipital suture, nearly to that point. The squamosal border,

however, extends in a Z-form to the posterior temporal crest half-way be-

tween the bifurcation and the meatus auditorius. It embraces an area of

the posterior face of the skull, and the posterior half of the rim of the au-

ricular meatus.

The typical specimen presents only the alveoli of the canine and first

premolar teeth ; otherwise the dentition is perfect. The crowns of the

second and third premolars are obliquely quadrate in horizontal section,

both a little wider posteriorly than anteriorly. This is due to the presence

of a half crescent of the internal side, whose posterior horn is attached

to the external wall, while the anterior is free. The external faces of these

premolars is slightly convex ; of the fourth premolar is slightly concave.

The first true molar is decidedly smaller than the second, and the second

is smaller than the third. The external sides of the external columns are

flat in the first true molar, but become more concave on the third. The
anterior edges of the columns project; forming ridges; or in section, project-

ing angles. No intermediate ridges, nor cingula. The third superior true

molar has a prismatic crown, no roots being visible in either of the adult

specimens, of which the typical one is rather old, as indicated by the wear

of the teeth. In the latter specimen the roots of the second true molar are

apparent, although the crown is elevated. The first true molar is not pris-

matic, although the crown is not low. The specimen represented by the

left maxillary bone contains the teeth which are wanting from the typical

one. The section of the crown of the canine is a semicircle, the truncate

face being posterior internal. It is not a large tooth, and is separated from

the first premolar by a diastema equal to its diameter. The first premolar

is one-rooted, the root with a groove on the internal side. The section of

the base of the crown is a triangle, the faces being anterior, external, and

posterointernal. Its inner face is concave above the base.

None of the separate mandibular rami are complete, all lacking the

angle and condyle. The former is full and round, judging from a frag-,

ment in my possession. The ramus diminishes regularly in depth for-

wards. The symphyseal region is short, and its anterior face is very steep,

except at the alveolar region, where it is everted forwards. No trace of

suture. The internal pterygoid fossa is large and strongly marked, so that

the inferior edge of the ramus is inverted, so that the surface is convex ex-

ternally. The last molar is placed somewhat obliquely. The first and

second premolars are directed outwards and forwards, and the incisors

directed forwards.

There are two incisors on each side of the symphyseal line. They are

very small and subcylindrical, and are closely packed between the canines

.
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The canines are much larger, with cylindrio root and flat, incisor-like

crown. The first premolar is still larger, and is of about the same form as

the canine, from which it is only separated by a slight divergence of the

crowns. There are no diastemata. The second premolar has a compressed

triangular crown, with a median ridge on the internal side. Its long

diameter is diagonal, running outwards posteriorly. The long axis of the

third premolar is similar, while the other teeth are more nearly in line. In

the third premolar the fossa interior to the median internal heel is much
deeper than that posterior to it. The corresponding fossa is still larger in

the fourth premolar, while the crown has a heel in the form of a trans-

verse curved crest, separated from the median heel on the inner side by
a Assure. The true molars increase rapidly in size posteriorly, but not so

abruptly as in the Pithetistes bremfacies. The internal crescents are very

fiat, and the posterior edges of their columns project moderately. The ex-

ternal crescents are very convex. The prismatic character of the teeth in-

creases much posteriorly, so that the roots of the third tooth are short, and
the crown long. The enamel is minutely rugose.

The third superior temporary molar has two pairs of crescents. The an-

terior pair are, however, not so well developed as the posterior pair and the

two valleys are soon obliterated by wear. The crescents are equal in the

fourth temporary molar. The fourth permanent premolar is protruded at

least as soon as the third true molar, sooner than the posterior column of

the latter. In this it differs from the Oreodon culbertsoni, where the last

true molar is protruded first, and is a cotemporary of both the third and

fourth deciduous molars ;* and the 0. gracilis, where the last true molar is

a cotemporary of the third deciduous.

In the inferior temporary dentition, the lobes of the last molar are sub-

equal, the posterior one being a little the larger. The protrusion of the

last true molar is also probably delayed until the shedding of the deciduous

series, as in the superior series ; but my specimens are either very young

or fully adult, and therefore I cannot demonstrate this point as fully as in

the case of the superior series.

Measurements of Skull.

M.

Length from condyle to front of canine inclusive 117
" " " " otic bulla (axial) 010
" " " " palatonareal notch, 0575
" " " " anterior line of glenoid cavity. .038

Depth of occiput, including condyle 041

" at middle of orbit, exclusive of teeth 037

" " infraorbital foramen " " 016

" " premaxillary border " " 023

Width at
" " above 022

" between orbits 038

* Leidy. Ancient Fauna of Nebraska, 1853, p. 51, PI. IV, figs. 1, 2.
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Measurements of Skull. M.

Width "at rnalars below orbits 086

" " zygomata at middle 092
" " auricular meatus 070
" of occipital condyles 0275
" at middle of last molars inclusive 049
" " " second premolars inclusive. . .030

!
anteroposterior. 023

transverse 018

vertical 019

Diameters of nasal bones {
ien^th of fraSment of- 024

*. width at base 0125

Length of dental series 062
" " premolar series 025
" " true molar 033

Diameters P-m. iii {
anteroposterior 007

*- transverse 0065

Diameters m. i {
anteroposterior , 0085

< transverse 0085

Diameters m . m .
/ anteroposterior 0146

•- transverse (greatest) 011

Depth of mandibular ramus at m. iii 031

" "P-m.iv 019

Length of symphysis , 0245
" " premolar series 022

" " true molar 035

" " of total dental series 063

Diameters P-m. iv \
anteroposterior 0085

( transverse 006

Diameters m. i \
anteroposterior 009

( transverse 0068

Diameters m. iii \
anteroposterior 016

c transverse 0062

The second specimen with permanent dentition is of smaller size than

the type, and the canine teeth are small. It may have been a female. The
dental series, including the canine, measures M. 0.59 ; the premolar series,

0.23 ; the true molars, 0.31.

The number of specimens of this animal found in the restricted area of

the Ticholeptus bed of Deep river, Montana, shows the former abundance

of the species. It was probably gregarious, in the manner of the other

Oreodontidse. We can depict it as seeking the swamps of the shore for its

vegetable food, and spending much of its time in the water when not feed-

ing. It was doubtless a good swimmer, and the characters of its feet will

be sought for with interest for light on this point. The use of the huge

superior nasal vacuity of the skull of this genus and Leptauchenia can
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only be guessed. Perhaps it supported an inflatable bladder like that of

the crested seal, or a swollen muzzle like that of the saiga antelope.

Cyclopidius emydimis, sp. nov.

This species is represented in my collection by a nearly perfect cra-

nium. It indicates an animal of about the same size as the G. simus. The
differences between the two species may be enumerated in advance of

the detailed description. Firstly, the external vertical ridges or crests of

the true molars are directed obliquely forwards so as to overlap the ex-

ternal wall of the anterior crescent much more extensively than in G.

simus. (2) The crowns of the true molars have a relatively greater trans-

verse diameter. (3) There is a peculiar process at the external base of the

otic bulla, between the paroccipital and postglenoid processes, which may
be called the subtympanic process. (4) There is no median occipital

keel. (5) The maxillary bone is prolonged posterior to the last superior

molar, which it is not in G. simus. (6) The oblique orbitosphenoid ridge

is wanting. (7) The otic bullae are shorter and wider in their form. This

character will require confirmation by examination of many individuals.

The skull is singularly depressed and expanded laterally, so as to pre-

sent an outline not unlike that of some river turtles. The orbits are in

the anterior half, and look forwards and upwards, as well as outwards.

The muzzle is short, so that its lateral borders approximate rapidly to a

narrow truncate extremity. The maxillary borders do not contract quite

so abruptly, and are visible outside of the canthus rostralis, when the

skull is viewed from above. The brain-case is depressed, and is expanded

posteriorly, and narrowed at the anterior line of the zygomatic foramina.

The posterior temporal ridges are much expanded, forming a wide rim

round the brain-case posteriorly, which is continued into the squamosal

processes of the zygoma on each side. The anterior temporal ridges ap-

proach each other very gradually on the middle line, and only reach the

union into a sagittal crest a centimeter posterior to the frontoparietal su-

ture. The edge of the crest is truncate, and it is not bifurcate posteriorly,

as in most Oreodontidae.

The occiput is broad and low, and differs in character from that of most

other members of the family. Its posterior face is flat, only interrupted

by a fossa on each side, just within the posterior edge of the meatus audi-

torius externus. This edge is continued downwards into the external bor-

der of a distinct mastoid process, which is also the external border of the

occiput, deflected a little forwards. The paroccipital process is flat at the

base, and is applied to the external half of the otic bulla. Its free extrem-

ity is subround. The mastoid process forms a prominent ala of its exter-

nal side, having a transverse width equal to that of the base of the par-

occipital. Its inferior edge is truncate obliquely outwards and downwards

to a subacute angle. The occipital condyles are relatively small.

The external meatus of the ear looks outwards and backwards at an

angle of 45° to the middle line. The prominent edge of the mastoid pro-
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cess is directly below its anterior border. Thus the tympanic bone is

directed obliquely downwards and forwards. Posteriorly it is separated

by a groove from the mastoid process. Anteriorly it is separated by a fossa

from an osseous mass which occupies the space between it and the post-

glenoid process. Before the skull was reconstructed from its fragments, this

mass was observed to be entirely distinct from the postglenoid process,

which it equals in height. Continuous with it, there descends another

osseous body to near the line of the extremity of the mastoid process, with

a truncate inferior edge, which is separated from the otic bulla by an open

groove. The stylohyal ligament is probably inserted into a fossa at the

anterior extremity of this groove. The postglenoid process is low and

more extended transversely. The anteroposterior diameter is small. The
glenoid surface is much extended transversely and terminates externally in

a slight thickening. The zygomatic process of the squamosal bone is at

first expanded horizontally and has a low convexity of the thin superior

edge. Its- vertically compressed portion is entirely supported by the ma-
lar, and does not extend so far forwards as the anterior edge of the

zygomatic foramen . The malar bone is remarkable for the depth of its

suborbital portion, which fully equals the diameter of the orbit. Its infe-

rior edge presents a thickened angle downwards below the anterior part of

the last superior molar. Its superoanterior angle terminates in a promi-

nent rib of the side of the face, which extends along the inferior edge of

the facial vacuity. Beneath the anterior part of the latter the face is con-

cave. Above this concavity the ascending plate of the maxillary is con-

vex in the vertical section, turning inwards at the apex to unite with

the lateral part of the extremity of the nasal bone. The preorbital fossa

is small and looks forwards and upwards.

The otic bulla? are larger than in any other Oreodontid. They are of a

short oval form, somewhat truncate anteriorly and posteriorly. Thus they

differ from those of G. simus, where they are elongate -oval. They only

reach as far anteriorly as the middle of the internal extremity of the

glenoid surface ; while in G. simus they reach the line of the posterior

outline of the zygomatic foramen. The}' terminate near the inferior inter-

nal point, in a liUle acute osseous apex, which is smaller than in G. simus.

The bulloe approach so closely together that the bassioccipital is much nar-

rowed, and the sides of its inferior surface are excavated so as to reduce

the middle line to a narrow acute keel. The lateral excavations follow the

posterior internal base of the bullae, leaving a median table, which is itself

excavated by a shallow fossa, which extends from the median keel to the

foramen magnum. The median keel disappears anteriorly. The sphenoid

is protuberant downwards as a narrow convex rib, which rises and disap-

pears in the presphenoid. The descending sphenoid ala forms the posterior

boundary of the posterior nareal trough, and makes a strong angle with

the pyramidal process of the palatine, which is turned outwards. The

pterygoid squama lerminates in an apex which points downwards and

posteriorly towards the apex of the otic bulla. The palatonareal border is
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V-shaped, and is in line with the posterior edge of the maxillary bone. The
latter projects beyond the last molar tooth as far as the anteroposterior

diameter of the latter. It has no projection in the G. simus. There is no

notch between the maxillary bone and the processes pyramidalis of the

palatine. The palate is of nearly equal width from the last molar to the

third premolar ; its roof is gently concave posteriorly ; nearly flat anteri-

orly.

The premaxillary bone is a narrow strip which rises nearly vertical-

ly from its short alveolar border, and is curved outwards above in

agreement with the expansion of the anterior edge of the maxillary, to

which it is united by simple suture. The nasal bones are of remarkable

form. Together they enter the anterior part of the frontals in a V-shape,

and extend forwards in a narrow shaft. Opposite the anterior borders of

the orbits the shaft begins to widen gradually, and the surface to flatten,

until they reach the posterior angle of the ascending part of the maxillary.

Each one then expands outwards, terminating in a semi-disc which fits

the concavity of the superior edge of the maxillary above mentioned.

The entire shape of the nasal bones is that of a spade with a triangular apex

to the handle, and the short blade at the opposite (anterior) extremity.

The frontal bone is V-shaped, the angle posteriorly directed, and engaged

between the parietal bones, and each branch terminating above each orbit.

Narrow prolongations extend anterior and posterior to the orbit, joining the

lachrymal and malar bones respectively. Its median suture is, like that of

the nasal bones, well defined. The alisphenoid and parietal have extensive

•connection. The parietosquamosal suture is horizontal in front ; it then

gradually rises. It is not associated with a ridge as in some other species.

The occipital forms the posterior five millimeters of the sagittal crest.

The nasal opening is subtriangular, with the base above, and is directed

anteriorly. The facial vacuities are enormous, and excavate the frontals

to a point which make the anterior third of the orbit's diameter. They are

only separated on the median line by the very narrow isthmus of the

nasal bones. The infraorbital foramen is above the anterior part of the

fourth surperior true molar. The frontal foramina are small, and are not

symmetrical. That of the left side is half-way between the median suture

and the superciliary border ; the other is nearer the superciliary border.

No supraglenoid foramen. Postsquamosal present ; that part of the

cranial walls is injured. The anteroposterior diameter of the orbit ex-

ceeds the vertical. The auricular meatus is the largest known in the

family, and it has a prominent border and regularly oval outline. Its

long diameter rises posteriorly from the horizontal. It is more lateral-

ly and less posteriorly directed than on the typical and only skull of

G. simus. The foramen magnum has an openly angulate superior bor-

der. Jugular, condyloid., and carotid foramina not obvious, owing to the

close contact of the otic bulla with surrounding bones. Foramen ovale

larger than the F. lacerum anterius, and external to it in position. F. ro-

tundum still larger, inferior in position, bounded on the external side by a
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tuberous projection of the angle from the anterior edge of the glenoid sur-

face. There is a deep fossa at the internal base of thepostglenoid process,

which possibly enters a foramen. No postglenoid foramen.

Although the skull of the Gyclopidius emydinus is more robust than

that of G. simus ; the length of the tooth-line is the same. The in-

cisive edge of the premaxillary bone displays one empty alveolus, from

which the single incisor was easily shed. The canine is not large, and
the base of the crown has a regularly convex anteroexternal face ; apex

lost. The diastema posterior to it is equal to its diameter. The crowns of

the premolars are worn ; they are of about the size and proportions of

the G. simus. The true molars differ, as I have already pointed out, in

their greater transverse diameter, and the greater anterior prolongation

of the anterior horns of the posterior external crescents. The deep notch

which is enclosed between this fold and the wall of the crescent in front

of it is filled with cementum. As to the form of the true molars, the

transverse diameter of the first considerably exceeds its anteroposterior

diameter ; in the G. simus the former diameter is equal to the latter. In

G. emydinus the last true molar is as wide as its length without the heel -

T

in the G. simus, the transverse diameter is much less. In G. simus the heel

is more prominent, and is recurved into a vertical ridge, which is wanting

in the G. emydinus. In G. emydinus this tooth shows but little of the pris-

matic character, as the roots are of usual length.

The lower jaw of this species is not yet known.

Measurements.
M.

Length of skull along base 129

Length from condyles to posterior edge of zygomatic

foramen 042

Length from condyles to palatonareal foramen 063
*' " " " line of last true molar 071
" " occipital crests to line of orbits 074
-'' " " " " facial vacuities 084
" " " " " ascending process of

maxillary bones 115

Length from occipital crest to free end of nasal bones. .12(5

Elevation occiput, including condyles 045

" of front at middle of orbit, without molars. . .085

" " maxillary bone at P-m. iii 015

" " P-m. i 025

Width of skull at occipital condyles .0675

"•; " " " superior edge of meatus auditorius.. . .057

" " " " middle of zygomatic foramina 092

" " brain-case at middle of zygomatic foramina. . .029

" skull at orbits 083
" " ,, between orbits 047
" " muzzle at superior edge of nares .0215
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Measurements. M.

t.. , , [vertical 014
Diameter external nares^

,
__

l transverse above 017

-r.. , e c • i v f anteroposterior 030
Diameter of a facial vacuity i nAn

< tranverse 013

Diameter of orbit \
anteroposterior 023

t vertical 019

t.. ,. c /anteroposterior 053
Diameter of zygomatic foramen <

r
t. transverse . . 026

vertical 0095

Diameter of meatus auditorius

Diameters m. i

r

Diameter of foramen magnum <

•-transverse 013

vertical 009

anteroposterior 011

f vertical 025

Diameter of otic bulla J anteroposterior 025

I transverse 022

Width between canine teeth 008

" last true molars 0285

Length of dental series, 065
" true molar series 0343
" premolar 0254

DiametersP-m.iiS anteroP°sterior 0056
' transverse 0050

Diameters P-m. iv \
anteroposterior 0070

(. transverse 0080

anteroposterior 0075

transverse 0110

Diameters m. iii
5 anteroposterior 017
' transverse (with external rib) 012

The only specimen of this remarkable' species known to me was found

in the valley of Deep river, Montana, by my assistant, Mr. J. C. Isaac.

The wear of the true molars shows that the animal was of full age, though

not old.

PITHECISTES Cope.

Proceedings American Philosophical Society, 1877, p. 219.

This genus represents the final term in the decadence of the once

powerful and numerous family of the Oreodontidse. It is unfortu-

nately established on a mandibular ramus only, and although some

maxillary bones are referred to it with much probability, they are not

preserved in such a way as to demonstrate the presence of the large

nasal sinuses characteristic of Leptauchenia. I, however, suspect that

they occur. The genus further resembles Leptauchenia in the coos-

sification of the mandibular rami, and the reduction in number of the in-

cisor teeth. In P. brevifacies there is but one inferior incisor tooth on each

side. As reduction in the superior incisors usually precedes reduction in



Cope.] 558 |-Jan> 18i

those of the lower jaw, I suspect that the former were absolutely wanting

in this genus. If so, we have in the Orcodont line the same process of re-

duction above, as has taken place in other lines of Artiodactyla at the

latest or modern stage of their history.

In Pithecistes the inferior canine is caniniform, and masticated in con-

tact with the superior canine, owing to the great abbreviation of the sym-

physeal region.

The diagnosis of the genus is as follows :

Inferior premolars three ; incisors one. Canine caniniform, masticating

with the superior canine. No diastema. Symphysis coossified.

Two species are referred to this genus without conclusive evidence as to

the number of their premolars. It is probable that they have but three,

since their superior fourth premolars are of reduced size and incomplete

type of form.

Pitliecistes forevifacies Cope.

Proceedings American Philosophical Society, 1877, p. 219.

Ticholeptus beds of Deep river, Montana. Discovered by J. C. Isaac.

Pithecistes decedens Cope, sp. nov.

Established on a right maxillary bone, which contains the fourth pre-

molar, the first and second true molars, and part of the alveolus of the

third true molar. The last named tooth was not probably entirely pro-

truded. This, with the moderate wear of the fourth premolar indicates that

the animal was fully grown, though young.

The species differs from all the members of the family whose dentition

is known to me in the small size and simplicity of structure of the fourth

premolar. The internal crescent of this tooth bounds only the posterior

three-fourths of the external wall, and therefore leaves the anterior edge

of the latter free. It is, moreover, not very convex, and its edge is not so

elevated as is that of the external wall. The latter is flat on the external side,

and its anterior marginal angle corresponds with the point of junction of

the anterior extremity of the internal crescent. The true molars have the

anterior horns of their crescents prominent, being sections of well-de-

veloped vertical columns. In this they differ from those of the P. 7ietero-

don, where these ridges are very weak.

The malar process of the maxillary bone is robust and prominent, and

begins to expand opposite the first true molar. It presents a tuberosity

downwards. The infraorbital foramen issues above the front part of the

fourth premolar.
Measurements. M.

Diameters P ra. iv /
anteroposterior.

.

. .006

{ transverse 005

Diameter m. i \
anteroposterior • 0087

t transverse 0077

Diameters m'" ii \
anteroposterior 0115

t transverse 008

Ticholeptus beds, Deep river, Montana. J. C. Isaac.
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Pithecistes heterodon Cope.

C'yclopidius heterodon Cope, Proceeds. American Philos. Society, 1877,

p. 22.

In this species the fourth premolar has the same form as in P. decedens,

but the first true molar differs much in the more prismatic shape, and the

absence of the external vertical ribs. It is quite possible that it does not

belong to this genus.

Ticholeptus beds of Deep river, Montana. J. C. Isaac.

K.liMH IMFKl S Leidy.

Proceedings Academy, Philadelphia, 1850, p. 121. Extinct Mammals
Dakota and Nebraska, 1869, p. 131 (as family Agrioclmridoe).

Orbit not closed behind. Fourth superior premolar with two external

Vs. Fourth inferior premolar like true molars. Otic bulla inflated. Pre-

maxillary bones distinct ; no vacuities in the facial bones.

This genus commences cotemporaneously with the genus Oreodon, and

persists longer, viz. : to the close of the John Day epoch. It represents a

distinct line of succession from that which we have been considering, and

one which contains but two known terms. Next to Agriochcerus comes, in

this line, the genus Coloreodon Cope, which outlasted its predecessor so far

as is yet known. It commenced with it in the John Day epoch, and con-

tinuing into the North Fork beds, which are of later age, did not ap-

pear later. This series Leidy regarded as a family distinct from the Oreo-

dontidee. For the present I prefer the view of Gill, that it constitutes a

subfamily, the Agriocheerinse.

This genus presents us with one of the very few cases in the suborder

Artiodactyla, in which the last premolar approaches (above) or accom-

plishes (below) identity of structure with the true molars. This degree of

complication was attained at the same period by both the equine and

rhinocerontic lines of Perissodactyla, and all existing members of that

order exhibit it. In the Agriochcerhlse it made a beginning, but soon dis-

appeared from the earth, and no Artiodactyle has developed such perma-

nent premolars successfully since.

In the characters of the skull this genus is less robust than the Oreodon-

tidse ; but the general skeleton remains unknown.
Five species have been described which are referable to this genus, and

two others are now added. One of the former is without premaxillary or su-

perior incisor teeth, and I therefore regarded it as representing a distinct

genus under the name of Merycopater. It, however, appears that no speci-

mens exist in our museums which exhibit this part of the skull in other

species of the genus, so it is absolutely uncertain whether Agriochcerus

possesses those teeth or not. The species may then be distinguished as

follows :

I. Otic bullae compressed, base anteroposteriorly ovoid.

«. Foramen infraorbitale above junction of P-m. iii and iv.
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Front narrower ; internal wall of fourth premolar not com-

plete A. antiquus.

Front wider ; skull shorter and higher ; internal wall of inferior

P-m. iv complete A. latifrons.

aa. Foramen infraorbitale above junction of P-m. ii and iii.

Front medially concave, laterally descending to orbits ; sagit-

tal crest short A. trifrons.

II. Otic bullae mammiform with triangular base.

Front convex ; nasal bones acute posteriorly ; fourth inferior

premolar complete ; infraorbital foramen above junction of

P-m.. iii and iv A. guyotianus.

III. Otic bullae oblong, constricted at the middle.

Infraorbital foramen above j unction of P-ms. ii and iii ; front

plane ; nasal bones truncate posteriorly
;
postglenoid pro-

cess robust A. ryderanus.

Besides the above, Leidy has described an A. major* as near to the A.

antiquus, but of larger size. Marsh has described a small species from the

Uinta formation under the name of A. pumilus.\ Lydekker figures and de-

scribes a superior molar tooth from India as probably belonging to this

genus. \ It is stated by him to have been found in the earlier pliocene for-

mation. If this determination be correct, it represents the latest known
species, as the A. pumilus of Marsh is the earliest. Owing to incomplete-

ness in the descriptions of these species I cannot include them in the above

synoptic table.

Agriocneerus antiquus Leidy.

Proceedings Academy Philadelphia, 1850, 121 ; 1853, 392 ; 1854, 157 ;

1857, 89, Ancient fauna of Nebraska, 1853, p. 24, PI. I, figs. 5-10. Bronn

Lethsea Geognostica, 1856, 933 ; Leidy Extinct Mammalia Dakota and

Nebraska, 1869, 132, PI. XTII, fig. 4.

White River epoch of Nebraska and Dakota.

Agriochoerus major Leidy.

Proceedings Academy Philadelphia, 1856, p. 164 ; 1857, 89. ? Eucro-

taphus auritus Leidy, Owen's Report Geological Survey, 1852, p. 563,

PI. XV, figs. 1-3. Ancient Fauna of Nebraska, 1853, p. 56 ; PI. VII,

figs. 1-3. Bronn Lethsea Geognostica, 1856, 931.

White River formation of Dakota and Nebraska.

Agriochoerus latifrons Leidy.

Proceedings Academy Philadelphia, 1867, p. 32. Extinct Mamm.
Dakota, Nebraska, 1869, p. 135, PI. XIII, figs. 1-3.

White River epoch of Dakota and Nebraska.

Extinct Mammalia of Dakota and Nebraska, p. 134.

t Amer. Journal Science and Arts, 1875, p. 250.

JPaleontologica Indica.
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Agriochoerus trifrons sp. nov.

This species is known to me by a single cranium of an immature indi-

vidual. It lacks of perfection only the basioccipital, the pterygoid, and

the alveolar border of the premaxillary bones. It retains the third and
fourth deciduous premolars, while the third true molar is still in its alveo-

lus, where it is exposed in place.

Although the specimen is immature, its characters will not permit me to

place it with any other species known to me. I have specimens of like age

of the A. guyotianus, and these are quite different. From A. ryderanus

it differs in the form of its otic bulla, etc.

The muzzle and front form a flat horizontal profile, while the parietal re-

gion is convex. The profile descends gently to the supraoccipital border,

or inion. The muzzle is compressed above and below the canine alveolus,

and there is a concavity above the third and fourth premolars, and behind

the foramen infraorbitale above this fossa the lachrymal region is con-

vex. The nasal bones are lost, so that the form of their posterior suture

cannot be ascertained. The frontal bones are gently concave in transverse

section between two lines produced forwards from the anterior extremities

of the temporal ridges, that is at the postorbital constriction of the cranium.

These lines are represented by a rounded longitudinal angle, from which

the frontal bone descends to the superciliary border on each side. A trace

of this form is seen the A. ryderanus. The supraorbital borders diverge

outwards and backwards to the postorbital processes. These are prominent

horizontally, and are abruptly decurved at the apex. The temporal ridges

enclose an urceolate area, having a gentle convexity in their direction be-

fore they unite at a point more posterior than in the other species, that is

above a line connecting the anterior borders of the postglenoid processes.

The malar bone is slightly concave on the external face, and is mode-

rately deep, and not thick. The squamosal part of the zygoma is rather

slender, and does not rise above the postglenoid process. Its superior edge

continues without interruption into the posterior temporal crests, and so

into the supraoccipital. The postglenoid process is like that of A. guyo-

tianus, narrow and produced downwards. Paroccipital lost. The otic

bulla is large, its anterior edge extending anterior to the postglenoid pro-

cess. It is nearly twice as large as in M. guyotianus, and extends much
further forwards. It presents two flat sides, one external, the other out-

wards and forwards, and a convex side inwards and backwards. These

sides meet at an angular edge below, which runs outwards and backwards.

The sphenoid bone is convex between the bullae. Basioccipital lost. The
palatonareal border is convex, and is opposite the middle of the second

true molar. In the mature skull it would be probably more posterior. The
palate is everywhere concave in transverse section.

The frontoparietal suture is broadly convex, and is opposite the anterior

edge of the glenoid surface, and 25 mm. in advance of the sagittal crest.

The anterior processes of the bone on each side of the nasals are wide and

truncate, and do not extend beyond the interior suture of the lachrymal
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bone. The latter is about as long on its superior sutures as it is deep at

the orbit. It presents a distinct preorbital angle above a prominent tuber-

cle. The occipitoparietal suture extends well forwards, 30 mm. in advance

of the crest. The squamosal does not reach to the lateral occipital crest.

The infraorbital foramen occupies the position it has in the A. ryderanus.

In a young specimen of A. guyotianus it has the same position as in

the adult. The frontal foramina are about as far apart as each is from the

supraorbital border. There is a postparietal foramen on the parieto squa-

mosal suture, and there are three postsquamosals, two of them near

together, and near the posterior suture, the other below the postparietal

foramen. Foramen ovale oval, about as large as the F. rotunclum, and
separated from the foramen lacerum by the produced base of the inferior ala

of the sphenoid bone. Palatine foramen opposite the third deciduous pre-

molar.

Superior canine teeth robust, bases of crown one-half lenticular, the pos-

terior face truncate. A considerable diastema anterior to first premolar, and
a short one behind it. Other teeth in continuous series. First and second

premolars two-rooted ; absolutely simple. Third and fourth crown of first

of usual form. First true molar smaller than second. Enamel minutely

roughened.

Measurements. M. *

Length from supraoccipital crest to canine inclusive. . . .180.

" " front of bulla 036
" " " " " penultimate molar. .108

" orbit (axial) 105

" " front of orbit 126

" of sagittal crest 048
" " superior molars (last included) 076
'' " premolars .036

Diameters M. i \
anteroposterior 063

. c transverse 014

Diameters M. ii \
anteroposterior 0165

t transverse .-. 020

Width of skull at postglenoid inclusive 077
" " '* middle of zygomas 050
" " " fundus of canine alveolus 038

" between canines 020
" " second true molars 033

" of skull at postfrontal processes 076

" '' " between anterior rims of orbits «.066

The label from this specimen is lost. It is, however, from Oregon, and

to judge from the color, from the true John Day epoch, rather than the

North Fork bed.
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Agriochoerus guyotianus Cope.

Hyopotamus guyotianus Cope, Proceedings American Philosophical So-

ciety, 1878, p. 77. Merycopater guyotianus Cope, American Naturalist,

1879, p. 197, Proceeds. Amer. Philos. Soc, 1879, 375.

Three crania, one with nearly entire mandible, and numerous fragments

with mandibles, represent this species in my collection. It is the most
abundant species of this genus in the John Day beds of Oregon.

The cranium is of peculiar form. It is elongate from the orbits back-

wards. The muzzle is elevated and compressed, so that the profile is hori-

zontal, with subordinate irregularities. The occiput is therefore low as

compared with the muzzle. The zygomata are rather slender, and are not

expanded. The side of the muzzle is concave just below the superior

border of the maxillary bone and above the fundus of the canine alveolus.

The inferior part of the maxillary is concave from below the anterior

border of the orbit to the line of the canine alveolus. The region above

and anterior to the lachrymal bone is convex, leaving the fiat nasal bones

a little depressed. The frontal has a convex swelling on the middle line

just posterior to the frontal foramina, from which point the surface slopes

gradually and evenly to the supraorbital borders, and not in two planes,

as in A. trifrons. At the front of the orbit the section of the frontal bone

is convex at the sides and a little so at the middle. The supraorbital

border is short and concave, not long and straight as in A. trifrons, and
the postfrontal process is moderately prominent, and is not decurved. The
anterior temporal ridges do not reach them. The former converge in

nearly straight lines at an acute angle to a long sagittal crest. This in turn

bifurcates into two very prominent posterior temporal crests, which over-

hang the occipital condyles. The brain-case is an elongate-oval, and the

olfactory portion is long and narrow, but not especially constricted at any
one point. There is a prominent small tuberosity at the inferior part of

the lachrymal bone ; above it the preorbital border is not defined as far as

the beginning of the supraorbital. The postfrontal process originates be-

low the anterior temporal surface which is continued along its posterior

edge. The malar bone is concave on its external face. The zygoma is

compressed, and has a long low superior convexity behind. Its crest con-

tinues into a fine, low, posttemporal crest, which turns posteriorly above

to its prominent posterior expansion above mentioned. The latter turn

outwards at the apices, and send a low ridge downwards towards the occi-

pital condyle. Below, the latter form a low angle on each side, which sep-

arates a median from a lateral plane. Above, the occiput is deeply con-

cave, and has a trace only of median keel.

The basicranial axis is flat and rather wide between the otic bulla?.

The occipital condyles have distinct inferior boundaries which are sepa-

rated by a flat interval. The posttympanic region is wide, and is bounded

inferiorly by the deep styloid fossa. This is surrounded internally and pos-

teriorly by the funnel-shaped base of the paroccipital process, which ex-

tends first posteriorly as a longitudinal lamina, and then outwardly. Its
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edge terminates in a rough band which curves upwards and backwards to

a point above the line of the occipital condyle. It is separated by a shal-

low groove from the corresponding posttympanic ridge. The tympanic

bone is not so long as in the species of Oreodontinse, and presents a tube-

rosity externally. Like the paroccipital its base unites with the otic bulla.

The bulla is small. Its base is extended towards the postglenoid process,

but it is we'll separated from it, and does not reach the line of its anterior

border. It presents a face anteriorly, and one inwards. The postglenoid

process is narrow transversely, the depth and width being equal, and is

elongate downwards.

The coronoid process of the mandible is short, but has a base extended

anteroposteriorly. The articular face of the condyle is convex anteropos-

teriorly, and is extended downwards on the inner side behind. The hori-

zontal ramus is slender, and has a straight inferior border. (The angle is

broken away from this specimen.) The symphysis is oblique and nearly

straight in profile. It is moderately elongate, and has the suture persist-

ent. There is a tuberosity looking downwards from its posterior extremity,

where it is rounded-compressed.

The facial part of the lachrymal bone is longer than deep, and the lateral

anterior part of the frontal is wide and obtuse, and extends anterior to the

lachrymal. The nasals extend posteriorly to terminate in an acute angle

which is above the anterior edge of the orbit. The frontoparietal suture

extends across the space between the anterior temporal ridges at a point

half way between the anterior border of the orbit and the anterior glenoid

margin. The malomaxillary suture has no anteroinferior process. The

mastoid forms a distinct mass between the exoccipital and squamosal. The

sutures are largely coossified.

The infraorbital foramen is above the contact of the third and fourth

premolars. The space between the frontal foramina is about one-sixth the

interorbital width. There is a large postparietal foramen on the parieto-

squamosal suture, and there are two small postsquamosal foramina, in line

above the posttympanic tuberosity. The mastoid foramen is small, and is

not situated in a fossa of any extent, as is the case with the species of the

Oreodontinse. There is a large foramen intermediate in position between

that of the anterior condyloid and the jugular. Anterior and a little ex-

ternal to it and slightly elevated between the confluent base of the paroc-

cipital process and the otic bulla is another foramen, perhaps the jugular.

Between the posterior base of the bulla and the basisphenoid, is a smaller

foramen, probably the carotid. The other foramina are yet concealed by
the matrix.

The teeth do not differ in their form from those of other species of the

genus. The second and third premolars have triangular bases, the second

the narrower. The first has two roots. It is accidentally lost from one

side, which circumstance led me to suppose at one time that this species

has but three premolars above. The fourth premolar has its posterior ex-

ternal V well developed, though a little smaller than the anterior. In the
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specimen now described, the posterior internal rudimental cusp is quite

well developed ; in the two other specimens now before me it is not so

large. The superior canine is elongate, and not very robust, and its con-

vex anterior border is directed partly posteriorly at the apex. The
enameled portion of the crown is quite short. The premaxillary bones

are narrow and weak, and are separated so as not to be in contact on the

middle line. Its border displays two minute alveoli, from which teeth

have been shed. I do not suppose that their presence is constant in the

species. The external alveolus is twice the diameter of the internal. The
inferior incisors are of normal number, but are very narrow, and much
crowded. The canines are very narrow, but are longer than the incisors.

The first inferior premolar is more caniniform than in any other species of

Oreodontidse known to me. The crown is a compressed oval in section,

and is not expanded at its base. It is enameled to within 5 mm. of the

alveolar border. A considerable diastema separates it from the second

premolar. The description of the remaining teeth I take from a separate

ramus of similar dimensions, as they are concealed in the type by their po-

sition in juxtaposition with the cranium. The cusps of the true molars are

pyramidal and acute, and entirely separate from each other. The external

faces of the external are convex, their internal faces flat. The external

faces of the internal are convex, the internal faces concave at the base, and
convex near the apex. The anterointernal angle of the posteroexternal

cusp extends to the base of the anterointernal cusp. The only difference

between the first true molar and the fourth premolar, is that the anterior

crest of the anteroexternal cusp is continued round to the front of the an-

terointernal cusp, and to the internal side of the crown ; and the apices of

the two anterior crests are separated by a shallow notch. The second in-

ferior premolar has two roots. The heel of the third true molar is well de-

veloped, and is convex posteriorly.

Measurements. M.

Length from occipital condyles to postglenoid process . . .038

" " preglenoid border .. . .058

" " postfrontal process . .104

" " canine, inclusive 226
" " orbit to canine inclusive 085

of mandibular ramus from condyle 176

"symphysis mandibuli below 049

Width of occipital condyles inclusive 046
" " occiput above 045
" " between otic bullae 016
" " at postglenoid processes inclusive 079

" "of skull above glenoid surfaces 100

" " below orbits 099
" " " between orbits 068
" " " at fundus of canine alveoli 040
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Measurements. M.

Width of skull between last upper molars, inclusive... .070

Depth of occiput to foramen magnum 043
" " " " basioccipital bone 058
" " skull at last superior molar, exclusive 058
" " " " first premolar, exclusive 055
" " ramus mandibuli at front of M. iii 035
" " '•

" " " " P-m. iv 027
" " zygomatic arch above glenoid facet 027

Diameters of base of crown ( anteroposterior 009

of superior canine t transverse 0085

Length of superior diastema 022
" " premolar series 039
" " true molar series 043

Width of premaxillary bones together 043

Diameters of base crown inferior P-m. i ; anteropos-

terior 0085

Length inferior diastema 015
" " last three premolars 031
" " true molars 046
" " last true molar 021
" " third premolar 009

" fourth 012

Horizontal diameters of otic bulla \
anteroposterior. .

.
.019

( transverse 017

The specimens of this species which I have seen, are from the John Day
river, and were obtained by Messrs. Sternberg, Wortman and Davis. The
skull from which the above description was taken is the most perfect one

of the genus Agriochcerus which has yet been found.

Agrioclieerus ryderanus Cope.

Coloreodon ryderanus Cope, Bulletin U. S. Geological Survey Territo-

ries, vi, p. 173.

This species is represented in my collection by three nearly complete

skulls without mandibular rami. While of the general size of the A. guyo-

tianus, this species displays various well marked peculiarities. The most

important of these are (1) the shape of the otic bulla, in which it differs

from all other known Oreodontidse
; (2), the position of the infraorbital

foramen, in which it resembles in this genus only the A. trifrons ; (3), in

the form of the nasal bones posteriorly, in which it differs from the species

where this part is known
; (4), in the form of the palatonareal border;

(5), in the form of the postglenoid process
; (6), in the outline of the sec-

tion of the frontal bone.

Agriochozrus ryderanus has the muzzle compressed laterally and flattened

on top, as seen in the A. guyotianus and A. trifrons, and the side of the
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muzzle has three distinct fossae. The largest of these is above the position

of the fundus of the superior canine alveolus ; the second is below the

fundus ; and the third is behind the position of the infraorbital foramen,

and above the third and fourth premolars, and the first true molar. The
lachrymal region is plane, and the nasals are flat. The frontal bone is

nearly flat in section between the posterior borders of the orbits, but each

is decurved to the lachrymal opposite the anterior border of the orbit.

There is no indication of the three planes of the infraorbital region charac-

teristic of the A. trifrons, nor of the median convexity of the A. guyotianus.

The anterior temporal ridges commence about the middle of the width of

each frontal bone, and unite after a shorter independent course than they

have in A. guyotianus into a long, narrow saggital crest. This bifurcates

posteriorly into two prominent lateral crests, which are directed down-
wards and soon terminate, but which send forwards and downwards a

delicate posttemporal crest. This passes without interruption into the supe-

rior edge of the zygomatic arch. This arch is not expanded either upwards

or laterally, and is rather weak. The external face of the malar bone is

gently concave, and the inferior edge is rather wide, is truncate, and

grooved along the middle. The occiput is deeply concave between the

crests, and below them is gently convex. The superior edge of the fora-

men is deeply notched at the middle, much as in M. guyotianus.

The occipital condyles are large, and their inferoanterior angles are pro-

duced horizontally for a short distance, forming short processes which are

separated by a concavity of the basioccipital bone. The latter is plane be-

low, but anteriorly develops a low meridian angle, which, widening on the

sphenoid, causes its inferior face to be convex. The posttympanic element

is distinguishable from the mastoid by a superficial groove, and a slightly

free apex, and the mastoid from the paroccipital by a slight groove. The
external base of the paroccipital extends but 5 mm. external to the line of

the external border of the occipital condyles, and is therefore much less

prominent than in the majority of species of Oreodontinse. The base of the

paroccipital has a posterior and an anterior face, nearly at right angles

with each other. The latter is continued into the pinched posterior promi-

nence of the auditory bulla, and encloses on its external side, with the

apex of the posttympanic, the deep stylohyoid fossa. The tympanic bone

is represented by a tuberosity below the meatus, and a laminar expansion

on the posterior face of the postglenoid process. The otic bulla's long axis

is inwards, and a little posterior from the internal side of the postglenoid

process, from which it is separated by a narrow interval. The bulla is con-

stricted at right angles to its long axis, in two parts. The external part

is subglobular with the side next the postglenoid process flattened. The
internal part is roughened, displays a flat side posterointernally, and has

an apical keel which extends posteriorly and a little externally into the

base of the paroccipital processes. This form is not known in any other

species of the family. The postglenoid process is more robust than in

either M. guyotianus or M. trifrons. Its width and thickness are equal,
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and are a good deal longer than its height ; in the species named the height

equals the other measurements. The pterygoid ala rises opposite the

middle of the end of the glenoid surface, and the angle of its junction

with the pyramidal process of the palatine is considerably in front of the

middle of the trough of the posterior nares. Its edge posterior to this

angle is shallowly grooved. The palatonareal border differs from that of

any other species of the family known to me. It is acute in front, forming

a Gothic arch, its apex being opposite the middle of the superior third true

molar. In a young M. guyotianus, the only specimen of that species in

which it is perfectly preserved, it is rounded, and extends to the posterior

part of the second true molar. In an adult specimen, where the middle

portion of the margin is lost, it extended at least as far forwards ; but its

form is uncertain. The palate in the A. ryderanus is strongly concave

throughout.

The lachrymal bone has a different form from that of a A. guyotianus,

more resembling that of A. latidens figured by Leidy. Its anterior superior

angle is not produced, and its outline is a little deeper than long. The an-

terior lateral prolongation of the frontal extends beyond it by nearly its

width, and is wide, and terminates in an obtuse angle. The posterior edge

of the nasals is broadly rounded, truncate at the middle, and is situated

much in advance of the frontal foramina. The parietal is in contact with

the alisphenoid. The squamosal does not extend beyond the vertical line

from the base of the paroccipital process.

The infraorbital foramen is above the anterior edge of the third superioi

premolar, a position only seen elsewhere in the genus A. trifrons. The
superior border of the orbit is concave and short as in A. guyotianus, and

not straight and flat as in A. trifrons. The frontal foramina are above

their middle, and their distance apart goes 4.5 times into the interorbital

width. There is a large postparietal foramen on the parietosquamosal su-

ture, and a large postsquamosal immediately below it. This arrangement

differs from that seen in the other species here described, where there are

two or three postsquamosals well posterior to the postparietal. Mastoid for-

amen small. There are two palatine foramina on each side of the mouth,

one opposite the posterior edge of the second premolar, and one opposite the

posterior part of the fourth premolar. The anterior condyloid foramen is

large. On one side is a small posterior condyloid, the only occurrence I

have met with in the family. The foramen lacerum posterius is not divided

into three foramina as in the A. guyotianus, but remains open as in the

species of Eucrotaphus and Merycoclmrus. It shows its nearer affinity to

the first named species, however, in its triradiate outline ; and in the three

grooves of the side of the bulla, which correspond to two of the three fora-

mina. The'/. lacerum anterius is not large, and is oblong in shape. The

ovale is rather small, and is entirely bounded on the inner side by the

pterygoid ala of the sphenoid. The /. rotundum is large and rather poste-

rior. It is not bounded below by a transverse shoulder as is seen in the spe-

cies of Merycochcerus, but is continued into a longitudinal groove, whose
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external wall is longer than in any of the other genera of the family, ex-

tending to a point half-way between the inferior edge of the foramen and

the middle of the last superior true molar tooth. It is curved both inwards

and downwards just posterior to the foramen.

The superior molar teeth do not differ from those of M. guyotianus, M.

antiquus and M. latifrons. The canines are very robust, and are separated

from the first true molar by a considerable diastema.

Measurements. M.

Length from occipital condyles to line of postglenoid
.

processes 046

Length from occipital condyles to line of preglenoid

border 060

Length from occipital condyles to line of postfrontal

process 110

Length from occipital condyles to Hue of canines, in-

clusive 220

Length from orbit to canine inclusive 076

Width of occipital condyles inclusive 050
" " occiput at paroccipitals 031

" between otic bullae 015
" at postglenoid processes inclusive 093
" of skull above glenoid surfaces. 110

" below orbits 094
'
' between orbits 064
" at fundus of canine alveoli ; about 029
" between last upper molars, inclusive... .080

palate at second true molars 033

" " third premolars 031

" between superior canine. . . 021

Depth of occiput to foramen magnum .038

" " " " basioccipital 057
" " skull at last superior molar exclusive 050
" " " " first premolar, exclusive 046

" " zygomatic arch above glenoid facet 021

Diamelers base crown superior canine^ ^ '
'

t- transverse 012

Length diastema to first premolar 0185

" premolar series 0365

" true molar series 045

Diameters P-m. iv {
anteroposterior 011

*- transverse 014

Diameters M. i {
anteroposterior 014

*. transverse 015

Diameters M. hi
/anteroposterior 018

•-transverse. .021
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The skulls of this species came from the John Day bed of the John Day
river, Oregon, and were found by Mr. J. L. Wortman. The species was
established on an immature individual. The adults show that it belongs

to this genus.

COLOREODON Cope.

Proceedings American Philosophical Society, 1879, p. 375.

Superior premolars three, the fourth with two external Vs, no facial va-

cuities.

The mandibles of the species of this genus are unknown, so that the

character of the inferior dentition is unknown. The otic bullae are also

destroyed in all the specimens, so that their character is unknown.
In its reduced dental formula this genus represents one stage of that

specialization which Owen has shown, has overtaken all the modern types

of Mammalia. In this series this process seems to have stopped at this

point, and not to have gone further, as the entire line has come to an end.

The first superior premolar probably exists in a rudimental condition for

a short time, and is early shed. The same state of things has been found

to exist as an abnormality on one side in the Agriochoerus guyotianus, and

may be found again, but not so as to invalidate the characters of the genus

doloreodon.

Two well-marked species of this genus have been described, which dif-

fer as follows

:

Smaller ;
palatonareal border opposite posterior cusps of second

true molar ; sagittal crest anterior, commencing opposite

optic foramina C. ferox.

Larger ;
palatonareal border opposite posterior cusps of third

true molar ; sagittal crest posterior, commencing opposite

preglenoid border O. macrocephalus.

Coloreodon ferox Cope. Fig. 1, p. 505.

Proceedings American Philosophical Society, 1879, p. 375.

The size of Oreodon culbertsoni. Known from one skull from the North

Fork of the John Day river, Oregon. C. H. Sternberg.

Coloreodon macroceplialus Cope.

Proceedings American Philosophical Society, 1879, p. 376.

Size of the Eucrotaplms major. The typical skull is from the North

Fork of the John Day river. A second skull, lacking all the parts posterior

to the anterior origin of the sagittal crest, is undistinguishable from the

first. It was found at the " Cove " of the John Day river, Oregon. Both

were obtained by Mr. J. L. Wortman.
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GENERAL CONCLUSIONS.

From what is nowknown of the history of the Oreodontidse, the following

conclusions may be drawn. These are especially instructive as far as

they go, since they involve the causes of the rise, great development, de-

cadence and extinction of one of the best-marked types of Mammalia the

world has seen. The history of this type involves more or less the history

of the life of the North American continent during the Miocene epoch of

Tertiary time. It moreover involves the laws which regulate the vital

success of all types of life, and which express the causes of multiplication,

of energy, of weakness, and of sterility.

Two lines of the family, the Oreodontince and the Agrioclmrince, come to

light simultaneously in geological time, the White River epoch, or the

Oligocene. The latter is a higher type than the former in its more com-
plex fourth premolars, while it is inferior in the non-closure of the orbits

posteriorly. It may then be regarded as a parallel line. It has but two
generic types, while the Oreodontinse present us with seven. So far as yet

known, the Agriochcerinse did not continue as long as the Oreodontinfe,

as will be shown in tabular form below.

In the progressive modifications of the Oreodontinse series, the first step

was the inflation of the otic bulla (genus Eucrotaphus). This was suc-

ceeded by the coossification of the premaxillary bones (genus Mery-

cochcerus). These changes were accompanied by a regular increase in

dimensions. The species of Merycochoerus are all of the largest size, and
there are no small ones. The smallest species of Eucrotaphus are equal to

the largest ones of Oreodon. The fourth genus Merychyus, while it loses

none of the points already gained, shows a deficiency in its facial walls

where vacuities appear. There is the greatest range of size here : with one

species (M. major), as large as any of the Merycochceri, we have another

as large as the usual Eucrotaphi (M. sygomaticus), and several one degree

smaller, or as large as the largest Oreodons. In the next genus the facial

vacuities have attained to an enormous size. The premolar teeth become
smaller, and the weakness of the narrow symphysis of the lower jaw is

made up for by its coossification. The size is reduced from equal to the

smallest Merychyi, to that of the smallest Oreodons (genus Leptau-

chenia). In the next stage (genus Cyclopidius) the superior incisors dis-

appear. Finally, the lower jaw is so reduced in front that it loses both

incisors and premolars, in spite of its symphyseal coossification (genus

Pithecistes).

The species may be thus arranged in accordance with their distribution

in time.

White River Epoch. Oreodon gracilis ; 0. affinis ; O. culbertsoni. Eu-

crotaphus jacksoni ; E. major. Agriochoerus antiquus ; A. major ; A.

latifrons.

John Day Epoch. Eucrotaphus jacksoni ; E. major. Merycochoerus

superbus ; M. leidyi ; M. chelydra, sp. nov. ; M. macrostegus, sp. nov
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Agriochcerus guyotianus ; A. trifrons, sp. nov. ; A. ryderanus. Coloreodon

macrocephalus.

North Fork of John Day River Epoch. Eucrotaplius trigonocephaly,

sp. nov. ; E major. Coloreodon ferox ; C. macrocephalus.

Ticholeptus Beds. Merycochcerus montanus, sp. nov. ; M. rusticus ; M>
proprius. Merychyus arenarum, sp. nov. ; M. pariogonus, sp. nov. ; M.
zygomaticus. Cyclopidius simus ; C. emydinus, sp. nov. Leptauchenia

major ; L. decora ; L. nitida. Pithecistes brevifacies ; P. heterodon ; P.

decedens, sp. nov.

Loup Fork Beds. 1 Merychyus elegans ; M. medius ; ? M. major.*

The stratigraphic relations of these species may be represented under

their generic heads in the following table :

Oreodontince.

Oreodon Leidy
Eucrotaphus Leidy.
Merycochoerus Leidy
Merychyus Leidy. .

.

Leptauchenia Leidy
Cyclopidius Cope. .

.

Pithecistes Cope. . .

.

Agriochozrince.

Agriochcerus Leidy.
Coloreodon Cope . .

.

3

3

7

6

3

35

u
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Ow £Ae Structure of the Skull in the Elasmobranch genus Didymodus.

By E. D. Cope.

{Read before the American Philosophical Society, March 7, I884.)

The genus Diplodus was described by Agassiz from specimens of teeth

from the European Coal Measures. In America, Newberry and Worthenf
have described four species from the Carboniferous of Illinois and Ohio

;

and I have reported two species from the Permian beds of Illinois and
Texas. Recently Mr. Samuel Garman has described a shark, said to have

been taken in the Japanese seas, under the name of ClilamydoselacJius

* The questions refer to the geological age.

t Geology of Illinois, vol. ii.





Proc.Ain.Philos. Soc.N°116.- 1884
<*\

T. Sinclair & Son, LitK . Phils..

~^|
SKULL OF DIDYMODUS



1884.] 5 i 6 [Cope.

anguineus, whose teeth, as represented, do not differ generically from those

of Diplodus. This is an interesting discovery, indicating that this genus,

and not Ceratodus, is the oldest type of vertebrate now known in the liv-

ing state.

My collections from the Permian beds of Texas include not only

numerous teeth, but jaws and crania. Among these I recognize two types

of teeth, which I cannot distinguish from those of the D. compressus

Newb., and D. gibbosus Agass. "Whether these species belong to the same

genus, is a question which I will discuss at the close of this article. I pro-

visionally refer the D. compressus to a distinct genus, Didymodus, and

will so call it in this article.

The determination of the characters of this genus is a point of much
interest The teeth resemble those of the existing sharks more than do

those of any other genus of the Palaeozoic ages, but the antecedent im-

probability of the modern type having existed at such an early period of

the earth's history, is shown to be well founded by the present investiga-

tion, which also throws much light on the question of the general phylo-

geny of the fishes.

I. Description.

Twelve more or less complete crania of species of Didymodus are in my
collection, and one set of jaws with small teeth and part of the cranium

attached. One of the crania, unfortunately much broken, exhibits also

some large teeth. All were found by the late Jacob Boll in the Permian

beds of Texas.

The skull of this species forms a continuum, which, however, displays

distinct segments. First, however, as to the tissue of which it is composed.

Both on the surface and in transverse fractures, it is more or less finely

granular, the granules distinctly visible to the naked eye. These granules

are composed of gypsum, as is also the matrix of a darker color in which

they lie imbedded. Two hypotheses may be entertained regarding this

structure. First, These granules may be regarded as the casts of coarse

cartilage cells, and the matrix be in the place of the intercellular cartilage,

replaced like the woody tissue in petrified wood. Second, The granules

may be looked upon as replacements of osseous granules, such as cover

the chondrocranium of most Elasmobranch fishes, while the matrix may
be a replacement of the cartilage. The latter hypothesis is the more
probable of the two, for two reasons : First, There is little probability of

an unsupported chondrocranium retaining its form sufficiently long to per-

mit the filling of its cells with a mineral deposit. Second, The granular

type of ossification is well known in existing Elasmobranchs. It is only

necessary to believe that the chondrocranium is penetrated by this kind

of ossification. This state of things exists in the jaws also, which I de-

scribe later. This structure has already been observed by Kner in the

genus Pleuracanthus.

The osseous cranium is abbreviated anteriorly, and elongated posteriorly,
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The orbit occupies part of the anterior third of the length. It is bounded,

in front by an obtuse preorbital process, and posteriorly by a laterally

expanded and decurved postorbital process. The latter bears an articular

facet on its posterior and inferior face. The top of the muzzle is exca-

vated by a fontanelle which does not extend posterior to a line connecting

the preorbital processes.

There is a prominent cup-shaped occipital condyle. On each side of

the cranium a short distance anterior to it, is a prominent process extend-

ing outwards and a little backwards, which is excavated on its inferior

side, but whose posterior side is decurved, so that the inferior concavity

looks partially forwards. Into this cavity, and abutting against the

decurved posterior edge, is a lateral process of the basal axial bone of the

skull, which I take to be homologous with the lateral alee which occupy

the same position in the sharks. Anterior to this junction no doubt the

hyomandibular bone was suspended, for I suspect that it was articulated to

a small condyle which is wedged into the fissure between the inferior and

superior elements described, a centimeter anterior to their posterior

extremities. This condyle is a distinct element of a subglobular form.

The interorbital plane is continued posteriorly, bounded on each side by
a depression which probably corresponds to the temporal fossa of higher

vertebrates. The edges of this plane are thus well within the lateral

borders of the cranium. The plane rises a little posteriorly, and is split

into two narrow wedge-shaped processes, which project freely upwards

and backwards. The rather short remaining part of the roof of the skull

has a keel or sagittal crest on the middle line, which descends gradually

to the foramen magnum.
The base of the skull forms a continuum from the edge of the large occi-

pital cotylus to the acuminate anterior extremity. The lateral basal alse

are subcylindric, and are separated from the basicranial axis by a fissure

for a short distance, and then unite with it. Two or three foramina ante-

rior to this reunion, are in line with the defining fissure just mentioned.

The basis cranii sends out a process on each side below the postorbital

processes, giving a cross-shape to this part of the base of the skull. An-
terior to this point it is free from other elements and contracts to an

acuminate apex.

The cranium is segmented, but a clean specimen is necessary to per-

mit the straight sutures to be seen. In the first place, there is a distinct

occipital bone, which includes exoccipital and basioccipital elements com-

bined. The latter includes the large occipital cotylus, as in the Rhachi-

tomoiis batrachian Trimerorhachis, and differs from the structure seen in

the Lepidosirenidse, where exoccipital elements only are present. The
occipital extends but a short distance on the inferior face of the axis. It

is preceded directly, and without imbrication, by a continuous axial ele-

ment. If we recognize in the granular character of the tissue evidence

of true ossification of the chondrocranium, we have here true continuous

sphenoid and presphenoid bones.
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Returning to the superior face of the cranium, we observe that the

exoccipital elements form a wedge-shaped body, divided on the middle

line by suture, with the apex forwards. Traces of this division are figured

by Gegenbaur as present in Heptanchus.* Anterior to this the middle

of the cranial roof is apparently occupied by another triangular bone with

the base posterior and the apex anterior, and concealed beneath the free

extremity of the element in front of it. The lateral sutures only are dis-

tinguishable, appearing as grooves (fig. 2). This is the parietal bone. Ex-

ternal to this and the occipital, and filling the space behind as well as an-

terior to the postero-lateral angle of the parietal, is the element which is

produced outwards and backwards as already described. "Were I describ-

ing a true fish, this bone might be intercalare (epiotic) or pterotic. Perhaps

it is both combined, or it may be the cartilage bone called by Giinther,

in Ceratodus, the "tympanic lamina." f The element anterior to the

parietal is the cartilaginous representative of the frontal, and the fact

that it terminates posteriorly in two free processes is significant of the

true homology of the bones which terminate in like manner in the crania

of the Lepidosirenidae4 In this family and in the Ceratodontidse these

bones are more or less separated on the middle line by the median pos-

terior element. In Ceratodus the separation is wide ; in Lepidosiren the

interval is uninterrupted, but narrow in front. In Protopterus these

elements are in contact on the middle line, but diverge posteriorly.

Bischoff, Stanniusg and Giinther identify these elements with thefrontals

in the genera they have described. Huxley | calls them supraorbitals, so

that it becomes necessary to name the median posterior element a fronto-

parietal, as a combination of two bones usually found distinct in fishes.

The furcate structure of the frontal cartilage in Didymodus goes to show

that the identification by Bischoff and Giinther is the correct one. There

are also in this genus distinct paired membrane bones which do not take

part in the bifurcation in question, and which appear to represent the

frontals of Ceratodus. Each of these is a flat, subcrescentic supraorbital

plate, which has a concave superciliary border. It is separated by a con-

siderable interval from its fellow of the opposite side. Its anterior

extremity is notched by a fossa which I suppose to represent the ante-

terior (posterior in position) nostril. The ? frontal of the right side is dis-

placed, and appears as a lamina lying on the frontal cartilage, showing

that it is a membrane bone. From its relation to the nostril the question

arises, whether it be not the homologue of the nasal.

For hyomandibular bone, palatopterygoid arch, and mandibular arch,

we have to rely principally on one specimen. On one of the skulls, two

* Ueber den Bau des Schedels der Selachier, 1872, PI. I.

t Philosophical Transactions of the Royal Society, 1871, p. 511, indicated on
the plates by the letter d.

% Lepidosiren paradoxa by Bischoff, Prof, in Heidelberg ; Leipsic, 1840.

§ Handbuch der Anatomie der Wirbeltbiere; Rostock; Erstes Buch, die

Fische. 1854, p. 49.

| Anatomy of Vertebrated Animals, 1871, p. 145.
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curved rib -like bones lie parallel and divergent posteriorly on the right

side of the frontal, in the temporal fossa. I cannot identify them. They
are not present on the opposite side. As already described, there is a

facet on the infero-posterior face of the postfrontal process. 'This in-

dicates the point of articulation of the palatopterygoid arch, as it exists

in the group Opistharthri of the sharks as defined by Gill, and as is clear-

ly proven by the specimen now to be described.

This includes the entire palatopterygoid and mandibular arches of one

side, and the greater part of that of the opposite side, together with a

considerable part of the right hyomandibular bone and probable ex-

tremity of the ceratohyal. The anterior parts of both jaws support

numerous small teeth, which closely resemble those described by Agassiz

as belonging to his D. gibbosus. They differ from those of the D. compres-

sus in their smaller size. The palatine bones do not project much beyond

the mandible, which, taken in connection with the form of the muzzle

above described, renders it probable that the mouth was nearly terminal.

In the palatopterygoid arch there is no noticeable separation or suture

between the palatine and pterygoid elements. The inferior border of the

palatine is swollen below the orbit ; its superior plate rises into a strong

suborbital ala, which is concave externally, with thin superior edge. This

edge rises posteriorly, giving the outline an elevated convexity, whose
greatest upward prominence is above a point a little posterior to the

middle of the jaw, and which probably articulated with the postorbital

process of the cranium. Its surface gives indication of an articular sur-

face appropriate to the corresponding one of the cranium. The superior

border then descends rapidly to a vertical posterior border, which forms

a somewhat prominent rim. This descends to the mandible, forming a

regular ginglymus, the mandible bearing the cotylus. The mandible is

rather robust ; its inferior edge is rather thin, and becomes incurved

anteriorly. Its superior border is regular, except that it rises a little at

the coronoid region, and is impressed, corresponding with a concavity of

the surface, and arch of the border of the pterygoid region, just anterior

to the posterior prominent ridge which forms its posterior edge.

The hyomandibular bone is only exposed for its inferior half. It issues

from behind the palatopterygoid as a narrow shaft with obliquely truncate

extremity.

It is thus evident that the arrangement of the jaws is as in the two ex-

ceptional existing genera, Hexanchus and Heptanchus.

The external nostril already referred to, is a distinct, rather small fossa,

on the lateral part of the superior face of the muzzle, near the extremity

of the osseous portion. It is visible on both sides of the best-preserved

specimen. It is continued forwards as a shallow groove. At the apex of

the muzzle, is a fossa looking downwards, where roofed on each side by
the ? nasal bones, which may represent the posterior nasal cavity. Or the

latter may probably be represented by a lateral fossa just in front of the pre-

orbital process. In either case it is evident that the nares are separated,
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and that the posterior one cannot be said to be within the oral cavity, as

is the case in the known families of the Dipnoi. It is probable that there

is a frontoparietal foramen at the posterior bifurcation of the frontal bones,

corresponding to the conarium or pineal body of the brain. In a cranium

broken across just anterior to the bifurcation, a canal passing forwards

and downwards is exposed. There is a foramen, or possibly only a deep

fossa on each side of the middle line on the occipito-sphenoid suture. The
foramen magnum is rather small and opens upwards. Its border displays

no articular surfaces. At the middle of a line connecting the posterior

borders of the postorbital processes is a small shallow fossa, or probably

foramen, from this there extends on each side backwards and outwards, a

shallow groove apparently for a vessel, which terminates at the anterior

one of three foramina already mentioned as in line with the fissure which

distinguishes the lateral ala of the basicranial axis posteriorly. A similar

groove connects the first and second of these foramina, and in one speci-

men the groove from the median foramen joins this connecting groove.

In front of the median foramen is a rather larger one on the median line,

situated at tbe fundus of a short longitudinal groove. It is placed just

posterior to a line connecting the preorbital processes. The grooves easily

become obsolete by weathering.

II. Affinities.

In determining the systematic position of this animal, it will be con-

venient to take a survey of the characters of the primary divisions of the

fishes. In 1840 Bischoff published the first account of the osteology of

Lepidosiren. In this description he called the frontal bones malars with

a question, and the parietals frontoparietals. He described the skull as

having an os quadratum. In 1854, Stannius in the Handbuch der Zoo

tomie* correctly determined the frontals and parietals, and stated further

that the "lower jaw and hyoid bone articulate directly with continuous

processes of the chondrocranium." This appears to be the first correct

description of the cranial structure of the Dipnoi. In 1864, f Huxley re-

stated the view of Stannius as to the nature of the mandibular articula-

tion ; adopted the opinion of Bischoff that the frontal is a frontoparietal,

and took a new position in calling the frontals supraorbitals. He also

restates in general, the description of the skull of the Holocephali already

given by Stannius.

The system of Johannes Mtiller, adopted by Stannius, was a great im-

provement over preceding ones. It embraced, however, the error of in-

cluding the Holocephali in the same sub-class (Elasmobranchi) with the

sharks. This was adopted by Gill in 18614 by Huxley in 1864 § and in

1871.
||

All of these authors adopt at these dates the sub-class Ganoidea.

*Erstes Buch, die Fische, p. 49.

t Elements of Comparative Anatomy, p. 210.

J Catalogue of the Fishes of the East Coast of North America, p. 24.

§ Elements of Comparative Anatomy.
J The Anatomy of Vertebrated Animals, p. 120.
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In 1871* the writer gave the following as the primary divisions of the sub-

class Pisces : Holocephali, Selachi, Dipnoi, Crossopterygia, Actinopteri.

The Holocephali was raised to an equivalency with the other sub-classes

on account of the absence of distinct hyomandibular bone. The Dipnoi

were defined by the median pelvic element, by the distichous arrangement

of the segments of the pectoral and ventral fins, when present, on a me-

dian axis, and by the supposed presence of a distinct hyomandibular bone.

The latter definition must be abandoned, for though an ossification exists,

it has been shown by Stannius, Huxley and Gtinther, to be merely a de-

posit in the continuous chondrocranium. The sub-class Crossopterygia

was substituted for the sub-class Ganoidea of Agassiz and Miiller, as the

latter was believed to have no actual existence as a division of fishes. After

comparing the osteology of Polypterus, Lepidosteus and Amia, I remark

(p. 320) " It is thus evident that the sub-class Ganoidea cannot be main-

tained. It cannot be even regarded as an order, since I will show that

Lepidosteus, Accipenser, and Amia, are all representatives of distinct orders.

I hope, also, to make it evident that Polypterus should be elevated to the

rank of a sub-class or division of equal rank with the rest of the fishes and
with the Dipnoi, already adopted." The sub-class Ganoidea has not yet

fallen into disuse, but there are strong symptoms that it will do so.f

Among others I select the following extract from Huxley's paper on the

ovaries of the smelt, published in 18834
"As is well known, Lepidosteus presents an example of a Ganoid with

oviducts like those of the higher Teleostei ; in Osmerus, on the other

hand, we have a Teleostean with oviducts like those of the ordinary

Ganoidei. It is tolerably obvious, therefore, that the characters of the

female reproductive organs can lend no support to any attempt to draw

a sharp line of demarkation between the Ganoids and the Teleos-

teans.

"Boas has recently conclusively shown that the same is true of the sup-

posed distinctive character afforded by the conus arteriosus ; and it has

long been admitted that the spiral valve which has been described in the

intestine of Chirocentrus is the homologue of that which exists in all the

Ganoids, though greatly reduced in Lepidosteus. Indeed I am inclined to

believe that the circular valve which separates the colon from the rectum

in the smelt is merely a last remainder of the spiral valve. Thus, among
the supposed absolute distinctions between the Ganoids and the Teleostei,

only the peculiarities of the brain, and especially the so-called chiasma of

the optic nerves, remain for consideration. My 'lamented friend Mr.

Balfour, in the last of his many valuable labors, proved conclusively that

the brain of Lepidosteus is, both in structure and development, a Teleostean

* Proceedings Amer. Assoc. A.dv. Science, p. 326. Transac. Amer. Philosoph.

Soc, p. 449.

t The term ganoid can be used as an adjective to describe the scales already

known by that name, and thus be preserved.

% Proceedings Zoological Society of London, 1883, pp. 137, 138, 139.
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brain. But it is singular that no one, so- far as I know, has insisted upon
the fact, not only that the Teleostean brain is essentially similar to that of

the Ganoids, but that it is exactly in those respects in which the Ganoids

and Teleostei agree in cerebral structure that they differ most markedly

from the Plagiostomi and Chimeeroidei. ^~-

"With respect to the chiasma of the optic nerves, the exact nature of

that structure has not yet been properly elucidated either in the Selachians

or in the Ganoids. But, whatever may come of such an investigation,

the establishment of the existence of a true chiasma in the Ganoids, and
of its absence in Teleosteans, can have but little bearing on the question

of their affinities, since Wiedersheim has shown that a simple decussation

of the fibres of the optic nerves, as in ordinary Teleosteans, takes place in

many lizards."

In 1877* I proposed the following primary divisions of the fishes, and
have seen no reason to alter my views as to their value as a correct ex-

pression of the affinities and diversities of this class of Vertebrata. The
system differs only from that of 1871 in the consolidation of the Crossop-

terygia and Actinopteri into a single sub-class, the Hyopomata ; and in a

few corrections of the definitions given. They are as follows :

I. Suspensorium continuous with the cartilaginous cranium, with no

hyomandibular. No rudimental opercular bone ; no maxillary arch
;

pelvic bones present ; axial series of fore limb shortened, the deriva-

tive radii sessile on the basal pieces ; axial series of hinder limb pro-

longed in male HolocepTiali.

II. Suspensorium articulated with the cranium ; no maxillary arch ; no

opercular nor pelvic bones ; bones of limbs as in the last

ElasmobrancJii.

III. Suspensorium rudimental, continuous with cranium, supporting one

or more opercular bones ; cranium with superior membrane bones
;

no maxillary arch ; a median pelvic element ; the limbs supported by
segmented unmodified axes Dipnoi.

IV. Hyomandibular and palatoquadrate bones articulated with cranium,

supporting opercular bones ; a maxillary arch ; no pelvic element

;

axes of the limbs shortened, the derivative radii sessile on the basal

pieces Hyopomata.

In the definition of the Dipnoi, it is necessary to make the correction in

accordance with the best observations on fresh specimens, above referred

to, as I have not been able to determine the question from dried speci-

mens in the Hyrtl collection. The suspensorium cannot be properly said

to be articulated to the cranium in the sense in which it is said to be such

in the Elasmobranchi. In the latter it is articulated by ginglymus ; in

•"Proceedings of the American Philosophical Society, 1S77, p. 25; and in the
Annual Reports of the Commissioners of Fisheries of Pennsylvania for 1879-80,

p. 67 and 1881-2, p. 111.
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the Dipnoi merely by suture or contact, with other cartilage bones. Its

character is therefore more nearly that of the Holocephali than of the

Elasmobranchi or the Hyopomata.
In the light of the above considerations, to which sub-class must be re-

ferred the genus Didymodus ? Does it possess a freely articulating hyo-

mandibular bone, and maxillary, palatoquadrate and mandibular arches ?

The question must be primarily determined by these considerations, since

the fins and their supports are unknown to us.

The lateral posterior processes of the skull are in its superior plane,

and their extremities do not present an articular facet for the lower jaw.

It is improbable that they were continued downwards as cartilage for the

former articulation, as in the Holocephali and Dipnoi. Both from the

presence of an articular condyle, and from the mechanical necessities of

the case, I have little doubt but that there was a freely articulating hyo-

mandibular bone. I have already described this element in fact as visible

in a single specimen. The choice is thus limited to the Elasmobranchi

and Hyopomata. It is decided in favor of the former by the absence of

maxillary arch and of opercular apparatus. So then Didymodus is a

shark, in spite of its peculiarities. Kner* speaks of the presence in the

nearly allied Pleuracanthus (= Diplodus), of premaxillary and maxillary

bones ; but this is no doubt a misinterpretation of the homologies, as he says

they articulate with the lower jaw. In my jaws there is but one bone on

each side, a palatopterygoid.

In his researches on the structure of the skulls of sharks, Gegenbaurf

shows the different methods of articulation of the palatopterygoid arch in

the sub-class Elasmobranchi. In Heterodontus the palatopterygoid arch is

attached to the skull throughout by its superior border, anterior to the

orbit, but is free posterior to the orbit. In Hexanchus and Heptanchus

it is free anteriorly, but articulates by its elevated posterior portion with

the postorbital process. In the remainder of known recent Elasmobranchs

it is free throughout, and merely in contact in front. These relations are

also described by Huxley. % Professor Gill utilizes them as definitions of

three (of four) primary divisions of the sub-class Elasmobranchi, § which

he names the Opistharthri, (fam. Hexanchidse) ; Proarthri (Heterodon-

tidse) ; Anarthi (sharks proper) ; and Rhinse (Squatinas). According to

these definitions, Didymodus must be referred to the Opistharthri. The

skull, however, presents other characters which must claim attention. Its

* Sitzungsberichte Wiener Akademie, LV, p. 540.

fUntersuchungen zur Anatomie der Wirbelthiere, Leipzic, 1872.

J On the Anatomy of Ceratodus. Proceedings Zool. Society of London, 1876,

p. 43-4, with figures.

\ Bulletin of the U. S. National Museum, No. 16, 1883, p. 967. Gills fourth group,

Rhinas, does not appear to me to possess the value of the other three, nor are

the "Raise" and "Pristes " more distinct. I therefore propose that the order

Selachii, as defined in* the following pages (of the sub-class Elasmobranchi),

be divided into three sub-orders: Opistharthri, Proarthri and Anarthri, the lat-

ter to include the true sharks, the Squatinse, the sawfishes and the rays.
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reference to the Elasmobranchi is confirmed by the following characters :

(1 ; The nares are not oral. (2) There is a large fontanelle on the summit
of the muzzle. (3) There are processes corresponding to the lateral alse

of the basicranial axis.

In another character Didymodus differs from this and all other sub-classes

of the Pisces. This is the penetration of the granular ossification through-

out the chondrocranium.

In the following characters it agrees with the Dipnoi : (1) The distinct

exoccipital, parietal, and frontal elements. (2) The occipital cotylus.

(3) The posterior bifurcation of the frontal cartilage.

In the following characters Didymodus resembles the Hyopomatous or

true fishes : (1) In the basioccipital bone with condyle. (2) In the ?os

intercalare or pteroticum. (3) The presence of a distinct element articu-

lating with the proximal end of the hyomandibular. (4) The presence of

membrane bones in the position of frontals.

The characters above cited as constituting resemblances to the true

fishes, will not, it appears to me, permit the reference of this genus to any
of the divisions of sharks established by Prof. Gill. I therefore proposed

a new order of the Elasmobranchi* for its reception, with the following

name and definition.

A basioccipital bone and condyle. Occipital, ? pterotic, and frontal bones

distinct. Supraorbital (or nasal) bones present Ichthyotomi.

The remaining Elasmobranchi, in which the above characters are want-
ing, may be termed by way of contrast, utilizing an old name, Selachii.

"Were it not for the probable presence of the free hyomandibular bone,

the order Ichthyotomi might be regarded, in the absence of knowledge of

its limbs, as the possible ancestor of the Rhachitomous Batrachia. But as

the Batrachia have no distinct suspensorium, or are, to use Miiller's con-

venient term, monimostylic, their origin must still be sought for in some yet

undiscovered type of Dipnoi. It is on the other hand very probable that

the Ichthyotomi are the group from which the Hyopomata derived their

origin. The distinct basioccipital with its two foramina, the superior

origin of the hyomandibular, and the superior nostrils, all point towards

the true fishes. The tribe of Hyopomata which must be their most im-

mediate descendents, are the Crossopterygia, as I define that division.

I must now compare the Ichthyotomi with such groups of the Hyopo-
mata as they may be supposed to approach most closely. I begin by refer-

ring to the marine eels of the order Colocephali. In 1871f I characterized

this order as follows: "Parietals largely in contact; opercular bones

rudimental ; the preoperculum generally wanting. Pterygoids rudimental

or wanting ; ethmoid very wide. Symplectic, maxillary, basal branchi-

hyals, superior and inferior pharyngeal bones, all wanting, except the

fourth pharyngeal. This is jaw-like, and is supported by a strong supe-

rior branchihyal ; other superior branchihyals wanting or cartilaginous."

* American Naturalist, 1884, 413.

t Proceedings American Ass. Adv. Science, xx, pp. 328-334.
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The statement "maxillary wanting," is in contradiction to the definition

of the sub-class Hyopomata, which asserts the presence of those bones.

Stannius* has asserted the absence of the "oberkiefer" in the eel;

Giintherf describes their presence. As the absence of the maxillary bone

would constitute a point of resemblance, if not affinity to the Elasmo-

branchi, I have reexamined my material to determine the homologies of

the lateral dentigerous bone of the upper jaw of the eels. My specimens

of species of the Colocephali include the following from theHyrtl collec-

tion : Myrus vulgaris ; Sphagebranchus rostratus ; Moringua rcetaborua ;

Murcena sp.; Murmna unicolor ; Murmna sp.; Poecilophis polyzonus,

and Gymiiomurazna tigrina. The pterygoid bone exists in a rudimeDtal

condition in the Gymnomurama tigrina, Myrus vulgaris, and one of the

species of Muraena ; and whether lost in the preparation of the other crania

or not, cannot be stated. In the Anguilla vulgaris the pterygoid bone is con-

siderably larger, and extends to a point halfway between its base and the

extremity of the muzzle. In the Conger vulgaris it extends still further

forwards, reaching a transverse process of the anterior part of the vomer.

No palatine bone appears. The premaxillary bone is not distinguished

from the ethmoid in the Colocephali, nor in the Enchelycephali (Anguil-

lidse, etc.). It is quite possible, therefore, that the external dentigerous

bone or upper jaw, in both of these orders, may be the palatine, and the

maxillary be wanting. The family of the Mormyridae appears to furnish

the solution. In this group the structure and connections of the pterygoid

bone are much as in Conger, and there are in addition distinct premaxillary

and maxillary bones. It is clear that in this family it is the palatine, and

not the maxillary bone, that is wanting. Similar evidence is furnished

by the family Monopteridse. The definition of all four of the orders,

Colocephali, Enchelycephali, Ichthyocephali and Scyphophori must,

therefore, embrace this character. The Gymnarchidse agrees with the

Mormyridae in this respect, and both families have the transverse process

of the vomer which receives the pterygoid, as in the genus Conger.:]: The
supposed resemblance to the sharks presented by the Colocephali is then

not real, and the question as to the point of affinity of the Ichthyotomi to

the true fishes remains open as before.

I now refer to the remarkable characters presented by the deep sea fishes

of the family Eurypharyngidse, as recently published by Messrs. Gill and

Kyder.§ These authors find the characters of the skeleton so remarkable,

that they think it necessary to establish a new order for its reception,

which they call the Lyomeri. The definition which they give is the fol-

lowing : "Fishes with five branchial arches (none modified as branchi-

ostegal or pharyngeal) far behind the skull ; an imperfectly ossified skull

articulating with the first vertebra by a basioccipital condyle alone ; only

* Handbuch der Zootomie, Fische 1854, p. 76.

f Catalogue Fishes,'British Museum, vol. viii, p. 19.

% These transverse processes are enormously developed in Gymnarchus.
§ Proceedings TJ. S. National Museum, Nov. 1883, p. 262.
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two cephalic arches, both freely movable
; (1) an anterior dentigerous one

—

the palatine, and (2) the suspensorial, consisting of the hyomandibular

and quadrate bones ; without maxillary bones or distinct posterior bony
elements to the mandible ; with an imperfect scapular arch remote from

the skull ; and with separately ossified but imperfect vertebrae.

"

M. Vaillant came to no conclusion as to the affinities of this group ; and
Messrs. Gill and Ryder remark, "We are unable to appreciate any affinity

of Gastrostomus to any Anacanthines, Physostomes, or typical Apods,

nor does it seem to be at all related to Malacosteus, which has been

universally considered to be a little modified Stomiatid." It is, how-
ever, clear to me that the relationships of this family Eurypharyngidse

are to the order Colocephali, and that they represent the extreme de-

gree of the modification of structure which that order exhibits. In

other words, the modification of the ordinary piscine type which is

iound in the Anguillidae (order Enchelycephali), is carried to a higher

degree in the Colocephali, and reaches its extreme in the Eury-

pharyngidse. The points of identity between the two groups last-named

are so many, that it becomes desirable to ascertain whether they are

susceptible of ordinal separation from each other. The characters

above given to the order Lyomeri are in fact identical with those which
define the order Colocephali, with a few possible exceptions. Eirst, how-
ever, I note that the supposed palatine arch, is probably the maxillary,

as in the Colocephali, and that it is the palatopterygoid arch which is

absent. The five branchial arches exist in the Colocephali, but the three

anterior are rudimental, and the basal branchihyal bones of the fourth

and fifth are closely united. There are, however, five arches. There is a

ceratohyal arch in Mursena and Gymnomursena, but of very slender pro-

portions. Whether this element is absolutely wanting in Gastrostomus,

or whether the first branchial arch is its homologue, remains to be ascer-

tained. Should the last two be coherent as in the Colocephali, we would

then have the same number of hyoid arches in both, viz., six. The "im-

perfectly ossified cranium " is shown in the detailed description given by
Messrs. Gill and Ryder, to support the same bones which are found in the

Mureenoid skull. The degree of ossification of the skeleton does not con-

stitute a basis for ordinal distinction, if the same elements be present.

For this reason the perforation of the vertebral centra by the remnant of

the chordadorsalis does not seem to be of ordinal importance.

In the more detailed description, there are a few charecters worthy of

notice. First, "The notochord is persistent in the skull for half the

length of the basioccipital." This indicates further the primitive condi-

tion of the vertebral column, but scarcely gives basis for an ordinal defi-

nition. Second (p. 266.), "The neurapophyses are slender, diverging

(instead of convergent), cartilaginous distally, and embracing the neural

sheaths on the sides, while by the neurapophyses is supported a membra-

nous sheath which roofs over the nervous cord," etc. The nerual canal

is well closed above in the Muramidse, but in the Anguillidae it is largely
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open above. The neurapophyses it is true unite, but at a distance above

the neural cord, and as attenuated rods. Third, "There is no vomer de-

veloped, but a triangular cartilaginous element pendent from the cranial

rostrum affords attachment for the palatine (read maxillary) element

anteriorly," etc. This element probably exists in the Colocephali and

similarly takes the place of the vomer, only differing in being ossified.

I have been accustomed to regard it as the homologue of the bone called

ethmoid in fishes.

The character which distinguishes the Colocephali from the Enchely-

cephali, now that their maxillary and palatine structure are shown to be

essentially the same, is found in the hyoicl apparatus. In the Enchely-

cephali, the structure is as in ordinary fishes ; there is a glossohyal, and

there are basihyals, and axial branchihyals, and superior pharyngeals. In

the Colocephali all these elements are wanting, excepting the fourth supe-

rior pharyngeal, which has the form of an antero posteriorly placed den-

tigerous jaw, which opposes the lateral branchihyal of the fifth arch or,

as it is generally called, the inferior pharyngeal. It is evident that the

Eurypharyngidse are more similar to the Colocephali than to any other

order in this respect also, but the description of these parts is not yet suffi-

ciently detailed to enable me to determine what difference there may be

in this respect, if any. The mobility of the quadrate bone on the hyo-

mandibular cannot be regarded as of great systematic significance, although

it is doubtless important in the economy of the fish.

It is then evident that the EurypharyngidiE belong very near to, if not

within, the order Colocephali. Towards the end of their description,

Messrs. Gill and Ryder (p. 270), recognize this relationship, but deny that

it indicates that this family is "from the same primitive stock as the

Mursenids." I incline to the belief that it is the ultimate result of the

line of development of which the Anguillklae form one of the first terms,

and the Muraenidse a later and more specialized one.

It is therefore clear that the point of relationship of the Ichthyotomi to

the true fishes is not to be found in the Eurypbaryngidae or the Colo-

cephali.

In the following point Didymodus resembles Polypterus. The fossa

above described as on each side of the basioccipital, is found in Polypterus.

There it serves as a place ol insertion of a strong ligament on each side,

which is attached externally to the epiclavicle, and serves to hold the

scapular arch in its place. A similar structure exists in the Siluirdae,

where the ligaments are ossified. It suggests for Didymodus a scapular

arch suspended more anteriorly than in sharks, possibly even to the skull.

The genealogy of the fishes will then be as follows, first, however, it

is to be understood that in asserting the derivations of one group from

another, I mean that in accordance with the rule which I have termed

"the doctrine of the unspecialized," the later type in each case is the

descendant of the primitive and not the later sub-form of its predecessor.

In this way is to be explained the apparent anomaly of regarding the
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notochordal sturgeons as descendants of Crossopterygia, whose modern
representatives are osseous. The primitive Crossopterygia, and probably

even the Actinopteri, were doubtless as cartilaginous as are the existing

sturgeons

:

r Actinopteri.

Ilyopomata= 1 Chondrostei. Batrachia.

( Crossopterygia. /
IchthyotomL Dipnoi.

Selachii. /
-~-\JrIolocephali./

Elasmobranchi s=.

In this phylogeny, the Holocephali, which have not differentiated a

suspensorium, are regarded as the primitive fishes; although the living

representatives display eome specialized character?, as, for instance, a

membranous gill-cover which conceals the primitive slits. The line to

the right continues the monimostylic character and passes into the reptiles,

whose primitive types are also monimostylic, as Johannes Miiller called

them. In the later forms or streptostylicate reptiles of Miiller (Lacertilia,

Ophidia), the quadrate becomes freely articulated.*

In the left hand series, the Elasmobranchs immediately present us with

the free suspensorium or hyomandilmlar, which is a well-known character

of the remainder of the line, the modifications being the addition of sepa-

rate elements, as the metapterygoid, "quadrate," and symplectic.

The penetration of ossification into the chondrocranium of Didymodus,

in regions not ossified in either fishes or batrachia (sphenoid and pre-

sphenoid), and into regions not ossified in any vertebrate (frontal and

parietal cartilages), may be, so to speak, only a local phenomenon, and

not indicative of extensive phylogenetic consequences. For if it be so

regarded,, it evidently proves too much, giving affinities in the base of the

skull to the reptiles, and in the roof exhibiting a character more highly

developed than any known form of vertebrata.

The Ichthyotomi include, so far as yet known, but one family, the Hybo-
dontidse of Agassiz. According to that author this family includes four

genera, Hybodus, Pleuracanthus, Cladodus and Sphenonclius. It ranges

from the coal-measures to the Jura inclusive.

The genus Didymodus may be described as follows :

Frontal plane well defined on each side by the temporal fossae, and ter-

minating in two cornua posteriorly. Anterior nares on the superior sur-

face of the muzzle. Supraorbital (or nasal) bones well separated on the

median line and constituting the only membrane ossification Teeth with

large lateral denticles.

The species Didymodus compressus N'ewberry, may be defined as follows :

Skull with massive walls. Form elongate, depressed, the orbit not ex-

* The phytogeny of the Reptilian series can be found in the Proceedings
American Association Advancement of Science, xix, 1871, p. 233. The Batrachia
are supposed to be their ancestors.
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tending behind the anterior third of the length. Basicranial and basifacial

axes in one line, flattened, the supraorbital border flat, concave on the

edge ;
postorbital processes obtuse, the temporal ridges commencing with

thin posterior border, which they excavate. The ridges then turn, ex-

tend parallel posteriorly, terminating in the horn-like processes already

described, with a slight divergence. The apices mark the posterior third

of the length of the skull. The occipital condyle is wider than deep, and

its superior border retreats forwards so as to cause its cup to look upwards.

The exoccipital diameter at the foramen magnum is less than that of the

basicranial axis, the osseous element of which, probably sphenoid, is re-

curved on the sides to their middle. The sides of the latter expand a

little to meet their lateral alse* Immediately above their contact is situ-

ated the supposed condyle for the hyomandibular element. The basicranial

axis is convex opposite the postorbital processes, from the bases of which

a concavity separates it. It has a slight median groove at this point. It

is much narrower than the interorbital width above. A short distance in

front of the postorbital processes it begins to contract, and gradually

reaches an acuminate apex. Superior to this apex, commencing posterior

to it, the space between it and the supraorbital or nasal elements is occu-

pied by a massive element (? ethmoid) which forms the floor of the nasal

median fontanelle.

The surfaces are smooth, but readily weather so as to be granular. The
granules are subround, with flattened surface.

Measurements of skull, M.

Total length of skull to end of frontal bone (No. 1) 180
" " " muzzle to orbit ; axial 024
" " " skull to postorbital process 058
" " " " to apices of frontal cartilage 117
" " " " to ? pterotic apex (axial) 155

Width of skull at prefontals 045

" " " " supraorbital borders 055

" " " "? pterotic apices. . 088

" „" occipital condyle '.. .034

Depth " " " 025

Measurements of jaws.

Length of mandibular ramus from cotylus, inclusive. .145

Depth '
' mandibular ramus at cotylus 028

" middle .-. .035

Length " palatopterygoid bone from cotylus, inclusive. .145

Depth " " '.'at postorbital articula-

tion 071

Depth of palatopterygoid bone at orbit 035

Length" "•"."*' " posterior to orbit .070

A second species has been brought to light by the researches of Mr. W.
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F. Cummins in the Permian beds of Texas. Parts of the jaws with two
of its teeth are preserved. The lower jaw is distinguished from that of

the D. compressus by its small transverse as compared with its other di-

ameters. The ramus is quite compressed, and is not thicker at the inferior

edge than the superior, and is slightly concave on the inner side. Its ex-

ternal face is nearly vertical. The angle is rounded forwards, and there

is no angle behind the cotylus, which is raised above the superior line of

the ramus. The cotylus is rather large, and has a shallow anterior supe-

rior, and a posterior subposterior facet. There is no indication of a coro-

noid process. The inferior edge of the ramus is swollen on the outer

side, below the anterior border of the condyle, so as to mark with the

thickened posterior edge of the ramus a fossa in the position of the mas-

seteric.

The teeth are pecular in the form of the root (Figs. 8-9). This part has

no (interior projection, and the posterior portion is a flat, thin-edged plate,

wider than long. It carries a button, but no notch. There is a minute

median denticle. The form of the root is thus very different from that of

the tooth of the D. compressus (figs. 5, 7).

Measurements. M.

Depth of ramus at cotylus (vertical) 062
" " " 120 mm. anterior to cotylus. .048

Transverse diameter at the same point .009

Long diameter (oblique) of cotylus 031

anteroposterior 011
Diameters of base of tooth

Uran8verse 037

( anteroposterior .0048
Diameters of crown of lateral denticle 1

tringvel.sl ()
np

I call this species Didymodus platypternus. Should the name Didymodus
be found hereafter to apply to species of Pleuracanthus, the latter generic

name must be used for this species.

III. Historical.

In 1837 Prof. Agassiz (Poiss. loss., iii, 66), described a spine which

he believed to have belonged to a fish like the sting-rays, as Pleuracanthus

Imvissimus. The only example was obtained from the Dudley Coal field.

In 1845 Prof. Agassiz (Poiss. foss., iii, 204), made known certain

teeth, which he referred to sharks of the family of Hybodonts. Two spe-

cies were distinguished, D. gibbossus and D. minutus. Both were obtained

from the English Coal measures.

In 1848 Prof. Beyrich (Berichte vernandl. k. Preuss. Akad. wiss.

,

1848), proposed the generic name Xenacanthus for a German Carbonifer-

ous form, referred to Orthacanthus by Coldfuss (1847), but which ap-

proached nearer to Pleuracanthus.

In 1849 Dr. Jordan (Jahrbuch fiir Min. u. Geol., p. 843), described,

under the name Triodus sessilis, a form subsequently ascertained to be

identical with the Xenacanthus.
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In 1857 Sir Philip de Malpas Gray Egerton (Ann. and Mag. Nat. Hist.,

xx, 423), contended that the spines of Pleuracanthus belonged to the

same fish as the Diploclus teeth, and that Xenacanthus was likewise refer-

able to the same type.

In 1867 Prof. Kner (Sitzb. k. Akad. wiss. Wien, lv, 540-584), published

a memoir, illustrated by ten plates, in which he proved that Diplodus and
Xenacanthus were generically identical.

In 1875 Messrs. St. John and Worthen proposed the genus Thrinacodus

for the Diplodus incurvus and D. duplicatus of Newberry and Worthen and

the T. nanus St. J. and W., from Illinois.

In 1883, in the Proceedings of the Philadelphia Academy (p. 108), I

proposed the name Didymodus for the Diplodus compressus Newberry.

In Science for 1884, p. 274 (March 7th), I called attention to the close re-

semblance of the teeth of this genus to those of the recent shark, called by
Grarman Chlamydoselaclms, and expressed my belief in the identity of the

two genera.

In the American Naturalist for April, 1884, p. 413, I gave a brief ab-

stract of the characters of the skull of Didymodus, and proposed to regard

it as the type of a new order to be called the Ichthyotomi.

In Science, 1884, p. 429 (April 11), Prof. Gill objects to the identification

of the genera Didymodus and Chlamydoselaclms ; on the ground of the dif-

ferent forms of the teeth. He states that he doubts the pertinence of the

two genera to the same order. He points out that the oldest name for Dip-

loclus Ag. is Pleuracanthus Ag., and that the order Ichthyotomi had been

already defined and named by Liitken, with the name Xenacanthini.

On these various propositions the following remarks may be made.

(1.) There is no generic difference to be detected, in my opinion, be-

tween the teeth which are typical of Diplodus Agass. and Thrinacodus St.

J. and W. and the recent Chlamydoselachus. Differences there are, but

apparently not of generic value. The identification of the recent and ex-

tinct genera rests, as far as this point goes, on the same basis as that of the

recent and extinct Ceratodus.

(2.) At the time of my proposal of the name Didymodus, I was not con-

vinced that fishes of this type bore the spines referred to the genus Pleura-

canthus Ag. None of the authors cited figure any specimens which pre-

sent both tricuspidate teeth and a nuchal spine. None of my ten speci-

mens possess a spine. However, Kner describes two specimens as exhibit-

ing both tricuspidate teeth and a spine, and Sir P. Egerton's statements

(J,, c), on this point are positive. So we must regard Pleuracanthus as the

name of this genus, with Diplodus as a synonym.

(?.) Diplodus being regarded as a synomym of Pleuracanthus, it follows

that Chlamydoselachus Garm is distinct, on account of the different struc-

ture of the dorsal fin, which is single and elongate in Pleuracanthus, ac-

cording to Geinitz and Kner. The presence of the nuchal spine in Pleura-

canthus is also probably a character of distinction, although we do not yet

know whether such a spine is concealed in Chlamydoselachus or not.
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(4.) The identity of Didymodus (type Diplodus compressus Newberry)

and Pleuracanthus, may now be questioned. None of the specimens are

figured and described by the authors above cited, as displaying an occi

pital condyle, or posterior frontal cornua. My specimens of Didymodus

compressus do not exhibit teeth on the roof of the mouth, as Kner describes.

There are no spines with the crania, although separate Pleuracanthus

spines are not rare in the same beds. The teeth associated with the skulls,

moreover, present a button on the superior side of the root ( Fig. 5). Agassiz

figures teeth of this kind as belonging to the Diplodus gibbosus. St. John
and Worthen make these teeth typical of Diplodus, and confer the name
Thrinacodus on those without the button, a character which I do not think

a constant one. The latter name is then probably a synonym of Pleuracan-

thus. The button-bearing teeth are figured and described by Kner as occur-

ring scattered, and in a somewhat different horizon from that of the Pleu-

racanthus specimens. In Germany, as in Texas, the button-bearing teeth

are the larger. I suspect that the skull I have described represents a different

genus from Pleuracanthus proper. This genus will not differ from Chla-

mydoselachus Garm., in the lack of other evidence ; the teeth presenting

only specific difference.

(5.) Of course, a study of the anatomy of Chlamydoselachus, which I

hope Mr. Garman will soon give us, may reveal differences between that

genus and Didymodus ; but of these we know nothing as yet.

(G.) The order Xenacanthini was proposed by Geinitz (Dj^as) for Pleu-

racanthus, on account of the supposed suctorial character of the ventral

fins. This character is supposed by Kner to be sexual. In any case this

division, whatever its value, must be subordinated to the order Ichthyo-

tomi, as I define it.

EXPLANATION OF PLATE.

All the figures two-thirds natural size, except fig. G, which is one- half

larger than nature.

Fig. 1. Skull from above, right frontal bone displaced, and its anterior

extremity broken off. Posterior apex broken from right frontal cartilage

bone, a, Frontal or supraorbital bone, that of the right side displaced ; b,

anterior nostril ; c, postfrontal facet for palatopterygoid ; d, frontal fissure.

Fig. 2. Posterior part of skull of another individual, from above ; a, occi-

pital bone ; b, parietal ; c, a cornua of frontal bone.

Fig. 3. Anterior view of fig. 2, displaying section of brain case ; a, frontal

or parietal cartilage bone ; b, sphenoid ; c, brain cavity ; d, frontoparietal

fontanelle ; e, hyomandibular condyle (? pterotic bone).

Fig. 4. Anterior part of skull from below, of a third individual, display-

ing orbits and postorbital processes.

Fig 5. Tooth of Didymodus compressus Newb., natural size, posterior

view.
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Fig. 6. Palatopterygoid and mandibular arches of a fourth individual

from right side, with km, hyomandibular.

Fig. 7. Superior tooth of external row, without apices of two of the

cusps ; from the palatine bone of the specimen represented in fig. 5 ; one-

half larger than nature, anterior view.

Fig. 8. Tooth of Didymodus platyptemus Cope, nat. size, from above

posteriorly.

Fig. 9. Tooth of a second specimen of Didymodus platypternus from

below.

Pkinted July 1, 1884.
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The Extinct Mammalia of the Valley of Mexico. By E. D. Gope.

(Bead before the American Philosophical Society, May 16, I884.

)

The following study is based primarily on an examination of the speci-

mens contained in the Museum National of Mexico, which I was permit-

ted to make through the kindness of the Director of the Departments of

Geology and Mineralogy, Professor Mariano Barcena. Through the me-

diation of the same gentleman, I obtained permission from Professor

Antonio Castillo. Director of the School of Mines, to examine the corres-

ponding material preserved in the fine museum of that institution. The
knowledge derived from the study of the latter, reinforced the results I

obtained from the study of the specimens of the Museum National, so as to

enable me to reach definite conclusions as to the definitions of various

species which are represented in both collections. I wish to record the

obligations under which I have been laid by both of these distinguished

gentlemen. I have, through their aid, been enabled to make a comparison

between the pliocene fauna of Mexico, and that of Buenos Ayres, and

that of Oregon. The species of the Pampean fauna contained in. my
private collection, are those exhibited by Messrs. Ameghino, Larroque

and Brachet, at the Exposition of Paris of 1878. My Oregon material is

derived from the explorations of my parties under Messrs. Sternberg and

Duncan, and those of Professor Thomas Condon of the University of

Oregon, who kindly lent me his collection.

The collections of the museums of the City of Mexico, above mentioned,

are derived from the locality Tequixquiac, and the specimens referred to

in the following pages are to be understood as having been derived from

that locality unless otherwise stated. Tequixquiac is situated on the

northern edge of the valley of Mexico, north of the City of Mexico and

the town of Zimpango, and east of the gorge of Nochistongo.
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GLYPTODON Owen.

Glyptodon, sp. indet.

A nearly complete carapace of this remarkable animal is mounted in the

Museum Nacional, and a second, nearly as well preserved, is in the Mu-
seum of the School of Mines. Jaws and teeth occur in the latter museum.

The discovery of this genus at this extreme northern locality is due to

Dr. Antonio Castillo. It was first announced by Dr. Mariano Barcena in

the Revista Cien tinea of Mexico, 1882, I, p. 3. The extension of this far

southern genus to the latitude of Mexico during the Pliocene (Pampean)

epoch, is entirely consistent with the further distribution of the great

sloths and llamas to the United States at the same time.

DIBELODON Cope.

Mastodon pars, auctorum.

Various attempts have been made to define as genera groups of species

which are included within the limits of the genus Mastodon of authors.

The first new name, Tetracaulodon, was introduced by Dr. Godman, who
saw in the mandibular tusks of some individuals of the Mastodon ameri-

canus Cuv., ground of its separation from the genus Mastodon, in which

he believed those teeth to be wanting. This division was adopted by Dr.

Grant and others, but has not been generally allowed. The next division

was that proposed by Dr. Falconer, who, however, did not employ the

names proposed by him in more than a subgeneric sense. He distinguished

two series in the genus Mastodon. In one of these, the P-m. 3, and the

Ms. 1 and 2 present three transverse crests, while in the other division

these teeth present four such crests. To these divisions he gave the names
of Trilophodon and Tetralophodon respectively. The third attempt at

division is that of Herr Vacek, who gives names to the two divisions of

the genus in which the cross-crests are composed of tubercles or continu-

ous ridges. These divisions he calls Bunolophodon and Zygolophodon

respectively.*

I will refer to these divisions in reversed order. Those proposed by
Vacek cannot be regarded as genera, and their author did not use them as

such. The tubercular crest passes into the straight crest by insensible

stages. The divisions proposed by Falconer are more distinct, but not

sufficiently so to represent genera. This may be understood by reference

to the second lower molar of the Mastodon augustidens, which is, in some
individuals, three crested, and in others four crested. Some other species

present the same difficulty. On this point I quote the remarks of Dr.

Lydekker :f "The foregoing survey of such a large series of Mastodon

molars has led to the conclusion that the very regular ridge formula given

by Falconer will not always hold good in regard to the true molars,

* Vacek, Ueber Oesterreichische Mastodonten. Abh. der K. K. Geolog. Reich -

anstalt, vii, Heft iv, Wien, 1877. p. 45.

t Geological Survey of India, Series x, Vol. i, pt. v, 1880, p. 256.
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though in the Indian species, at all events, it appears to be always con-

stant in the milk-molars. We have seen that there is a tendency in the

true molars of some of the Trilophodons (M. falconeri) to develop the

talon into a fourth ridge, and in the Tetralophodons (M. latidens and M.

sivalensis), a similar talon is developed into a fifth ridge, in the intermedi-

ate true molars." M. liumboldtii Cuv. (if. andium Falc.*) shows a small

fourth crest on the second true molar, according to Falconer.

f

The lower incisor teeth, on which Godman relied for the definition of

his genus Tetracaulodon, were shown by Harlan, not to be constantly

present in the Mastodon americanus. In fact, no adult specimen has been

described in which two inferior incisors are present. The single one ob-

served is very rarely found in adults, being a character more frequently

found in the young. It is in this species a remnant of a character else-

where constant, which does not disappear quite so soon as the teeth of the

whalebone whale, and superior incisors of the ruminant. But it is other-

wise with other species referred to Mastodon. No specimens of the Mas-

todontes angustidens, productus and longirostris, are recorded, in which

two inferior incisors are not present. For this reason the first and last-

named were placed by Grant and others in the genus Tetracaulodon.

Unfortunately this name was applied by its author to the M. americanus

only, a species which cannot enter the genus furnished with a pair of per-

sistent inferior incisors. It is also the type of Cuvier's Mastodon. % It

thus unavoidably becomes a synonym of the latter.

There is no doubt that the presence of a pair of persistent inferior in-

cisors defines a genus as distinct from one in which there is not a pair of

permanent inferior incisors. I agree, therefore, with Grant and others, in

separating the Mastodons which present this character from the genus Mas-

todon, under another generic head. I believe, also, that the presence or

absence of a band of enamel on the superior incisors furnishes ground for

the recognition of distinct generic groups, and would be so used in any
other division of the Mammalia. It is often asked why it is necessary to

multiply generic names on such grounds. My answer is simply an ex-

pression of the law governing the case, based on the supposition that when
the species of animals and plants come to be fully known, the genetic

series will be found to be uninterrupted, excepting by the presence or. ab-

sence of characters which appear or disappear during the growth of a set

of individuals, which we on this account call a species, or refer to a genus.

The difference in the two cases consists in this : In the case of species,

the characters are numerous and are matters of proportion, size, color,

texture, etc., while in the case of the genus the character is single, and

marks one step in the serial chain of structural modifications. In the case

of the genus there is an actual addition or subtraction of some distinct

* Palfeontological Memoirs of Falconer, i, p. 100, pi. 8.

t Loc. cit., ii, p. 15.

% Ossemeris Fossiles, ii, p. 252, Ed. 1884 :
" Ann. Mus., 1806, viii, 272," teste Leidy.
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part or piece of the organism.* If now we fail to notice these points or

steps, we must abolish all genera. If we define some and fail to define

others, our practice ceases to -have the uniformity of a law, and we aban-

don the basis of scientific order. f One point, however, must be insisted

on. In order that a character be usable for any purpose of definition, it

must define. That is, it must belong to all the individuals referred to the

species, genus, etc., defined, and must not be present in some individuals

and wanting in others of those supposed to be defined by it. This being

the case, adult animals only can be used for definition, as characters, es-

pecially generic, are added from time to time up to maturity. Sometimes

Only one 'sex can be considered, since the adult characters are in certain

cases never reached by one sex or the other. This is often the case with

insects. Moreover, some latitude for exceptional variations must be al-

lowed. Thus, the exceptional absence of the last molar in a dog does not

invalidate the definition of the genus Canis, M. f

.

Of course, if all specimens of animals could be found, the definitions

would all, or nearly all, be invalidated. But it is safe to assume that all

the intermediate forms will not be found, so that the definitions of species

will represent the state of our knowledge, and the results of the operations

of nature in the preservation of individuals.

The case is somewhat different with regard to generic characters. As
these involve the addition or subtraction of some part, having definite

dimensions, it is quite possible to say when the latter is present or absent.

Characters of this kind present the appearance of abruptness of transition,

to which I have referred in my paper "On the Origin of Genera," and

which gave rise to the formulation, by Professor Hyatt and myself, of the

"laws of acceleration and retardation." When such change prevails

throughout all the individuals of one or more species, a new genus has its

origin. As a matter of fact, the creation of generic modifications has been

exhibited, in the history of lite, by many individuals nearly contempora-

neously. As the change involves but one character, it offers a better oppor-

tunity for the formulization of the laws of evolution, than in the case of

specific characters, which are more numerous.

The three genera of Elephantidse, of which mention has been made
above, will then be defined as follows :

Mastodon Cuv. Superior incisors without enamel band ; inferior incisors

wanting. Type M. americanus.

Dibelodon Cope. Superior incisors with enamel band ; inferior incisors

wanting. Type B. shepardi.

Tetrabelodon Cope. Superior incisors with enamel band ; inferior incisors

present in the male at least. Type T. angustidens.

To the genus Mastodon must be referred the following species. For

* See "Origin of Genera," Proc. Acad. Philada., 1869, where this point is dis-

cussed,

t American Naturalist, 1884, July, p.
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the deutal characters of the Indian species I am indebted to Messrs. Fal-

coner and Lyclekker :

Mastodon americanus Cut., N. America.

fborsoni Hays, E. and S. Europe.

miriftcus Leidy, N. America.
" falconeri Lydd., India.
" armrnensis C. & J., Europe.
" sivalensis Falc, India.
" latidens Clift., India.

Dibelodon shepardi Leidy, California, Mexico.
'

'

tropicus Cope, Tropical America..
" Jwmboldtii Cuv. , South America.

Tetrabelodon angnstidens Cuv., India, Europe, N. America.

andium Cuv., S. America, Mexico.

productus Cope, SW. N. America.
," euhypodon* Cope, N. America.

pentelici Gaudry, SE. Europe.
" perimensis Falc, India.
" pandionis Falc, India.
" turieensis\ Schinz, Europe.
" campester Cope, N. America.
" longirostris Kaup, Europe.

The condition of the inferior incisors is unknown in the Mastodon atti-

cus Wagner, and M. serridens Cope, and M. proavus Cope ; and in some of

the above species the presence of an enamel band on the superior incisors

has not been established.

I may add that I do not perceive how the so-called genus Stegodon can

be distinguished, as at present, by the number of crests of the intermediate

molars, and by the presence of cementum. It will probably be necessary

to look for other characters in order to sustain it.

Dibelodon shepardi Leidy.

Mastodon shepardi Leidy, Proceedings Academy Philadelphia, 1870, p.

98 ; 1872, p. 142.

Mastodon obscurus Leidy part, Report U. S. Geol. Survey Terrs. I, p.

330, Plate xxi.

This species was originally proposed on the evidence of a last inferior mo-
lar tooth from Contra Costa county, California, and a part of a superior tusk

from Stanislaus county in the same State. Dr. Leidy subsequently aban-

doned the species. I however revived it in a synoptic table of the species

of North American Mastodons in 1884. X

The fossils of the Museum National ofMexico, examined by me, included

* American Naturalist, 1884, p. 525.

f Von Meyer is my authority for the presence of rnp„n fibular tusks in this
species, = M. virgatidens Meyer.

X American Naturalist, 1884, p. 524.
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a well-preserved lower jaw of a Mastodon, which presents hoth rami, and

both the last true molars, and the entire symphysis. In the collection of

the Ecole des Mines I saw a palate with the second and third true molars

of both sides in place, and the superior incisor teeth, or tusks. Other

fragments of jaws, with numerous isolated molars, were seen in these col-

lections and in that of the college of the city of Toluca.*

From these specimens it is clear that the high valleys of Mexico were

inhabited by a trilophodont mastodon, with a short decurved toothless

symphysis like that of the Elephas primigenius, and with a band ot

enamel on the superior incisor tusks. The molars have the characters of

those of the Mastodon andium of authors, and are of about the same size.

The cross-crests are divided at the middle line only, and one half wears

into a trefoil, while the other half wears into an oval, transverse to the

long axis of the crown. The unworn crests are obtuse and not serrate ;

and there are no accessory tubercles besides those forming the lateral lobes

of the trefoils. The size of the ramus and of the teeth is about that of the

M. angustidens, and smaller than that of the M. humboldtii. The last in-

ferior and last superior molars have but four cross-crests and a small heel.

This I verified on several specimens.

A comparison of this species with those described, yields the following

results : In the characl er of its molars it is identical with the M. andium,

and differs from the M. humboldtii in the characters which distinguish the

two species, as pointed out by Gervais.f That is, only one-half of each

cross-crest wears into a trefoil, and the size is inferior. But it cannot be

identified with the Tetrabelodon andium, because, according to Falconer, %

that species possesses a long massive deflected beak containing an incisor

tooth.
||

It is true that the specimen figured by Laurillard in D'Orbigny's

voyage dans l'Amerique Meridionale, PL x, does not display a long beak

and tusk, although the symphysis is much more pronounced than in the

present species. But that plate is made from a drawing, and may thus

be of doubtful authority. If correct, it may represent the female, or, as

Falconer suggests, the young of the T. andium. The last inferior molar

figured by Dr. Leidy, 1. c, and formerly referred to a species under the

name of Mastodon shepardi, has the character of the corresponding tooth

of the Mexican species under consideration. The plate does not, how-
ever, represent the specimen satisfactorily in one respect. The trefoils are

not sufficiently distinct, on account of the faint representation of their

basal lobes. These nearly block up the cross valley, a fact, not to be de-

rived from an examination of the plate, but which is clearly seen in a cast

preserved in the museum of the Philadelphia Academy of Natural Sciences.

* For the opportunity of examining the museum of this Institution I iim

much indebted to its President, Dr. Villada.

t In Castelnau's Expedition, 1855; Recherches sur les Mammiferes Fossiles de
l'Amerique Meridioqale, p. 14.

% Palgeontological Memoirs, ii, pp. 226, 274.

I The lower jaw figured by Falconer, Mem. i, p. 100, from Buenos Ayres, as 31.

audium is clearly M. humboldtii.
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This specimen also agrees with those in the Mexican museums in the small

number of crests on the last inferior molar : four with a short rudimental

heel. Another specimen of apparently the same species is described and

figured by Leidy as having been brought from Tambla, Honduras.* This

tooth is apparently anomalous in the contraction of the third cross-crest.

The range of this species may then be given as extending from Califor-

nia to the valley of Mexico, inclusive.

A species apparently allied to the Dibelodon shepardi is the Mastodon

serridens Cope.f of which the typical specimen was brought from south-

western Texas. Premolar teeth of the same type were shown me by
Professor Castillo, in the museum of the School of Mines. These came
from a lignitic bed at Tehuichila, in the State of Morelos, of Loup Fork

age. This epoch is indicated by the presence of the genera Protohippus

and Hippotherium. The sharp, serrate edges of the crests distinguish the

molar teeth from those of the D. shepardi, and as the species probably

came from different horizons, they are probably distinct. A premolar

mingled with those of D. shepardi, from the valley of Toluca, much re-

sembles that of the M. serridens.

Dibelodox tropicus Cope, sp. nov.

Mastodon hurnboldtii? VonMeyer Palseontographica, 1867, Studien

ueber das genus Mastodon, p. 64, PL vi. Mastodon andium Leidy, Pro-

ceedings Academy Philada., 1876, p. 38.

A second species of Dibelodon inhabited the valley of Mexico, of larger

size than the D. shepardi, and differing somewhat in the dentition. Von
Meyer describes and figures a ramus of a lower jaw, 1. c, brought by Herr

Uhde from Mexico, which has, according to Von Meyer, no mandibular

tusk, and probably a short elephantine symphysis. A very similar ramus,

containing the last molar tooth, was presented to the Philadelphia Acad-

emy of Natural Sciences by Dr. Isaac Coates, who obtained it from Tarra-

pota, on the Huallaga river, in Eastern Peru. The extremity of the

symphysis of this specimen is broken away, but enough remains to show
that it was probably short, and that there was no inferior incisor.

Keference to Von Meyer's figure shows that the last inferior molar has

five well-developed cross-crests and a heel. The Peruvian specimen has

the same character, the fifth cross-crest a very little more contracted than

in Von Meyer's plate. Dr. Leidy describes the specimen as having four

transverse ridges, besides a strong tubercular talon. But it seems to me
that the talon is of such size as to be properly included in the cross-crests.

On the same principle one might say that the D. shepardi has three cross-

crests and a strong talon, as it has one less cross-crest than the D. tropicus.

The additional cross-crest, and the superior size, distinguish this form as a

species from the D. shepardi. Von Meyer perceived these differences,

and referred his specimen to the D. hurnboldtii. I am fortunately able to

* Extinct Mammalia Dakota and Nebraska, PI. xxvii, fig. 14.

f American Naturalist, 1884, p. 524.
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make a comparison of his plate and the Peruvian jaw, with a well pre-

served jaw of the D. humboldtii, with perfect last molar and symphysis,

from Buenos Ayres, in my collection. I am able fully to substantiate the

characters already pointed out by Gervais, and to prove that the cross-

crests of the molars form double trefoils, while those of the D. tropicus

are like those of D. shepardi and the Tetrabelodon andium.

The species last named is said by Falconer (loc. sup. bit.) to occur in

Mexico, and speaks of having seen a well preserved lower jaw from the

State of Tlaxcala. I have not met with it.

The Mastodon americanus has not yet been found in Mexico. The most

southern localities for the species known to me are Southern California,

and near San Antonio, Texas. From the former region I possess a ramus
with the last molar, presented to me by Mr. Scupham, of San Francisco ;

the other specimen was obtained from Mr. G. W. Marnock, of Helotes,

near San Antonio, Texas.

ELEPHAS Linn.

Elephas PRiMiaENius Blum.

This species, of both the thick and thin plated varieties, was once very

abundant in Mexico. I have received a series of teeth from Candela, in

the State ot Coahuila, from Dr. Caspar Butcher, through my friend Dr.

Persifor Frazer ; and Von Meyer has pointed out the occurrence of its re-

mains in the valley of Mexico. The museums of Mexico contain very

numerous portions of skeletons of this species, which prove that it was

far more abundant than the species of Mastodon. Up to this time this

locality is the southern known limit of its distribution on the American

continent.

APHELOPS Cope.

Aphelops, sp. Aphelops ?fossiger Cope. Proceedings Academy Phil-

adelphia, 1883, p. 301.

The right half of the mandible, with part of the symphysis of a rhinoc-

eros, was found in the valley of Toluca, sixty miles west from the city of

Mexico, and Dr. Barcena sent me a photograph of it a year ago. I pub-

lished a notice of it as above cited, in connection with remarks on a rhi

noceros skull which I obtained on one of the heads of the Gila river in

New Mexico. On my recent visit to the College of Toluca, I had, through

the kindness of Professor Yillada, the opportunity of examining the jaw.

Its characters do not differ much from those of the Aphelops fossiger Cope.

It is considerably smaller, and has a very short diastema, but not shorter

than in some jaws of the A. fossiger. The dimensions are as follows :

Measurements. M.

Length of ramus from base of canine 400

" " dental series with canine, less M. iii 235

" " molar series, less M. iii 200

" " true molars, less M. iii 105
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Measurements. M.

Diameter of canine (transverse) 027

of P-m. ii 007

Depth of ramus at P-m. iii 070

at M. i 085

" '* " at front of M. iii. . 090

The matrix in which this jaw was found, is much like the Upper Plio-

cene material of Tequixquiac. It is therefore of probably later age than

the true Aphelops fossiger, which is a characteristic Loup Fork species.

Leidy describes (Extinct Fauna of Dakota and Nebraska, p. 230) a rhi-

noceros, probably an Aphelops, from California, under the name of R.

hesperius. It is smaller than the Toluca specimen, but has a considerably

longer diastema. Its geological horizon is uncertain.

I mention here that rhinoceroses, probably of the genus Aphelops, ap-

parently existed in North America during the Pliocene period. Bones of

a species having resemblances to the A. fossiger have been sent me by my
assistant, George C. Duncan, from the Equus beds of the eastern part of

the Oregon desert. The genus has been hitherto supposed not to ascend

higher than the Loup Fork, or Upper Miocene beds. These bones are

accompanied by teeth of a peculiar Hippotherium unlike those of any spe-

cies of the genus known to me from the Loup Fork Miocene.

EQUUS Linn.

The remains of horses are very abundant in the valley of Mexico,* and

represent four species. In the determination of these species it has be-

come necessary to compare them with those hitherto found in North and

South America. In making this comparison I exclude the species of

Hippidium, which are all American, and whose molar teeth are easily dis-

tinguished by the equality in size of the internal columns ; resembling in

this respect the genus Protohippus.

When the species of the genus Equus differ in the characters of their

superior molar teeth, the diversity is to be seen in the size and form of the

anterior internal column. The anteroposterior diameter of this column,

as well as the integrity or emargination of the internal border of its section,

varies according to the species. The infolding or the borders of the lakes

has a value, but a less constant one. The Equus eaballus differs from all

of the American extinct species, where the corresponding parts are pre-

served, in the great elongation of the face, which is expressed in the

greater lengths of the diastemata anterior and posterior to the canine tooth

in both jaws. Other characters may be observed in the relative lengths

of the limb bones, the form of the occiput, etc. It has been shown by
Leidy, Riitimeyer and others, that it is not always practicable to distin-

guish the species of horses by their teeth alone. A glance at Owen's

* This fact has already been made known by Von Meyer, Palseontographica,

1867, p. 70, and Owen, Transactions of the Royal Society, London, 1869.
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plates of the dentition of the existing species of Equus*, shows the truth

of this statement. Among the extinct species of Equus the range of va-

riation is greater.

The following attempt at a discrimination of the species known to me,

or so fully described as to be well known, must necessarily be regarded as

provisional, until the skeletons are more fully recovered. American ex-

tinct species only are introduced :

I. Long diameter of anterior internal lobe of superior molars not greater

than one third the long diameter of the crown.

Borders of lakes crenate ; internal anterior lobe notched on the inner side

so as to be bilobate ; crowns a little curved ; large E. crenidens.

II. Long diameter of anterior internal lobe more than one-third and

not more than one-half the anteroposterior diameter of the crown.

a Crowns more or less curved.

Crowns wider than, or as wide as long ; enamel edges little folded

E. curvidens.

aa Crowns straight or nearly so.

/? Diastemata longer.

Crowns nearly square, enamel not very complex ; no facial fossa ; maxil-

lary bone produced much beyond M. iii E. caballus.

fifi
Diastemata shorter.

y No facial fossa.

Crowns nearly square ; enamel not very complex ; maxillary bone little

produced behind last molar ; smaller

E. hemionus; E. burclielli; E. quagga; E. zebra ; E. asinus.

Crowns longer than wide on face ; enamel little complicated ; face and

maxillary unknown ; large E. occidentalis.

Crowns square ; enamel more folded than in other species ; face and max-

illary unknown ; large ...E. major.

r A facial fossa.

Crowns nearly square ; enamel less complex ; maxillary short posteriorly ;

smaller , E. andium.

III. Long diameter of anterior inner lobe more than half that of crown

of molar teeth.

Crowns square ; enamel little complex (in Mexican specimens) ; diaste-

mata and maxillary behind shorter ; no facial fossa ; large. ..E. excelsus.

Crowns square ; enamel little complex ; smallest species E. barcencei.

In using the above table it must be noted that gradations in the diame-

ter of the anterior internal column (or lobe) exist, not only between indi-

viduals of the same species, but between different teeth in the same jaw.

This diameter is always greatest in the last superior molar, and the charac-

ters of this tooth are such that they cannot be used in connection with the

above table.

* Philosophical Transactions, 1869.



1881.1 11
I
Cope.

Before describing the Mexican species I make some notes on the others

embraced in the above list :

Equus curmdens Owen. Of eight superior molar teeth from Buenos Ayres

in my collection, two second premolars are perfectly straight, while the

third true molar is the most curved. The other teeth exhibit different

degrees of curvature. The area of the anterior internal column is not so

flat on the inner side in any of them as in Owen's Plate (Voyage of the

Beagle, Vol. i). My teeth have also a rather greater transverse diameter

than Professor Owen's type.

Equus caballus"L. The common horse differs from all ofthe extinct species

of the genus from American localities where the muzzle is known, in the

greater length ofthe latter, with its diastemata, of both jaws, and in the

greater prolongation of the maxillary bone posterior to the last true molar.

Appropriately to the anterior position ofthe molar series, the facial ridge

commences above the middle ofthe first true molar. In an Equus quagga

in my possession the ridge commences above the middle of the last pre-

molar. The basioccipital bone is more compressed than in any species

of the genus known to me.

Equus occidentalis Leidy. This species is represented in my collections

by at least one hundred individuals, some of which have been lent me by
my friend Professor Thomas Condon of the University of Oregon. They are

nearly all derived from the Equus beds of the Oregon desert. Unfortu-

nately there is no perfect skull. A few specimens from the same region

I refer to the Equus excelsus, but as these are comparatively rare, I am safe

in referring most of the bones to the other species. In these I find the

following characters to separate the species from the fEqutis caballus : (1)

The basioccipital bone is not compressed, and besides its inferior lateral

angles it has a pair of lateral angles, one proceeding forwards from the

inferior border of each foramen condyloideum anterius. (2) The fossa en-

closed between the paroccipital process and the basioccipital, is deeper,

and has a raised border in front which separates it strongly from the plane

ofthe petrous bone. This is not found in E. caballus. I verify it in three

separate occipital bones of the E. occidentalis. (3) The astragalus and

other bones of the feet are smaller than in E. caballus; the first uamed
intermediate in size between that of the horse and that of the quagga.

The cannon bones, when of the same length, are more slender. (4) The

inferior canine issues in direct contact with the last incisor, without the

diastema seen in the horse ; and the incisive arc is narrower and more

produced. The symphysis is elongated not only forwards, but also pos-

teriorly. The mental foramen is anterior to the bifurcation of the rami

in E. occidentalis, posterior to it in E. caballus.

Equus major Dekay. Dr. Leidy leads us to infer (Report U. S. Geol.

Survey Terrs., Vol. i, p. 244), that this species differs from the E. occiden-.

talis, in the generally greater complication of the enamel folds. This I

find to be the case in specimens from the Fish House, in the brick clay,

near Philadelphia, and from the Big Bone Lick, Kentucky. Leidy
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figures similar specimens from various parts of the Eastern and Southern

States.

Equus crenidens Cope, sp. nov.

This large species of true horse is represented by molar teeth and frag-

ments of jaws belonging to two individuals preserved in the Museo Na-
cional of Mexico, and to two others preserved in the Escuela des Minas-

The typical specimen includes the three premolars of the upper jaw of an

adult in perfect preservation.

The species is primarily distinguished by the close and strong wrinkling

of the enamel border of the lakes of the superior molar teeth. This

wrinkling, or vertical plication, reminds one of what is seen in the Ele-

2)7ias indicus. This wrinkling is not found in the enamel edges which
border the interior crescents on the inner side, nor in those bordering the

internal lobes or columns. The borders of the lakes are not folded in the

complex loops seen in Equus major Dek., but have the plainer looping

seen in the Equus tau Ow. The grinding faces are nearly square. That

of the second premolar is a rather shortened triangle, and less produced

anteriorly than in the E. tau. The crowns of the third and fourth pre-

molars are long and slightly curved.

The measurements show that this is one of the larger species of horse.

Measurements. M.

Diameters of P-m. ii / anteroposterior 0430

i transverse 0305

Diameters of P-m. iii \
anteroposterior 0335

t transverse 0340

Diameters of P-m. iv j
anteroposterior 0310

<- transverse 0350

The crimping of the enamel of the lakes distinguishes this species from

the others of the genus.

From Tequixquiac.

Equus tau Owen. Philosophical Transactions of the Royal Society,

1869
; p. 565 ; pi. lxi ; fig. 4.

Of this species there are preserved in the Museum Nacional five superior

molars, some of which belong apparently to one individual. In the Escuela

des Minas, the series is a fine one. There are two skulls lacking the occi-

put ; one skull lacking the occiput and muzzle
;
parts of both maxillary

bones with teeth, of one skull ; and a single maxillary bone with teeth, of

a fifth skull. The specimen mentioned under the second head, has teeth

and palate preserved, as in the figure given by Owen of his Equus conver-

sidens, and I suspect it was from this specimen that the photograph was
taken from which Professor Owen's figure and plate were made. It is pos-

sible that his figure and description of the Equus tau were made from one of

the maxillary bones mentioned under head three. I am not able to perceive

the specific differences between these specimens. The character displayed
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by Owen's E. eonversidens, on which he relied to distinguish the species,

may be the result of distortion. The maxillary bones of the type are

loose and may be made to assume different angles to each other. The
last superior molar is represented as unusually short by Owen. This

appearance could be produced by the oblique angle of the aperture of the

camera in photographing, due to its too anterior position. Be that as it

may, I could detect no specific differences between the seven or eight spec-

imens I examined.

The Equus tau is an average horse in all respects, presenting no very

tangible characters by which to distinguish it from the existing species of

the E. asinus and E. zebra group, so far as the parts which I examined go.

It has the internal anterior column of the superior molar always less in

diameter than half that of the crown of the tooth, and not characterized

by any marked peculiarity. The borders of the lakes have an. entering

loop on each end of the inner border ; of these the adjacent ones are well

marked, and the remote ones little marked. External to the adjacent

loops the borders of the lakes are a little crenate. There is a small internal

median loop of the internal enamel border at the notch. The crowns of

the teeth are a little wider than long, and they are not curved. The pal-

ate notch reaches as far forwards as the posterior border of the second

true molar, and the palatal foramen is opposite the front of the third true

molar. The latter tooth is a little longer than the other true molars. The
second premolar is short and robust. The diastemata are rather short, as

can be seen by the appended measurements.

Measurements. M.
No. 1. Escuela des Minas.

Length of precanine diastema 020

Length of postcanine diastema 074

Length of molar series 151

No. 2. Museum Nacional.

Diameters of P-m. ii {
anteroposterior 030

(- transverse 024

anteroposterior 024

transverse 027

anteroposterior 025

transverse 028

This species differs from the Equus andium "Wagn., so fully described

by Branco,* in the absence of a facial fossa. From Equus caballus it

differs in the short diastemata, and the little posterior production of the

maxillary bone. How it differs from the species of the asinus section I do

not yet know.

Equus excelsus Leidy, Extinct Mammalia Dakota and Nebraska,

1869, p. 266 ;
pi. xxi, fig. 31.

*Tn Dames and Kaysei Palseontologische Abhandlungen, 1883, p. 110, Dr. Branco
furnishes reasons for believing that the E. argentinus Burni. is the same species

Diameters of ?P-m. iii

Diameter of ?P-m. iv
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A portion of a left maxillary bone supporting the true molars of a horse

from the Oregon desert, received from Professor Condon, resembles closely

the type specimen from Nebraska described by Leidy as above. Two
skulls, in the two museums of Mexico already referred to, present the same
dental characters. In identifying the Mexican with the Oregon and Ne-

braska horses, I wish to be understood as making a provisional arrange-

ment only, for unfortunately the cranium of the North American horse

with this dentition is yet unknown. The uncertainty attending a dental

identification being admitted, I proceed to the description.

This species differs from the others, whose remains have been found in

the valley of Mexico, in the elongate and flattened form of the lobe formed

by the section of the anterior internal column of the superior molar. Thi3

long diameter generally exceeds the half of that of the crown of the

tooth by one-eighth the latter, and is rarely so short as one half of the

same. The loops of the lakes are few, including only one near the pos-

terior borders near the internal side and one on the anterior border of the

posterior lake. There is generally a little loop at the notch between the

two internal lobes. CroWns straight, second superior premolar elongate

and acute.

One of the crania is complete, lacking only the lower jaw, and the two

third true molars. The other lacks all posterior to the palatal notch.

From the former I derive the following characters :

The apex of the nasal bones is above the superior canine tooth. The
posterior border of the nares marks the middle of the anterior column

of the third premolar. The infraorbital foramen is above the posterior

edge of the second column of the fourth premolar. There are two notches

on the anterior part of the superciliary border ; and there is a short exos-

tosis on each side of the front, in line with the supraorbital border, in

front of the preorbital border.

Measurements. M.

Length from superior edge of foramen magnum to in-

cisive border. 565

From posterior nares to incisive border 300

Interorbital width 166

Length of series of molar teeth. 191

" precanine diastema 022

" postcanine " 056

Width of palate at third incisors 092
" " canines, inclusive .075

'

Diameters P-m. ii
/ anteroposterior 0425

I transverse 0275

iteroposterior 032

ansverse 034

iteroposterior .0335

ansverse 029

Diameters P-m. ill \
anteroposterior

( tr

Diameters M.iii j
anteroposterior
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The internal anterior column of the superior molars is longer and flatter

than in the specimens of the North American horse, but I do not feel at

liberty to propose a new specific name for the Mexican animal. The
absence of facial fossa and short diastemata throw it into the series of the

asses. From all these the large flat internal column distinguishes it. The
presence of the loop at the notch of the internal border in the Mexican

specimens distinguish them from Leidy's type and from one of Condon's

specimens. A second one of the latter has a small loop at the point in

question. The absence of this loop is given by Leidy as characteristic of

the E. occidentalis, but only a small proportion of my specimens of that

species are without it.

The Mexican specimens are from Tequixquiac.

Equus barcenjei Cope, sp. nov.

Two superior molars represent this species in the Museum Nacional, and

two superior molars in the Escuela des Minas. A skull lacking all in front

of the orbits inclusive, in the latter museum, probably belongs to the same

species.

This horse is distinguished from all the others here mentioned or des-

cribed by its small size. In the characters of its superior molars it is like

the Equus excelsus. The anterior internal columu is flat, and its antero-

posterior diameter is five-eighths that of the crown of the tooth. The
prism is straight. The lakes have the margin but little looped ; the pos-

terior notch of the anterior lake is trebled or triplex. The grinding face

of the crown of the third superior molar is a little longer than the others.

Measurements. M.

Diameters of molar No. I \
anteroposterior -0215

c transverse 0230

Diameters of molar No. IT \
anteroposterior 022

( transverse 022
From Tequixquiac.

I have dedicated this species to my distinguished friend Mariano de la

Barcena, Professor of G-eology in the National Museum and Director of

the Meteorological Observatory of the City of Mexico.

PLATYGONUS Leconte.

PLA.TYGONUS ? cOMPRESsus Leconte.

A portion of the mandibular ramus of a species of peccary, apparently

the above, was found at Tequixquiac, and is preserved in the museum of

the College of Guanajuato. Dr. Alfredo Duges, the distinguished pro-

fessor in the college, called my attention to the specimen, and gave me a

cast of it. Its dimensions are similar to those of North American indi-

viduals, as follows :

Measurements. M.

Diameters of M.i{ anter°P°sterior 0145

(. transverse 012
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Measurements. M.

-r.. e , r ..[anteroposterior 017
Diameters of M. u <

*
L transverse 014

HOLOMENISOUS, gen. nov.

Under the head of this genus I give a synopsis of the results of my
study of the extinct Camelidae of the American Pliocene epoch. I can

compare the specimens from Buenos Ayres with those from Mexico and

Oregon, and Branco and Owen have given detailed descriptions of speci-

mens from Buenos Ayres and Mexico. From these sources I learn of the

existence' of the following generic forms of Camelidse. I omit Protolabis

Cope,* and refer it to a separate family—the Protolabididse, on account

of the presence of three superior incisors in each premaxillary bone, as

in the primitive Ruminantia, combined with the presence of a cannon

bone.

I. Premolar teeth f.

P-m. i separated by diastemata Procamelus.

II. Premolar teeth f

.

P-m. ii below wanting Pliauchenia.

III. Premolar teeth f

.

Fourth inferior premolar triangular Camelus.

Fourth inferior premolar composed of two crescents, which enclose a lake

(an inferior P-m. 3?) Palauchenia.

Fourth inferior premolar composed of two crescents, with two posterior

tubercles behind them Protauchenia.

IV. Premolar teeth -|

Fourth premolar below triangular Auchenia.

V. Premolar teeth \
Fourth superior premolar composed of two crescents Holomeniscus.

Fourth superior premolar consisting of a simple cone .Eschatius.

The position of this genus being determined as above, it remains to

examine the material representing it, at my disposal.

In 1873 Dr. Leidyf described a large species of llama from specimens

from California, which include the entire inferior series of molar teeth,

and one superior molar. The first inferior molar, properly the fourth pre-

molar, has the crown partially worn, showing that it was opposed by a

grinding tooth in the superior series. In the Museum Nacional of Mexico

is preserved a complete mandibular ramus, containing all the teeth of one

side of an animal smaller than Dr. Leidy's type, but baving a general

resemblance to it ; including the worn fourth premolar. In the collections

of Professor Condon and myself from the Oregon desert, there are vari-

ous isolated molars agreeing in measurements with Dr. Leidy's type, and
belonging probably to the same species. In the Condon collection is part

* Proceedings Academy Philadelphia, 1876, p. 145.

t Report TJ. S. Geol. Survey Terrs., b\ V. Hayden, i, p. 255, pi. xxxvii, rigs. 1-3.
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of a superior maxillary bone which contains the M. i and the alveolus of

the P-m. iv, with the foramen infraorbitale anterius. The measurements

of the M. i agree with those of the corresponding tooth of the lower jaw of

Leidy's specimen. In the Museum of Mexico, there are preserved several

superior true molars which also agree in dimensions with the correspond-

ing teeth of the lower series of the type of the same A. hestema of Leidy.

The fourth superior premolar is wanting from this series.

The fragment of maxillary bone in the Condon collection shows that

this species had a large three-rooted fourth premolar. It is broken off at

the anterior alveolus, but it is so attenuated at that point as to make it

almost certain that there was no third premolar in front of it, as is found

in the genus Auchenia.

In further evidence of the existence of a genus characterized as above,

by the absence of the P-m. -8., the jaw-fragment which represents the

Auchenia vitalceriana* may now be cited.

Holomeniscus mtakerianus Cope.

Although I ascribed a third superior premolar to this species, I must

now deny its existence in the adult animal. A slight fossa on the narrow

alveolar ridge indicates the possible presence of a single-rooted rudiment

of such a tooth in the young. In a comparison of this species with the

Auchenia weddellii Gervais, from the Pampean beds of Buenos Ayres, it

is readily observable that the latter is a true Auchenia, with well devel-

oped P-m. 3 in the upper jaw, and that it is of larger and more robust pro-

portions than the H. vitalceriana. In the only well preserved lower jaw
which I possess, there is a well developed P-m. iii, a tooth found only as

an occasional accident in Auchenia lama (teste Owen Odontography). In

the A. intermedia Gerv., from the same locality, this tooth is wanting

from one ramus, while the other displays a shallow vacuity as though

such a tooth had existed in infancy and had been shed. I therefore retain

these species in Auchenia.

Holomeniscus hesternus Leidy. Auchenia hestema Leidy, loc. sup.

cit.

The existence of superior molars in the Museum Nacional of Mexico

which agree with the corresponding teeth of the Californian and Oregonian

llamas has been mentioned above. I give the dimensions of these teeth as

follows :

Measurements. M.

/ anteroposterior 041
DiametersM. i

t

transverse 033

"I
< anteroposterior 041

Diameters M. ii ;

\ transverse 040
I one individual. , . ,,_„

Diameter M. iii [ {
anteroposterior 053

J
*• transverse 029

* Bulletin of the U. S. Geological Survey Terrs., 1878, p. 380.
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These molars are covered with a layer of cernentum, which is included

in the measurements.

The mandible, I am disposed to refer to a smaller variety of this species

for the present. The well-worn fourth inferior premolar indicates that it

could not belong to the genus Eschatius, where there is no opposing tooth

in the superior series capable of producing such a result. The hook be-

low the condyle is well developed in this jaw. The incisor teeth are

narrow. The canine is small and is separated from the incisors by a dias-

tema. The triturating surface of the fourth premolar is triangular, and

includes a lake. The molars increase in size posteriorly. The mental

foramen is large, and is situated behind a point below the canine.

Measurements. M.

Length of jaw from incisive alveoli to angle 415

Height at coronoid process. 290
" ' at condyle 218

ramus at M. i 070
" " " middle of diastema 040

Length of symphysis 096
" from base of incisors to canine .043
" " canine to P-m. iv 092
"

of all the molars 147

Diameters P-m. iv {
anteroposterior 022

<- transverse 013

Diameters M. i 5 anteroposterior 035

c transverse 019

Diameters M. ii
(anteroposterior 042

(. transverse 019

Diameters M. iii
{anteroposterior 048

I transverse. 016

From Tequixquiac.

A cannon bone in Condon's collection, which may belong to this species,

measures fifteen and a quarter inches in length. So far as the evidence

goes it may as well have belonged to the Eschatius conidens. According

to Leidy the cannon bone of the Auchenia californica Leidy measures

nineteen inches in length. A cannon bone of at least this size, with other

bones of the skeleton, occurs in the museum of the School of Mines, and
may belong to the Californian species. Whether that species is a true

Auchenia or not remains uncertain, as the teeth are unknown.

ESCHATIUS, gen. nov.

This genus is well characterized by the reduction of the fourth superior

premolar to a simple cone, in place of the usual double crescent charac-

teristic of the Ruminantia generally. This is the greatest known reduc-

tion of the premolar series in the Ruminantia, exceeding anything in the

Bovida^, a family otherwise more specialized than the Camelidae. If my
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identification of mandibles be correct, there is but one inferior premolar,

which is not prismatic, but has two divergent roots as in Auchenia. The
crown is compressed. In any case this genus is distinct from Palauche-

nia Owen, which is said to have the fourth inferior premolar composed of

two crescents, somewhat as in the Protauchenia of Branco. There is also

a simple conic third inferior premolar according to Owen. The type

specimen of the type of Palauchenia, P. magna Owen, consists of isolated

teeth put together in a bed of plaster of Paris. While there may be some
uncertainty as to the position of the third premolar, I cannot agree with

Professor Leidy* in the supposition that these teeth have been inverted by
their describer, and really belong to the upper jaw. The specimen is

preserved in the museum of the School of Mines, and I did not observe

any second one.

EsCHATITJS CONIDENS, Sp. nOV.

Primarily established on a superior maxillary bone, which contains all

its teeth, which is preserved in the Museum Nacional of Mexico. I cannot

distinguish from this individual another one which was found by Mr. C.

H. Sternberg in the desert of Oregon, and which is represented by a good
many fragments, including parts of both jaws. I describe the Mexican
specimen first.

The true molars increase rapidly in size posteriorly. The vertical ribs

of the external anterior horns of the external crescents are very strong,

and the external wall of the anterior crescent has a low rib on the me-
dian line also. The posterior internal crescent of the last superior molar

(which is not much worn) sends its anterior horn to the external wall,

thus cutting off the posterior horn of the anterior internal crescent.

Measurements. M.

Length of the four superior molars 126

" "M.i 041

t.. , ptht .. f transverse at base 024
Diameters of M. n. . <

( anteroposterior 044

Length of M. iii 051

The foramen infraorbital?, anterius issues above the anterior rib of the pos-

terior crescent of the first true molar. The specimen is from Tequixquiac.

The Oregon specimen includes a left maxillary and mandibular bones,

with the roots or alveoli of the teeth remaining, together with numerous

bones of the skeleton. As one or two teeth of the Holomeniscus hesternus

are mingled with the other pieces, it becomes uncertain to which of the

species some of the bones should be referred. This is the more difficult,

as the superior molar teeth of the two animals are of nearly the same di-

mensions. The probabilities are, however, that the greater number accom-

pany the species represented by the jaws. I proceed to describe the latter.

In the maxillary bone the single alveolus of the fourth premolar is close

* Report U. S. Geolog. Survey Te:rs. I, p. 256.
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to that of the anterior root of the large first true molar. Its section is a

wide oral. The base of the second true molar is not longer than that of

the first true molar. The external wall of the maxillary bone is broken so

that the position of the infraorbital foramen cannot be positively ascer-

tained. A narrow groove, which may be a part of the infraorbital canal,

is exposed, and is continued forwards to a point anterior to the first pre-

molar, where it probably issues. If this be a correct inference, its posi-

tion is anterior to that observed in the Mexican specimen. The palatine

foramen issues opposite the anterior root of the first true molar. In the

Holomeniscus hestemus this foramen issues opposite the fourth premolar's

internal root.

The fragment of mandible is the anterior part of the left ramus, includ-

ing the premolar and half the symphysis. The fundi of the anterior alve-

oli only are preserved. That of the canine is smaller than those of the in-

cisor teeth, and is close to that of the external incisor. The mental fora-

men is large, and is situated posterior to the mouth of the alveolus of the

canine. The symphysis is not coossified. The alveolar edge of the dias-

tema is narrow, and presents a narrow vertical parapet outwards, which
makes an angle with the external convex side of the ramus. The inferior

outline below the diastema is a little concave. The roots of the premolar

are well separated. The crown is lost. The coronoid process, supposed

to belong to the same species, is like that of the llama, near the condyle,

and is quite elevated. It maintains its anteroposterior width to near the

summit. Anterior edge rounded, the bevel extending on the external face

towards its base. The posterior rotula of the condyle is median, and not

on one side as in the llama and in the camel. The anterior part of the face

presents forwards as in the llama, and is not so much expanded as in the

camel. The petrous bone is as large as that of the camel, and has a more
widely open styloid fossa, which is directed more inwards in the down-
wards direction. The face also for the paroccipital process approaches

much more nearly to its fundus than in either the camel or the llama.

Measurements. M.

Long diameter of alveolus of superior P-m. iv. .009

M. i 036

M. ii.... 038
" " inferior P-m. iv 022

Length of inferior postcanine diastema 070

Depth of ramus at middle diastema.. 035

P-m.iv .045

It still remains to be ascertained whether this Oregon Eschatius belongs

to the species that is found in the Pliocene beds of the valley of Mexico.

Eschatius longirostris, sp. nov.

This llama is known to me from a right mandibular ramus, which is

broken off behind the last molar tooth, and which supports the symphyseal
portion of the left ramus, less its external wall. In size this species is be-
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tween the Auchenia weddelli Gerv. and the Eschatius conidens, having just

about the dimensions of the Camelus drornedarius or the Palauchenia

magna Ow. It differs from the Eschatius conidens in the much longer

inferior diastema, longer, coossified symphysis, and smaller true molar

teeth ; the comparison being made with superior molars of the E. conidens.

The alveolus of the inferior canine tooth is small, and is a short distance

posterior to the third incisor, being separated by a short diastema. The
mental foramen is very large, three times the size of that of the E. conidens,

and its anterior edge is 20 mm. posterior to the canine alveolus. The
alveolar parapet of the diastema is not so elevated as in E. conidens, but is

distinct. The dentition shows that the animal is an old one. The fourth

premolar has two divaricate roots, which spread nearly as far anteropos-

teriorly as those of the first true molar. The crown is compressed. Apex
broken. The crowns of the molars are worn ; that of the first to the

roots. The heel of the third true molar is lost.

Measurements. M.
"Width of mandible at inferior canines 027

Length of inferior postcanine diastema 110

molar series 132

P-m. iv 027

M.i 029

M. ii 034

M. ii 022

Depth of ramus at middle diastema 043

P-m. iv 058

From the Oregon desert ; Professor Condon's collection.

BOS Linn.
Bos liATiFRONS Harlan.

This species is represented by numerous remains, and must have been

abundant in Mexico during the Pliocene epoch.

Width of

On the structure of the feet in the Extinct Artiodactyla of North America.

By E. D. Cope.

{Read before the American Philosophical Society, August 15, I8S4.)

The structure of the feet of a number of the Artiodactyles of the Ter-

tiary beds of Korth America has already been described. In this paper

I enumerate these, and add descriptions of some types which have been

hitherto unknown. I commence with the Bunodonta.

BUNODONTA.
Pantolestes Cope.

The structure of the tarsus only of this Eocene genus is known.*

* Cope, Proceedings American Philosophical Society, 1881, p. 188. Pal. Bul-

letin, JSo. 34.
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The cuboid and navicular bones are distinct from each other and from

the cuneiforms, and the ecto- and mesocunei'form are coossified. There

are four metatarsals. The laterals (ii and v) are slender ; and the

medians are distinct but appressed, their adjacent sides being flat-

tened. This foot structure is remarkably advanced considering the early

age, Wasatch Eocene, of the period of its existence, and the primitive,

tritubercular bunodont character of the superior dentition. The seleno-

dont types which appear first in our series of formations, the Oreodon-

tidse of the White River low Miocene, present a much more primitive type

of foot. The camel series is remarkable for the early and continued

absence of. the first and fifth metapodial bones. The first known of the

line, Poebrotherium, from the White River beds, has only minute rudi-

ments of them. It is probable the Pantolestes, or some member of the

Pantolestidse, is an ancestor of Poebrotherium, with a number of lost

types intervening.

Elotheritjm Aym.
The first information respecting the structure of the feet of this genus

was furnished by Marsh.* He says "The radius and ulna were sepa-

rate or very loosely united. The third and fourth metacarpals were

nearly equal in size, and the second and fifth longer than the corres-

ponding bones of the pes. In the latter the first digit was wanting,

and the fifth rudimentary." This description leaves us in the dark as

to the development of the second digit in the posterior foot and of the

second and fifth in the anterior foot. The ambiguous language led me to

infer that there are four digits of the anterior foot of the animal described

by Marsh, and hence to separate it generically from Elotherium. The
first definite information is derived from Kowalevsky, from his great

memoir on the genus Anthracotherium.f He here states distinctly that

the genus is bidigitate, but with small rudiments of the second and fifth

metapodial bones. He shows also that the lunar is equally supported by
the magnum and unciforum. In a memoir especially devoted to this

genus:}: he also shows that the cuboid, navicular and cuneiforms are dis-

tinct, while the ecto- and mesocunei'forms are coosified, the entocuneiform

being absent. The structure of the tarsus in this genus is then as in

Pantolestes, and from this genus or one of the same family, Elotherium

no doubt took its origin through intermediate genera.
||

Sei/enodonta.
Oreodon Leidy.

We owe to Leidy the following statement regarding the foot structure

of this genus. § What are supposed to be the bones of the forearm and leg

* American Journal Sci. Arts, 1873, p. 487, June.

t Paleeontographica, 1873, p. 188, August ?

JLoc. cit., xxii, N. F. II, 7, p. 415.

I I have given the structure of the anterior leg and foot In Elotherium impera-

tor, Bulletin TJ. S. Geol. Surv. Terrs., Vol. v, p. 60.

\ Extinct Mammalia of Dakota and Nebraska, 1869, p . 72.



1884.] 23 [Cope.

are discrete, as in the hog ; and the bones of the feet correspond in number
with those of this animal. In 1873, Professor Marsh confirmed these

statements as regards the metacarpal bones,* and added " that the navicu-

lar and cuboid bones were loosely coosified or separate." In 1884-j- I gave

a fall account of the structure of the limbs in this genus. I mentioned a

peculiar feature of the carpus, viz. : that the os lunare is supported below

by the inward extension of the unciform, so that the magnum is below the

scaphoideum. I also showed that the cuneiforms are distinct, and that

the entocuneiform is wanting.

Eucrotaphus Leidy.

I have already stated that this genus is tetradactyle anteriorly and pos-

teriorly.^: I now add that the structure of the limbs and feet is in other

respects like that of Oreodon. This is true of the inner extension of the

unciform, so that the magnum is below the trapezoi'des. The inner side of

the latter bone in the Eucrotaphus pacificus, is so excavated, that there was
plainly a free trapezium of small size. In the posterior foot the entocunei-

form is wanting, and the mesocuneiform is distinct from the ectocuneiform.

Merycochcerus Leidy.

The first information of the foot structure of this genus is contained in

my paper on the Oreodontidse above cited.
||

The fore and hind feet are

there stated to be tetradactyle. I now add that in the M. montanus Cope,

the os magnum is entirely below the scaphoid, and that there is a distinct

trapezium. The posterior foot is constituted as in Eucrotaphus ; I also

observe that the navicular has a peculiar little facet on its distal face near

the front of the external edge. This fits a corresponding facet which

forms the proximal surface of a ledge, which extends from front to rear on

the inner side of the cuboid. In Eucrotaphus pacificus the arrangement is

similar, excepting that the ledge of the cuboid is interrupted at the middle

by a deep excavation. In Merychyus arenarum the cuboid is like that of

MerycocJmrus montanus in regard to this ledge.

Merchyus Leidy.

The limbs and feet in this genus are quite as in Merycochoerus. The

species which I have examined is the M. arenarum Cope.

Leptomeryx Leidy.

We possess as yet no information regarding the limbs and feet of this

genus. It is therefore fortunate that I obtained in the White River bed

of North Eastern Colorado, in 1879, a nearly entire skeleton of the L.

evansi Leidy. The bones were all found close together, and belong to

two individuals, and are without admixture of those of any other species.

* Amer. Jour. Sci. Arts, p. 409 ; Marsh does not credit Leidy with his previous

observations,

t Proceeds. Amer. Philos. Society, Pal. Bulletin, No. 38, pp. 508—10.

t Loc. cit., p. 504.

||
Proceeds. Amer. Philos. Society, 1884, p. 504.
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From these, and inferentially from other specimens, is derived the curi-

ous fact, that there are four distinct metacarpals, all supporting digits,

while there are but two metatarsals, which are coosified into a cannon

bone. This diversity between the limbs is unparalleled, although an

approach to such a condition is seen in the peccary. In this animal, as is

well known, there are four distinct digits in the manus, while in the pes,

the metatarsals are coossified proximally, and the fifth metatarsal is re-

duced to a scale. This difference between the two limbs is a further

illustration of Mr. Ryder's statement that the posterior limb is in advance

of the anterior in grade of development, for which I have endeavored to

account by reference to the fact that it is the posterior foot which receives

the greater number of impacts in progression. This is because the hind

limb is the principal propeller of the body.

In accordance with the structure of the feet, the fore-limb is much be-

hind the posterior limb in the .fixity of its parts. The ulna and radius

are distinct ;' the head of the latter a regular transverse oval. The distal

extremity of the fibula is not coossified with the tibia, but forms a sepa-

rate bone, as in the Ruminantia.

The lunar is mainly supported by the unciform, so much so that the

front face of the magnum is not beveled to fit the former. Behind the

face, the edge of the magnum is a little beveled for the lunar ; but the

former bone lies almost entirely under the scaphoid. The trapezoides is

coossified with the magnum. No distinct trapezium.

The cuboid and navicular are solidly united. The ecto- and mesocu-

neiforms are distinct, and there is no entocune'iform. The second metatar-

sal is represented by a fiat oval bone which is borne on the underside of

the projecting heel of the third metatarsal. The fifth is of smaller size,

and is a scale imbedded in a depression of the posterior part of the side of

the fourth. Ungues unilateral, trihedral and acute.

Hypertkagxjlus Cope.

Remains of this genus are as abundant in the White River beds as are

those of Leptomeryx, and like that genus I know but ihe one species, the

H. calcaratus Cope. Unfortunately I have not been able to obtain bones

of the skeleton connected with dentition from this formation, although

numerous bones occur separately which probably belong to it. The
genus is however abundantly represented in the John Day Miocene beds

of Oregon, where Leptomeryx does not probably occur. At least no
specimens of the latter are to be found in a collection of between one and

two hundred individuals of this general type in my collection. I cannot

distinguish the John Day species from the H. calcaratus, although the

size is generally distinctly larger.* In other cases the size is the same.

To the John Day specimens then I refer for the characters of the feet of

this genus.

* It is probably this species that is cited by Leidy as the Leptomeryx evansi iu

the Report U. S. Geol. Survey Terrs. I, p. 216.
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The ulna and radius are coosified. The scaphoid and lunar facets of the

radius are well distinguished by an oblique ridge. The carpus is un-

known. The median metacarpals are separate ; whether the second and
fifth are well developed I do not know, but suspect them to be so, as in

Leptomeryx, since the third and fourth bear no adherent rudiments. The
cuboid and navicular bones are united, while the cuneiforms are distinct

from them and from each other, as in Leptomeryx. There are but two
developed metatarsals, and these are distinct from each other. Thus the

fore-limb in its ulno- radius exhibits a little advance over Leptomeryx

;

while in the separate metatarsals it is behind the latter.

Hypisodus Cope.

This genus is remarkable for its prismatic dentition, being the only

Artiodactyle presenting the character in the White River fauna.* It was
probably well advanced in foot characters, but of these I know but

little. Parts of two tarsi found with the jaws of theiZ] minimus Cope, are

referred to the species on account of their very small size, and general cor-

respondence. The cuboid and navicular are coossified. Their distal face,

especially the navicular part, is so narrow transversely, that it is almost

certain that the third and fourth metatarsals are coossified, and that the

second and fifth are rudimental or wanting. There is no trace of facets

for the latter on the naviculo-cuboid.

PoAbrothekium Leicly.

I have fully described the limbs of this genus in the Annual Report of

the U. S. Geological Survey of the Territories for 1873f, as seem in the P.

vilsoni Leidy, from the White River beds, and have confirmed them from

a fine specimen of the P. sterribergi Cope, from the John Day or Middle

Miocene of Oregon. % The characters are ; ulna and radius coossified

;

trapezium and trapezoides present and distinct ; magnum supporting part

of lunar. Two distinct metacarpals, scales representing the second and

fifth ; navicular and cuboid bones distinct, as are the ecto- and niesocunei-

forms ; entocuneiform wanting. Metatarsals two, distinct ; second and

fifth represented by scales.

Observations on the Phylogeny.

1 have maintained | that the selenodont dentition is a derivative of the

bunodont, a proposition which seems unavoidable from a mechanical point

of view. The testimony of palaeontology is also in its favor, since in

America the oldest artiodactyle, Pantolestes, is bunodont. Kowalevsky in

the phylogenetic table given in his monograph of Anthracotherium§ does

* See Cope, Annual Report TJ. S,. Geological Survey Terrs., 1873, p. 501, where
the cuboid and navicular are stated to be united.

1 1874, p. 499.

J Bulletin TJ. S Geol. Survey Terrs. V, p. 59.

| Journal Academy Natural Sciences, 1874. See also Ryder, The Mechanical
Genesis of tooth forms, Proceeds. Academy Philada., 1879, p. 47.

2 1873 (? 4), p. 152.
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not commit himself as to this point, but allows the development of the

two types of dentition to appear to have been cotemporary and from some

common origin. He then derives from such a common point of departure

first, the Hyopotamidse, which first appear in the Eocene, and second, the

ancestors of the Anoplotheriidse. From the Hyopotamidae he derives all

the modern Selenodonta, exclusive of the Camelidae. The latter group

he omits from his table, doubtless because his information on the subject

was insufficient. The main line of origin of the Selenodonta is divided

early in Miocene time, the genus Gelocus giving origin to the Pecora, and

the genus Hygemoschus to the Tragulina.

In describing the characters of the genus Poebrotherium for the first

time, I remarked as follows :* "The present genus is a more generalized

type than Gelocus, and in its distinct trapezoid and distinct metacarpals

represents an early stage in the developmental history of that genus. It

also presents affinity to an earlier type than the Tragulidse which some-

times have the divided metacarpals, but the trapezoides and magnum co-

ossified. In fact Poebrotherium as direct ancestor of the camels, indicates

that the existing Ruminantia were derived from three lines represented by
the genera Gelocus for the typical forms, Poebrotherium for the camels

and Hysemoschus for the Tragulidse."

These views being then established on sufficient evidence, it remains to

make such additions as the facts cited in the present paper indicate. First

in importance comes the place in the phylogeny of the Selenodonta, of

the Oreodontidse. The peculiar inward extension of the unciform bone

already ascribed to them, characterizes also among extinct forms the genus

Leptomeryx, and probably Hypertragulus. Among recent ruminants it

is only seen in the Tragulidse. f If we arrange these types in serial order

we find the modifications of form to be generally identical with those of

the other ruminant lines, in the coossification of the bones of the legs and
feet. This series may then be regarded as phylogenetic. The peculiar

structure of the carpus of the Oreoclontidae, puts them out of the question

as ancestors of any type of existing ruminants other than the Tragulina.

Whether they themselves can be traced to a five-lobed, or to a four-lobed

bunodont ancestor, remains an undecided question. It is not, however,

probable that a five-lobed form has been intercalated in a series, both of

whose extremities are four-lobed. If this be true, the Oreodontidee must

be regarded as an ancestral type of Selenodonta, coequal with the Hyopo-
tamidse, and it may well be questioned whether the latter can have been

ancestors of the existing Ruminantia, whose molars are four-lobed.

So the present investigation does not disclose the ancestral stock of the

Pecora. In North America we have not progressed further in the solu-

tion of this question than I reached in 1877,:): after a study of the genera

* Bulletin U. S. Geol. Survey Terrs. Vol. 1, No. 1, p. 26, Jan., 1874.

t Among Perissodactyles it occurs in Triplopus, Tapirus and the Rhinoceron-
tidae.

% Proceedings Amer. Philos. Soc. p. 223.
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Cosoryx Leidy, and Blastomeryx Cope. I had already* suggested that

the former genus is the ancestor of the Cervidae, hut subsequently! re-

marked :
" It is not probable this genus is the immediate ancestor of Cervus.

from the fact that the molar teeth display in their prismatic form a higher

degree of specialization than belongs to that genus. It is probable that

the true ancestor combined the dental type of Cervus with the distinct

roots and short crowns of the molars, with the type of horns here de-

scribed." I at that time included a species (
Cosoryx gemmifer Cope) in the

genus, provisionally, which has the type of molars in question. Having
discovered another, larger species, which has the same type of molars, I

at once distinguished the provisional group in which I had placed the

G. gemmifer, Blastomeryx, as a genus ; and in describing the species (B.

borealis) observed as follows :

"In brief, its molars differ from those of Cosoryx ("Dicrocerus") much
as those of the deer differ from the molars of the antelope. While Cosoryx

("Dicrocerus") was probably the ancestor of Antilocapra, Blastomeryx

was the ancestor of Cervus or Cariacus." This opinion expresses all the

information I possess on the subject at present. It remains to ascertain

the structure of the anterior feet in Hypisodus, which is the earliest genus

of Ruminantia known to have prismatic molars.

The following table will represent the views expressed in the preceding

pages :

? Bovidse. Trasrulidse. Camelidse.

Hyopotamidee. Oreodontidae. Poebrotheriidse.

Quadritubercular Buno-

'donta.

Tritubercular Bunodonta.

(Pantolestidse.)

* Proceedings Academy Philadelphia, 1874, p. 149.

t Report Expl. Surv. W. of 100th Mer. TJ. S., G. M. Wheeler ia charge, iv, pt. ii,

p. 349, 1877.
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Fifth Contribution to the Knowledge of the Fauna of the Permian Formation

of Texas and the Indian Territory. By E. D. Cope.*

(Read before the American Philosophical Society, August 15, I884.)

PISCES.
Cekatodus favostjs, sp. nov.

This species is known to me from a piece of the lower jaw, which sup-

ports a tooth. One extremity of the tooth is broken off, but from the cur-

vature of its inner side, it is to be inferred that the portion lost is but small,

probably including one of the three processes which the tooth possesses.

The species may be distinguished from those described by Agassiz, and
from the existing species, by the great depth of the two emarginations of

the external side. These enter the crown so deeply as reduce its width to

dimensions no greater than those of each of the processes of the crown.

The internal face is strongly convex, and one extremity is more strongly

recurved than the other. The crown consists of a mass of coarse perpen-

dicular simple calciferous tubules, which are enclosed in a rather thin

layer of a dense substance which thickens downwards, and laps over the

external face of the jaw bone. The external surface of this layer is

vitreous. The walls of the tubules are of a dense and hard substance, of

a darker color in the fossil, and the tubules are filled with a softer sub-

stance, so that the grinding surface of the crown has the appearance of a

small honeycomb. The diameter of the tubules ranges from 1. to .05 mm.
The fragment of jaw is robust, is deeper than wide, and is strongly con-

vex on the internal face. The internal inferior angle rises at one extremity

above the level of the external inferior angle. The processes of the crown
project freely beyond the bone, having rested on the cartilage which forms

the external face of the jaw, as GHinther has shown to be the case in the

C. forsteri.

Besides the deep emarginations of the crown, the coarseness of the cal-

ciferous tubules is a special character of this species.

Measurements. M.
Depth of jaw with tooth 019

" " without tooth J 012

Width of crown at middle process 014

Probable length of crown , . .022

Found by Mr. W. F. Cummins.

Agassiz did not record any species of this genus from belOw the Trias,

but Fritsch has reported them from the Permian of Bohemia. *

BATRACHIA.
Ckicottjs crassidisctjs, sp. nov.

Accession of additional material enables me to add several points to the

* The "Fourth Contribution" will be found at page 628 of these Proceedings
for the year 1833.
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knowledge of the osteology of this genus, and to distinguish satisfactorily

three species. I have much pleasure in obtaining these additional facts,

since everything relating to this curious genus is of interest.

In the first place, the neural arches are not coossified to the centra, but

are readily separated from them. Their basis of attachment forms, on

each side of the median neural canal, an oblique triangular surface look-

ing forwards and upwards, with the apex above and behind. The ease

with which the neural arches separate accounts for the rarity of their

occurrence on separate centra. They support the diapophyses at their

lower border. Second, that the sacrum consists only of a centrum and

an intercentrum, both of which take part in furnishing a concave facet

for the attachment of the pelvis. Third, some of the ribs are two-headed,

and their capitular articulation is with the posterior edge of the intercen-

trum. Fourth, there is a hyposphenal articulation, as in the genera of

Jurassic Saurians, Camarasaurus, Amphiccelias, etc., and in the Permian
genus Empedias, among the Theromorpha. The hypantrum has, however,

this peculiarity : that its sides are produced forwards into a process on each

side below the prezygapophyses, each of which is subcorneal in form, but

with the interior face excavated to receive the hyposphen, so that the sec-

tion of the process is crescentic. These processes I have never previously

observed. I call them hypantrapophyses. I find them in the Gricotus

hypantricus. The neural arches of the other species are either lost or in

such close juxtaposition that I cannot see them.

The species differ in part as follows ; the full characters can only be

given in more detailed descriptions of more perfect specimens.

I. Dorsal intercentra much narrowed or pinched above.

Hypantrum unknown 0. heteroclitus.

II. Dorsal intercentra equally robust above as below, or more so.

Hypantrum unknown C. crassidiscus.

Hypantrum with acute lateral processes C. hypantricus.

The measurements of the G. crassidiscus are as follows :

Measurements. M.

vertical 025
Diameters of dorsal centrum behind ,

tran sverse,

( middle line below 013
Length of do. j ftt bage of neural arch 013

{width 010
Base of neural arch

j length 009

(vertical 025
Diameters of a dorsal intercentrum

j transverge -025

( middle line below 009
Length of do.

| „ «
. above 095

f transverse length 027

Diameters of coracoicH f at glenoid face 029
(width

{ at illternai face .qio
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It is probably this species which I have figured in the Proceedings Of

the American Philosophical Society,* and American Naturalist, f under

the name of G. heteroclitus. It is the most abundantly represented in

my collection. In the specimen figured in the American Naturalist,

the probable scapula is visible on both sides, but the coracoid is concealed

by the pectoral scuta.

Criootus hypantricus, sp. nov.

This Embolomere is probably represented by two individuals, which are

of larger size than any species which have hitherto come under my no-

tice, one of them very much larger. It is only the smaller specimen

which is accompanied by the astragalus. Both of them display the hypan-

trapophyses already mentioned in remarks on the genus under the head

of C. crassidicus.

As already pointed out in the key of species, the dorsal intercentra in

the G. hypantricus are stout and not narrow above, but the thickness in-

creases rather than diminishes upwards. They thus differ from the cor-

respondlug intercentra in the G. heteroclitus. In many of the dorsal in-

tercentra the dense external layer which covers the inferior face continues

upwards to an apex, the articular surfaces of the two ends meeting so as

to exclude the former. This is also the case in the G. crassidiscus. The
centra have the abbreviated form characteristic of the genus, and the for-

amen chordse dorsalis is present, but is smaller than the G. heteroclitus.

The supposed astragalus is oblong ; proximal:): border longer than the

distal, which is separated by an obtuse angle from the ectad ; distal en-

tad not reaching superior surface of bone, long, extending inwards below

the revolute proximal part of the entad face, from which it is separated

by a narrow oblique groove. Proximal and distal entad separated by

notches of the two faces ; a ridge the length of the bone below.

Measurements. M.

Diameters of centrum of indi- j anterposterior 015

vidual with astragalus. I transverse 028

_.. „ . r anterposterior 038
Diameters of astragalus < . nnn

I transverse 029

Diameters of centrum of r anteroposterior 018

larger individual. 1 transverse 038

Diameters adjacent intercentrum of do. {
p ' „

I. transverse 038

REPTILIA.

Clepsydrops leptocephalus, sp. nov.

This species is represented by almost the entire skeleton, the principal

deficiency being that of the scapular arch and the anterior limbs, with the

* 1881, pi. ii, figs. a-b. •

t 1884, p. 39, pi. v and fig. 7. In pi. v, figs/ and g represent the C. heteroclitus.

X I determine the ends of this specimen from a foot of Eryops.
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phalanges of the posterior feet. The bones of the skull are mostly pre-

served, but in a dislocated condition. They serve to demonstrate some of

the characters of the genus and family.

The quadrate bones of both sides are distinctly displayed. They are

rather short, and articulate above by squamosal suture with the squamosal

bones, which overlap them posteriorly, They narrow upwards, and are

deeply grooved on the anterior face below. Each edge of the groove is

produced forwards ; the external for a considerable distance as an acumi-

nate laminiform process, in the usual position of a quadratojugal bone.

The production of the internal edge is shorter, and its extremity is verti-

cally truncate. Its superior edge fits an incurvature of the superior edge

of the pterygoid bone, and its internal face is applied to the external face

of the latter.

The pterygoid bone displays the subtriangular plate with dentigerous

edges, such as I have already described as present in the species of Dime-
trodon. In this species it is thinner and less massive than in any species

of that genus yet known. This specimen enables me to locate it more
precisely than heretofore. The pterygoids were probably placed much as

I have represented them to be, in the JSmpedias molaris Cope (Proceedings

American Philosoph. Society, vol. xix, p. 56, pi. v). They send inwards

a subtriangular plate from each side, which approach each other on the

median line without touching, and the adjacent edges are somewhat de-

curved. The posterior edges are deeply concave on each side of the mid-

dle line, and like the inferior edges, are dentigerous. The process for the

quadrate extends outwards and backwards, and is thickened on its poste-

rior edge, while its anterior edge, which is continued from the inferior edge

of the posterior border, becomes very thin. The anterior production for

the ectopterygoids extends outwards and forwards, leaving the anterior

edge of the dentigerous plates as the concave posterior border of the large

palatine foramina. The anterior production of the internal edge of the

plate becomes very thin, and is broken in the specimen without showing

articulation for the palatine.

The squamosal extends both above and below its anteriorly directed

zygomatic portion. The superior extremity shows squamosal suture for

the parietal.

The stapes is of large size. It consists of a stout rod terminating in a

double extremity, something like the double head of a rib. The shorter

head is expanded into a funnel shape. Near to it the shaft is perforated in

the longer diameter by a foramen. The extremity of the other head is

transversely truncate and is separated from the funnel by a deep notch.

On the outer side of the fundus of this notch, a foramen penetrates the

shaft obliquely and is continued into a canal which issues at the foramen

first described. The distal end is truncated by an irregular sutural sur-

face. In the specimen the bone lies behind the squamosal and quadrate

bones, the simple extremity of the rod near the posterior edge of the

quadrate.
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The premaxillary bones are distinct. The teeth of that bone and of the

maxillary are of unequal sizes.

The axis has an expanded neural spine, and a diapophysis for rib articu-

lation, but no parapophysis or capitular fossa. The two latter features

characterize all the vertebrae which follow, as far as the lumbar series.

The column in the typical specimen is tolerably complete, with a break

of uncertain, but probably not great length in front of the sacrum, and the

loss of the distal part of the caudal series. Intercentra of rather small

size are present throughout the series anterior to the sacrum. The inferior

faces of the caudal vertebrae are yet concealed by matrix. The bases of

the neural spines are compressed ; they were probably not elongate as in

Dimetrodon, though they are unfortunately broken off, except that of the

third cervicoclorsal vertebra. Here the spine is short and truncate above,

and rather wide anteroposteriorly. As in Dimetrodon there is no distinc-

tion between cervical and dorsal vertebrae.

The pelvis is well preserved, and has the characters already assigned to

the O. natalis Cope.* The ilium has a process or narrowed continuation

with parallel sides, directed backwards and upwards, and bearing a keel

on the middle line on the internal side. The ischia are much produced

posteriorly, and are separated by a notch on the middle line posteriorly.

The head of the femur is expanded, including probably the homologue

of the great trochanter of mammalia, and its articular face is crescentic,

with obtuse horns. There is a trochanter below it on the posterior edge

of the shaft. The condyles are inferior, and are separated by a deep

groove above and a shallow one below. The articular faces of the two

condyles are continuous, forming and go -shaped figure. The proximal ex-

tremity of the tibia is wider than the distal, and the articular face is unin-

terrupted. That of the distal extremity is a transverse oval.

Specific characters. "While the vertebral centra of this species are rather

short, the bones of the head are very much attenuated, and the jaws are

long and slender. None of the four jaws is prefectly preserved, but the

number of the teeth in the maxillary bone may be approximately fixed at

thirty in a continuous series. One, and probably two of these, placed near

the anterior part of the series, are larger than the others. They are placed

at the position of the corresponding large maxillary teeth in Dimetrodon,

but they do not display the dimensions seen in the species of that genus.

To strengthen the jaw at this point, a rib rises from the thickened alveolar

portion, and extends vertically on the inner side of the thin facial plate of

the bone. The facial plate is double, and each lamina, except at the rib,

is not thicker than wrapping paper.

The premaxillary bones are robust, and are excavated postero-laterally

for a very large nostril on each side. The spine is long. The alveolar

edge bears five teeth, which are followed by a diastema. These diminish

in size posteriorly, the'-first one being the largest, and equaling the large

* Proceeds. Amer. Philos. Society, 1878, p. 509.
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maxillary teeth. The last two are quite small, less than the usual maxil-

lary teeth.

The dentary bones are very slender, and the distal end is somewhat thick-

ened to support two teeth larger than the others. These are the third and

fourth from the extremity, and are not quite so large as the large teeth of

the maxillary bone. The remaining mandibular teeth are small, and are

not so much compressed as in the species of Dimetrodon. Many of them
have only a posterior cutting edge, which is not denticulate. The apices

are strongly turned backwards in the posterior part of the series. The
posterior part of the dentary bone rises and carries some of the teeth

with it.

The surface of the free edge of the internal plate of the pterygoid

bone is granular. The teeth on the posterior edge of the same are sub-

conic, and in a single series.

There are twenty-seven vertebrae in a continuous series, from and inclu-

ding the axis. All bear diapophyses, and all are rib-bearing, except per-

haps the last two, where they are of reduced size. They are more or less

opposite the neural canal as far as the twenty-second centrum. On this

vertebra the superior edge is on a level with floor of the canal, and pos-

terior to this point the diapophyses rise from the centrum. Two sacral

s

and ten caudalsare preserved, and all have diapophyses and neural spines.

The centra in this species are rather short, being as deep as long through-

out the series, if measured at the middle. The edges are not undulate as

in C. (Emboloplwras) limbatus Cope. The intercentra are short and not

extended upwards on the sides as in that species.

Measurements. M.

Length of quadrate bone 085

"Width of condyle of quadrate bone (greatest) 037

Length from condyle of internal anterior process of do. .032

" external " " " .097

" of squamosal bone (vertical) 124

" " pterygoid from palatal foramen 116

Width " " at middle 090

Length" internal dentigerous edge of do 070

" " posterior " " " 051

" " maxillary bone posterior to canine brace 181

Thickness of " " at canine brace 020

Depth of " " "nostril 016

Length of premaxillary bone (posterior apex restored).. .060

Width " " " at third tooth 022

Diameter of large (first) premaxillary tooth 008
" " " maxillary tooth (canine) 009

" small " "
., 006 >

Length of crown of last maxillary tooth 009
" " twenty-seven continuous cervico-dorsal ver-

tebrae 855
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Measurements. M.
Length of two sacrals 65

" " ten caudals 260

{anteroposterior 034

vertical posteriorly 031

transverse posteriorly 030

Elevation of neural spine from centrum 071

arch " " 009

Width of postzygapophyses 030

Elevation of neural spine of fourth vertebra 058

Diameters centrum sixteenth vertebra \
anteroposterior .025

c vertical at end.. .035

Diameters end centrum seventeenth cen- ("vertical 034

trum I transverse . .030

Expanse of postzygapophyses of seventeeth vertebra... .029

-r.. . .. ., . f vertical at end 031
Diameters twentieth centrum {

t anteroposterior 027

Diameters of twenty-ninth centrum \
anteroposterior. .

.
.024

( transverse behind .035

Expanse of postzygapophyses of twenty-ninth vertebra. .024

"Width of sacrum through fixed diapophyses. 049

( anteroposterior . . .025

Diameters centrum twentieth caudal 1 vertical behind. . . .0265

' transverse "
. . .0225

Expanse through diapophyses 047

Elevation of prezygapophyses (greatest) 039

^ anteroposterior (apex of pubis re-

Diameters of pelvis 1 stored) '. 235
' vertical through acetabulum 123

Anteroposterior diameter of ilium at acetabulum 089

Depth of ischium at posterior edge of acetabulum 080

Length of "
_

from acetabulum 117

Length of femur .179

-r, , -,. , c c f anteroposterior 075
Proximal diameter of femur {

l

t transverse (at middle) 025

t.. . , ,.,. . .j •,, ^transverse 038
Diameters shaft at middle <

i anteroposterior 031

{transverse 068

,
,.( external condyle. .031

anteroposterior < J
F

I internal " .045

Length of tibia 150

. i 5 anteroposterior(middle) .040
'

' I transverse 057

Diameters of tibia median anteroposterior 019

distal.
anteroposterior 026

transverse 041
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The typical specimen of this species was found by Mr. W. F. Cummins
in the Permian beds of Northern Texas.

Clepsydrops macrospondylus, sp. nov.

This species, like the last, much exceeds the C. natalis in dimensions.

The bases of the neural spines are enlarged, so that it is probable that the

spines were not elongate as in the species of Dimetrodon. Intercentra are

present throughout the dorsal and caudal series of vertebrae. The den-

tary bone supports one or two large teeth near the extremity. These
characters furnish the reasons for referring the species to the genus

Clepsydrops.

The individual by which the species is known, is represented by an axis

vertebra, twelve continuous dorsal vertebras ; nine other continuous verte-

brae, of which three are lumbar, two sacral, and four caudal. Also by a^part

of the ilium, and by the greater part of a dentary bone. All of these speci-

mens were found together, and possess an identical mineral appearance.

That this reptile belongs to a distinct species from the G. leptocephalus

is readily determined by the form of the dorsal vertebrae. The centra are

a little longer than those of that species, but have a smaller vertical diam-

eter. The latter is three-fifths of the former, while in the G. leptocepha-

lus the two dimensions are reversed, the depth being a little in excess in

corresponding parts of the column. The dentary bone, on the contrary,

is more robust than that of the G. leptocephalus, and supports, probably,

a small number of teeth.

The edges of the centra are not undulate or laterally flared. The cen-

tra are strongly compressed, and in the anterior part of the column have

an obtuse hypopophysial keel. The intercentra display equal width of the

inferior surface; and are abruptly rounded at the extremities. The last

one preserved is between the second and third caudal centra. It is shorter

and "w ider than the others, and does not display any trace of a chevron

bone. The diapophyses are opposite the neural canal on the thirteen an-

terior vertebrae preserved. Each one sends a horizontal rib forwards to

the prezygapophysis, and another obliquely forwards and downwards
which stops short of the edge of the centrum. These ribs enclose a fossa

in front of the diapophysis. Posteriorly the anteroinferior rib grows more

robust, and evidently supports part of the tuberculum of the rib. There

is no facet for the capitulum until the antepenultimate vertebra of the

anterior series is reached. Here and on the penultimate the anterior

border is flattened into a facet, and on the last of the series, the facet

marks the summit of a distinct tuberosity, which is produced by the cut-

ting away of the border below it, to accommodate the intercentrum.

The three lumbar vertebrae preserved are different from the dorsals in

their greater abbreviation. This character is not unknown in other species

of Pelycosauria. The centrum is contracted, but not compressed, at the

middle. The diapophysis is altogether on the centrum, and supports no

rib-facet. Its anteroinferior buttress is well developed, extending to the
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margin of the centrum which is cut out below it for the intercentrum.

The sacrum is rather robust. Its two vertebrae are not coossified, and
support well developed neural spines, and a large free diapophysis for the

ilium. The centra of the caudals, and their cliapophyses and neural

spines are well developed. There is a fossa at the base of the spine on

each side, in line with the zygapophysial surfaces, equidistant between

them.

The fragment of ilium is of appropriate size, and is quite robust. It

displays the fossa for the sacral diapophysis, and the acetabulum. Tbe
latter is remarkable for the prominence of the tuberosity on the superior

border, which exceeds that of any species of Pelycosaurian known to me.

The section of the ilium through it is triangular.

The dentary bone is accompanied by the splenial to the middle of the

symphysis. The latter is not very long. Its dentary portion turns up-

wards. The ramus is quite robust, differing much from that of the 0.

leptocephalus. It is broken off a little anterior to the tooth line, but the

latter probably did not contain more than twenty-two teeth. These have

anterior and posterior cutting edges, and are denticulate. The external face

of the dentary is excavated by shallow, undulating, branching grooves.

Measurements. M.

Total length of vertebrae preserved 640

("anteroposterior 031
Diameters centrum of a f vertical behind diapophysis. . .019

dorsal vertebra r at pnrl 021
[transverse^

I at middle 0115

Diameters neural arch f length with zygapophyses 041

of same vertebra .... I width at prezygapophyses 022

Diameters neural spine f anteroposterior 0145

of same vertebra. . . . •- transverse behind 007

Diameter of intercen- f anteroposterior 0052

trurn of do I transverse 023
' anteroposterior 024

transverse at end ... . .026

Diameters of a lumbar centrum -!
" " middle.. .023

vertical behind arch . . .022

L
" at end 029

Length of sacrum. .055

( anteroposterior . . . .024

Diameters of third caudal vertebra J vertical at end 023

[transverse at end.. .022

Anteroposterior diameter of acetabulum 0325

Transverse diameter of ilium at tuberosity 0265

Length of dentary bone supporting twenty teeth 044

Thickness at twentieth tooth 0175

Depth ramus at second tooth 035

" " fifteenth tooth 039
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The bones of this specimen are in excellent preservation. They were

recovered bjr Mr. W. F. Cummins from the Peruvian beds of Texas.

Edaphosaurus microdus, sp. nov.

The genus Edaphosaurus Cope, was established on the E. pogonias

Cope (Proceed. Amer. Philos. Soc., 1882, p. 448), which is represented by
a specimen, which includes only a distorted cranium, with most of the

parts preserved. The present species is represented by an individual of

which I possess numerous vertebrae and ribs, and the dentigerous plates

of both jaws. These are part of the dentary splenial in the inferior jaw,

and the pterygoid or palatine of the superior. The specimen enables me
to determine the characters of part of the vertebral column in the genus

Edaphosaurus.

In the first place the vertebrae possess enormously elongate neural spines,

as in Dimetrodon. Next, the centra have a facet on the anterior edge

above the middle for the head of the rib, as in a mammal. It is not re-

peated on the posterior edge of any of the thirteen centra preserved.

Thirdly, the ribs are only compressed proximally. Distally their section

is a wide oval. The extremity is truncate and concave. The shaft is hol-

low, the walls being thinnest distally.

Specific characters. The grinding teeth of this species are about as

numerous as in the E. pogonias, there being about seven in a transverse row
on each plate. They are, however, less closely placed than in the typical

species, and have more conic crowns. They do not form a pavement, as

they are separated by wider interspaces.

The centra are rather elongate, and the foramen chordae dorsalis is rather

large. No intercentra are preserved, and if present they must have been

very small, as the inferior rim of the centrum is not beveled to receive

one. The neural spines have transverse processes which commence near

the base, and project at intervals from the sides. The inferior ones are

oval or subround in section ; those which succeed are more or less com-

pressed. The extremities are enlarged fore and aft so as to be claviform

in outline, but are compressed except where thickened by lateral tuberosi-

ties. These are rarely symmetrical, one being larger and situated higher

up, sometimes giving the apex an unsymmetrically bilobate form. Some-

times they project at right angles to the terminal expansion. The shaft

of the spine has a rather small medullary cavity, and this issues by an

open mouth at the summit of the apex without constriction. This pecu-

liar arrangement suggests a cartilaginous continuation ©f the spine which

retains the nutritive artery of the medullary cavity. The anterior

face of the shaft is grooved from the base for some distance upwards ; the

posterior face is plane and then rounded above.

Measurements. M.

Diameters of inferior dental patch \
^

I transverse 024
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Measurements. M.

f anteroposterior .0335
Diameters of a posterior , ^^^ ^^ m

dorsal centrum
j fat end 026
I transverse^

I at middle 015

Measurements of piece f
] engtli 132

^Po„- „ ~p ~ -I diameter f anteroposterior 023
oi spme ot same.... !

-<
r

[at base. *- transverse 019

f vertical.. j
at end 032

Diameters of median I

*- behind arch 025

anteroposterior 0465

at end, at flare 037

at middle 016

dorsal

.

1

transverse^
'

Diameters of summit of spine <
^

L transverse 032

The ramous character of the neural spines of this species is much like

what is seen in the Dimetrodon cruciger Cope. The rami in this species,

however, retain their size upwards, and become compressed, a feature not

seen in the I). cruciger. The apices of the spines in the latter species are

not dilated as in the E. microdus.

Found by "W. F. Cummins in the Permian beds of Texas.

The posterior foot in Pelycosatjria.—The foot-bones of the rep-

tiles of the suborder Pelycosauria are abundant in the collections from

the Permian formation, and I have examined my collection for specimens

in which they are in normal connection, for the purpose of identifying

them. I have been so fortunate as to find an entire tarsus, with the

proximal parts of the metatarsi, in the skeleton which served as the

type of my description of Olepsydrops natalis* The characters presented

by this foot are no doubt present in all of the Clepsydropidae, which in-

cludes the genera Theropleura, Dimetrodon, Embolophorus, and proba-

bly others. Tarsal bones identical with those of the G. natalis were found

with the original specimens of G collettii and others of much larger size,

accompany remains of species of Dimetrodon, or Embolophorus.

The astragalus and calcaneum are large and well specialized bones, dis-

tinct from each other and from the other tarsal elements. They do not

resemble the corresponding bones of any known type of vertebrate, as

will presently appear. The navicular bone is distinct, and the cuboid

apparently consists of a single element. This depends on the interpreta-

tion given to a small bone on its posterior face, which is broken on its free

edge, and may be the head of the fifth metatarsus. There are three ele-

ments in contact with the distal face of the navicular, which correspon d

with the three mammalian cuneiforms. The space available for this con-

tact seems hardly sufficient for the three elements present, one of which

is out of position and" on the inferior side of the carpus. This element

* Proceedings American Philosopk. Society, 1879, 509.
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looks also from its free inferior side like an ungual phalange, but is flatter

than is characteristic of this family. There are three metatarsals distal to

the navicular, which are well accommodated with articular facets on the

distal extremities of the three bones in question, so that their identifica-

tion as the three cuneiforms, is probably necessary. The two remaining

metatarsals are articulated, the fourth to the exterodistal facet of the

cuboid ; and the fifth to the exterior side of the cuboid. The third,

fourth and fifth metatarsals are directed at an obtuse angle posteriorly

from the long axis of the astragalus.

This structure is more mammalian than any form of foot yet known
among reptiles, and agrees with the indications of mammalian character

described as existing in the long bones of the limbs by Owen and by
myself.

The astragalus is an oblong bone with one long straight side, viz., that

which is in contact with the calcaneum. This side has two facets for

articulation with tbe calcaneum, which are separated by a groove, which

forms a foramen when the two bones are in place. The proximal ex-

tremity of the bone is much smaller than the distal, and is subround.

The proximal half of the bone would be nearly cylindric were it not for

the truncation caused by the calcaneal facet. The distal half of the bone

is robust, and is surrounded on all sides by facets. These are the external

or calcaneal, the distal or navicular, and the internal which is larger than

the other two together. The first two are oblong and truncate, the navic-

ular twice as large as the calcaneal, its transvere much exceeding its

anteroposterior diameter. The internal facet already mentioned, covers

the internal face of the distal half of the astragalus, which projects fur-

ther inwards than the proximal half, rising abruptly from it. The facet is

continuous with the navicular, and is at right angles to its plane. It

widens proximally, and its proximal border is deeply notched. Its surface

is convex from back to front, but not strongly so. In the astragalus of a

species of Dimetrodon, it is divided by an angle into two facets, the two

faces thus produced being nearly at right angles to each other. This in-

ferior part of the facet is continued into a prominent border which is more

or less roughened. A rounded tuberosity of the inferior face of the bone

occupies the space between this border and the calcaneal border, so

approaching the notch already described, as to cause a groove to proceed

from it posteriorly and inwards. I described the corresponding bone in

the Clepsydrops collettii (Proceeds. Phila. Academy, 1875, p. 409) as a

possible coracoid.

The calcaneum has its postero-external edge broken in the specimen of

Clepsydrops natalis described, but is probably a semidiscoid bone, with its

straight margin applied to the astragalus. This margin presents a median

flat elongate-oval facet, which is separated by grooves from a facet at each

end. The proximal facet is the narrower, and passes by a curve into the

proximal extremital facet, which is adjacent to the corresponding proximal

facet of the astragalus. The distal internal facet is triangular and wider
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than long, and is separated by an angle only from the distal facet. The
latter is a little more than a half circle in outline, and joins one bone of

the second row, which I suppose to be the cuboid. The fact that it does

not articulate with the second element in that row, leads me to suspect

that the latter is the head of a fifth metatarsal. The external edge of the

bone thins out more rapidly at the distal than at the proximal extremity.

The cuboid bone is pentagonal in outline, and square in transvere sec-

tion. It is not unlike that of the Amblypodous Mammalia. It has a

transverse proximal facet, and two distal ones which meet at an angle

about right. The fifth metatarsal is articulated with its posterior face;

and the fourth with the exterior distal face. The ectocunei'form articulates

with the interior distal face. The navicular bone is subtriangular in trans-

verse section, and with a subquadrate base articulating with the cuboid.

Its longitudinal and anteroposterior diameters are about equal. The distal

or metatarsal articulation of the entocunei'form is transverse and flat.

The manner of articulation of the ankle-joint must have been different

from the usual reptilian type. The proximal extremities of the astragalus

and calcaneum combined are not too large to have received the distal ex-

tremity of the fibula, so that the tibial articulation must be sought else-

where. This may have been on the large distal facet of the anterior or

inner face of the bone. A part of this facet looks upwards and probably

supported the tibia, which was thus removed by a short space from that of

the fibula. The down-looking part of the facet, which is more distinct in

Embolophorus, must have articulated with a separate element. This may
have been a spur, such as exists in the known genera of the Monotremata

;

as the position is identical with that which bears this appendage in those

animals. It is quite evident that an element additional to those known in

the ordinary reptilian foot exists in the Clepsydropidae.

The separation of the distal extremities of the tibia and fibula is not

usual among reptiles, but it is common in the salamanders, where the os

centrale comes between them. It is also evident that the subcyliudric

proximal part of the astragalus, which intervenes between the supposed

tibial and fibular articulations, represents that bone.

The metatarsals are directed obliquely backwards as well as outwards,

as in Tachyglossus and Platypus.

The following results may be derived from the preceding statements :

(1) The relations and number of the bones of the posterior foot are those

of the Mammalia much more than those of the Reptilia. (2) The rela-

tions of the astragalus and calcaneum to each other are as in the Mono-

treme Platypus anatinus. (3) The articulation of the fibula with both

calcaneum and astragalus is as in the Monotreme order of mammals.

(4) The separate articulation of the anterior part of the astragalus with

the tibia is as in the same order. (5) The presence of a facet for an articu-

lation of a spur is as in the same order. (6) The posterior-exterior direc-

tion of the digits is as in the known species of Monotremata.

Thus the characters of the posterior foot of the Pelycosauria confirm the
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evidences of Monotrenie affinity observed by Professor Owen and myself

in the bones of the legs, especially of the anterior leg. It remains a fact

that with this resemblance in the leg there is a general adherence to the

reptilian type in the structure of the skull. But this adherence is not so

exclusive as has been supposed, as I will now endeavor to show.

The structure op the columella auris in Clepstdrops leptoceph-
alxts.—As already briefly described above, this element is bifurcate at the

proximal extremity. The shorter expanded extremity is the stapes proper.

The oblique perforation of its base is a character which has not been hitherto

observed in any reptile, not even in the allied form Hatteria (Huxley). If,

as is probable, the perforation is homologous with the foramen of the

mammalian stapes, we have here another point of resemblance to this

class. The longer proximal branch of the columella has only half the

width of the stapedial portion, and its long axis makes an obtuse angle

with that of the latter. It is perhaps the ossified suprastapedial cartilage

of Huxley, which that author states (Anatomy of Vertebrated Animals,

p. 77) is not ossified in any of the living Sauropsida. Huxley supposes

this cartilage to be the homologue of the incus, and remarks * that in a

young Mammalian foetus "it appears exactly as if the incus were the

proximal end of the cartilage of the first visceral arch." The columella

now described resembles a rib, of which the suprastapedial process resem-

bles the head, and the stapes the tubercle. If this process be the incus,

the stapes is shortened as in the majority of Mammalia, unless the primi-

tive suture between the two be longitudinal. The form and position of

the true stapes give support to the view of Salensky, that it is not part of

a true visceral arch, but is developed in the connective tissue surround-

ing the mandibular artery. We see that in this Pelycosaurian it is not

the proximal part of the arch, and surrounds the mandibular artery.

The columella is divided into at least two distinct elements. This is

clearly indicated by its abrupt truncation distally by a rough sutu-

ral surface. If there is but one bone distad to the stapes, it is homol-

ogous with the cartilage, which has been shown by Peters f to be

distinct in Hatteria, crocodiles and various lizards. It is the trian-

gular ligament of Cuvier. If the suprastapedial be incus, this ele-

ment is malleus ; and it is usually identified as such by the older anat-

omists. In this structure we have evidence that the hypothesis that

the articular and quadrate bones are homologous with the ossicula auditus

is incorrect. The Pelycosauria will probably come under the head of

"Sauropsides malleoferes" of Albrecht. We have here an approximation

to the Mammalia in two points: (1) The perforation of the head of the

stapes ; (2) and the ossification of the incus, which (3) is distinct from the

malleus, thus furnishing homologues of the principal ossicles of the ear. It

* Proceedings Zool. Society, London, 1869, p. 391.

fMonatsberichte der Academie Sciences, Berlin 1868 (p. 592)—1870.
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is unnecessary to observe however, that this part of the skeleton does not

resemble the corresponding part in the known Monotremes.

Structure of the quadrate bone in the genus Clepsydrops.—
The quadrate bone in Clepsydrops leptocephalus Cope, already described, is

of highly interesting form. It consists of two portions, a vertical and a

transverse, the latter much longer than the former. The vertical portion

is wedge-shaped with the base fashioned into the condyle for the mandib-

ular ramus. Its posterior face to the apex, is articulated with the large

squamosal, which rises towards the parietal bone. The distal part of the

quadrate is grooved anteriorly, and each edge sends a process forwards.

The internal is short, and articulates with the pterygoid. The external is

the long horizontal part of the bone already mentioned. It is compressed,

and at the end is acuminate. Although the malar bone is out of place in

the specimen described, examination of the skull of the Clepsydrops natalis,

where it is preserved in position, shows that this horizontal ramus of the

quadrate is nothing more than the zygomatic process of the squamosal

bone of the Mammalia, forming with the malar bone the zygomatic arch.

In the Pelycosauria there is but one posterior lateral arch, as is demonstrated

by many specimens ; hence, we have here a reptile with a zygomatic arch

attached to the distal extremity of the quadrate bone.

Important results follow this determination. We have seen that, with

Peters, we need no longer look to the auricular chain of ossicles, and

especially to the incus, to find the homologue of the os quadratum of the

Vertebrata below the Mammalia. According to Albrecht the os quadratum

is the homologue of the zygomatic portion of the squamosal bone. If this

be true, in the process of specialization of the reptiles, the anterior or zygo-

matic portion of the quadrate has been lost or separated as a quadrato-

jugal bone, and the condylar portion extended, until it has reached the

extreme length we observe in snakes. This determination of the character

of the quadrate bone in the Theromorphous Reptilia is confirmatory of

the theory broached by Albrecht.* Among many propositions novel

to the science of osteology, none has been more unexpected than

his assertion that the quadrate bone is the homologue of the zygo-

matic and glenoid portion of the squamosal bone of Mammalia. This is

in contradiction to the view held by many comparative anatomists from

the day of Reichert to the present time.

I made a study of these arches several years ago, which is published in

the Proceedings of the American Association Adv. Science, Vol. xix, p.

18. Accepting the prevailing view that the quadrate bone is one of the

auditory ossicles, I naturally homologized the superior arch of the rep-

tilian skull, which articulates with the squamosal proper, with the zygo-

matic arch, and looked upon the quadratojugal arch as an additional

structure, connected with the peculiar development of the supposed incus.

* Sur la valeur morphologique de l'articulatlon maudibulaire et des osselets

de l'oreille, etc , Bruxelles, Mayolez, 1883.
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Should Albrecht's determination of the homology of the quadrate bone

prove to be correct, the quadratojugal arch is the zygomatic, and the

superior arch becomes the accessory one. This being admitted, the Lacer-

tilia cannot be said to have a zygomatic arch, and the Theromorpha do not

possess their postorbito-squamosal arch ; the diversity between the two
orders being thus greater than has been supposed.

The articulation op the ribs in Embolophorus.—The ribs of the

Theromorpha are two-headed. While the tubercular articulation has the

usual position at the extremity of the diapophysis, the capitular is not

distinctly, or is but partially indicated, on the anterior edge of the cen-

trum, in Clepsydrops and Dimetrodon. In Embolophorus, as I showed in

1869, the capitular articulation is distinctly to the intercentrum. A second

and larger species of that genus, recently come to hand, displays this

character in a striking degree, since the intercentrum possesses on each

side a short process with a concave articular facet for the head of the ribs.

From the slight corresponding contact with the intercentrum seen in

Dimetrodon and other genera, there can be little doubt that this is the

true homology of the ribs in the order Theromorpha.

The consequence follows from this determination, that the ribs of this

order are intercentral and not central elements, and that they do not there-

fore belong to the true vertebrae, thus agreeing with the chevron bones,

with which they are homologous.

It is also true that this type of rib-articulation approximates closely that

of the Mammalia, where the capitular articulation is in a fossa excavated

from two adjacent vertebrae. This is what would result if the intercen-

trum were removed from a Theromorph reptile, and the head of the rib

allowed to rest in the fissure between the centra left by the removal. It is

well known, that the double rib articulation of the other reptilian orders

which possess it, viz.: Ichthyopterygia, Crocodilia, Dinosauria and Ptero-

sauria, and in the birds, is different, the capitular connection being below

the tubercular, on the centrum. Whether the capitular articulations and

the ribs in these orders are homologous with those of the Theromorpha,

remains to be ascertained,

The origin op the Mammalia.—The relation of the characters of the

Pelycosaurian suborder of the Theromorpha to those of the Mammalia
may now be seen to be very important. I give a synopsis of the charac"

ters of these divisions parallel with those of the Batrachia contemporary

with them, in order to give a clear idea of the reasons for believing that

the Mammalia are the descendants of the Pelycosauria.

The following table shows that the Mammalia agree with the Batrachia

in two and part of another character ; with the Pelycosauria in six char-

acters, and with other Reptilia in two characters. The Pelycosauria agree

with the Batrachia in two and in parts of two other characters, and with

other Reptilia in three characters, two of which (Nos. 2 and 3) are of

prime importance. Of the characters in which the Pelycosauria agree
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with the Mammalia, two are of first class importance (Nos. 1 and 5); three

are of great but unascertained degree of importance (Nos. 4, 6 and 8),

and one (No. 9) is of less importance. The two characters (Nos. 2 and 5)

in which the Mammalia agree with the Batrachia, are of high importance,

but one of them is also a point in which the Pelycosauria agree with both

(structure of the coracoid bone, No. 5). There is but one character, the

distinctness of the quadrate bone, in which the Batrachia agree with

the Reptilia in general.

The preceding comparison renders it extremely probable that the

Mammalia are descended from the Pelycosaurian Reptilia. The usual

definitions have been invalidated, excepting that of the occipital con-

dyles, but even this is not so absolute a character as has been supposed.

In the gecko lizard, Uroplates, the occipital condyle is represented

by the exoccipital pieces only, the basioccipital element being omitted

nearly as in the Mammalia. Professors Huxley and Parker have declared

it as most probable that the true ancestor of the Mammalia have been the

Batrachia. It is evident that the Pelycosauria are in various respects the

most Batrachian of the Beptilia, for they agree with them in three and
parts of two other characters of the nine above enumerated. One of the

latter is the structure of the posterior foot, which displays much less

modification from the Batrachian type than that of the ordinary Reptilia.

The first evidence of the resemblance of the Pelycosauria to the Mam-
malia was empirical and not conclusive. This consisted in the characters

derived from the long bones of the limbs. Professor Owen first called at-

tention to this resemblance in the genus Cynodraco, which is a Theromorph
reptile. I next pointed out corresponding peculiarities in the humeri of the

American Therornorphs. I subsequently showed the resemblance between

the pelvis of the Pelycosaur division, and that of the Monotremata. This

was followed by a demonstration of the resemblance between the coracoid

of the Pelycosauria and the Mammalia of the Monotrematous order,

especially the family of the Platypodidse. The present article now adds

that the structure of the posterior foot approaches near to that of the

Monotremata ; and that the os quadratum and tbe ribs are essentially like

the corresponding parts in all the Mammalia. The last three points are

essential and fundamental. The three great distinctions between the

Mammalia and Reptilia in the skeleton are : (1) in the quadrate bone
;

(2) in the coracoid bone, and (3) in the occipital condyle. Of these the

last only now remains, and this is weakened by the presence of the Mam-
malian type in the geckotian lizard already referred to. The only inter-

ruption in the series which has not yet been overcome is in the columella

auris. No reptile is yet known where that element is divided into incus,

orbicularis, and stapes, as in the Mammalia and some Batrachia (according

to Albrecht). Of course the above comparison with the Monotremata con-

siders the latter order in its proper ordinal definitions, and not in its special

subordinate modifications now existing, the Platytidse and Tachyglos-

sidse. Montremata dentition like that of the known Jurassic and Triassic

Mammalia will doubtless yet be discovered in beds of those ages.
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As this paper goes to press, the interesting announcement made at the

meeting of the British Association for the advancement of science at

Montreal may be referred to. Mr. Caldwell, the holder of the Balfour

scholarship, telegraphs that he has discovered that the Platypus anatinus

is oviparous, and that the egg is meroblastic. This confirms the hypothesis

of descent from reptilian ancestors rather than Batrachian. Haeckel gives

the segmentation as meroblastic, Studien zur Gastraea Theorie, Jena, 1877,

p. 65-

Note on the Taksus.—I am just in receipt of an MS. from Dr. Baur,

of New Haven, in which he presents an identification of the "internal

navicular" bone of some rodents, and which probably existed in the ungu-

late genera Pantolambda and Bathmodon. He identifies it with the tibiale,

and denies that the astragalus includes that element, but that it consists

wholly of the intermedium. This identification will also apply, though

Dr. Baur in his manuscript does not make it, to the element which sup-

ports the spur in the known Monotremata. It will also explain the nature

of the element which occupies the same position in the foot of the Pelyco-

sauria above described. The arrangement in this order of reptiles con-

firms the conclusion reached by Dr. Baur, since the questionable element

is here in direct contact with the tibial facet of the astragalus.

Note on Phylogeny op the Vertebrata.—As my researches have

now, as I believe, disclosed the ancestry of the Mammals,* the birds, f

the reptiles, and the true fishes, % or Hyopomata, I give the following phy-

logentic diagram illustrating the same. This will only include the lead-

ing divisions. The special phylogenies of the Batrachia
||
and Reptilia,§

and some of the Mammalia Tf have been already given.

The Mammalia have been traced to the Theromorphous reptiles through

the Monotremata. The birds, some of them at least, appear to have been

derived from the Dinosaurian reptiles. The Reptilia in their primary rep-

resentative order, the Theromorpha, have been probably derived from the

Rhachitomous Batrachia. The Batrachia have originated from the sub-

class of fishes, the Dipnoi,:): though not from any known form, I have

shown that the true fishes or Hyopomata have descended from an order of

sharks,:}: the Ichthyotomi, which possess characters of the Dipnoi also.

The origin of the sharks remains entirely obscure, as does also that of the

Marsipobranchi. Dohrn** believes the latter class to have acquired its

* American Naturalist 1884, p. 1136.

f Proceedings Academy Philadelphia, 1867, 234.

t Proceedings American Philosophical Society, 1884, p. 585.

||
American Naturalist, 1884, p. 27,

I Proceedings American Association for the Advancement of Science, xix,

1871, 2-33.

1f Proceedings American Philosophical Society, 1882, 447; American Naturalist,

1884, p. 261 and 1121. Report U. S. Geol. Survey W. of lOUth Mer., G. M. Wheeler,
1877, iv, ii, p. 282.
** Der Ursprung der Wirbelthiere u. d. Princip des Functionwechsels, von

Anton Dohrn, Leipsic, 1875, p. 32.
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present character by a process of degeneration. "The origin of the Verte-

brata is as yet entirely unknown, Kowalevsky deriving thern from the

Tunicata, and Semper from the Annelida.

Aves Mammalia

Keptilia

Hyopomata Batrachia

I \

Selachii Ichthyotomi Dipnoi

Holocephali

Marsipobranchi

Leptocardi

EXPLANATION OF PLATE.

Fig. 1. Clepsydrops leptocephalus Cope, right quadrate bone (Q) with

condyle and zygomatic process (z) from the right, or external side. Pt,

pterygoid bone of same side displaced so as to be in plane of quadrate,

and to be seen from inferior side. One-half natural size.

Fig. 2. Columella auris of the individual of Clepsydrops leptocephalus

represented in fig. 1 ; internal side. Fig. 2a external side ; 2b proximal

extremity ; 2c distal extremity ; s, head of stapes ; Ecol. epicolumella
;

d, distal articular surface, especially represented in fig. 2c. All figures

are half natural size, excepting 2c, which is natural size.

Fig. 3. Left half scapular arch of a Pelycosaurian, less clavicle and
episternum, one-half natural size, sc, scapula ; el, facet for clavicle :

cor, coracoid ; ec, epicoracoid ; s, open suture between coracoid and
epicoracoid, indicating the immaturity of the animal.

Fig. 4. Dorsal vertebra of a species of Embolophorus, one-half natural
size; right, side; a, from front; b, from below; ic, intercentrum; ca,

capitular rib articulation.

Fig. 5. Astragalus of individual figured in fig. 4, one-half natural cize
;

from below, ca, ca, facets for calcaneum ; na, do. for navicular ; tib, 2,

do. for bone of spur, or os tibiale. 5a, same bone from external or cal-

caneal border
; /, fibular facet, ob, same bone, proximal or fibular ex-

tremity.
Fig. 6. Left posterior foot of Clepsydrops natalis Cope, superior side,

and 6a, inferior (plantar) side, two-thirds natural size, as, astragalus
;

ca, calcaneum ; na, navicular bone ; cu, cuboid ; euc, mo and ecc, en-
tocuneiform, mesocunei'form and ectocunei'form bones, respectively. I, II,

III, "IV, V, metatarsals. Tib 1', Probable tibial facet. In this specimen
the calcaneum is displaced ; being turned backwards, so as to present its

two astragalar facets (aaf) anteriorly.

Printed November 20, 1884.
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