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ABSTRACT

Previous studies of members of the mammalian
family Leporidae from the North American Ter-
tiary have made known the morphology and some
phylogenetic trends of late Eocene and Oligocene
leporids and have resulted in the naming of nu-
merous Miocene and Pliocene species. The study
here reported on determines more precisely the re-
lationships between Oligocene and later Tertiary
leporids and demonstrates morphologic and phylo-
genetic trends in Miocene and Pliocene members of
the family. Opinions differ regarding the taxonomic
validity of certain of the subfamilies that were pro-
posed in the past to show relationships among
leporids. Three subfamilies are here recognized,
Palaeolaginae, Archaeolaginae, and Leporinae. The
content of each subfamily differs somewhat from
that proposed by Dice in 1929. The subfamily
Archaeolaginae includes the bulk of later Tertiary
North American leporids and is the central subject
of this study.

All leporids from the North American Tertiary
are reviewed. Species of the genus Palacolagus are
arranged in three species groups. Archaeolagus
seems to have descended either from a new middle
Oligocene genus or from one of the species groups
of Palaeolagus. Archaeolagus and its descendant
Hypolagus are differentiated mainly as different
levels of development; possibly the level that is
taken to characterize Hypolagus has been attained
by more than one line of Archaeolagus. Relation-
ships of some of the numerous Pliocene species of
Hypolagus are not clear, although two main lines,
one including larger leporids and the other smaller,
can be traced. Remains of at least thirty-five topo-
types of Hypolagus vetus illustrate for the first time
the variation that might be expected in a relatively
homogeneous sample of fossil leporids. In North
America, members of the subfamily Leporinae first
appear in Blancan times, probably as migrants from
the Old World.

Morphologically, most leporids have been con-
servative and have followed certain general evolu-
tionary tendencies. Evolutionary trends in the
cheek-teeth include increase in hypsodonty, molarifi-
cation of some of the premolars, and replacement of
the primitive occlusal pattern by a simpler pattern
lacking most traces of primitive tooth cusps. Evolu-
tion of the skull and postcranial skeleton has been
mostly toward adaptation for improved cursorial
locomotion. The primitively flattened skull changed
to an arched one having a larger angle between basi-
cranial and palatal axes. The arching of the skull

reflects development of a posture in which the head
is carried at a greater angle to the vertebral column
than in primitive leporids. Several other changes in
skull and lower jaws seem to be related to this
arching. Trends toward cursorial adaptation in the
postcranial skeleton include elongation of the limbs
distally and strengthening of articulations and more
advantageous placement of muscle attachments in
the pelvic girdle and hind limbs, which are impor-
tant in the half-bound or leaping gallop of leporids.
The postcranial skeleton in primitive leporids was
probably more flexible laterally than in later le-
porids, which are specialized for anteroposterior
movement. A few leporids departed from the main
line of development and paralleled ochotonids in
some characters.

Most morphological structures can not be used
consistently to determine relationships within the
family Leporidae, but Ps, with certain limitations,
seems to reveal relationships, particularly at the sub-
familial level.

The subfamily Palaeolaginae is a basal group of
persistently primitive leporids and others more
progressive. The Palaeolaginae seem to have flour-
ished in the earlier Tertiary of North America, and
some Old World lagomorphs have been tentatively
referred to that subfamily. The compact subfamily
Archaeolaginae seems to have arisen early in Mio-
cene times from one of the more progressive lines
of palaeolagines. The main development of the sub-
family Archaeolaginae, which includes all or nearly
all middle Miocene to middle Pliocene North Amer-
ican leporids, occurred in North America. Archaeo-
lagines reached the Old World late in the Pliocene,
flourished until the late Pliocene or early Pleistocene,
but became extinct, possibly due to competition with
leporines. The subfamily Leporinae is first known
from the Pontian of the Old World, seems to have
had a successful Pliocene and Pleistocene radiation,
reached North America in Blancan times, and in-
cludes all living leporids. The ancestry of the lepo-
rines is not known from the fossil record, but per-
haps a line of palaeolagines reached the Old World
and there gave rise to leporines.

Named as new are Palaeolagus philoi, n. sp.,
from the early Miocene; Litolagus molidens, n. gen.
and sp., from the middle Oligocene; Archaeolagus
acaricolus, n. sp., from the late early or early middle
Miocene; Hypolagus parviplicatus, n. sp., from the
late middle or early late Miocene; and Hypolagus
fontinalis, n. sp., from the early Pliocene.

INTRODUCTION

The family Leporidae, rabbits and hares, along with
the late Paleocene family Eurymylidae and the late Oli-
gocene to Recent Ochotonidae make up the mammalian
order Lagomorpha. The Leporidae are first known from
the late Eocene of Asia and North America. Leporids of
a primitive type seem to persist throughout the Oligocene
in Asia. In North American Oligocene faunas there were
some persistently primitive leporids, but also more progres-
sive lines. Most Miocene and Pliocene leporids of North
America seem to be descended from one of the more pro-
gressive Oligocene lines. Definite leporids are not known
from the Miocene of the Old World but reappear there
in the early Pliocene. Recent leporids are nearly world-
wide in distribution.

The present work is principally a review of Miocene

and Pliocene members of the family Leporidae with the
purpose of determining morphologic trends and relation-
ships within the family. Three subfamilies of leporids
are recognized here—Palacolaginae, Archaeolaginae, and
Leporinae. Of these, the subfamily Archaeolaginae, which
includes the primary or sole North American leporids
from middle Miocene through middle Pliocene times, is
the central subject of this review. In order to determine the
morphologic heritage and ancestry of the later Tertiary
leporids, it is necessary also to review the earlier North
American leporids, which are included in the subfamily
Palaeolaginae. The later Tertiary Leporinae, contempo-
raries of, and possibly competitors with, the archaeola-
gines, are also considered.
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PREVIOUS STUDIES

In the early, primarily descriptive discussions of Ter-
tiary leporids of Lemy (1856), Core (1873, 1884, other
papers), Martaew (1902, 1903, 1907), and others, Oligo-
cene leporids were included in the genus Palacolagus, and
John Day and later leporids were referred to the genus
Lepus; the phylogenetic connection between primitive
and more advanced leporids was considered to be an es-
sentially simple, direct sequence from Palaeolagus to
Lepus. Later, Dice (1917) established the genera Archaeo-
lagus and Hypolagus, considering them to be morpho-
logically and probably phylogenetically intermediate
between Palacolagus and Lepus. North American Ter-
tiary leporids became better known and additional le-
porids were recognized as a result of expansion of the
fossil record: WarLker (1931) established the genus Mega-
lagus for certain large, relatively unprogressive Oligocene
leporids; BurkE described the late Eocene genus Mytono-
lagus (1934) and recognized the Asian genus Desmato-
lagus in North America (1936); Woon’s (1940) study of
Palaeolagus, Megalagus, and Desmatolagus of the White
River Oligocene is a fundamental work dealing with not
only morphological and phylogenetic trends but also tooth
development and homology and characteristics of primi-
tive leporids as opposed to ochotonids; numerous Pliocene
and Blancan leporids became known through the work
of Gazin (1930, 1934), Hissarp (1939), WiLson (1937a,
1937b, other papers), and others. Studies of Old World
leporids that should be mentioned are those of Burke
(1941) on late Eocene and Oligocene Mongolian leporids,
of Kormos (1934), recognizing the genus Hypolagus in
the Old World and establishing the genus Pliolagus, and
of Scurosser (1924), Dice (1929, 1931), and BownLiN
(1942b) on the genus Alilepus.

As more specimens accumulated, it became clear that
the phylogeny of the leporids was more complex than the
simple Palaeolagus to Lepus sequence. Dice (1929) pro-
posed three subfamilies, on the basis of the structure of
Ps, to express lines of descent within the family: (1) the
early Oligocene to Recent Palacolaginae, characterized by
an hour-glass-shaped pattern that was produced by pos-

terointernal and posteroexternal folds of enamel on Py, in-
cluding the Oligocene Palacolagus (later divided into
Palaeolagus and Megalagus) and certain Pliocene to
Recent leporids; (2) the extinct subfamily Archaeolaginae,
characterized by Py lacking an internal fold and having
the posteroexternal fold crossing no more than half the
occlusal surface, including Archaeolagus and Hypolagus,
which were the main leporids in the later Tertiary of
North America; and (3) Leporinae, lacking an internal
reéntrant on P3 and having the posteroexternal reéntrant
crossing nearly the entire occlusal surface, ranging from
late Pliocene to Recent and including Brachylagus, Capro-
lagus, Lepus, Oryctolagus, and Sylvilagus (Nesolagus was
added by Scureuper in 1936). The peripheral distribu-
tion of the living “palaeolagines”, Pentalagus, Pronolagus,
and Romerolagus, was considered to indicate their antiq-
uity. The subfamily Archaeolaginae was proposed with
some reservation, because its characteristics were “seem-
ingly intermediate between those of the other two sub-
families” (Dick, 1929, p. 343). The status of the Archaeo-
laginae became more uncertain following work by Kor-
Mmos (1934), who expressed the opinion that the Villa-
franchian Pliolagus, a leporid having a palaeolagine Py in
early stages of wear and an archaeolagine Py in later stages
of wear, showed that the palaeolagines and archaeolagines
could not be separated and that only Palaeolaginae and
Leporinae should be retained. Scureuper (1936) con-
curred with Kormos. Woop (1940) agreed with Kormos
and ScHREUDER in recognizing on the basis of the known
evidence two subfamilies, Palaeolaginae (Palaeolaginae
plus Archaeolaginae of Dice) and Leporinae. Woon
found evidence for uniting palaeolagines and archaeola-
gines in the closely related Oligocene genera Palaeolagus
and Megalagus: on the basis of the subfamilial characters
used by Dick, individuals of Palaeolagus would be palaeo-
lagines for most of their lives but archaeolagines in old
age; individuals of the latter genus would be palaeolagines
for a short time when young and archaeolagines for most
of their lives. Nevertheless, Woob left the subfamilial clas-
sification somewhat tentative, suggesting that a definition
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of the palacolagines as “leporids in which Pg is divided
into two lobes, the anterior of which is simple and without
accessory invaginations” (1940, p. 276) might result in a
better subfamilial arrangement of genera; it was men-
tioned that the ancestry of later Tertiary “palaeolagines”
and leporines was not definitely known and that further
study of Miocene and later leporids might lead to recogni-
tion of the Archacolaginae as a valid phylogenetic unit.
Another classification was that of Burke (1941), who
deemed several new subfamilies necessary to show the di-
vergent lines of descent from late Eocene leporids; he men-
tioned Mytonolaginae, Desmatolaginae, Megalaginae, and
Palaeolaginae, and other subfamilies for later leporids
were recognized by inference. Hissaro (1939, 1941b)
maintained Dice’s subfamilies essentially as proposed;
however, his work on Blancan and Recent leporids (1944)
suggested that in dental characteristics the Blancan
“palaeolagine” Nekrolagus led toward Lepus, thus seem-
ing to bridge the gap between later “palaeolagines” and
leporines. BonLin (1942b) set apart the later Tertiary
leporids Alilepus, “Caprolagus” brachypus, and Pliolagus
as a group descended from a common Oligocene ancestor
and possibly ancestral to Recent “palaeolagines”; Hypo-
lagus was considered to have given rise to Lepus. Stmpson
(1945, p. 197) followed Kormos, ScHREUDER, and Woop

in recognizing the Palaeolaginae and Leporinae, but
mentioned Burke’s subfamilial classification as a valuable
analysis that was, however, somewhat impractical due to
use of “nearly monotypical subfamilies split both verti-
cally and horizontally”. WiLson (1949b, p. 134-139) sug-
gested that if subfamilies be maintained, the definition
and content of Dice’s subfamilies be revised: the Palaeo-
laginae should be a primitive basal group of Eocene and
Oligocene leporids, the Leporinae should include all
living leporids, including certain later Tertiary and the
peripheral Recent “palaeolagines”; in line with this ar-
rangement, the Archaeolaginae could be recognized as a
compact, extinct group that includes the bulk of North
American later Tertiary leporids.

In summary, previous to the present report the status
of knowledge of Tertiary leporids was as follows: late
Eocene and Oligocene leporids fairly well known and
described, and phylogenetic trends of these earlier leporids
suggested; some North American Miocene leporids known
and species of Pliocene leporids numerous; subfamilial
classification somewhat uncertain, although certain Oli-
gocene leporids generally acknowledged to be closely con-
nected to main North American later Tertiary leporids;
relationships of Recent leporids, including “palaeolagines”
and leporines, to more primitive leporids more uncertain.

METHODS

Relatively complete fossil specimens that were used
comparatively throughout most of my study are as fol-
lows: Palaecolagus haydeni, C.I'T. No. 1402; Megalagus
turgidus, C.I'T. No. 1563; Hypolagus vetus, numerous
specimens from C.IT. locality 63. Specimens from the
K.U. collection of Recent mammals that were used com-
paratively are: Lepus californicus, No. 8827; Romerolagus
daizi, No. 30815; Sylvilagus floridanus, No. 12135; Ocho-
tona princeps, No. 54850. Additional specimens were used
where possible in order to estimate the limits of indi-
vidual variation. Unless otherwise noted, comparisons
have been between adult individuals.

Names of institutions or collections referred to in the
text are abbreviated as follows:

AEW. Collection of Albert E. Wood

Ambherst Ambherst College

A.M.N.H. American Museum of Natural History

A.N.S.P. Academy of Natural Sciences of Philadelphia

CILT. California Institute of Technology, Collection
of Vertebrate Paleontology (this collection
has been transferred to the Los Angeles
County Museum)

CM. Carnegie Museum

C.N.H.M. Chicago Natural History Museum

F.H. Fort Hays Kansas State College Museum

K.U. University of Kansas Museum of Natural
History

M.C.Z. Museum of Comparative Zoology, Harvard

O.M.P. Oklahoma Museum of Paleontology

S.D.S.M. South Dakota School of Mines and Tech-
nology

U.CM.P. University of California Museum of Paleon-
tology

UMM.P. University of Michigan Museum of Paleon-
tology

U.O.M.N.H. University of Oregon Museum of Natural

History

U.S.N.M. United States National Museum

W.M. Walker Museum (now in collections of Chi-
cago Natural History Museum)

Y.P.M. Yale Peabody Museum

In the drawings of teeth, cement is indicated by
stippling, and enamel on the occlusal surface is outlined
or, in one case, blackened. Breaks are indicated by di-
agonal lines. Measurements are in millimeters and have
been taken with the same instrument and technique.
Measurements of teeth individually or in series were
taken at the occlusal surface, unless otherwise stated.

The morphologic terminology used is that in general
use in the literature dealing with lagomorphs. Terms ap-
plied here to the relatively simple structure of the cheek-
teeth of adults of more advanced leporids usually are
descriptive or positional and do not imply homologies
with similarly-named parts in other mammals; in the
molariform upper cheek-teeth, anteroloph and posteroloph
are incompletely separated by an internal hypostria; in
the lower molariform teeth, the columns, termed #rigonid
and talonid, are often joined by a lingual bridge of enamel
and dentine. Other terms used for more primitive leporids
and for unworn teeth usually follow Woop (1940). Skele-
tal terms follow BensLEy (1945) in most cases. The term
postalveolar foramen has been used to designate a fora-
men for the passage of a vein immediately posterior to

3.

Woop, ez al. (1941) has been followed in stratigraphic
terminology and correlation of North American deposits
except in a few cases in which more recent work has
shown changes in relative age relationships of faunal
units.
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SYSTEMATIC REVIEW

Family LEPORIDAE Gray, 1821

2 0'73 3
Dental formula —, —, —, — (except that Pentalagus

lacks M?); P3 completely molariform in advanced species;
snout tapers in width anteriorly; lateral portion of nasal
extends farther posteriorly than remainder; supraorbital
process of frontal present; in palatine process of maxilla,
foramen premolare (BonriN, 1942a, p. 59-60) absent.

The combination of characters listed above differen-
tiates the leporids from the other two lagomorph families,
Eurymylidae and Ochotonidae. The family Leporidae has
a time range of late Eocene to Recent; geographically
leporids have a natural distribution that is nearly world-
wide, with the exception of Australia.

Subfamily PALAEOLAGINAE Dice, 1929

The subfamily Palacolaginae, having a late Eocene to
early Miocene time range, includes the following genera:
from Mongolia——Shamolagus, late Eocene, and Gobio-
lagus, late Eocene to early Oligocene and possibly late
Oligocene; Desmatolagus, early to late Oligocene of Asia
and possibly early and middle Oligocene of North Amer-
ica; from North America—Mytonolagus, late Eocene,
Megalagus and Palaeolagus, early Oligocene to early Mio-
cene, and the middle Oligocene genus named below on
page 32.

The Palaeolaginae are characterized by the following:
P3 and P* less molariform than M! and M2, usually re-
taining the primitive pattern of crescents between central
and lingual lobes and having less persistent internal hypo-
striae, the buccal ends of which may form isolated lakes;
P; having a single external reéntrant, situated between
trigonid and talonid, except in one species, Palacolagus
hypsodus, in which P3 has an additional external reén-
trant, which is shallow and situated anteroexternally on
the trigonid.

Inclusion of Shamolagus, Gobiolagus, Desmatolagus,
and Mytonolagus in this subfamily is tentative. These
genera seem to be closer than are the typical Oligocene
North American palaeolagines to the stock that gave rise
to both ochotonids and leporids. The similarities of
Shamolagus and Gobiolagus to Mytonolagus and, in
turn, of Mytonolagus to Megalagus suggest leporid affin-
ities for the genera in question, but further studies are
necessary before their relationships can be stated more
precisely. As here conceived of, the subfamily Palaeo-
laginae is a broad basal group, more primitive than the
other subfamilies, ranging from primitive to later, more
advanced leporids, and presumably ancestral to the
Archaeolaginae and Leporinae.

Genus MYTONOLAGUS Burke, 1934

Mytonolagus Burke, Carnegie Mus., Annals, v. 23, art. 9, p. 400, November
19, 1934. Type, Mytonolagus petersoni BURKE.

Geologic age and distribution——Late Eocene of
Utah, Wyoming, and possibly Saskatchewan.
Generic  characters——Compared with Megalagus

brachyodon, cheek-teeth less hypsodont, molarization of
premolars less advanced, molars less reduced, and maxilla
and mandibular ramus narrower in premolar region;
P3-P* each having shallow hypostria; M! largest and
transversely widest of upper cheek-teeth; P3 near M3 in
size, M; and M. of nearly equal size and transversely
widest of lower cheek-teeth; on Pg, internal reéntrant not
persistent, and external reéntrant not extending more
than half-way across occlusal surface; anterior root of
zygoma extends outward approximately in line with P4,
which is more posteriorly than in Palaeolagus and Mega-
lagus. Known species near Palacolagus haydeni in size.

In addition to Mytonolagus petersoni from the Myton
Pocket in Utah and M. wyomingensis from Badwater
Creek, Wyoming, specimens from the Wagonhound
member of the Uinta Eocene, the Duchesne River (Rand-
lett horizon), and the Swift Current Creek beds of
Saskatchewan have been referred to this genus (BuURkE,
1934, p. 399-400, 406-407). Whether these referred speci-
mens are assignable to either of the described species is
not definitely established. The faunas from Myton pocket,
Randlett, Badwater, and Swift Current Creek, which in-
clude Mytronolagus, are considered by Gazin (1956, p.
5-7) to be Uintan and not much different from one an-
other in age.

Mytonolagus is probably close to the lagomorph stock
that gave rise to both leporids and ochotonids, but is con-
sidered here to be a primitive member of the family
Leporidae. Mytonolagus seems to be on a line leading
toward the genus Megalagus and to have especially close
affinities with the most primitive species of that genus,
Megalagus brachyodon of the early Oligocene.

Mytonolagus petersoni Burke

Mytonolagus petersoni Burke, Carnegie Mus., Annals, v. 23, art. 9, p. 400,
November 19, 1934.

Type specimen——Left maxilla having P2-M?, right
M3; portion of right palatine; left lower jaw having Pj-
Mj; fragments of right lower jaw having P3g-M,. C.M.
No. 11937, Myton member, Uinta Eocene series of Myton
Pocket, Little Pleasant Valley, Uinta County, Utah.

Geologic age and distribution. Late Eocene of
Utah and possibly of Saskatchewan.

Specific characters——P® and P* each having only
one strong outer rootlet; enamel better developed and
more persistent than in M. wyomingensis. Hypostria on
M! and M? does not extend to upper limit of enamel
lingually (Gazn, 1956, p. 8).

The specimens referred to Mytonolagus from the
upper Eocene beds at Swift Current Creek have not been
examined in connection with the present study, but
Burke (1934, p. 407) mentions that the specimens may
be referable to Mytonolagus petersoni.

Mytonolagus wyomingensis Wood

Mytonolagus wyomingensis Woop, Jour. Paleont., v. 23, no. 5, p. 561, Sep-
tember, 1949.

Type specimen——TIsolated right P3, Amherst No.
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10022, upper Eocene of Badwater Creek, eastern Wind
River Basin, central Wyoming.

Geologic age and distribution.
Wyoming.

Specific characters——Well-developed buccal roots in
upper teeth; hypocone weak on P2-P*; enamel reduced
buccally on upper teeth, anteriorly on lowers, and lost
after wear (Woop, 1949, p. 561).

The species Mytonolagus wyomingensis resembles M.
petersoni in general characteristics, but combines features,
some presumably primitive and some advanced, that dif-
ferentiate the two species. M. wyomingensis probably is
not descended from M. petersoni (Woob, 1949, p. 561).
The upper Eocene strata in which M. wyomingensis oc-
curs are considered to be Duchesnean in age by Woop
(1949, p. 556), but Uintan by Gazi~ (1956, p. 5-7). Thus,
according to GAzIN’s stratigraphic interpretations the two
species of Mytonolagus would have been essentially con-
temporaneous, and hence an ancestor-descendant relation-
ship would hardly be expected.

Late Eocene of

Genus MEGALAGUS Walker, 1931

Megalagus WALKER, The Aerend, v. 2, no. 4, p. 234, Fall, 1931. Type, Palaco-
lagus turgidus CoPE.

Geologic age and distribution——Chadronian (early

Oligocene) to Arikareean (early Miocene), Great Plains.

Generic characters——Upper molariform teeth hav-
ing buccal roots; on P? and P* lingual hypostria shallow;
on M! and M? lingual hypostria deeper and tending to
persist as isolated lake following rather early separation
from the lingual wall. On Pj single external reéntrant
persists in adult; lingual reéntrants on that tooth tend to
disappear at an early stage of wear. Cement not well de-
veloped. Size larger than in all but one species of Palaco-
lagus (P. intermedius).

Included in the genus Megalagus are Oligocene and
early Miocene leporids that are characterized by relatively
low crowned cheek-teeth and persistent traces of a primi-
tive pattern in the upper cheek-teeth. Although separated
generically from Palaeolagus in 1931, the genus was not
immediately recognized as valid. Burke recommended
that the genus Megalagus should be recognized if the
species of his rurgidus group were distinct from species
of his haydeni group (1934, p. 414); later he used the
name Megalagus, implying reference of the members of
the turgidus group to that genus (1936, p. 150-152).
BurkEe’s turgidus group included “Palacolagus” turgidus,
“P.” brachyodon, and P. intermedius. Of the turgidus
group, M. brachyodon and M. turgidus do seem to be
closely related, but the affinities of Palacolagus intermedius
seem to be closer to other species of Palacolagus (Woob,
1940, p. 327-329). Thus, of BURKE’s turgidus group only
M. brachyodon and M. turgidus are recognized here as
members of the genus Megalagus. A third species, M.
primitivus, is referred below to that genus.

The late Eocene leporid Mytonolagus appears to be
ancestral to Megalagus. The dentition of Megalagus re-
tains certain persistently primitive features, including
rooted upper cheek-teeth having a primitive pattern, and
relatively low crowns in the lower cheek-teeth; these
features make it improbable that this genus gave rise to

more advanced leporids. Megalagus has been favored by
some, for example Burke (1941, p. 22), as the ancestor
of the Archaeolaginae, in part because of the occlusal
pattern of Ps. In Megalagus the internal reéntrant on P
is lost at an early stage of wear, as it is in the archaeola-
gines. This early loss is regarded by Woop (1940, p. 332)
as a progressive character of Megalagus. Actually, in
Mytonolagus of the late Eocene the internal reéntrant on
P3 is not persistent, and it disappears at an early stage of
wear in the two early Oligocene species Palaeolagus tem-
nodon and Megalagus brachyodon. Therefore, early loss
of the internal reéntrant in Megalagus may be the reten-
tion of a primitive trend rather than a strictly progressive
feature. This interpretation is more in keeping with the
otherwise primitive nature of the dentition in Megalagus
and does not necessitate close relationship of Megalagus
to the archaeolagines. Further evidence that the archaeola-
gines did not descend from Megalagus is offered by ma-
terials of the new middle Oligocene genus and lower
Miocene species named below on pages 32 and 29 re-
spectively; these leporids, which combine generally ad-
vanced dental characters with early loss of the internal
reéntrant on Ps, show more features suggestive of an-
cestry to the archaeolagines than does Megalagus.

Known evolutionary tendencies in the genus Mega-
lagus, of early Oligocene to early Miocene times, tend to
parallel tendencies in Palaeolagus: on the upper cheek-
teeth the primitive pattern of crescents wears away earlier
and the hypostriae persist longer in the later species of
both genera; the development of palate and zygoma
shows trends in the same direction as do those structures
in the later species of Palacolagus. Nevertheless, Mega-
lagus tends to lag behind Palaeolagus in most dental
characters. To judge by the known fossil record, Mega-
lagus became extinct in the early Miocene and left no
descendants.

Megalagus brachyodon (Matthew)

Palacolagus brachyodon MATTHEW, Amer. Mus. Nat. Hist., Bull., v. 19, art. 6,
p. 217, May 9, 1903.

Megalagus brachyodon, Woop, Amer. Philos. Soc., Trans., v. 28, pt. 3, p. 343,
April, 1940 (this assignment is implied by Burke, 1936, p. 150-152, but the
first formal reference is that by Woop).

Type specimen——Left maxilla with P2-M2, A M.N.-
H. No. 9652, Titanotherium beds, Pipestone Springs,
Montana.

Geologic age and distribution——Chadronian (early
Oligocene): Pipestone Springs, Montana; ?Cypress Hills,
Saskatchewan.

Specific characters——M. brachyodon differs from
other species in the genus as follows: cheek-teeth lower
crowned; primitive pattern of upper cheek-teeth retained
longer and P? and P* less molariform; M3 seemingly
larger; anterior root of zygomatic arch arises closer to
alveolar border.

The late Eocene genus Mytonolagus appears to be
closely allied and ancestral to this primitive species of
Megalagus. M. brachyodon is probably ancestral to M.
turgidus (MartHEW, 1903, p. 218). It is likely that the
specimens, seemingly lost, from the Cypress Hills of
Saskatchewan referred to M. turgidus by Cope were ac-
tually referable to this species (Woop, 1940, p. 340).
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Ficures 1-6. Megalagus turgidus (C.I.T. No. 1563).

1. Ventral view of skull, X1. 2. Apex of left scapula,
X2; 2a, articular surface; 24, lateral view. 3. Proximal end
of left humerus, X2; 3a, articular surface; 34, lateral view.——4.
Right astragalus, X2; 4a, dorsal view; 45, medial view. 5.

Megalagus turgidus (Cope)
Plate 1; Figures 1-6

Palacolagus turgidus Core, Palacont. Bull., no. 16, p. 4, August 20, 1873.
Megalagus turgidus, WALKER, The Aerend, v. 2, no. 4, p. 234, Fall, 1931.
Palacolagus triplex Core, Palacont. Bull., no. 16, p. 4, August 20, 1873.
Tricium paniense Copk, Palacont. Bull., no. 16, p. 5, August 20, 1873.

Type specimen——Part of left lower jaw having
broken incisor, P3-Ms, A.M.N.H. No. 5635, Oreodon beds,
Cedar Creek, Colorado.

Geologic age and distribution.——Orellan (middle
Oligocene) and probably Whitneyan (late Oligocene) of
Great Plains.

Specific characters——Upper cheek-teeth more hypso-
dont and with buccal parts of pattern less persistent than
in M. brachyodon; internal hypostriae on upper molars
less persistent and palatine component of palate propor-
tionately longer than in M. primitivus.

Description——Previous descriptions of specimens of
this species are based primarily on a nearly complete skull,
No. W.M. 1642, described by Ovson (1942, p. 505-511),
and parts of skulls, dentitions, and fragmentary portions
of the postcranial skeleton discussed by Core (1884, p.
882-885) and Woop (1940, p. 332-342). Thus, although
the skull is known, the only descriptions of the post-
cranial skeleton have been based on incomplete material
consisting mostly of the ends of limb bones. A specimen
of M. turgidus, which was available for my study, C.I.T.
No. 1563 (Pl 1), consists of a skull, mandibular rami,
and partial postcranial skeleton. The skull offers some
additional information to that given by No. W.M. 1642;
the postcranial material makes possible a fairly complete
description of the structure and proportions of the
skeleton. This descriptive information may contribute to
a clarification of the phylogenetic position of this large
leporid.

Right calcaneum, X2; 5a, dorsal view; 5b, lateral view.—6.
Right navicular, X2; 6a, proximal view; 64, medial view; 6¢, lat-
eral view.

Its dentition, which is completely preserved except for
right Ms, indicates that C.I.T. No. 1563 is ontogenetically
older than No. W.M. 1642. The pattern is almost com-
pletely worn away on the upper cheek-teeth: the only
remnants remaining are an anteromedial reéntrant on
P2, part of the isolated crescent between central and
lingual lobes on P3, and isolated, enamel lined lakes on
M2-M3. At this stage of wear, P>-M? are wider trans-
versely than are teeth in younger specimens. External
roots are visible on P3-M2. In the lower jaw, Py lacks an
internal reéntrant, and the external reéntrant does not
persist to the alveolar border.

Skull. Some of the sutures of No. 1563 do not agree in
position with some described by OLson in No. W.M. 1642.
Reéxamination of the latter revealed that cracks obscured
the pattern of some of the sutures in that specimen.
Ovson (1942, p. 508) describes the suture between the
macxilla and the premaxilla lateral to the incisive foramen
as passing “medially almost at right angles to the axial
plane of the skull”. C.I.T. No. 1563, which is better pre-
served, shows that lateral to the incisive foramen the
premaxilla forms a V-shaped process with its apex di-
rected posteriorly, generally resembling that process in
Palaeolagus haydeni. In M. turgidus the part of the
maxilla bordering the incisive foramen and medial to
that V-shaped premaxillary process is proportionately
larger than in P. haydeni.

On the palate the incisive foramina terminate in line
with the middle of P2 The internal nares, which are pro-
portionately wider in M. turgidus than in P. haydeni,
extend forward to a level between M! and M2, According
to OrsoN (1942, p. 508), the maxillopalatine suture on
the palate “passes anteromedially to the fenestra [incisive
foramen] so that the palatine forms a small portion of the
posterior border of this structure and the maxillaries fail
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to meet”. The palate is considerably broken in No. W.M.
1642, and the “suture” mentioned above appears to be
due to cracking. Relationships of the maxilla and palatine
are more clearly shown in C.LT. No. 1563 (Fig. 1),
which has an essentially unbroken palate. The suture
arches anteriorly and extends to a level between P3 and
P#; the palatines do not completely separate the maxillae
nor do they form part of the border of the incisive foram-
ina. The bony bridge of the palate is essentially like that
in P. haydeni, but the palatine component forms a slightly
larger proportion of the palatal length in M. turgidus and
is proportionately somewhat narrower anteriorly than is
that in P. haydeni. In proportions of the palate M. turgi-
dus may be slightly more primitive. At least two palatine
foramina perforate each side of the palate a short distance
posterior to the maxillopalatine suture.

The squamosal is incompletely preserved in C.IT.
No. 1563, but a piece of bone and an impression on the
matrix indicate that this bone sent back a curved process
dorsal to the opening of the external auditory meatus.
This process, which is similar to that in P. haydeni,
covers part of the mastoid. More dorsal portions of the
squamosal are not preserved. OLson (1942, p. 509) states
that there is in No. W.M. 1642 along the parietosqua-
mosal suture “a large, elongate temporal foramen, a
structure unusual among the leporids”. Above the “fora-
men” in that specimen remnants of both squamosal and
parietal are present, and below it is the curved dorsal
border of the mastoid. If there were an opening, it must
have been between squamosal and mastoid, or within
the squamosal, not along the parietosquamosal suture.
However, even there an opening may not have ex-
isted. Specimens of Palaeolagus haydeni, including C.I.T.
Nos. 1402 and 1547, show that breakage of the thin
squamosal over the mastoid occurs frequently, resulting in
the appearance of a temporal opening, but in more com-
pletely preserved specimens such an opening does not exist.
In No. W.M. 1642 the aperture in the temporal region
may be the result of similar breakage. Megalagus turgidus
probably had no temporal foramen or at most only a
small gap between the squamosal and mastoid.

The nasals are broken anteriorly, but an impression
on the matrix suggests that these bones extended slightly
more anteriorly than do the premaxillae. About half way
back, the nasals are deeply pitted along their lateral bor-
ders. The dorsal surface of the frontals is rugose and
somewhat pitted. The anterior root of the zygoma ex-
tends outward approximately in line with the middle
of P8,

The auditory bulla in Megalagus turgidus is propor-
tionately and absolutely smaller than that in Palacolagus
haydeni. The surface of the well-developed mastoid is ru-
gose, and the wide, crested mastoid process contacts the
paroccipital process for almost its entire length. These two
processes are directed anteroventrally; in P. haydeni these
processes are oriented more nearly vertically due to the
larger size of the auditory bulla, against which the
processes lie. The stylomastoid foramen is between the
mastoid process and the posterior side of the external
auditory meatus. In P. haydeni a variably developed ridge
crosses the mastoid from its dorsoposterior corner onto
the mastoid process. M. rurgidus lacks this ridge, but the

posterolateral border of the mastoid is ridged; the mastoid
extends onto the occipital surface medial to this ridge.
The supraoccipital, which reaches only a short distance
onto the dorsal skull surface, is pitted and has a medial
ridge on the occipital surface from its dorsal margin to
the dorsal border of the foramen magnum. P. haydeni has
a corresponding ridge and also one on each lateral margin
of the supraoccipital. These lateral ridges extend upward
to the dorsolateral corners of the occiput as buttresses,
which are less prominent in M. turgidus than in P. hay-
deni. The dorsal and lateral borders of the occipital sur-
face are formed by a ridge that crosses the supraoccipital,
posterolateral side of the mastoid, and the paroccipital
process. The foramen magnum is wider than it is high,
and the occipital condyles are more nearly horizontal in
orientation than in P. Aaydeni. The less prominent oc-
cipital ridges and more nearly horizontal occipital con-
dyles suggest that the neck muscles were weaker and the
head was carried with less flexure at the neck in M.
turgidus than in P. haydeni.

The jugular fossa, bordered medially by the occipital
condyle and laterally by the bulla and paroccipital process,
is less constricted transversely in M. turgidus than in P.
haydeni, due to the smaller bulla in the former. The
condyle is pierced by two foramina that probably trans-
mitted branches of the hypoglossal nerve. The jugular
foramen is an elongate opening lateral and anterior to
the more ventral of these foramina and ventral to the
portion of the exoccipital that extends laterally toward
the paroccipital process. Lateral and slightly anterior to
the jugular foramen is another opening, probably the ex-
ternal carotid foramen. In P. haydeni this foramen is
situated more anteriorly and in Lepus still more so.

Lower jaw. In general shape the horizontal ramus of
the lower jaw in Megalagus turgidus resembles that in P.
haydeni. The swelling over the shaft of the incisor extends
to a level below P4 or to between P4 and Mj, thus being
slightly shorter than in P. Aaydeni. The masseteric fossa
is bordered anteriorly by a V-shaped ridge, which is
somewhat heavier than the corresponding ridge in P.
haydeni. In C.I'T. No. 1563 the angular process and an
impression on the matrix show that the posterior border
of the ascending ramus in M. turgidus is less concave than
in P. haydeni, resulting in the appearance of a less elon-
gate angular process in M. turgidus.

Compared to that in Palacolagus haydeni, the skull in
Megalagus turgidus is much larger, has a heavier muzzle,
and much smaller bullae. The angle between the axes of
the basicranial segment of the skull and the palate is ap-
proximately the same in these two species, or possibly the
angle is slightly less in M. turgidus. Following study of
the skull in M. rurgidus, OLson (1942) concluded that
Palacolagus and Megalagus are on a similar evolutionary
plane but differ generically. The present study reveals
that in two features relied upon by OvLson to differentiate
Megalagus and Palaeolagus, the shape of the palatine bone
on the palate and the position of the maxillopremaxilla
suture, the two genera do not diffier greatly. Nevertheless,
the remaining differences in the skull and dentition
appear to be of generic worth. The stages of evolutionary
development of P. haydeni and M. turgidus are difficult
to evaluate, but M. rurgidus is more primitive in denti-
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tion and possibly in palatal proportions. The more nearly
horizontal orientation of the occipital condyles and seem-
ingly weaker ridges for occipital muscle attachment on
the occiput may also be primitive features in M. turgidus.
The proportionately wider internal nares in M. turgidus
could be an advanced feature or an adaptive one related
to the much greater bulk of this leporid.

Postcranial skeleton. Previous reports on the post-
cranial skeleton of Megalagus turgidus have been based
mostly on the ends of various bones and fragments;
among such descriptions are those of Core (1884, p. 884-
885) and Woop (1940, p. 337-339). Postcranial elements
of C.L'T. No. 1563 make a more complete description
possible. Preserved parts of the specimen are fragmen-
tary vertebrae and ribs; a partial scapula; humeri, ra-
dius and ulna; fragments of the pelvis; left femur and
tibiofibula; incomplete right femur; astragalus, calcaneum,
and navicular. The following description is based mostly
on this specimen, although information from additional
specimens has been utilized.

In general conformation, the scapula in Megalagus
turgidus resembles that in Palacolagus haydeni; in both
species the supraspinous and infraspinous fossae are sub-
equal, and the neck of the scapula is short and wide. In
the Recent leporids the supraspinous fossa is proportion-
ately reduced, the neck is longer and narrower, and the
scapular spine is free for a greater proportion of its length.
Viewed laterally the glenoid cavity (Fig. 2b) is approxi-
mately as concave as are those in P. haydeni and Ochotona,
but less so than in the Recent leporids. The posterior part
of the glenoid cavity (Fig. 2a) is slightly expanded trans-
versely, nearly as much as in Ockotona but is not so much
elongated transversely as in later leporids. A trace of this
elongation occurs in P. hypsodus from the lower Miocene;
the elongation is present in the Recent Romerolagus, is
more pronounced in Hypolagus and Sylvilagus, and is
still better developed in Lepus. This elongated portion of
the glenoid cavity is less concave transversely in M. turgi-
dus than in the Recent leporids.

In lateral view the humerus is convex anteriorly ap-
proximately as in P. haydeni and more so than in Sylvi-
lagus and Lepus. The deltoid crest forms a distinctly
raised ridge that extends about half the length of the bone,
as do those crests in P. haydeni and Ochotona, and farther
than those in Sylvilagus and Lepus. About 8.5 mm. below
the proximal end of the greater tuberosity the deltoid crest
bends onto the lateral side of the shaft at almost a right
angle to the more distal portion of the crest. The structure
of the crest seems to indicate a larger area for muscle at-
tachment on the humerus in M. turgidus than in P. hay-
deni. The proximal end of the greater tuberosity is ap-
proximately level with, or a little lower than, the head of
the humerus (Fig. 3b); this tuberosity in P. haydeni is
slightly lower but in Recent leporids is higher. The lesser
tuberosity is somewhat more strongly ridged than in P.
haydeni. On the proximal end of the humerus a series of
changes in orientation of greater and lesser tuberosities
can be observed when comparing the fossil leporids with
the Recent species. In Megalagus turgidus (Fig. 3a) the
long axis of the greater tuberosity is anteromedial to
posterolateral and that of the lesser tuberosity is slightly
anterolateral to posteromedial, but mostly anteroposterior.

In P. haydeni the greater tuberosity is oriented essentially
like that in M. turgidus, but the lesser tuberosity is a
little more nearly transverse. The series Romerolagus-
Hypolagus-Lepus shows in increasing development, more
anteroposterior orientation of the greater tuberosity and a
more nearly transverse orientation of the lesser tuberosity.
The bicipital goove is deep, exceeding that in P. haydeni.
The humeral heads in M. turgidus and P. haydeni are
evenly curved and globular. In the Recent leporids, how-
ever, the medial and lateral parts of the head are more
distinctly separated by a shallow concavity, which is a con-
tinuation of the bicipital groove, the medial portion of the
head is more elongate in a medial direction, and the proxi-
mal end of the head is more flattened than in M. turgidus
and P. haydeni. In addition, the humeral heads in the
Recent leporids overlap the shaft posteriorly more than in
the two fossil species. The relatively primitive structure
of the head of the humerus in M. turgidus and P. hayden:
suggests greater flexibility at the shoulder than in the
Recent leporids, in which the structure of the glenoid cav-
ity and proximal end of the humerus indicate action more
restricted to, and specialized for, anteroposterior move-
ment.

The distal end of the humerus is wider, proportional
to the length of the humerus, in M. turgidus than in Sylvi-
lagus and Lepus. The supinator crest is well developed,
and a supratrochlear foramen is present. No trace of an
entepicondylar foramen, which is present in Palaeolagus,
is seen in this specimen, although the position of the
humerus in the matrix may obscure such a foramen. The
distal end of the humerus does not have such a distinctly
pulleylike appearance as that in the Recent leporids. The
medial keel is better developed than the lateral one, and
both keels seem to be more distinct than in P. haydeni
but less so than in Hypolagus, Sylvilagus and Lepus. The
medial condyles in M. turgidus and Palacolagus are pro-
portionately larger than in Recent leporids; possibly the
flexors of the carpus and manus, which originate on that
condyle, were stronger in M. turgidus and Palaeolagus
than in the Recent leporids. The structure of the distal
end of the humerus in M. turgidus indicates an early stage
in leporid development in which movement is somewhat
restricted to an anteroposterior direction, but specializa-
tion is lacking for the highly efficient movement at the
elbow seen in the later leporids. The distal end of a
humerus referred to Palacolagus turgidus by Copre (1884,
p- 884; pl. 67, figs. 22-22¢) is not that of a leporid, as was
recognized by Woop (1937, p. 37).

The ulna in M. turgidus is well developed and is con-
vex anteriorly as in Palaeolagus haydeni. The ulnar shafts
in Sylvilagus and Lepus are more reduced. On the an-
terior surface of the shaft two ridges, bounding a slightly
depressed area, extend from below the semilunar notch
toward the distal end of the bone. Similar ridges are
present in the Recent leporids, in which the more medial
ridge is in contact with the radius. In M. rurgidus the
medial ridge is lower and does not reach so far proximally
as in Sylvilagus and Lepus. The proximal end of the ulna
bends medially as does that in Palacolagus. The groove on
the olecranon for the triceps is bounded by higher medial
and lower lateral ridges; the groove is more concave than
in P. haydeni, but less so than in Sylvilagus or Lepus. On
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the distal end of the ulna there are two articular surfaces
as in P. haydeni, an anteromedial facet and a posterolateral
styloid process, which forms slightly less than half the
distal end. The anteromedial facet becomes reduced in the
later leporids; in Lepus only a trace of it remains, and the
styloid process forms most of the functional articulation
surface.

The shaft of the radius is slightly convex anteriorly,
approximately as in P. haydeni, and its posterior surface
has a wide, shallow, longitudinal groove. On the proximal
end the notches in which the distal keels of the humerus
insert are deeper than in P. haydeni and Ochotona but
less distinct than in:Recent leporids. The distal articular
surface is slightly concave and essentially three-sided: the
anterior border is slightly concave in the middle, the
posteromedial and posterolateral borders intersect poster-
iorly in a wide angle, and the corners are rounded. This
articular surface is larger in proportion to the length of
the bone and less concave than in Sylvilagus and Lepus.

Well-developed muscles in the shoulder and forelimb
in Megalagus turgidus are indicated by the supraspinous
fossa, greater tuberosity, and long deltoid crest of the
humerus. Not only does the forelimb seem to have been
more muscular than those in the Recent leporids, but also
it seems to have been capable of a greater latitude of
movement, especially at the shoulder, as the configuration
of the glenoid cavity and head of the humerus suggests.
The Recent leporids are more specialized for efficient
anteroposterior movement. Sylvilagus and Lepus are
characterized by reduction of the shaft of the ulna and
greater elongation of the radius and ulna in proportion to
the length of the humerus; both features are cursorial
adaptations. Although M. turgidus and P. haydeni are on
essentially the same level of evolutionary development in
the forelimb, M. turgidus does seem slightly advanced in
the structure of the greater tuberosity, deltoid crest, and
elbow. The differences are slight, and possibly some of
them were necessitated by the larger size in M. turgidus.

Neither side of the pelvic girdle is complete in No.
1563; on the left side, parts of the ilium, acetabulum, and
ischium are present; on the right only a few fragments of
bone are present, but an impression in the matrix shows
the general shape of the inner side of the right innomi-
nate. From this impression it appears that in general the
ischium and auricular surface on the ilium resembled those
structures in P. haydeni. The blade of the ilium, like that
in Palacolagus, is divided by a rounded crest into two
fossae. The dorsal edge of the ilium rises gradually mark-
ing the place of sacral articulation; this rise is more
gradual than in P. haydeni. The tubercle of the ilium in
M. turgidus is a distinct, raised process, extending out
from the ventrolateral border of the ilium in a position
similar to that in P. haydeni, but is lower and thicker
than in the latter. Immediately posterior and slightly
dorsal to this tubercle, a distinct, knoblike process fills
the space between the tubercle and the anterior border of
the acetabulum. This process is similar in general to that
in the new genus named on page 32 but is proportion-
ately larger and closer to the tubercle of the ilium and
may represent the same thing functionally as the raised
area posterior to the tubercle of the ilium in P. hayden:
and the similarly situated ridge in Ochotona.

In lateral view the shaft of the femur in M. turgidus
is straight, resembling those in P. haydeni and Ochotona
but differing from the anteriorly convex shafts in Sylvi-
lagus and Lepus. The posterior surface of the bone also
resembles that in P. haydeni in being somewhat rounded,
in contrast to more flattened surfaces in Sylvilagus and
Lepus. The greater trochanter is divided by a ridge into
a smaller anterior and a larger posterior portion, and is
proportionately higher than in P. haydeni but lower than
in Sylvilagus and Lepus. The long axis of the greater tro-
chanter in P. hayden: is almost completely anteroposterior,
but in M. turgidus is more anterolateral to posteromedial;
consequently the intertrochanteric fossa is more inclosed
in the latter. In this orientation M. turgidus shows ad-
vance toward the characteristic structure in Sylvilagus
and Lepus, although in these Recent genera the orienta-
tion is more nearly transverse and the intertrochanteric
fossa is more enclosed. The third trochanter forms a defi-
nite process starting about 14.4 mm. below the proximal
end of the greater trochanter; a low ridge runs from the
proximal portion of the third trochanter toward the
greater trochanter. Although matrix covers the lesser tro-
chanter in C.I.T. No. 1563, another specimen, A.M.N.H.
No. 5662, shows that the proximalmost part of the third
trochanter reaches approximately to a level opposite the
middle of the lesser trochanter; this is more proximal than
in P. haydeni but less so than in the Recent leporids. The
proximal end of the femur is not expanded into a flattened
plate in M. turgidus, whereas it is so expanded in Sylvi-
lagus and Lepus. The distal end of the femur is massive
and generally similar to that in other leporids. On the
posterior surface above the condyles a ridge crosses the
bone from its lateral side toward, but not quite reaching,
the midline. A short ridge on the medial side of the
posterior surface parallels the long axis of the femur. Both
ridges resemble those in P. haydeni; in Sylvilagus and
Lepus the ridge from the lateral side is longer, passing
the midline. This difference seems to indicate that the ex-
tensors of the foot originating on that ridge were weaker
in Megalagus and Palaeolagus than in Sylvilagus and
Lepus.

The lateral side of the tibiofibula is buried in matrix,
and details of the fibula therefore cannot be determined.
In anterior view the shaft is slightly convex medially and
the proximal condyles face somewhat laterally. This curva-
ture seems to be greater than in P. Aaydeni and much
more than in Lepus. In medial view the tibiofibula is
convex posteriorly, more so than in P. Aaydeni and the
Recent leporids, and the distal end bends forward about
as in P. haydeni. The cnemial crest and proximal end of
the bone resemble the corresponding parts in P. haydeni
in general, except that the tibial tuberosity in M. turgidus
is proportionately higher and larger. The distal end of
the tibiofibula is wider, relative to the length of that bone,
than in Sylvilagus and Lepus. The medial half of the
distal end is broken from C.IT. No. 1563, but other
specimens show that the facets for the astralagus are
prominent, the keels are higher than in P. haydeni, and
a faint ridge blocks the anterior margin of the groove
that accommodates the medial keel of the astragalus
(Woop, 1940, p. 338). The lateral facet for articulation
with the calcaneum is less concave than in Sylvilagus and
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Lepus. The anterolateral border of the facet is curved, as
in P. haydeni and Ochotona, in contrast to the definite
anterior and lateral borders, which lie at an angle to one
another, that are present in Sylvilagus and Lepus. The
groove for the lateral keel of the astragalus seems to be
proportionately deeper than in P. haydeni but shallower
than in Sylvilagus and Lepus. The tibiofibula in M. rurgi-
dus is less elongate in proportion to the length of the
femur than in P. haydeni: in the former the ratio of
tibiofibula to femur is 1.02 and in the latter 1.16. Thus, in
proportions of the hind limb M. turgidus seems to have
been less adapted for cursorial life than was P. hayden:.

Of the tarsal bones, astragalus (Fig. 4), calcaneum
(Fig. 5), and navicular (Fig. 6) are present in C.I.T. No.
1563. As in P. haydeni the astragalus reaches approxi-
mately the same distance distally as does the calcaneum;
in Hypolagus and the Recent leporids the calcaneum ex-
tends more distally than the astragalus, making possible
a calcaneonavicular contact. On the calcaneum the tuber
calcis is proportionately wider and its medial ridge is
higher than in P. hayden:; the tuber is still wider propor-
tionately and the medial ridge more pronounced in Sylvi-
lagus and Lepus. The knoblike process for articulation
with fibula and astragalus has a lateral facet for fibular
articulation which generally resembles that in other lepo-
rids in shape. Medially on this knoblike process the facet
for the astragalus has a ridge separating two distinct sur-
faces, one facing more proximally and the other more
distally. The corresponding facet for the astragalus in P.
haydeni forms one continuous, gently rounded surface,
proportionately shorter than in M. turgidus, whereas that
facet in Hypolagus and the Recent leporids is more dis-
tinctly separated into two surfaces by a sharper ridge
than in M. turgidus. The facet for articulation with the
cuboid approaches the L-shape of that in the later leporids,
thus being slightly more advanced than is that facet in
P. haydeni. The keels of the astragalus are proportionately
larger than in P. haydeni but smaller than in Sylvilagus
and Lepus. In M. turgidus there is a greater difference
than in P. haydeni between the keels, the lateral being
proportionately larger in M. turgidus. In the Recent lepo-
rids the neck of the astragalus is essentially in line with
the long axis of the keels, but in M. turgidus and P. hay-
deni the neck bends slightly more medially. The rounded
articular surface of the keels extends onto the plantar
surface a shorter distance than in Recent leporids. Corre-
lated with the development of the facet for the astragalus
on the calcaneum described above, the astragalus has two
distinct facets on its plantar surface for contact with that
facet of the calcaneum. In P. hayden: this articular surface
on the astragalus forms a continuous concavity, whereas
in Hypolagus and the Recent leporids the facets become
more distinct and are separated by a deeper groove than
in M. turgidus. On the lateral side of the head, the
rounded process that contacts the calcaneum is propor-
tionately larger than in P. haydeni. The head is propor-
tionately wider transversely than in P. Aaydeni or in the
Recent leporids, and its articular facet does not extend so
far up the dorsal surface of the astragalus as in Sylvilagus
and Lepus. Thus, the astragalus and calcaneum are more
advanced than in P. haydeni. Contact between these bones
was probably less firm than in the Recent leporids. The

structure of the astragalar keels suggests that less an-
teroposterior bending was possible at the tarsus in M. zur-
gidus than in Recent leporids. The navicular is not known
in P. haydeni. This bone in M. turgidus is less elongate
proximodistally than in Hypolagus and the Recent lepo-
rids but is of the same general shape. The facet for articu-
lation with the astragalus is slightly less concave, and is
more rounded and less elongate dorsoventrally than in
Hypolagus and the Recent leporids. On the lateral side of
the bone a distinct notch for articulation with the cuboid
extends the full distance between proximal and distal
articular surfaces. In Hypolagus and the Recent leporids
the notch for navicular-cuboid contact is limited to the
more distal part of the lateral surface, and proximal to
this notch an articular surface for contact with the calca-
neum is developed. This contact, which is lacking in
Megalagus, seems to be an adaptation in the later leporids
to strengthen the tarsus and reduce movement between
proximal and distal tarsal rows. The tarsus in M. turgidus
is more primitive in this regard. On the medial side of
the navicular a rounded knob marks the place of contact
with the proximal end of metatarsal 1T (or with the
entocuneiform, which is fused with metatarsal I in
Ochotona, Hypolagus, and the Recent leporids, and prob-
ably in Megalagus); this knob does not reach so far
proximad in the Recent leporids but has a greater de-
velopment on the distal surface of the navicular than in
M. turgidus. The facet for articulation with the meso-
cuneiform is proportionately larger in M. turgidus than
in Hypolagus and the Recent leporids. The structure of
the medial knob and the articulation for the mesocunei-
form suggest that the medial side of the foot was better
developed and that the medial digits were capable of a
greater range of movement in M. turgidus than in Hypo-
lagus and the Recent leporids.

Summary. Woob concluded, on the basis of a study of
the postcranial elements available to him, consisting mostly
of ends of long bones and fragments of the pelvis, astrag-
alus and calcaneum, that Megalagus turgidus shows ad-
vance over Palaeolagus haydeni in better developed keels,
firmer union of the bones and areas for muscle attach-
ment that indicate stronger muscles, which contracted
more rapidly. On this evidence, it was suggested that P.
haydeni was in approximately the same stage of locomo-
tive evolution as is Ochotona, and that M. turgidus was in
approximately the same stage as is Sylvilagus (Woob,
1940, p. 338-339). Evidence from more complete skeletal
parts, however, does not completely support this interpre-
tation. On the basis of this additional evidence, M. turgi-
dus does seem to be more muscular than P. haydeni: the
structure of the scapula shows that this element was as
well developed as in P. haydeni, and the tuberosities and
crest on the humerus suggest strong muscles; the medial
condyle of the humerus suggests well-developed muscles
to the manus; the heavy iliac tubercle and trochanters of
the femur suggest a well-muscled hind limb. The promi-
nent keels and firmer union of the bones mentioned by
Woop are advances toward the structure in later leporids.
However, possibly these are adaptations necessary in a
larger animal, rather than indications of better cursorial
adaptation. In M. turgidus the deltoid crest is proportion-
ately as long as in P. haydeni, and the third trochanter is
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only slightly higher than in the latter; consequently, there
is no strong evidence for raised muscular insertions and
hence for more rapid movement in the larger leporid. The
more pronounced curvature of the tibiofibula in M. turgi-
dus is not a cursorial modification. The proportions of
the hind limb show that the distal segment is less
elongated than in P. haydeni; since elongation of the
distal elements is an adaptation of more cursorial animals,
the proportions of M. turgidus suggest that it was less
cursorial than P. haydeni. Added to the evidence from
the postcranial skeleton, the structure of the occipital
region of the skull suggests that the head in M. turgidus
was carried more nearly horizontally than in P. Aayden:.
The latter probably had proportionately greater flexure at
the neck, which is a tendency toward the posture of the
later leporids and is an adaptation for their bounding
mode of locomotion. Megalagus turgidus seems to have
been a large, muscular leporid that had well-developed
ends of the bones, possibly necessitated by its larger size.
It was probably no more cursorial than its smaller con-
temporary, P. haydeni, and in general level of postcranial
evolution, M. turgidus and P. haydeni are closer to one
another than either is to Sylvilagus.

TaBLE 1.—Measurements in millimeters of Megalagus turgidus,
C.LT. No. 1563
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Megalagus primitivus (Schlaikjer)

Hypolagus primitivus ScHLAIKJER, Mus. Comp. Zool., Bull., v. 76, no. 4, p.
127, May, 1935.
?Palacolagus primitivus, Woop, Amer. Jour. Sci., v. 33, p. 40, January, 1937.
Type specimen.——Partial skull with right P2-M3,
M.C.Z. No. 2887, lower Miocene, approximately 150 feet
above Brule-lower Harrison contact, Goshen County,
Wyoming.
Geologic age and distribution.
Miocene), Wyoming.

Arikareean (early

Specific characters——Size near that in M. turgidus;
isolated lakes from hypostriae tend to be better developed
and more persistent than are those in other species of the
genus; palatine component of palate proportionately
shorter than in M. turgidus; orbit relatively large.

Description——The teeth of the type, which is the
only known specimen definitely referred to this species,
are in an advanced stage of wear. On the upper cheek-
teeth the following remnants of pattern remain: on P2 a
single anterior reéntrant that does not persist throughout
the length of the tooth; on P? a shallow lingual groove
representing the internal hypostria and an isolated rem-
nant of the crescentic valley between central and lingual
lobes; on M! and M2 isolated portions of the internal
hypostriae, slightly crenulated; and on M? a shallow
groove of the hypostria on the lingual wall. At this stage
of wear P3-M? are widened transversely, and P? and M?
are relatively small. Well-developed roots are visible ex-
ternally on P3-M'. Cement is not extensive but does seem
to fill the isolated crescent and hypostriae. The bony palate
extends between the posterior ends of the incisive foram-
ina, approximately on a line with the posterior edge of
P2, and the internal nares, about in a line with the middle
of M™. In the midline a long, tapered process formed by
the maxillae extends between the posterior ends of the
incisive foramina. The suture between maxillae and pala-
tines reaches anteriorly to a line between P? and P*; this
suture is somewhat less arched anteriorly than in Mega-
lagus turgidus. In M. primitivus the palatine forms a
slightly smaller proportion of the palatal length than in
M. turgidus. The fragmentary skull of the type specimen
of M. primitivus differs from that in M. turgidus in
several features: in M. primitivus the orbit is deeper dorso-
ventrally, the anterior portion of the zygomatic arch is
shallower dorsoventrally, and the posterior ends of the
frontal processes of the premaxillae extend to the posterior
ends of the nasals, whereas these processes terminate more
anteriorly in M. turgidus.

Relationships——That the original reference of this

species to the genus Hypolagus is incorrect was recognized
by Woop (1937, p. 39-40; 1940, p. 331) who suggested
that the species “is referable either to Megalagus or to a
genus close to that form”, but left it provisionally in
“Palacolagus”. ScHLAIKJER considered the slight crenula-
tions in the hypostriae of M! and M2 in M. primitivus to
suggest that this species represents a primitive member of
the genus Hypolagus (1935, p. 127-129). However, slight
crenulations also occur in the hypostriae of some speci-
mens of Palaeolagus and Megalagus; therefore this feature
does not prove relationship to Hypolagus. M. primitivus
differs from Archaeolagus and Hypolagus in the follow-
ing: presence of roots and of less persistent hypostriae on
the upper cheek-teeth; persistent traces of the primitive
leporid pattern of isolated crescents on P3-M?2, especially
on the premolars; less well-developed cement on the teeth;
and a more primitive palatal structure. These features are
not merely reflections of an early Miocene stage of leporid
evolution, for the contemporary leporid named on page
29 is more advanced in dental development and seems
closer to the evolutionary line leading to the Archaeola-
ginae. In the presence of buccal roots on the upper cheek-
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teeth, the shallow development of the hypostriae on P?
and P*, and the lack of well-developed cement, M. primi-
tivus differs from Palacolagus, but resembles the Oligocene
species of Megalagus. Thus, this early Miocene species
should be referred to the genus Megalagus. M. primitivus
is more advanced than M. turgidus in somewhat longer re-
tention of the hypostriae on M! and M2, and in the struc-
ture of the palate, in which the palatine forms a shorter
portion of the total length, the maxillopalatine suture is
slightly less arched, and the internal nares are situated a
little more anteriorly. These differences between M. primi-
tivus and M. turgidus resemble those characterizing dif-
ferent evolutionary levels within the genus Palacolagus
and are such as might be expected in a conservative evo-
lutionary series. Resemblances between the species suggest
that M. primitivus is merely an advanced member of the
genus.

The presence of M. primitivus along with species of
Palaeolagus shows that in the early Miocene there was
a persistence of advanced species of “typical” Oligocene
genera of leporids.

Megalagus cf. primitivus

Figure 7

Referred specimens——The following S.D.S.M. speci-
mens, all lower jaws, are from lower Rosebud beds (lower
Miocene) in Shannon County, South Dakota: 53387,
NWY; sec. 24, T. 39 N., R. 43 W.; 54264, NWY; sec. 20,
T. 39 N., R. 43 W.; 54282, SEY sec. 31, T. 40 N, R. 43
W.; 54298, SEY% sec. 18 and NEY sec. 19, T. 38 N, R.
43 W.; 5536, SE of Manderson-Pine Ridge road, 3.6 miles
southwest of Manderson; 56114, corner sections 13, 14,
23,24, T.39 N.,R. 43 W.

The six specimens listed above represent a leporid that
occurs along with the new species of Palacolagus described
below on page 29, which is more abundant in lower
Rosebud beds. In size the specimens listed above are close
to Megalagus turgidus. On the jaw an anterior mental
foramen is present on the dorsolateral surface, approxi-
mately two-thirds of the way back below the diastema,
and one or two posterior mental foramina occur on the
lateral surface, approximately below P4. Limited pitting
is present in some individuals on the lateral surface of
the jaw below the diastema, and more extensive pits
occur on the surface of the swelling that marks the shaft
of the incisor. This swelling extends to below P3 or the
trigonid of Py; in M. turgidus the incisor usually termi-
nates more posteriorly, approximately below the talonid
of Py. Curvature of the line along the ventromedial edge
of the horizontal ramus suggests that the rami would
diverge outward from one another more than in M.
turgidus. A well-developed ridge, stronger dorsally than
ventrally, forms the anterior border of the masseteric
fossa, which reaches forward to below Mj or the talonid
Of Mz.

In some specimens breakage of the jaw exposes the
base of the shafts of the teeth, which tend to be somewhat
constricted, suggesting the formation of roots. Cement is
present, but not extensive, on the teeth. In an adult denti-
tion (Fig. 7b), P3 has a single external reéntrant crossing
about half the occlusal surface; this tooth is proportion-

ately shorter anteroposteriorly than in M. turgidus; on Py,
M;, and M, each, trigonid and talonid are joined by
lingual bridges; the anterior wall of the talonid tends to
be slightly crenulated. The columns of Mg, separate in
carlier stages of wear, are probably united in the fully
adult dentition. Enamel tends to be thick buccally, but in
the adult tends to be thinner or absent lingually on Py-
M, especially on the talonid, and is absent anteriorly on
P4-Mj3. On Pj3 of an adult, enamel is thin posterolingually
and on the anterior wall of the talonid in the external re-
éntrant; elsewhere enamel is well developed.

No unworn dentitions are represented, but one speci-
men of a younger individual, No. 5536 (Fig. 7a), shows
an earlier stage of wear on Pg, in which a small postero-
lophid is separated from the talonid by a shallow lingual
fold. Even in this younger specimen the trigonid and
talonid are united lingually without a reéntrant interven-
ing, although a shallow groove is present in the place in
which this reéntrant probably occurred; a second groove
on the anterolingual surface may represent a remnant of
a fold between the two main cusps of the trigonid.
Distinct posterolophids are present on P4 and Mg, and at
an earlier stage of wear M; also probably had a postero-
lophid. In Nos. 5536, 54264, and 54282, all young indi-

FiGure 7. Stages of wear in lower cheek-teeth of Megalagus cf.
primitivus.

Occlusal views of cheek-teeth, X4.5; 7a, left Ps-M; of young in-
dividual (S.D.S.M. No. 5536); 7b, left Ps-Ma of older individual
(S.D.S.M. No. 54298).

viduals, enamel is still well developed on the lingual
walls of the talonid of P3g-Mg. On the anterior wall of the
talonid on P4-Ms and in the external reéntrant on Pg,
crenulations in the enamel are better developed in
younger individuals than in those having more worn
dentitions.

The affinities of this large leporid seem to be with the
genus Megalagus, as suggested by the general structure of
the low-crowned cheek-teeth and short shaft of the incisor.
As Woop has shown (1940, p. 336), Py in Megalagus is
characteristically more compressed anteroposteriorly than
is that tooth in Palaeolagus: in the former the metaconid
is rotated backwardly, resulting in close approximation
of metaconid and entoconid and early union of these two
cusps. Megalagus has a small posterolophid on P3. In M.
cf. primitivus Py is still more compressed anteroposter-
iorly, thus seeming to carry further a tendency of the Oli-
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gocene species of Megalagus, and the posterolophid seems
to have been small.

Thus, these specimens are considered to represent an
advanced species of Megalagus. Whether they are refer-
able to M. primitivus is less certain in the absence of asso-
ciated upper and lower dentitions. However, several lines
of evidence favor assignment of these jaws to M. primi-
tivus: (1) in stage of evolution both the maxilla of M.
primitivus and these lower jaws represent an advanced
Megalagus; (2) the size of M. primitivus and these jaws
is such that association would be possible; (3) in the
lower Miocene beds of Goshen County, Wyoming, three
leporids are present—Palacolagus hypsodus, the new
species of Palacolagus named below (referred to as
Archacolagus ennisianus by ScHLAIKJER), and Megalagus
primitivus; in the lower Rosebud beds of South Dakota
three leporids are present—P. hypsodus, the new species
of Palacolagus, and the leporid represented by these jaws
(a fourth leporid, known from one fragmentary ramus,
occurs in South Dakota, but this aberrant form shows no
similarity to Megalagus); in the lower Miocene (Gering)
of Nebraska, P. Aypsodus and the new species of Palacola-
gus occur. Occurrence of P. hypsodus and the new species
in these three areas suggests that a rather uniform leporid
fauna may have been widespread; the presence of a third,
larger leporid in lower Miocene deposits of Wyoming and
South Dakota may be evidence that the maxilla from
Goshen County and the lower jaws from South Dakota
represent the same species. Due to lack of association it
cannot be proved on the basis of known specimens that
the jaws in question are M. primitivus, but this conclu-
sion seems probable. If these jaws do represent M. primi-
tivus, the affinities of that species with other species of the
genus Megalagus are even clearer than suggested by the
type specimen alone.

TaBLE 2.—Measurements in millimeters of Megalagus cf. primitivus
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Genus DESMATOLAGUS Matthew & Granger, 1923

Desmatolagus MATTHEW & GRANGER, Amer. Mus. Nat. Hist. Novitates, no. 102,
p. 8, December 31, 1923. Type, Desmatolagus gobiensis MATTHEW & GRANGER.

Geologic age and distribution——Oligocene of Mon-
golia, China and possibly of Great Plains of North Amer-
ica; possibly late Eocene or early Oligocene of British
Columbia and late Oligocene of California.

Generic characters. MartHEW and GraNcer (1923,
p. 10) characterized this genus as a leporid having P2, P,
M3 and Mj greatly reduced. Woop (1940, p. 345) added
the following characters: cheek-teeth persistently low

crowned, and buccal openings of valleys in upper molars
retained throughout a large part of life.

There is some question regarding the affinities of the
genus Desmatolagus. MartHEw and Grancer (1923, p.
8-10) placed Desmatolagus in the family Leporidae on

the basis of the number of cheek-teeth, which is P—, M—

2 13
as in the leporids; Burke (1936, p. 149-153) and Woon
(1940, p. 345-350) subscribe to this assignment. However,
TEeHARD DE CHaRDIN (1926, p. 23), Bonuin (1942a),
and others regard Desmatolagus as a member of the fam-
ily Ochotonidae. Some evidence suggests that the type
species, D. gobiensis, is an ochotonid, whereas the North
American species referred to the genus seem to have
characteristics of leporids. The problem of the affinities of
Desmatolagus and of other ochotonid-like leporids or
leporid-like ochotonids is outside the scope of this paper,
as is that of the status of Amphilagus and Piezodus,
European genera possibly near Desmatolagus (BURKE,
1936, p. 151-152), but the North American species re-
ferred to Desmatolagus are included here for the sake of
completeness. The genus probably did not give rise to
any known post-Oligocene leporids in North America.

A worn, isolated upper molar from British Columbia
(RusseLw, 1954, p. 97) and a fragmentary ramus having
P3-My from the upper Oligocene Sespe beds, California
(Woop, 1940, p. 350; WiLson, 1949a, p. 56), have been
referred to the genus Desmatolagus. These references are
tentative at best, and it may be more reasonable to refer
the specimens to more common genera of leporids or to
regard them as being indeterminate.

Desmatolagus? dicei Burke

Desmatolagus dicei Burke, Carnegic Mus., Annals, v. 25, art. 16, p. 149, De-
cember 12, 1936.

Type specimen——Left maxilla having P3-M2, right
lower jaw having Py-Ms, left lower jaw having M;-M,,
CM. No. 814, lower Oligocene of Pipestone Springs,
Jefferson County, Montana.

Geologic age and distribution.——Chadronian (early
Oligocene) of Montana.

Specific characters——Larger than Desmatolagus ro-
bustus, premolars less well developed, and molars less
reduced (Burke, 1936, p. 149).

Desmatolagus? dice: is difficult to distinguish from its
early Oligocene contemporary, Megalagus brachyodon,
but BurkEe (1936) and Woop (1940) have emphasized
the distinctions between the two.

Desmatolagus? gazini Burke

Desmatolagus gazini Burke, Carnegie Mus., Annals, v. 25, art. 16, p. 150, De-
cember 12, 1936.

Type specimen——Left maxilla having P3-M2, C.M.
No. 37, middle Oligocene of Oreodon beds, Badland
Creek, Sioux County, Nebraska.

Geologic age and distribution——Orellan (middle
Oligocene) of Nebraska.

Specific characters——Size between that in Desmato-
lagus gobiensis and that in D. robustus; premolar-molar
proportions nearly as in those species. Differs from D.
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gobiensis and D. robustus in having anterior face of P?
less compressed transversely, posterior wall on M? shorter,
and external roots on upper cheek-teeth stronger (BURkE,
1936, p. 150).

Unlike D.? dicei, Desmatolagus? gazini, although
known from the type specimen only, seems to be clearly
distinct from other middle Oligocene leporids in North
America.

Genus PALAEOLAGUS Leidy, 1856

Palacolagus Lewy, Acad. Nat. Sci. Philadelphia, Proc., v. 8, p. 89, April, 1856.
Type, Palacolagus haydeni Ley.

Tricium Cork, Palacont. Bull,, no. 16, p. 4, August 20, 1873.

Protolagus WALKER, The Aerend, v. 2, no. 4, p. 230, Fall, 1931.

Geologic age and distribution——Chadronian (early
Oligocene) to Arikareean (early Miocene) of Great
Plains; Chadronian of Saskatchewan; possibly Whitneyan
(late Oligocene) of California and Arikareean of Texas
and Oregon.

Generic characters——Cheek-teeth more hypsodont
and having better developed cement than in Mytonolagus
and in contemporary species of Megalagus and Desmato-
lagus?; teeth in later species of the genus more hypsodont
than in earlier species. On P3-M? isolated crescent between
central and lingual lobes usually retained, especially on
premolars, which are less molariform than in Archaeo-
lagus; internal hypostria uncrenulated or having a few
small irregularities, usually shorter transversely and
worn away more rapidly on premolars than on molars.
Lower incisor extends posteriorly along ventromedial edge
of lower jaw to below M; in primitive species and to
below talonid of P3 in advanced species. On P3 antero-
external groove of trigonid usually lacking, or, if present,
shallow and associated with internal reéntrant between
trigonid and talonid. Anterior root of zygomatic arch
situated slightly more posteriorly and extends laterally
less abruptly than in Archacolagus. In species in which
skull is known, angle between basicranial axis and palate
smaller than in Archacolagus.

The limits of the genus Palacolagus are set broadly
both horizontally and vertically. As a result of this pro-
cedure, several lines of development and several evolu-
tionary levels are included within the genus, and the
characterization of the genus must be based in part on
trends rather than on absolute characters. The known
species of Palacolagus can be divided into three species
groups, each of which includes two species that are seem-
ingly more closely allied to one another than either is to
any of the other species of the genus. The groups are: the
P. temnodon group for P. temnodon and P. haydeni; the
P. burkei group for P. burkei and P. hypsodus; and the
P. intermedius group for P. intermedius and the lower
Rosebud species named and described below on page 29.

The P. temnodon group, having an early to middle
Oligocene time span (possibly into the late Oligocene for
P. haydeni), is geologically oldest and has more primitive
characters than the other groups. Among the characters
uniting the species in this group are the following: iso-
lated crescents between central and lingual lobes on P3-M?
more persistent in general than in other groups; buccal
end of internal hypostria on P? and P* and of internal
reéntrant on Pg retained as isolated lakes following sepa-

ration from lingual wall; and on P4-Mp, trigonid united,
following wear, to corresponding talonid by lingual
bridge of enamel and dentine.

The other two groups first appear in the higher levels
of the middle Oligocene and persist into the lower Mio-
cene. The P. burkei group is characterized by the flat-
tened skull, large bullae, long and persistent hypostria on
P4-M2, a crescentic lake on P? that retains a buccal con-
nection, retention of the internal reéntrant between trigo-
nid and talonid on P3, and union of trigonid and talonid
on P4-M; solely by cement during most of life. In this
group there is a tendency toward formation of a shallow
anteroexternal groove on the trigonid of Pg. The charac-
teristics of the P. intermedius group are: larger size than
other species of the genus; relatively shallow hypostria on
P3 and P* and deep, persistent hypostria on M and M?;
early loss of internal reéntrant between trigonid and
talonid on Pj; and trigonid and talonid on P4-M. joined
by lingual bridge following wear.

Although the characteristics of each group set it apart
from the other two, resemblances between the species of
Palacolagus are marked in relatively young individuals
having unworn teeth: for example, immature individuals
of P. haydeni and P. burkei are difficult to differentiate
from one another on the basis of tooth pattern alone. The
dental differences between the groups seem to be mostly,
although not entirely, matters of retention or loss of
various parts of the immature tooth pattern. The species
of Palacolagus tend to parallel one another in certain
trends: the later member in each species group has more
hypsodont teeth, a shorter shaft of the lower incisor, and
tends to retain the hypostria on M! and M? longer than
the earlier member. The P. burke: and P. intermedius
groups, which have essentially the same known time
range, parallel one another in progressive shortening of
the palate, especially of its palatine component. The sim-
ilarity between immature individuals and parallelism in
some characters evidence the close relationships between
the species groups of Palacolagus.

The late Eocene or early Oligocene ancestors of all
three groups probably resembled one another in general,
may have had many of the characteristics that were re-
tained in the P. temnodon group, and perhaps, if known,
would be included in that group. The P. burkei group
diverges from the centralized stock in having adaptations
that possibly are ochotonid-like; this group does not seem
to be ancestral to either the Archaeolaginae or the Lepori-
nae. The P. intermedius group has certain advanced
characteristics and seemingly leads toward the Archaeo-
laginae.

Palaeolagus temnodon Douglass

Palacolagus temnodon DoucLass, Amer. Philos. Soc., Trans., v. 20, p. 250,
1901

Type specimen (lectotype)——Right maxilla having
P2-M3, C.M. No. 725a, Pipestone Springs Oligocene, Pipe-
stone Springs, Montana.

Geologic age and distribution.——Chadronian (early
Oligocene) of Pipestone Springs and Three Forks, Mon-
tana, and possibly of Cypress Hills, Saskatchewan.

Specific characters——Cheek-teeth lower crowned,
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maxillary tuberosities correspondingly lower, and cement
less well developed than in other species of the genus.
From P. haydeni, P. temnodon differs as follows: upper
cheek-teeth narrower transversely; buccal lobe on P2 more
persistent; premolars less molariform; buccal portion of
internal hypostria on M! and M? isolated at earlier stage
of wear; on P3-M? crescents between central and lingual
lobes retained longer. Shaft of lower incisor extends
posteriorly to below M;. On Pj following wear internal
reéntrant forms isolated lake that still later becomes com-
pletely worn away. Size near that in P. hayden:.

Palacolagus temnodon is closely allied to P. haydeni,
and, although possibly not a direct phylogenetic ancestor,
is an approximate structural ancestor of P. haydeni
(Woon, 1940, p. 320).

Palaeolagus haydeni Leidy

Figures 8-9

Palaeolagus haydeni Ley, Acad. Nat. Sci. Philadelphia, Proc., v. 8, p. 89,
April, 1856.
Palacolagus agapetillus Core, Palacont. Bull., no. 15, p. 1, August 20, 1873.
Tricium avunculus Cork, Palacont. Bull., no. 16, p. 5, August 20, 1873.
Tricium leporinum Corg, Palacont. Bull., no. 16, p. 5, August 20, 1873.
Tricium annae Core, Washington, Gov't. Printing Office, p. 4, October, 1873.
Protolagus affinus WALKER, The Aerend, v. 2, no. 4, p. 231, Fall, 1931.
Archaeolagus striatus WaLKER, The Aerend, v. 2, no. 4, p. 236, Fall, 1931.

Type specimen (lectotype).——Right lower jaw hav-
ing P3-Mj, A.N.S.P. No. 11031, Turtle bed, head of Bear
Creek, Nebraska.

Geologic age and distribution——Orellan (middle
Oligocene) and possibly Whitneyan (late Oligocene) of
Great Plains; possibly uppermost Chadronian (early Oli-
gocene) of northeastern Colorado.

Specific characters——Cheek-teeth higher crowned,
on P3-M? crescents between central and lingual lobes less
persistent, and internal hypostria tends to retain lingual
connection longer than in P. temnodon. On Py following
wear internal reéntrant between trigonid and talonid
forms isolated lake, which tends to be retained longer
than in P. temnodon, but which is absent in heavily worn
teeth. Anterior root of zygomatic arch farther from al-
veolar border than in P. temnodon.

Palacolagus hayden: is the common leporid in certain
middle Oligocene localities, and its skull and postcranial
skeleton are relatively well known. Cope (1884, p. 875-
880; pl. 66, figs. 1-27) described and figured skeletal ele-
ments of this species, but knowledge of the morphology
is based mostly on descriptions by Dice (1933) and
Woop (1940, p. 278-316) of U.M.M.P. No. 14317, a rela-
tively complete specimen. Two specimens utilized in the
present study, C.I.'T. Nos. 1547 and 1402, offer some ad-
ditional evidence on the morphology of this species; both
specimens are Orellan in age, having come from the
lower nodular layers of the Oreodon beds, eight miles
southeast of Douglas, Wyoming. No. 1547 is a nearly
complete skull, and No. 1402, preserved in a “sitting”
position, includes the skull and lower jaws, partial ver-
tebral column, including the sacrum and most of the
lumbar region, ribs, scapulae, humeri, radii, ulnae, fe-
mora, tibiofibulae, pelvic girdle, and metapodials.

In No. 1547 parts of the basicranial region are well
preserved. The jugular fossa is deep and transversely con-
stricted, due to the large size of the bulla and the orienta-

tion of the occipital condyle. A single hypoglossal foramen
perforates the anterolateral surface of the occipital con-
dyle, in a position similar in general to that in Lepus. The
jugular foramen occurs dorsal and anterolateral to the
hypoglossal foramen, and ventral to the arm of the ex-
occipital that extends laterally to the paroccipital process.
The external carotid foramen is present ventral and
slightly anterior to the jugular foramen. In Lepus the
jugular foramen is essentially on a level with the hypo-
glossal foramen, rather than dorsal to it, and the external

carotid foramen is more anteriorly situated on the medial
side of the bulla.

Ficure 8. Palacolagus haydeni (C.I.T. No. 1402).

Left scapula, lateral view; composite from left and right sides, X2.

Evidence from No. 1402 adds to knowledge of the
postcranial skeleton. On both scapulae parts of the scapu-
lar spines, with acromion and metacromion processes, are
present. The neck of the scapula is short and wide, and
the well-developed spine arises proportionately closer to
the glenoid cavity than in Romerolagus, Sylvilagus, and
Lepus, and still closer proportionately than in Ochotona,
in which the spine arises about two-thirds of the distance
up the scapular blade from the glenoid cavity. The ventral
end of the scapular spine forms distinct acromion and
metacromion processes (Fig. 8). Relative to the glenoid
cavity the ventral end of the spine is more anteriorly situ-
ated than in Sylvilagus, Lepus, and Ochotona. Although
possibly incomplete in No. 1402, the acromion process is
proportionately longer than in Sylvilagus and Lepus; this
process is lacking in Ochotona. The acromion in P. hay-
deni reaches ventrally about as far as the anterior rim of
the glenoid cavity, and the metacromion, which is longer
than the acromion, is directed posteroventrally. In con-
trast, the ventral portion of the spine does not reach so far
ventrally and the metacromion tends to bend slightly up-
ward in Sylvilagus and" Lepus. Dice (1933, p. 305, fig. 10)
described and figured the metacromion of U.M.M.P. No.
14317, but in Woop’s later description it was stated that
the metacromion of Dice “does not appear to me to be a
part of the scapula, but if it should prove to be the meta-
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cromion, | believe that it must have been rotated about
ninety degrees from its proper position” (1940, p. 305).
Reéxamination of that specimen and the C.I.T. specimen
show that Dice’s description of a metacromion that is
“remarkably long for the size of the scapula” (1933, p.
305) is correct. The acromion is broken from the U.M.-
M.P. specimen. The structure of the scapular blade, es-
pecially the proportions of the supraspinous and infraspi-
nous fossae, suggests that the forelimb was more muscular
in P. haydeni than in the living lagomorphs (Woob,
1940, p. 306). Well-developed acromion and metacromion
processes seem to suggest the same thing, with the possi-
bility of stronger muscle attachment on these processes.
Palacolagus haydeni probably possessed a stronger fore-
limb, capable of a greater range of movements, than in
Sylvilagus and Lepus.

A slender bone, about 14 mm. long, lies in the matrix
anterior to the head of the humerus, near which its lateral
end terminates. In cross-section the lateral part of the shaft
of this bone is rounded and the medial part is flattened,
and the shaft is slightly curved. Position of this bone in
the matrix, the rounded shaft, and lack of pronounced
curvature indicate that this bone may be a clavicle. The
lateral end is broken, so it is not possible to determine
whether the bone had a flattened, hooklike termination
as does the clavicle in Ochotona. If a clavicle, it is propor-

the entire functional distal articular surface on the ulna in
Lepus.

On the innominate bone (Fig. 9) the process termed
the tubercle of the ilium by Woop (1940, p. 309) is high
and distinct, and a faint ridge runs forward from it inta
the middle of the inferior fossa. Posterior to the tubercle,
between it and the acetabulum, an oval facet is raised
above the general level of the ilium. Possibly this posterior
facet furnished a place for muscle attachment supple-
mentary to that on the tip of the tubercle. A similarly
situated, but more distinct, process occurs in Megalagus
turgidus and the new genus described below on page 32.
In Ochotona the anterior portion of the tubercle of the
ilium is lower than the tubercle in P. haydeni; posterior
to the tubercle a raised ridge extends to the anterior rim
of the acetabulum. Hypolagus, Sylvilagus, and Lepus have
a compact, rounded iliac tubercle, which is lower than in
P. haydeni and Ochotona, and lack a posterior facet or
ridge. Near the posterior end of the ischium the dorsal
border bends upward, and the compact ischial tuberosity
is divided by a low, longitudinal ridge into two facets, one
facing dorsolaterally and the other dorsomedially. Ventral
to the tuberosity, the descending ramus of the ischium is
relatively thick transversely for a short distance and then
tapers to a narrower width. The tuberosity bends laterally.
In Romerolagus, Sylvilagus, and Lepus the ischial tuberos-

Ficure 9. Palaeolagus haydeni (C.I.T. No. 1402).
Right innominate bone, X2 (restored part after Wood, 1940, pl. XXXV , fig. 5a).

tionately long for a leporid: although this element is in-
complete in length, the ratio of length of humerus to its
length is about 2.6 in contrast to ratios of length of
humerus to length of clavicle of 3.2 in Romerolagus
and 4.0 in Sylvilagus (Lyon, 1904, p. 374). It is pro-
portionately shorter than in Ochorona, in which the ratio
is about 1.7. A longer clavicle may be correlated with
other evidence for a more muscular forelimb in P. Aay-
deni than in the Recent leporids. Possibly the bone de-
scribed here may be a displaced rib, although position
and general shape do not seem to support this interpre-
tation.

The distal end of the ulna has two distinct facets for
articulation with the carpus: posterolaterally there is a
small globular styloid process, which forms slightly less
than half of the distal end; anteromedially there is a flat-
tened, or slightly concave, more proximal facet. Reéxam-
ination of U.M.M.P. No. 14317 shows a similar develop-
ment although Woop does not describe such a condition
(1940, p. 308). P. haydeni shows an early stage in the de-

velopment of the styloid process; this process forms almost

ity is proportionately stronger than in P. haydeni, the
strengthening having taken place as thickening of the
lateral and ventral portions of the tuberosity, and the
tuberosity is elongated anterolaterally to posteromedially.
In P. haydeni and Romerolagus the ischium is not elong-
ated posteriorly, and the descending ramus is at almost
a right angle with the horizontal ramus of the ischium.
In Sylvilagus and Lepus the ischia are more elongated,
and the descending ramus forms a more acute angle with
the horizontal ramus. The ischial tuberosity in Ockotona
is proportionately longer than in P. hayden: and is slightly
strengthened by medial expansion but is proportionately
weaker than the tuberosities in the Recent leporids. The
condition of the tuberosity in the fossil seems to be more
primitive than that in either Ochotona or the Recent
leporids. Weak development of the ischial tuberosity in
P. hayden:i suggests a corresponding weakly developed
biceps femoris, which may have been incompletely sepa-
rated into anterior and posterior parts as in Ochotona
(Camp & BoreLr, 1937, p. 321).

Study of C.IT. No. 1402 and reéxamination of
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UM.M.P. No. 14317 shows that in the sacral region of
P. haydeni four vertebraé are fused together, agreeing in
number with those in the Recent leporids and Ockotona,
rather than “a single sacral, as in modern forms, and two
pseudosacrals” (Woop, 1940, p. 305; pl. 35, fig. 5). In
C.I'T. No. 1402 anterior to the “sacral” of Woop, a
vertebra, which is fused with Woob’s sacral and which
has a well-developed spine, is present. This is the first
vertebra of the sacrum, whereas the vertebrae described
and figured by Woop are actually the second, third, and
fourth sacral vertebrae. In Lepus a dorsal median fora-
men occurs between the first and second sacral vertebrae;
this foramen is lacking in P. haydeni and Sylvilagus. Be-
tween second and third, and between third and fourth
sacral vertebrae, a large foramen occurs in the dorsal
mid-line, proportionately larger than corresponding for-
amina in Sylvilagus and Lepus. The spines of the pos-
terior three sacral vertebrae are lower than that of the
first. Ochotona has on the sacral vertebrae lower spines,
which are fused together, and lacks dorsal foramina be-
tween the vertebrae. In P. haydeni the transverse proc-
esses of the first and second sacral vertebrae, which fuse
to form the articular process for the pelvis, extend slightly
farther posteriorly than in Sylvilagus and Lepus. The
auricular surface is more nearly vertical, the two arms of
the surface form a more acute angle than in the Recent
leporids, and the transverse processes have less outward
expansion anteriorly (Woop, 1940, p. 305); these charac-
teristics indicate a less firm sacral articulation in P. Aay-
deni than in the Recent leporids.

Of the characters discussed above, those of the scapu-
lar spine and possible clavicle can be added to the evi-
dence for a more muscular forearm in the fossil than in
the Recent leporids. The distal end of the ulna is primitive
but foreshadows later developments in leporids. Presence
of four fused vertebrae in the sacrum is a resemblance to
the Recent leporids, although the iliosacral articulation is
of a more primitive nature. These additions to knowledge
of skeletal morphology of P. haydeni do not change es-
sentially Woob’s conclusions regarding the level of skeletal
development of that species as “more primitive and less
adapted for the leaping habitus than are the skeletons of
the later forms”, nor the opinion that “presence of the
initial stages of the leporid specializations suggests that the
fossil was able to hop in a similar manner, though the
great relative weakness of the skeleton and particularly of
the attachments for the muscles definitely indicates that
Palacolagus was not an animal which sought safety by
sustained flight” (Woop, 1940, p. 315).

GarereatH (1953, p. 50) referred certain specimens
from the Horsetail Creek and “Horsetail Creek or Cedar
Creek” members of the White River formation of north-
eastern Colorado to P. intermedius. Compared to speci-
mens of P. haydeni from Wyoming and Nebraska, these
northeastern Coloradan specimens are similar in tooth
pattern, equal or slightly larger in size, and probably
should be referred to that species. Specimens of P. hay-
deni from the higher, Cedar Creek member in northeast-
érn Colorado tend to be smaller than typical specimens of
the species from Wyoming or Nebraska. Differences be-
tween the Horsetail Creek and Cedar Creek specimens

are of a magnitude that might be expected within a
gradually changing chronocline: the geologically older
specimens are larger on the average and have slightly less
hypsodont teeth, which approach the crown height but
are slightly higher crowned than in P. temnodon; the
geologically younger specimens tend toward smaller size
but retain the tooth pattern of P. Aaydeni. Possibly the
northeastern Coloradan specimens indicate that the ends
of the cline represent paleontological subspecies.

Palaeolagus burkei Wood

Palaeolagus burkei Woop, Amer. Philos. Soc., Trans., v. 28, pt. 3, p. 325, April,
1940.

Type specimen——Skull having complete dentition,
A.M.N.H. No. 8704, White River formation, Castle Rock,
Logan County, Colorado. From the upper levels of the
White River beds according to MartEw (1902, p. 308).

Geologic age and distribution.——Orellan and Whit-
neyan (middle and late Oligocene) of Great Plains.

Specific characters——Small angle between basicranial
axis and plane of palate, muzzle narrow, auditory bullae
well developed, elongate anterior to meatus. Teeth hypso-
dont. On P3-M? internal hypostria persistent, usually
straight-walled or having one or two crenulations; on P3
crescent between central and lingual lobes persists and re-
tains connection with anteroexternal side of tooth for
most of length of tooth; on P*-M? primitive pattern of
crescents and lakes disappears at early stage of wear. On
P; persistent external and internal reéntrants between
trigonid and talonid; on Py, My, and Ms each, trigonid
and talonid tend to remain separate, not being joined by
lingual bridge for most of length of tooth.

The ancestry of Palacolagus burkei is not definitely
known. There are some leporids from the lower Oligo-
cene of Montana, including M.C.Z. No. 4778 from Black
Butte, Madison County, and specimens from Pipestone
Springs in the collections of the Carnegie Museum, that
are smaller than P. femnodon and tend to retain the in-
ternal hypostria on P3-M? longer than in P. temnodon.
Possibly these specimens represent a line of leporids lead-
ing toward P. burkei. However, further study of these
Chadronian specimens is necessary in order to determine
their affinities more precisely. The new middle Oligocene
leporid named on page 32 might also be expected to
have a Chadronian ancestor having persistent internal
hypostriae on the upper cheek-teeth.

Variation within the species Palacolagus burkei has
been studied in specimens from the middle and upper
levels of the Cedar Creek member (Orellan) and from
the Vista member (Whitneyan) of the White River for-
mation in northeastern Colorado. In a typical or “average”
specimen of P. burkei, the posterior end of the incisor
extends to the space below the talonid of P4 or the trigo-
nid of My; as a variant the shaft is shorter, terminating in
the space below the trigonid of P4 or between P3 and
Ps. On Py of an adult the trigonid is usually rounded. In
some specimens, however, the trigonid is oblique, with
the long axis anterointernal to posteroexternal. A shallow,
anteroexternal fold on the trigonid of Py appears as a
second variant on that tooth. These variants in the incisor
and in P3 may or may not accompany one another in a



LaTER TERTIARY LEPORIDAE OF NORTH AMERICA ' 23

single specimen. The variants from the more usual condi-
tion in P. burkei seem to be more common in specimens
from the Vista member, although leporids from that level
are too rare to allow a reliable estimate of frequency of the
variants. The significance of these variants is discussed
below in connection with the relationship of P. Aypsodus.

10b

auditory bullae greatly inflated, larger than in any other
known leporid. From P, burkei, P. hypsodus differs as
follows: size larger; palatine component of palate propor-
tionately shorter; teeth more hypsodont; shaft of incisor
usually shorter, terminating below Pg or the trigonid of
P,; on P3 shallow anteroexternal groove on trigonid,

Ficure 10. Palacolagus hypsodus (M.C.Z. No. 3720).
Occlusal views of cheek-teeth, X9; 10a, right P>-M?, 105, left Ps-Ms.

Palaeolagus hypsodus Schlaikjer
Plate 2, figure 1; Figure 10

Palacolagus hypsodus ScHLAIKJER, Mus. Comp. Zool., Bull., v. 76, no. 4, p. 126,
May, 1935.

Type specimen——Right maxilla having P3-M2,
M.C.Z. No. 2889, lower Miocene, approximately 150 feet
above Brule-lower Harrison contact, NW% sec. 21, T.
20 N., R. 62 W., Goshen County, Wyoming.

Referred specimens——M.C.Z. No. 3720, nearly com-
plete skull, left lower jaw, partial postcranial skeleton,
lower Miocene, 30 feet above Brule-lower Harrison chan-
nel deposit, Bear Mountain, SE% sec. 17, T. 20 N., R.
62 W., Goshen County, Wyoming. The following S.D.-
S.M. specimens from the lower Rosebud formation of
Shannon County, South Dakota: 53386-maxilla, 54244,
5539-lower jaws, NW1 sec. 24, T. 39 N., R. 43 W_; 5531-
maxilla, 5530-lower jaw, corner sections 13, 14, 23, 24, T.
39 N., R. 43 W.; 5540-maxilla, 5543, 56102-lower jaws,
N1, sec. 17, T. 39 N., R. 43 W.; 54314, 54315-lower jaws,
NWYY; sec. 35 and SY% sec. 26, T. 41 N, R. 43 W_; 53424-
maxilla, SEY4 sec. 31, T. 40 N. and NE4 sec. 6, T. 39 N.,
R. 43 W.; 54321-maxilla, NWY sec. 30, T. 40 N., R. 43
W.; 5545-lower jaw, SW; sec. 26, T. 38 N,, R. 44 W.

Geologic age and distribution. Arikareean (early
Miocene) of Wyoming, South Dakota (probably approxi-
mate Gering-Monroe Creek equivalents), Nebraska (Ger-
ing).

Specific  characters.

Skull

flat, muzzle narrow,

long axes of internal reéntrant and of trigonid anteroin-
ternal to posterolateral.

Description——The only previously reported speci-
men of Palaeolagus hypsodus is the type, but the species
is now known by more complete material, including the
above referred specimens, which permit a more complete
description and clarification of the phylogenetic position
of this leporid.

Dentition. The following description of dental charac-
teristics of the species is based on the type specimen,
M.C.Z. No. 2889, on M.C.Z. No. 3720 (Fig. 10), which
has complete upper and left lower teeth, and on the other
specimens referred to this species, all of which have
moderately worn teeth unless otherwise stated. Unfor-
tunately no milk teeth or unworn permanent teeth are
known at present.

The anterior upper incisor is more curved, its tip is
directed more posteriorly, and the sulcus, which is ap-
proximately in the midline, is wider and shallower than
in P. haydeni and the Recent leporids. The posterior
upper incisor is wider transversely than anteroposteriorly
and smaller than the corresponding tooth in P. hayden.
The height of the alveolar process of the maxilla indicates
that the upper cheek-teeth in P. Aypsodus are more hypso-
dont than in P. haydeni and P. burke:i. The upper teeth in
P. hypsodus are larger than in P. burkei, but following
moderate wear the pattern on the upper teeth in these two
species is similar in general. P2 has a single anterior re-
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éntrant, which crosses one-third to one-half of the oc-
clusal surface. The reéntrant is persistent to the base of
the tooth in all specimens examined. On this tooth enamel
is well developed lingually and is reduced buccally and
posteriorly. The anterior loph of P? is narrower trans-
versely than the posterior loph. Following moderate wear,
this tooth has an internal, straight-walled hypostria cross-
ing about one-third of the occlusal surface and a J-shaped
crescent having a persistent connection to the anteroex-
ternal side of the tooth. Following greater wear the
hypostria becomes shortened and the crescent completely
worn away. P4, M!, and M? resemble one another in pat-
tern. In occlusal view each of these teeth has an internal,
straight-walled hypostria crossing one-half or slightly less
of the occlusal surface. In the most worn specimen avail-
able, the hypostria on P* is slightly shorter than are those
on M! and M2 M2 is a simple cylinder, wider trans-
versely than anteroposteriorly. That the premolars have
not become completely molariform is indicated by reten-
tion of the crescent on P? and greater shortening of the
internal hypostria with wear on the premolars than on the
molars. On P3-M3, following moderate wear, enamel is
thickest anteriorly and lingually, is thinner posteriorly,
and is absent externally and sometimes posteroexternally;
enamel tends to be thicker on the anterior wall of the
hypostria than on its posterior wall. Cement is well de-
veloped and fills the anterior reéntrant on P2, the crescent
on P3, and the hypostria on P3-M2 In addition, cement
extends onto the lingual and sometimes onto the antero-
lingual sides of the shafts of P3-M2.

In cross section the lower incisor is trapezoidal, slightly
higher than wide, and its shaft extends to below P; or
the trigonid of P,. Except for larger size in P. hypsodus,
following moderate wear P4-Mj resemble the correspond-
ing teeth in P. burkei. However, Py is more easily dis-
tinguished by its different pattern from that in the latter
species. As in P. burkei the talonid is united to the trigo-
nid by a narrow bridge, which is between an external
reéntrant crossing about one-third of the occlusal surface
and an internal reéntrant extending about halfway across
the tooth. In all specimens examined, both reéntrants are
persistent the full length of the tooth. In addition to these
reéntrants a shallow fold, also persistent to the base of the
tooth, enters the anteroexternal wall of the trigonid. The
trigonid and the internal reéntrant tend to be elongated
anterointernally to -posterobucally. Each of the more pos-
terior cheek-teeth, P4-Ma, consists of two columns, the pos-
terior of which is narrower than the anterior. In all speci-
mens examined the columns of each tooth are connected at
the occlusal surface by cement only; that is, the trigonid
and talonid are not joined lingually by the bridge charac-
teristic of many leporids. In a narrow strip on the anterior
side of the trigonid enamel is absent; it is absent also on
both columns lingually but is present posteriorly and ex-
ternally, being especially well developed posteriorly on the
trigonids. In relatively early stages of wear, the columns
of Mj are separated at the occlusal surface by cement, but
with wear the dentine of the columns becomes confluent.
As on the upper teeth, cement is well developed on the
lowers: it fills the reéntrants on P3 and in No. 5530 covers
the buccal and anterior walls of this tooth; cement is

present between the trigonid and talonid on each of the
more posterior cheek-teeth.

Skull. The skull of M.C.Z. No. 3720 (pl. 2, fig. 1) is
nearly complete, lacking only parts of the right zygoma,
the right bulla, and the ventral wall of the braincase, and
is almost undistorted, except for possible lateral compres-
sion of the snout. This skull of Palacolagus hypsodus,
which is that of an adult, is approximately the same in
size as that of an adult P. kaydeni. The huge bullae,
anteriorly tapered muzzle, wide, flat braincase, and a
seemingly smaller angle between basicranial and palatal
axes are characteristics of the skull in P. Aypsodus that
distinguish it from the skull in P. Aayden:.

The muzzle is elongate, tapered anteriorly, and is pro-
portionately narrower posteriorly than in P. haydeni. The
anterior end of the nasals extends farther forward than
the anterior face of the incisors, thus seeming to extend
farther forward than do the nasals in P. haydeni. The
nasals, which are pitted along their lateral borders, are
wider posteriorly than anteriorly. Although some com-
pression may alter the muzzle in M.C.Z. No. 3720, the
anterior tapering of the nasals seems to be more pro-
nounced than in P. haydeni and P. burkei. The nasals are
slightly convex dorsally, a condition that, coupled with
the anterior elongation, results in a somewhat “tubular”
appearance of the anterior part of the nasals. The frontals,
which have a lightly pitted dorsal surface, form a medial,
V-shaped embayment between the posterior ends of the
nasals. The maxillary process of the frontal is in contact
with the orbital process of the maxilla at the anterodorsal
border of the orbit, continues anteriorly between the
frontal process of the premaxilla and the fenestrated re-
gion of the maxilla for about half the length of the
muzzle, and tapers anteriorly. The supraorbital process
arises gradually anteriorly, without a free anterior process,
and extends laterally; its posterior end forms a hooklike
process directed posteromedially. On both sides of the
midline the frontoparietal suture crosses the roof of the
skull transversely for a short distance about on a level
with the anterior margin of the zygomatic process of the
squamosal; laterally the suture bends forward into the
orbit. The parietal extends a short distance into the orbit
but does not exclude the frontal from a short contact with
the squamosal. The braincase is wide, and its dorsal sur-
face is slightly concave in the midline in the region of the
frontal-parietal contact; lateral to this depression the pari-
etals are slightly convex. More posteriorly, at a level with
the opening of the external auditory meatus, the parietals
are concave, resulting in a “dished-in” appearance of this
part of the roof of the skull. A low lambdoidal crest is
formed at the parietal-squamosal contact. The supra-
occipital sends a flattened plate of bone a short distance
onto the dorsal skull roof. In contrast to the braincase in
P. hypsodus, that in P. haydeni is narrower transversely,
and in lateral view the parietals are more domed and
lack the pronounced posterior concavity. The frontal in
P. hayden: does not extend so far posteriorly, and the
parietal sends into the orbit a wider process, which ex-
cludes the squamosal from superficial frontal contact.
P. burkei is intermediate between P. haydeni and P.
hypsodus in the structure of the frontal-parietal contact:
in the first the frontals extend farther posteriorly than do
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those in P. haydeni, and the process of the parietal in the
orbit is narrower and shorter than in P. haydeni. In P.
haydeni the supraoccipital does not extend so far onto the
dorsal skull roof as in P. Aypsodus.

The premaxilla in P. hypsodus is proportionately
lower dorsoventrally than in P. haydeni and is slightly
pitted over the shaft of the incisor. The frontal process of
the premaxilla parallels the lateral edge of the nasal for
the full length of that bone and does not taper in width
posteriorly.

On the lateral side of the snout, the maxilla sends
forward a V-shaped process into the premaxilla, but this
process does not reach so far anteriorly as in P. hayden.
Although some breakage obscures the details, dorsal to
this process the fenestrated region of the maxilla seems to
extend about as far forward as does the process. The
infraorbital foramen is ventral to the fenestrated region
and is separated from that region by a well-developed
rim of bone. The alveolar process of the maxilla is pro-
portionately higher than in P. haydeni and P. burkei,
indicating the progressive development of hypsodonty for
which P. hypsodus was named. The anterior rim of the
orbit, formed by the orbital process of the maxilla, bends
slightly outward as it rises dorsally; near the anterodorsal
border of the orbit it bends medially and is in contact
with the maxillary process of the frontal, whereas the
orbital process in P. haydeni bends slightly medially as it
ascends and does not project so far laterally at the frontal
contact.

The width of the skull across the anterior roots of the
zygomata is proportionately less than in P. haydeni. The
zygomatic arches diverge outward posteriorly, and the
zygomatic plate is inclined from a vertical plane, having
the dorsal rim more lateral than the ventral. In contrast,
the zygomatic arches in P. haydeni parallel the long axis
of the skull, and the zygomatic plate is essentially ver-
tical. The anterior zygomatic root is about on a line with
the anterior loph of P?; the anterior root arises slightly
closer to the alveolar border than in P. haydeni. The an-
teroventral border of the zygoma forms a thickened ridge.
A distinct crest extends vertically from the anterior edge
of this ridge to the alveolar border, which is intersected
in line with the middle of P3. Anterior to this crest the
maxilla is slightly concave. The lateral side of the zygo-
matic plate is concave, and a pit enters the anterior zygo-
matic root near the anterior end of this concavity. A simi-
larly placed, but shallower, pit is present in P. burket,
but the pit is absent in P. Aayden:i. The zygomatic plate
becomes narrower dorsoventrally below the zygomatic
process of the squamosal and continues posterior to this
process. The skull is widest at the zygomatic process of
the squamosal, which extends laterally almost at right
angles to the long axis of the skull. In P. haydeni this
process inclines forward at less than a right angle with
the long axis of the skull, is proportionately shorter trans-
versely, and has a more definite anterodorsal groove for
the temporalis muscle. In P. Aypsodus the outward devia-
tion of the zygoma from the skull, inclination of the zygo-
matic plate, and long zygomatic process of the squamosal
combine to form an orbit that seems to be larger than in
P. haydeni. However, vision in P. hypsodus may have
been directed mostly laterally or dorsolaterally, due to

the restriction of anterior vision by the orbital process of
the maxilla.

On the palate the incisive foramina extend a short
distance between the posterior incisors. The bony bridge
of the palate is shorter and narrower than in P. haydeni
and extends between the posterior ends of the incisive
foramina, which are about in line with the anterior edge
of P2, and the internal nares, which reach forward to a
level between P* and M. The palatine processes of the
maxillae, which form the part of the palate between the
incisive foramina and the maxillopalatine suture, send
forward a narrow medial projection between the incisive
foramina. The maxillopalatine suture is slightly convex
in an anterior direction and reaches to a line between P®
and P* in M.C.Z. No. 3720. There seems to be some
variation in palatal structure in P. hypsodus: a referred
specimen, S.D.S.M. No. 5531 from the lower Rosebud
beds of South Dakota, has a short palate, but the palatine
component is more posterior than is that of M.C.Z. No.
3720, extending approximately from opposite the middle
of P* to the posteroloph of M!. The available specimens
are too few in number to determine whether this varia-
tion represents a real difference between populations from
South Dakota and Wyoming or is individual variation.
The suture between maxilla and palatine is more arched
anteriorly and the palatine forms a larger proportion of
the palate in P. haydeni and P. burkei than in P. hypso-
dus. Two palatine foramina are present on each side
of the palatal midline posterior to the maxillopalatine
suture, and a short, median process from the palatines is
directed posteriorly into the internal nares. The nares are
approximately as narrow anteriorly as in P. haydeni and
are constricted in width opposite the posterior end of the
tooth-row.

The optic foramina in the orbitosphenoids are con-
fluent, as in all leporids in which this structure is known.
In M.C.Z. No. 3720 the foramen is elongate anterodorsally
to posteroventrally; the specimen is slightly broken but
distortion seems not to be responsible for this shape. In
P. burkei and the Recent leporids the foramen is more
rounded. On the alisphenoid an elevated ridge that termi-
nates in a ventrally tapered process marks the place of
origin of the superior head of the external pterygoid
muscle. This ridge is better developed than in P. burke:,
but is less elongate than in the Recent leporids.

On the dorsolateral surface of the roof of the skull the
squamosal extends as a thin plate of bone to, or almost
to, the lambdoidal crest. In M.C.Z. No. 3720 the squa-
mosal, which is slightly broken, does not make contact
with the crest, but there probably was contact in the un-
broken condition. Due to the widening of the parietals,
the squamosals are more restricted to the lateral portions
of the skull and cover a smaller proportion of the roof of
the skull in P. Aypsodus than in P. haydeni. A process
of the squamosal arches dorsally over the external audi-
tory meatus and terminates slightly posterior to the open-
ing of the meatus. This process is separated from the
more dorsal parts of the squamosal by a notch through
which part of the mastoid is exposed.

Perhaps the most striking characteristic of the skull of
Palaeolagus hypsodus is the inflation of the auditory
bullae, which are proportionately and absolutely larger
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than are those in any other leporid in which this region is
known. The inflation involves all parts of the bulla, and
the structure of the posterior part of the skull, as well as
the posture of the head, was probably affected by this en-
largement. The wide, short, external auditory meatus is
directed dorsoposteriorly. The mastoid has a considerable
lateral, and some dorsal, exposure, and the mastoid process
extends down behind the meatus at least to its ventral
edge. A stylomastoid foramen is present between the
mastoid process and the meatus, near the posteroventral
edge of the latter. The surface of the mastoid is not pitted,
but is slightly rugose. From the dorsoposterior part of the
mastoid a ridge that is in line with the lambdoidal crest
crosses the mastoid in a vertical direction. Posterior to
this ridge the surface of the mastoid faces posterolaterally.
The lateral edge of the supraoccipital and a portion of
the mastoid form a second vertical ridge, which originates
dorsally just posterior to that mentioned above. Only a
small plate of the mastoid is present on the occipital sur-
face medial to this second ridge. In P. haydeni both ridges
are present but are variable and generally less well de-
veloped, and the mastoid has a larger expanse on the oc-
cipital surface. The short, wide paroccipital process is in
contact with the bulla and is well separated from the
mastoid process. The nuchal crest, paralleling the lamb-
doidal crest, crosses the supraoccipital nearly horizontally
at the dorsal margin of the occipital surface. In the mid-
line of the occiput a low but distinct ridge leads from
the nuchal crest toward the foramen magnum but is
separated from the latter by a flattened plate of bone.
Part of the surface of the supraoccipital is slightly rugose.
The foramen magnum is wider than high. The occipital
condyles are partly ventral to the foramen magnum and
are more horizontal than in P. haydeni, resembling those
in Megalagus turgidus in general orientation. With the
skull oriented in a seemingly natural position, the oc-
cipital surface is nearly vertical. Correlated with the in-
flated bullae, the width of the skull across the ventral part
of the mastoids is greater in P. hypsodus than in P. hay-
deni. In P. haydeni the dorsal margin of the occiput is
narrower and more arched, the foramen magnum is
slightly higher than wide, the occipital condyles are more
vertically oriented, and the occipital surface faces ven-
trally slightly more than does the essentially vertical oc-
cipital surface in P. hypsodus. The character of the occi-
put suggests that P. hypsodus carried its head more hori-
zontally than did P. haydeni.

On the ventral surface between the bullae, the basi-
occipital is narrow. Due to the inflation of the bulla and
the orientation of the occipital condyle, the jugular fossa
is narrow. Although the posterior foramina of the skull
are obscured in No. 3720 due to breakage, it can be de-
termined that the external carotid foramen, jugular fora-
men, and hypoglossal canal must have opened in this
fossa, for no openings are present medial to the bulla or
dorsal to the occipital condyles. The external carotid
foramen must have been situated, as in P. hayden:i, more
posteriorly than it is in the Recent leporids.

Lower jaw. Although somewhat smaller, the lower
jaw in P. hypsodus resembles that in P. haydeni in general
shape. The greatest difference from P. haydeni is in the
posterior part of the jaw: in P. hypsodus the ascending

ramus is proportionately narrower anteroposteriorly; the
posterior border of the ascending ramus is more concave
with the result that the angular process is longer; the
lower border of the masseteric fossa projects farther ven-
trally. The anterior border of the masseteric fossa is
marked by a V-shaped ridge, at the apex of which is a
small knob below Mj. Despite the smaller area for inser-
tion of the masseter muscle in P. Aypsodus than in P.
haydeni, the ridges bounding the masseteric fossa and
the elongate angular process suggest that the insertion
may have been as strong as in P. haydeni, although
weaker in both these species than in the Recent leporids.
Possibly the short anteroposterior dimension and the
posterior concavity of the ascending ramus are correlated
with the inflated bullae, with which a longer ramus
might have interfered mechanically. The coronoid process
is low, and its anterior edge bends medially, but less
than in the Recent leporids. The pterygoid depression is
bounded anteriorly and ventrally by distinct ridges. This
depression is proportionately deeper than in the Recent
leporids. A low ridge marking the separation of the in-
sertions of internal and external pterygoid muscles crosses
the depression obliquely. The surface of the jaw is pitted
medially over the shaft of the incisor; the extent of the in-
cisor is marked by a swelling along the ventromedial side
of the jaw that varies in length, extending from below
P3 posteriorly to below the middle of Py. On the lateral
surface of the jaw a single mental foramen occurs below
the diastema; pitting is present below P and P, in the
region where a second mental foramen occurs in P. Aay-
deni. The dental foramen is situated on the medial side
of the mandible immediately dorsal to the intersection
of the anterior margin of the pterygoid depression and
the ridge separating the places of insertion of external and
internal pterygoid muscles. In the Recent leporids a post-
alveolar foramen pierces the jaw posterior to Ms. P.
hypsodus lacks this foramen, but small perforations in
the area may indicate incipient fenestration.

Postcranial skeleton. A partial skeleton is associated
with the skull of M.C.Z. No. 3720; included are the atlas,
parts of the sacrum, isolated vertebrae and ribs, left
scapula, distal ends of left radius and ulna, one left
metacarpal, nearly complete pelvic girdle, distal ends of
both femora, proximal end and most of the shaft of the
right tibiofibula, right navicular, and several isolated
phalanges. The skeletal parts are about the same size as
those of an adult specimen of P. haydeni, C.I.T. No.
1402.

Viewed anteriorly, the outline formed by the edges
of the atlas is roughly diamond-shaped. The transverse
axis of the diamond is the longer. The articular surfaces
for the occipital condyles form the two ventral arms of
the diamond and the neural arch, the two dorsal arms.
This configuration differs from that of the atlas in the
Recent leporids, in which the outline of the anterior edges
is roughly rectangular, with the lateral sides of the rec-
tangle formed by the articular surfaces for the occipital
condyles. This difference is correlated with orientation of
the occipital condyles, which are more nearly horizontal
in P. hypsodus than in the Recent leporids. Both the
anterior articular surface for the condyles and the pos-
terior surface for articulation with the axis are less con-
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cave than in the Recent leporids. The transverse processes
of the atlas are short transversely and not expanded
anteroposteriorly, contrasting with the long, expanded
processes in the Recent leporids. The transverse processes
in Ochotona are proportionately longer transversely than
in P. hypsodus. Those parts of the rectus capitis and
obliquus capitis muscles that originate on the transverse
processes of the atlas and insert on the occiput were prob-
ably weaker in P. hypsodus than in the Recent lago-
morphs.

The medial side and glenoid region of the left
scapula are exposed in No. 3720. The neck of the scapula
is short, and the anterior border flares anteriorly above
the neck. The subscapular fossa is divided by a groove
that parallels the long axis of the scapula. This groove
marks the place of attachment of the scapular spine on
the lateral surface of the scapula and divides the fossa into
two surfaces that reflect the shape of the subequal supra-
spinous and infraspinous fossae. Thus, in proportions
these fossae resembled those in P. haydeni more than
those in the Recent leporids. The surface of the axillary
border is set almost at a right angle with the surface of
the subscapular fossa, is separated from that fossa by a
definite ridge that is more pronounced toward the ver-
tebral border, and is narrower dorsally than toward the
glenoid region. The posterior part of the glenoid cavity in
P. hypsodus is more expanded transversely than in Mega-
lagus, but slightly less than in Romerolagus. The coracoid
process extends medially a short distance from its origin;
its distal end bends ventrally and terminates slightly
ventral to the anterior lip of the glenoid cavity, thus ex-
tending farther ventrally than in Megalagus turgidus and
the Recent leporids.

The distal articular facet of the radius is slightly
longer transversely than anteroposteriorly, the outer edges
of the facet are essentially parallel, and the surface is
slightly concave. The corresponding facet in Megalagus
turgidus is proportionately wider transversely than in P.
hypsodus; those in the Recent leporids are proportion-
ately still wider and have a more concave surface than do
those in either P. hypsodus or Megalagus. Toward its
distal end, the shaft of the ulna in P. Aypsodus is flattened
anterolaterally to posteromedially. Similar flattening oc-
curs in Romerolagus and Sylvilagus, but in these genera
this part of the ulna is more reduced in width, and re-
duction has proceeded even further in Lepus. The distal
articular surface on the ulna for the cuneiform is com-
posed of two facets: posterolaterally a knoblike styloid
process forms about half the distal surface; the antero-
medial half is formed by a flattened facet. These facets
indicate a more advanced level of development than in
Megalagus turgidus and Ochotona, but a more primitive
level than in the Recent leporids.

The pelvic girdle of No. 3720 is preserved having the
lateral aspect of the left ilium and medial aspect of the
right innominate exposed. Anteriorly the iliac blade bends
outward and its border is thickened. The iliac blade is
divided into two concave fossae by a rounded ridge that
begins at the anterior border of the ilium and parallels
its long axis. The ridge becomes lower posteriorly and
terminates dorsal to the tubercle of the ilium. The ridge
separating the fossae and the concavity of the fossae ex-

tend farther posteriorly in P. hypsodus than in P. hay-
deni. A faint ridge, beginning anteroventrally, crosses
the lower fossa in a longitudinal direction and terminates
near the anterior margin of the tubercle of the ilium.
The rise of the dorsal margin at the place of sacral articu-
lation is more gradual and begins farther posteriorly than
in P. haydeni, and the iliac blade in P. hypsodus seems
to have offered a slightly larger surface for muscle at-
tachment than did that in P. haydeni. The tubercle of
the ilium stands out sharply from the ventral edge of the
ilium and has a slightly thickened tip. The surface be-
tween the tubercle and the anterior border of the acetabu-
lum is slightly raised into a rugose ridge. On the ilium the
auricular surface forms a V with the apex directed poster-
iorly. The angle at which the two arms of the V intersect
is more acute and the surface is not so distinctly ridged as
in Sylvilagus. Toward its posterior end the dorsal ramus
of the ischium rises to the ischial tuberosity. This rise is
greater in P. hypsodus than in P. haydeni. In No. 3720
the ischial tuberosities are broken. The inferior ramus of
the ischium is expanded anteroposteriorly. The obturator
fenestra is elongate and of nearly equal depth throughout
its length, resembling that in P. haydeni. In general, the
innominate in P. Aypsodus resembles that in P. haydeni
but is advanced in having slightly larger fossae on the
ilium and higher ischial tuberosities. The parts of the
femora preserved in No. 3720 resemble those in P. Aay-
deni. The tibiofibula is incompletely preserved and only
its posterior portion is exposed. In general the proximal
end of the tibiofibula resembles that in P. haydeni.

The navicular in P. hypsodus resembles that in Mega-
lagus turgidus in general, except that in the former this
bone is smaller, has a proportionately shallower notch for
the cuboid, and the medial knob for articulation with
metatarsal Il reaches less far proximally. The navicular
lacks a distinct articular facet for the calcaneum, and the
latter probably did not extend much farther distad than
did the astragalus. In this character the tarsus in P. Aypso-
dus resembles those in P. haydeni and Megalagus turgidus
and differs from those in the Recent leporids, all of which
have a well-developed calcaneonavicular articulation.

Adaptations. The incisors in Palaeolagus hypsodus
seem to indicate that gnawing ability was weak, but the
pattern and hypsodonty of the cheek-teeth suggest that
the ability to grind food was well developed. The essen-
tially vertical occipital surface, orientation of the occipital
condyles, and evidence that neck muscles were relatively
weakly developed suggest that the flat skull was carried
essentially horizontally, in contrast to a posture with
greater flexion at the neck in most other leporids. In ad-
dition, the enlarged bullae may have acted mechanically
to prohibit depression of the head. The postcranial skele-
ton gives evidence of some advance over P. haydeni, al-
though probably the mode of locomotion was still essen-
tially scampering. Thus, P. hypsodus may have resembled
the ochotonids in posture of the head and mode of loco-
motion. If increased size of auditory bulla indicates im-
proved sound reception, as seems likely, the ability to
hear was probably well developed in Palacolagus hypso-
dus. Size of bulla is not necessarily directly correlated
with length of external ear; for example, Brachylagus
idahoensis has larger bullae but shorter ears than does
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TaBLE 3.—Measurements in millimeters of Palaeolagus hypsodus

width posterior to zygomatic process
of squamosal ........coceecoeccucnnnnee.
length nasal ............
posterior width nasals
medial length frontal ..

NN

—

medial length parietal ...
width palate between P* ...
length palate
length palatine on palate .................
length maxilla on palate ...
width internal nares ....................
dorsoventral depth anterior root of

M.C.Z. No. S.D.S.M. No.
3720 54321
(right side for teeth)
P? anteroposterior ..........ccceceeeeecueuecee 1.0 1.1
width 15 1.8
P® anteroposterior ...........cceesessseee 1.9 1.8
width anteroloph .. 2.0 22
width posteroloph 34 2.6
P* anteroposterior ........ sz, 146 1.6
width anteroloph ........................ 3.4 3.3
width posteroloph ................... 32 3.1
M' anteroposterior ...... 1.6 1.7
width anteroloph .. 3.0 3.1
width posteroloph 29 2.8
M? anteroposterior ...... 1.5 125
width anteroloph .. 2.6 29
width posteroloph 23 2.1
M?® anteroposterior ...... 0.7 0.7
width: oo 123 1.5
length P-M® .. 9.3 9.5
length P®-M?* . = 170 7S
length skulll o i na, 54.6
width across anterior roots of zyg-
omatic arches ... 22.0
8.
3
9
9
5
6.
3.
2
3.
2

DN monoN -

zygoma 5.1
VEngth Bypoiia oo 21.1
length bulls - ... ca. 14.6
dorsoventral height occiput .......... ca. 123
width across paroccipital processes.. 17.0
M.C.Z.No. S.D.S.M.No. S.D.S.M. No.
3720 54314 54244
Ps anteroposterior 22 e 2.0 2.1
width trigonid ... 1.6 = 3125 1.6
width talonid ... 2.0 1.8 1.8
P, anteroposterior ... 2.0 2.0 2.0
width trigonid ... 22 2:1
width talonid 1.8 1.8 1.6
M, anteroposterior 23 2.1 22
width trigonid ... 24 22 2.1
width talonid .. 1.9 2.0 1.9
M: anteroposterior . 2.1 2.1 2.1
width trigonid ... 2.3 2.1 2.1
width talonid ... 128 onve o 1.7 s 1.8
M; anteroposterior . 13
width trigonid ... 1.2
width talonid ... 0.9
lcngth Ps-Ms ......... . 19.8
length PeMs oooooooooooooo o —— 64) 63
inside depth of jaw below
L T e 73 | oniiear 8.3
transverse width distal ra-
dIUS e 2.8
length innominate .......... ca. 45.9
length ilium ... ca. 26.0
transverse width proximal
tibiofibula .......-ecicecienins 8.3

length tibia from proximal
end to union with fibula 29.5

Lepus californicus. Thus, it does not need to follow from
the inflated bullae of P. Aypsodus that the external ears
were long.

Relationships. Palaeolagus hypsodus appears to be a
descendant of P. burkei. In both species the skull is flat
and the bullae are large. In dental characters the two
species resemble one another in most features, including
retention of relatively long hypostriae on the upper cheek-
teeth, a persistent crescent on P3, retention of an internal
reéntrant on Ps, and continued separation of trigonid
and talonid on P4-Ms. In certain features, including pro-
portions of the palate and greater hypsodonty, P. Aypso-
dus is advanced over P. burkei. In P. burkei the bullae
tend to be large; this tendency is carried to an extreme in
the enlargement of those structures in P. Aypsodus. The
main differences in tooth pattern from P. burkei seem to
be the presence of an anteroexternal reéntrant and the
oblique orientation of the trigonid on P3 in P. hypsodus.
As mentioned above (under P. burkei), variants among
Orellan and Whitneyan specimens of P. burkei have a
tendency toward development of both these characters,
although they are not so well developed as in P. ypsodus.
It may be difficult in cases of individual specimens and
incomplete material to recognize on the basis of morphol-
ogy alone which of the two species is represented. The
line that must be drawn between the two species at the
place where the type of P3 and other characters typical of
P. hypsodus become the usual condition in a population,
rather than variants from the norm, is placed, on the
basis of the known specimens, at the transition from
Oligocene to Miocene.

The line of leporids represented by P. burkei and P.
hypsodus does not seem to lead toward either the archaeo-
lagines or the leporines. The general pattern of an iso-
lated Py referred to ?Alilepus (Green, 1956, p. 154-155,
fig. 5A), from the late Clarendonian of Wolf Creek,
South Dakota, resembles that in P. Aypsodus. Possibly this
resemblance indicates that the P. burkei—P. hypsodus line
persisted later than early Miocene times in North Amer-
ica, although the evidence is too incomplete to allow more
than a suggestion that this was the case.

Palaeolagus intermedius Matthew

Palaeolagus intermedius MATTHEW, Amer. Mus. Nat. Hist., Bull., v. 12, art. 3,
p. 53, March 31, 1899.

Type specimen——Nearly complete skull, A.M.N.H.
No. 8722, Oreodon beds, White River formation, Castle
Rock, Logan County, Colorado.

Geologic age and distribution——Orellan (middle
Oligocene) and possibly Whitneyan (late Oligocene) of
northeastern Colorado. Matthew lists the species from
horizons B and C of the White River in Colorado; speci-
mens have been referred to this species from other local-
ities in the Great Plains.

Specific characters——Size larger than P. haydeni.
Angle between basicranial and palatal axes near that in
P. haydeni, greater than in P. burkei; muzzle long and
heavy; auditory bulla proportionately smaller than in P.
haydeni and P. burke:. Teeth hypsodont. On P3-P* cres-
cents retained longer than on molars, but absent in heavily
worn teeth; hypostria shallow, not forming isolated lake
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after wear. On M'-M? crescents between central and
lingual lobes worn away at earlier stage of wear than in
P. haydeni; hypostria relatively long and persistent. Shaft
of lower incisor terminates below P3. On Pj internal re-
éntrant between trigonid and talonid probably lost at
early stage of wear.

It is difficult to differentiate Palacolagus intermedius
from Megalagus on the basis of lower jaws alone. The
pattern of the lower cheek-teeth seems similar in the two;
in both, P3 tends to lose the internal reéntrant between
the trigonid and talonid at an early stage of wear. How-
ever, the lower cheek-teeth in P. intermedius are slightly
smaller and more hypsodont.

As mentioned in the discussion of Palacolagus haydeni,
the specimens referred to P. intermedius by GALBREATH
(1953, p. 50) from Horsetail Creek and Horsetail Creek
or Cedar Creek seem actually to represent P. haydeni. His
specimens of P. intermedius from Cedar Creek are cor-
rectly referred. Known specimens of P. intermedius are
restricted to middle and possibly late Oligocene age; the
known appearance of P. intermedius is later in the Oligo-
cene than the appearance of P. hayden:.

Palaeolagus philoi,? n. sp.
Figures 11-14

Type specimen. Incomplete right maxilla having
P3-M2, P? broken at alveolus, alveolus of M#® without
tooth, and part of palatine, S.D.S.M. No. 53389. Lower
Rosebud beds, SEY4 sec. 31, T. 40 N., R. 43 W., Shannon
County, South Dakota.

Referred specimens——Partial left maxilla and pala-
tine having P2M?2, M.C.Z. No. 2888, lower Miocene,
NWY; sec. 36, T. 20 N., R. 62 W., Goshen County, Wyo-
ming, “approximately 200 feet above the Brule-lower Har-
rison contact” (ScHLAIKJER, 1935, p. 129; referred therein
to Archaeolagus ennisianus). The following, all S.D.S.M.
specimens, are from lower Rosebud beds in Shannon
County, South Dakota. Lower jaws: 54283, 54284—SEY,
sec. 31, T. 40 N., R. 43 W. and NEY; sec. 6, T. 39 N.,
R. 43 W.; 53388, 54123—NWY; sec. 24, T. 39 N, R. 43
W.; 5529-corner sections 13, 14, 23, 24, T. 39 N,, R. 43
W.; 53385, 53428, 5541, 5544—NY; sec. 17, T. 39 N., R.
43 W.; 53427, 54269, 54276, 54277—SW Y, sec. 9, T. 39
N., R. 43 W.; 53384—SE!4 sec. 6, T. 39 N., R. 43 W_;
5537—NWY; sec. 20, T. 39 N, R. 43 W.; 5535—NW;
sec. 30, T. 39 N,, R. 43 W.; 53383—SW sec. 36, T. 38
N, R. 44 W.; 54259—NW1; sec. 30, T. 40 N., R. 43 W;
54313—SEY4 sec. 18 and NEY sec. 19, T. 38 N, R. 43
W. Fragmentary maxilla having P3-M3, No. 54325 and
lower jaws, 5526, 5527, 5528, 5538—SWY; sec. 32, T. 39
N, R. 44 W,

Geologic age and distribution——Arikareean (early
Miocene) of South Dakota, Wyoming, probably Nebraska
(Gering). Most of the specimens from South Dakota and
Wyoming come from strata that appear to be approxi-
mately equivalent to Gering-Monroe Creek beds of Ne-
braska.

Specific characters.

Size near that in Palacolagus

2 Named for Philo G. Macdonald, in appreciation of his field work in the
lower Rosebud beds for the South Dakota School of Mines.

intermedius. Differs from P. intermedius in having more
hypsodont upper cheek-teeth and a proportionately shorter
palatine component on the palate.

Although the known maxillae and lower jaws were
not found in direct occlusal association, reference of both
to one species is favored by several factors. At some local-
ities in the lower Rosebud beds in Shannon County,
South Dakota, the small P. Aypsodus, the large Mega-
lagus cf. primitivus, and the maxillae and jaws referred
here to P. philoi are associated. Neither maxillae nor lower
jaws could be referred to either of the other lower Rose-
bud species, and if not associated, there would be maxilla-
less mandibles and mandible-less maxillae representing
different leporids in the Rosebud beds. The maxillae and
jaws fit one another in size and are in comparable levels
of evolutionary development. In view of this evidence,
reference of the maxillae and lower jaws to one species,
P. philoi, seems to be correct.

Ficure 11. Palaeolagus philoi (S.D.S.M. No. 53389).
Ventral view of fragment of skull (type specimen) having P*-M?, X 4.

Description——Unfortunately the upper cheek-teeth
are known only from relatively old individuals in which
most of the tooth pattern has been worn away. The shafts
of the hypsodont upper cheek-teeth extend into a well-de-
veloped maxillary tuberosity, which is slightly higher than
in P. intermedius. In M.C.Z. No. 2888, a single anterior
reéntrant is present on P2; this tooth is broken at the
alveolar level in the type specimen, S.D.S.M. No. 53389
(Fig. 11), and lacks an anterior reéntrant, seemingly be-
cause of wear. In the known, relatively worn specimens
each of the next four teeth, P3-M2, has an internal,
straight-walled hypostria; in the known stages of wear
these hypostriae are deeper on the molars than on the
premolars, indicating incomplete molarization of the pre-
molars. The hypostriae persist into the alveoli, are cement
filled, and their buccal portions do not seem to form iso-
lated lakes. M3 is a simple, cylindrical tooth lacking re-
éntrants.

Unworn as well as worn lower cheek-teeth are known.
In specimens with the adult pattern in the cheek-teeth
(Fig. 12), P3 has a single buccal reéntrant, which is be-
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Ficure 12. Palaeolagus philoi (S.D.S.M. No. 5526, adult).

12a, Occlusal view of left Ps-Ms, X 4; 125, lateral view of left lower jaw, X4.

tween trigonid and talonid and crosses approximately
half the occlusal surface. Py varies in shape at the occlusal
surface, seemingly due to individual and age differences
(Fig. 14). On P4, My, and M, trigonid and talonid are
joined by a lingual bridge. Crenulations occur in the an-
terior wall of the talonid in some specimens and seem to
reflect an early ontogenetic age, for immature animals
have crenulations better developed than do older animals.
In moderately worn specimens, on P3 enamel is well de-
veloped buccally but is thin or absent lingually on the
talonid; on P4-Mj enamel is absent along an anterior strip
on the trigonid, tends to be thinner lingually than buc-
cally, and seems to be especially thin or absent lingually
on the talonid. Cement fills the reéntrant on P3 and is
present between trigonid and talonid on each of the more
posterior cheek-teeth. No trace of roots appears in the
known specimens.

The pattern of the teeth in immature specimens (Fig.
13) is more complex than in the older individuals. Un-
worn Pg is composed of three transverse lophs. The an-
terior loph, the trigonid, is composed of one buccal and
one lingual cusp, probably protoconid and metaconid re-
spectively; of these the buccal is larger and extends
farther anteriorly. Between the cusps is a shallow groove
which persists a short distance down the anterior surface
of the tooth. A buccal and a lingual groove enter the
crown between trigonid and talonid: the deeper, buccal
groove persists in the adult; the lingual groove is shallow
and continues down the shaft approximately as far as
does the anterior groove on the trigonid. Two lophs make
up the talonid. Although cement covers most of the
larger anterior loph, or hypolophid, obscuring most de-
tails, a variable number of small cuspules can be seen to
line its posterior wall, which is slightly convex posteriorly.
One of the cuspules occurs at the point at which the more

posterior loph of the talonid, the posterolophid, diverges
posteriorly. In the youngest available specimen of Pg, No.
54283, cement is present between the cusps of the trigonid
and extends a short distance down the anterior groove;
between trigonid and talonid cement fills the buccal
groove and extends into the shallow lingual groove; most
of the surface of both lophs of the talonid is cement
covered. On P3 of two slightly older specimens, Nos.
53384 and 5535, in which Pj3 is still essentially unworn,
cement is absent on the trigonid and in the lingual groove.
Individual and age variation seems to affect deposition of
cement and details of the cusps. On unworn P, the trigo-
nid is composed of a buccal and a lingual cusp; these
cusps are compressed, in contrast to the rounded cusps on
the trigonid of P3. A crest from each cusp joins that of
the other to form a posteriorly directed V at the posterior
edge of the trigonid. Buccal and lingual grooves are
present between trigonid and talonid. The posterior wall
of the hypolophid is essentially transverse and is lined
with small cusps. The posterolophid appears to be better
developed than on P3 and diverges more abruptly from
the hypolophid. Cement fills the anterior basin between
the compressed cusps of the trigonid, the buccal and
lingual grooves between trigonid and talonid, and covers
most of the occlusal surface of the talonid. Following
wear the cement is worn away from the occlusal surface,
and the posterolophid forms a more prominent part of
that surface. At this stage crenulations are present in
the enamel of the anterior wall of the talonid. Greater
wear leads to the adult condition. No unworn molars are
known; in the youngest specimens available, M; and M,
resemble a slightly worn P4 in showing the presence of a
posterolophid and crenulations on the anterior wall of
the talonid. Cement fills buccal and lingual grooves be-
tween trigonid and talonid and between hypolophid and
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Ficures 13, 14. Palaeolagus philoi.

13. Occlusal view of left Ps-Mz of immature individual having unworn Ps and Ps (S.D.S.M. No. 54283), X6.7.

14. Occlusal sur-

face of Ps, showing variation in shape, X6.7; 14a, left Ps (S.D.S.M. No. 54276); 145, left Ps (S.D.S.M. No. 53427); 14c, right Ps (S.D.

S.M. No. 5537).

posterolophid. At this stage the posterior wall of the trigo-
nid forms a more pronounced V than in more worn speci-
mens. The youngest specimen having M exhibits some
wear on that tooth; the talonid is elongate anteroposte-
riorly, suggesting that a remnant of a posterolophid may
have been present at an earlier stage of wear. The un-
worn lower cheek-teeth in P. haydeni differ from those
in P. philoi as follows: the trigonid of Pg has a propor-
tionately smaller protoconid and a less persistent groove
between protoconid and metaconid, cement does not
occur in the basin between these cusps; the lingual groove
between trigonid and talonid on Pj is deeper and more
persistent, the lingual cusps on trigonid and talonid tend
to be farther from one another, and the posterolophid
diverges less abruptly from the hypolophid; on P4-M, the
posterolophid tends to be proportionately smaller, and
crenulations on the anterior wall of the talonid are in-
distinct or absent. Compared to that in P. philoi, the
unworn Py in Megalagus turgidus has a proportionately
larger protoconid, the lingual cusps on trigonid and talo-
nid are more closely approximated, resulting in a small
lingual groove that is eliminated at an early stage of
wear, and the posterolophid is proportionately smaller.

The known parts of the skull consist of partial maxil-
lae having zygomatic, alveolar, and palatine processes and
the palatine component of the palatal bridge. The an-
terior zygomatic root extends laterally approximately in
line with the middle of P3. Anterior to this root the
maxilla is lightly pitted. The lateral surface of the zygoma
is slightly concave, and the anteroventral edge of the
zygoma is thickened; a ridge extends ventrally from the
anterior edge of this thickening to intersect the alveolar
border posterior to P3. Anterior to this ridge the maxilla
is concave. The bony palatal bridge extends from the
posterior ends of the incisive foramina, approximately in
line with the posterior half of P2 to the internal nares,
in line with the posteroloph of M!. The maxillopalatine
suture is slightly convex in an anterior direction and
crosses the palate about in line with the anteroloph of P4
Two palatine foramina occur on each side of the palate
posterior to the suture. In P. intermedius the palatal
bridge is longer, extending approximately from in line
with the middle of P2 to between M! and M?; the maxil-
lopalatine suture is more arched anteriorly, and its an-
teriormost extent is about in line with the posteroloph of
P8, Thus, the palatine component of the palate is longer
anteroposteriorly in P. intermedius, which is a more
primitive leporid feature.

The shape of the horizontal ramus, the only com-
pletely known part of the lower jaw, resembles those in

TasLE 4.—Measurements in millimeters of Palaeolagus philoi

No. 53389 No. 54325
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P2 anteropasStenor s s sa a s
width
P® anteroposterior ...
width anteroloph ...
width posteroloph .
P* anteroposterior .........
width anteroloph ...
width posteroloph .
M! anteroposterior .......
width anteroloph .
width posteroloph .
M? anteroposterior ...
width anteroloph ...
width posteroloph .
M® anteroposterior .......
width
PPM
length palate (lateral) ...
length palatine on palate ..
length maxilla on palate ...
dorsoventral depth, anterior root
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Ps anteroposterior ...

width trigonid ................ By J ety 1.4
width talonid ............ 2.0 2.2, 1.9
P, anteroposterior .... 2.6 25 2.2
width trigonid ... 2.8 27 . 22
width talonid ... 2.1 22 1.8
M, anteroposterior ..... 25 2.6 24
width trigonid .... 2.7 247 22
width talonid ... 2.1 22 2.0
Ma anteroposterior .............. 255 257 24
width trigonid ............ 2.6 2.5 2.0
width talonid ............. 2y e 23 grsma 1.9
M; anteroposterior .............. 1.4
width trigonid ................ 1.5
width talonid ..o 0.9
PoMy i 11.3
PaMa e 786 covas ) e 7.3
inside depth of jaw below
Mi. oitetatn e n s 1089) ormmaney 1020 e ca.. 8.7

other species of Palaeolagus and of Megalagus in general.
The lateral surface of the ramus tends to be pitted below
the diastema, and the medial surface also is pitted, es-
pecially on the swelling over the shaft of the incisor,
which extends to the space below P3-Py or the trigonid of
P4. An anterior mental foramen pierces the dorsolateral
surface of the ramus below the diastema; a posterior
mental foramen may be present on the lateral surface
below Py, although in some lower jaws a number of pits,
rather than a single foramen, occur in this region. On the
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dorsal surface of the ramus immediately posterior to Mg,
a series of small pits are present, suggesting incipient
fenestration in this region. The ridge marking the an-
terior border of the masseteric fossa reaches anteriorly to
below M3 or the talonid of M.

Relationships——The closest affinities of Palacolagus
philoi seem to be with P. intermedius. On the basis of the
known material, P. philoi resembles P. intermedius in
general but is advanced in the greater hypsodonty of the
upper cheek-teeth and the shorter palatine component of
the palate. The known specimens of P. intermedius show
most stages of wear for the upper teeth, but the lower
cheek-teeth are poorly known; the reverse is true of P.
philoi—known specimens show various stages of wear of
the lower cheek-teeth but only well-worn upper cheek-
teeth. As a result it is difficult to compare the two species.
However, the known specimens are adequate to show that
P. philoi is closely related to P. intermedius but is slightly
more advanced. As now known, the P. intermedius—P.
philoi line seems to be a progressive series developing in
a direction leading toward the Archaeolaginae.

Palaeolagus? sp.

Several specimens that have been tentatively referred
to Palaeolagus are significant as representing possible ex-
tensions of the geographic range of the genus. C.I.'T. No.
1512, an incomplete ramus having P3-M, from the upper
Oligocene of the Sespe beds of California, was tentatively
referred to Desmatolagus by Woop (1940, p. 350); WrL-
soN’s earlier provisional reference (1934, p. 16) of this
specimen to Palacolagus sp. may be more accurate. An
isolated lower cheek-tooth from the lower Miocene of
the Texas Gulf Coastal Plain, A.M.N.H. No. 30089, may
represent a species of Palaeolagus (Woop & Woob, 1937,
p. 139), although the incomplete material permits no
more than tentative reference.

In the lower Miocene John Day beds of Oregon,
Archacolagus ennisianus is the common leporid, but
Core (1884, p. 881) mentioned that specimens indistin-
guishable from Palaeolagus haydeni were also present in
his collections from Oregon. However, MartHEW (1901,
p. 376-377) stated, following examination of the Copk
collection, that all the John Day leporids have the typical
archaeolagine P3 composed of three lobes and that Palaeo-
lagus does not occur in the John Day beds. Reéxamina-
tion of materials from the John Day beds in the CorE
collection shows that in a mandibular fragment included
under AMN.H. No. 7219 P3, the only cheek-tooth
present, has the characteristic palaeolagine shape: only one
external reéntrant, between trigonid and talonid, occurs,
resulting in a two-lobed tooth; an isolated enamel-lined
lake remains as a remnant of the internal reéntrant be-
tween trigonid and talonid. Although evidence from this
one specimen is not conclusive, the presence of Palaeolagus
in the John Day beds is suggested.

Further evidence for the presence of a palaeolagine in
the John Day beds is furnished by C.I.T. No. 5182 from
C.LT. locality 246, John Day beds, Oregon. This speci-
men, a fragmentary right lower jaw having part of the
incisor and P3-My, has a typical palaeolagine P3 composed
of two lobes. A short internal reéntrant is present between

trigonid and talonid. This reéntrant is lined with enamel,
filled with cement, and loses its connection with the
lingual wall above the alveolar level; it cannot be de-
termined from the present state of wear whether a trace
of this reéntrant would persist as an isolated lake. The
trigonid and talonid of M; are united by a lingual bridge,
but absence of a complete bridge on P4 and M, indicates
that the fully adult pattern of the cheek-teeth is not
present in this specimen. The incisor is nearly triangular
in cross-section, and the swelling over the shaft of the in-
cisor extends to below Pg-P4. No. 5182 is larger than P.
haydeni; it is close to A. ennisianus in size of the teeth
but has a dorsoventrally shallower jaw. In earlier stages of
wear A. ennisianus may have an internal reéntrant or
isolated lake on Pj5 as does No. 5182, but typical specimens
of A. ennisianus differ from No. 5182 as follows: Py is
composed of three lobes, the lower incisor is more flat-
tened dorsoventrally, and the swelling over the lower in-
cisor terminates below the trigonid of P3. However, varia-
tion within A. ennisianus must be considered before the
affinities of No. 5182 can be determined, because not all
specimens of A. ennisianus have the “typical” character-
istics. For example, A.M.N.H. No. 7199 appears to be
A. ennisianus on the basis of an archaeolagine Pj, but the
swelling over the lower incisor extends to below P3-Py.
Despite the differences of No. 5182 from typical 4. ennisi-
anus, possibly it is an aberrant archaeolagine. However,
the combination in that specimen of at least three paleo-
lagine features that are differences from most specimens of
A. ennisianus, the palacolagine P, the shape of the in-
cisor, and the length of the shaft of the incisor, casts con-
siderable doubt on reference of No. 5182 to A. ennisianus.
On the basis of C.I'T. No. 5182 and of A.M.N.H. No.
7219 it seems probable that Palacolagus does occur in the
lower Miocene John Day beds, although A. ennisianus is
more common. If No. 5182 belongs to the genus Palaco-
lagus, it seems not to be referable to one of the known
species.

TaBLE 5.—Measurements in millimeters of Palaeolagus? sp.
C.LT. No. 5182
P3-anteroposterion st s s il utan o ‘3
width trigonid .....
width talonid .............
P anteroposterior . . .. .
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M, anteroposterior
width trigonid ...
width talonid ...
M. anteroposterior ... ..
width trigonid ...
width talonid ..........
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Litolagus® molidens,* n. gen. and n. sp.
Plate 2, figures 2-3; Figures 15-17
Type specimen——DPartial skull, lower jaws, associ-
ated partial postcranial skeleton, C.I.T. No. 1568. Lower

nodular layer of Oreodon beds, Oligocene, about six and
one-half miles southeast of Douglas, Wyoming.

3 From Greek, litos, simple, and lagos, hare, referring to the simple folds
on the upper cheek-teeth.
4 From Latin, molo, to grind, and dens, tooth.
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Referred specimen.——Partial skull and lower jaws,
F.H. No. 10283. Locality and horizon as for type.

Geologic age and distribution——DOrellan (middle
Oligocene) of Wyoming.

Generic and specific characters——Size larger than
P. haydeni, smaller than P. intermedius. Cheek-teeth hyp-
sodont and having well-developed cement. On P3-M? rela-
tively long, straight-walled internal hypostria; primitive
pattern of crescents on these teeth presumably lost at early
stage of wear. Shaft of lower incisor extends posteriorly to
below P4. P composed of two lobes, separated by single
buccal reéntrant between trigonid and talonid; internal
reéntrant lost at early stage of wear. On P4-M,, trigonid
and talonid joined by lingual bridge. Palatine component
of palate shorter, anterior root of zygoma extends laterally
less abruptly than in P. hayden:.

Ficures 15, 16. Litolagus molidens (C.I.T. No. 1568).

15. Ventral view of skull fragment (type specimen) having right
PAM?, X 3. 16. Occlusal view of right Ps-Ms, X 3.

In the type specimen of Litolagus molidens, C.I.T. No.
1568 (PL. 2, fig. 3), right upper and lower cheek-teeth are
complete; on the left the cheek-teeth are present but
broken. The remains are those of an immature individual,
as shown by the presence of unfused or only partly fused
epiphyses on the proximal end of the humerus, proximal
and distal ends of the ulna, distal end of the radius, distal
end of the tibiofibula, and ischial tuberosity. That the
individual was approaching maturity, however, is sug-
gested by fused epiphyses on the proximal radius and
distal humerus, and by the dentition, which consists of
somewhat worn permanent teeth. The type specimen is
slightly smaller than F.H. No. 10283 (Pl 2, fig. 2), the
skull and jaws of an adult. The two specimens are from
the same locality and resemble one another in the pattern
of the teeth and in most known characteristics of the
skull and jaws. The palate and dentition are more com-
pletely known in the type than in the referred specimen,
although the skull of the latter is more complete in gen-
eral. Despite its slight immaturity, No. 1563 has been se-
lected as the type: the characters judged to be of generic
value are present, and the specimen, which has associated
postcranial material, is the more complete of the two

known specimens. The following description of the skull
and dentition is based on both type and referred speci-
mens.

Description——Dentition. In the row of upper cheek-
teeth (Fig. 15), P2 is wider transversely than M® and has
a single anterior reéntrant that crosses about one-third of
the occlusal surface. Enamel is well developed lingually
but thinner or absent buccally. The posteroloph of P3 is
wider than the anteroloph, and an internal straight-walled
hypostria crosses slightly less than half the occlusal surface
of this tooth. On the anterior wall of the anteroloph near
its buccal side there is a shallow notch in No. 1568 that
may represent the last remnant of a crescent similar to
that on P2 in Palaeolagus burkei. P*, M, and M? resemble
one another in general pattern. On each an internal,
straight-walled hypostria crosses slightly less than half the
occlusal surface. On P3-M? enamel is well developed an-
teriorly, lingually, and on the borders of the hypostriae,
is thinner posteriorly, and is reduced or absent buccally.
M3 consists of a single loph without reéntrants and has
an enamel development similar to that of the more an-
terior teeth. Cement is well developed: it fills the fold on
P2; on P8-M? it fills the hypostria and in No. 1568 extends
onto the lingual and anterolingual sides of the shafts. In
No. 10283 M? is the only tooth in which the lingual side
is visible; on that tooth cement spreads onto the shaft as
in the type specimen. Unfortunately the pattern of more
worn teeth is unknown at present, so it cannot be de-
termined whether the hypostriae persist, become short-
ened, or form isolated lakes. In pattern and proportions
P? and P* in Litolagus are more molariform than in
Megalagus and P. haydeni.

Two lobes compose P (Fig. 16): the trigonid is nar-
rower than the talonid, a single external reéntrant be-
tween trigonid and talonid crosses about half the width
of the tooth, and the dentine of the columns is confluent
on the lingual half of the tooth. A furrow, shallower in
No. 10283 than in the type, is present on the lingual side
of Pj; this seems to be a remnant of an internal reéntrant,
most of which was lost at an earlier stage of wear. A sim-
ilar early loss of the internal reéntrant occurs in Palaeo-
lagus intermedius and Megalagus. Enamel is thick buc-
cally on both columns and is thin or absent on the lingual
side of the talonid. In general P4, M;, and M, resemble
one another: each consists of a trigonid and a slightly
narrower talonid, which are united lingually by a bridge
of enamel and dentine. The enamel is well developed buc-
cally on both columns and posteriorly on the trigonid,
is present, but thin, posteriorly on the talonid, is absent on
a narrow anterior strip on the trigonid, and is absent or
thin lingually. The columns of My are joined in the type,
but their former separation is indicated by a shallow
lingual groove and a deeper external fold. Cement is
present between the columns on P4-M: and fills the ex-
ternal reéntrants on Py and Mj.

Skull. The incomplete skull of No. 1568 includes most
of the maxillae, the zygomata, right bulla and mastoid,
and the palate. The skull of No. 10283 is more complete
but lacks the posterior part of the roof, the occiput, and
most of the bullae. The skull is slightly smaller than in
Palaeolagus intermedius and Archaeolagus ennisianus.
The anterior root of the zygomatic arch projects laterally
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proportionately less far than in P. haydeni. Anteroventral
to the root there is a slight depression in the maxilla. The
anteroventral border of the zygoma projects downward as
a thickened ridge. The zygomatic plate is essentially ver-
tical, and the lateral surface of the zygoma is concave,
more deeply so anteriorly.

On the palate the incisive foramina are long, reaching
posteriorly to a level with the posterior half of P2, The
internal nares reach forward to a level with the postero-
loph of M. The maxillopalatine suture, which crosses the
palate in line with the posteroloph of P4, extends across
the palate more nearly transversely and is less arched an-
teriorly than in P. haydeni. Posterior to the maxillopala-
tine suture, two or three palatine foramina, having nearly
confluent openings, pierce the palatine on each side of the
midline. In Litolagus the shorter length of the palate and
its proportionately shorter palatine component indicate
that this genus was more advanced in the structure of the
palate than Megalagus and the Oligocene species of
Palaeolagus.

The small supraorbital process of the frontal resembles
that in P. Aaydeni. The posterior end of the frontals is
approximately in line with the middle of the zygomatic
process of the squamosal, and a process of the parietal
extends into the orbit. Palacolagus haydeni is more primi-
tive in having shorter frontal bones, which terminate
anterior to the zygomatic process of the squamosal, and
a longer process of the parietal in the orbit. The anterior
portion of the braincase seems to be proportionately nar-
rower transversely than in P. kaydeni. The bulla is pro-
portionately about as large as in P. haydeni but larger
than in Megalagus turgidus. The mastoid is a well-devel-
oped, rugose element having a dorsal border that is con-
vex anteriorly and concave posteriorly, resembling that in
P. haydeni.

Lower jaw. The lower jaw, although larger, resembles
that in P. haydeni in shape. The ventral portions of the
horizontal ramus are somewhat pitted laterally and medi-
ally, especially on the swelling over the shaft of the incisor.
On the lateral surface of the jaw, one mental foramen
occurs below the diastema and a second below P,. The
low ridge that marks the anterior border of the masseteric
fossa extends forward to a line below the trigonid of Mj
or talonid of M,.

Postcranial skeleton. Preserved in the type specimen,
C.I.T. No. 1568, are about seven lumbar vertebrae, sacral
and probably caudal vertebrae; scapulae, humeri, radii,
and ulnae, portions of the right carpus, and right and left
metacarpals; partial right innominate; right femur lacking
proximal and distal ends, and left tibiofibula lacking proxi-
mal end. One of the more noticeable differences between
the skeleton in this species and that in P. haydeni is size;
long bones of the immature specimen are 23 to 35 per cent
longer. The size difference between an adult of this species
and P. haydeni would be more.

Except for being larger, the lumbar vertebrae resemble
those in P. haydeni in general. As in that species, the
transverse processes, especially those of the more anterior
lumbars, are short and anteroposteriorly expanded. The
transverse processes of the lumbar vertebrae in both
Palaeolagus and Litolagus resemble those in Romerolagus

more closely than they resemble the proportionately
longer, more slender processes in Sylvilagus and Lepus.

Although the dorsal part of the scapular blade is
broken, the more ventral parts suggest that the supraspi-
nous and infraspinous fossae are approximately equal in
size. The anterior border of the scapula flares anteriorly
above the rather short neck, and the scapular spine merges
with the blade proportionately closer to the glenoid region
than in Sylvilagus and Lepus. In the characteristics of the
scapula just mentioned, Litolagus resembles P. haydeni
and Megalagus. The posterior part of the medial side of
the scapula, not visible in known specimens of P. haydeni,
is exposed in No. 1568. The axillary border is wide and
flattened. Toward the vertebral border of the scapula the
axillary border narrows somewhat and is set off from the
subscapular fossa by a distinct ridge; more ventrally the
axillary border is wider, and a ridge separating it from
the subscapular fossa is lacking, so the two surfaces inter-
sect with a slight outward convexity. The posterior half
of the subscapular fossa is gently convex above the neck
of the scapula but becomes flattened or even slightly con-
cave dorsally. In contrast to the structure in Litolagus,
the axillary borders in Palaeolagus hypsodus, Romero-
lagus, Sylvilagus, and Lepus are sharply set off from the
subscapular fossa along the entire length of contact by a
definite ridge, and the posteroventral part of the subscapu-
lar fossa is more flattened or slightly concave. Although
the lack of a pronounced ridge between the axillary border
and the subscapular fossa may possibly be a characteristic
of immaturity, this does not seem to be the case in the
Recent leporids, so the lack in Litolagus may be a real
difference from the Recent leporids. The axillary border
and subscapular fossa in Ochotona are more nearly like
those in the Recent leporids than those in Lizolagus.

Although presence of unfused epiphyses on the ends
of some of the long bones makes comparison with adult
specimens of other leporids somewhat difficult, limited
comparisons can be made. The humerus is slightly
straighter, in lateral view, than in either P. haydeni or
Megalagus turgidus. On the anterior side of the humerus
the deltoid crest extends about halfway down the bone but
seems to be a little less pronounced distally than in P.
haydeni and M. turgidus, a difference possibly due to
ontogenetic age. The greater tuberosity is slightly higher
than the head of the humerus, thus being a little higher
than in P. haydeni. Distally there is a distinct supinator
crest, an entepicondylar foramen, and a supratrochlear
foramen. The medial keel and the medial condyle seem
to be a little larger in proportion to the size of the distal
end of the humerus than in P. hayden:.

Viewed laterally the ulna and radius are somewhat
less convex anteriorly than in P. haydeni. Distally the ulna
widens, especially anteroposteriorly. The epiphysis of the
distal end of the right ulna is missing, and the unfinished
end is concave. The left ulna has the unfused distal epi-
physis in place, but due to its position in the matrix, only
the posterior side is visible. In this view the epiphysis is
slightly wider proximally and tapers toward the distal
end. The posterolateral part reaches somewhat more dis-
tally than the anteromedial, forming a styloid process that
probably formed slightly less than half of the distal sur-
face. The proximal end of the radius is somewhat grooved
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as in P. haydeni, but in Litolagus and P. haydeni the dis-
tinct notches for articulation with the humerus, which
characterize the proximal end of the radius in the Recent
leporids, are lacking. The distal epiphysis of the radius,
which is displaced in this specimen, is slightly concave
both proximally and distally. The medial side of the
epiphysis is longer than the lateral, and anteriorly the
epiphysis has two distinct ridges paralleling its long axis.
In proportions, the radius and ulna in Litolagus are
slightly more elongate relative to the length of the hu-
merus than in P. haydeni; in the former the proportion
of radius to humerus is 0.96 and in the latter 0.90.

No part of the carpus has been described previously in
an Oligocene leporid, and although the carpus in No.
1568 is not complete, scaphoid, lunar, pisiform, centrale,
and magnum are present (Fig. 17). Both scaphoid and
lunar are slightly convex proximally, concave distally, and
have flattened anterior surfaces. Viewed anteriorly the
proximodistal and transverse dimensions of the lunar are
subequal, and its posterior portion curves down over the
centrale and magnum. In Romerolagus, Sylvilagus, and
Lepus, the anterior surfaces of the scaphoid and lunar are
more curved, forming a continuation of the proximal
convexity, rather than being flattened. The cuneiform is
not preserved, but considering the well-developed distal
end of the ulna and its relatively small styloid process, the
cuneiform probably resembled that in Ockotona in form-
ing a larger proportion of the proximal carpal row than
in Recent leporids and in having two distinct proximal
articular facets, a posterolateral one for the styloid process

Ficure 17. Litolagus molidens (C.I.T. No. 1568).

Part of right forelimb (type specimen), X3, showing proximal
ends of ulna and radius, carpus with scaphoid, lunar, centrale, and
magnum (pisiform present but not visible), and metacarpals II, 111,
[V, V (missing parts restored in dashed lines from Romerolagus).

and another situated anteromedially for the flattened facet
of the distal ulna. However, the styloid process in Lito-
lagus seems to be proportionately longer proximodistally
and to have a shorter posterolateral extension than in
Ochotona; probably, therefore, the cuneiform in Litolagus
was more deeply socketed and less elongate posterolater-
ally than in Ochotona. The facet on the anterior face of
the pisiform, which is concave for contact with the styloid
process, forms a proportionately smaller part of that face,
and that portion of the bone medial to this facet is pro-
portionately longer than in Recent leporids. The pisiform
is more elongate anteroposteriorly than in Recent leporids.
The centrale, which fits between lunar, magnum, and the
proximolateral end of metacarpal II, is approximately
trapezoidal in outline and its anterior face is flattened.
The magnum fits between the laterodistal side of the
lunar and the proximal end of metacarpal III. The an-
terior face of the centrale is larger than that of the mag-
num; a similar size relationship between these bones oc-
curs in Ochotona and Romerolagus, but the reverse is
true in Sylvilagus and Lepus. In the latter two genera the
proximal carpals seem to be proportionately larger and
the distal carpals smaller than in Litolagus, Romerolagus,
and Ochotona.

All metacarpals except the first are preserved in this
specimen, seemingly in a relatively “natural” position
with metacarpal III reaching most distally, followed by
IV, II, and V. Metacarpal II is actually slightly longer
than IV. In the lagomorphs a series showing progressive
shortening of metacarpal IV in relation to the other meta-
carpals can be traced: in Ochotona metacarpal IV is ac-
tually longer and reaches more distally than metacarpal
II; in P. haydeni metacarpals II and IV are approximately
equal in length and IV probably reached more distally;
in Litolagus metacarpal IV is shorter but reaches more
distally than II; in Recent leporids metacarpal IV is
shorter and does not reach so far distally as II. There is
no indication of the level of development of metacarpal I.
The notch for the trapezoid on the proximal end of meta-
carpal I seems to be a little deeper than in Recent leporids.
The facets on the proximal end of metacarpal V resemble
those in Ochotona and are better developed than in the
Recent leporids. Viewed anteriorly, the shaft of meta-
carpal II is slightly convex laterally. Lizolagus shows an
early stage in development of the leporid carpus and
metacarpus. The facets on the proximal ends of the meta-
carpals in Litolagus suggest that the manus was better
adapted for movement in several planes and more flexible
than in the Recent leporids; in the latter the extension of
the proximal convexity onto the anterior face of the proxi-
mal carpals suggests better development of hingelike
movement about a transverse axis at the wrist. The ulnar
side of the manus is well developed in Litolagus in corre-
lation with the essentially unreduced ulna. The shaft and
distal end of the ulna are reduced in Recent leporids, a
cursorial adaptation, and correspondingly the ulnar side
of the manus is proportionately smaller than in Litolagus.

The innominate is not complete, for the anterior part
of the iliac blade is broken, and the pubis and ventral
parts of the ischium, if present, are obscured by matrix.
The blade of the ilium, which has the two fossae separated
by a distinct, rounded ridge, generally resembles that in
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P. haydeni, but the rise of the dorsal rim of the ilium at
the place of sacral articulation is gradual, in contrast to a
more abrupt rise in P. haydeni. The tubercle of the ilium
extends outward from the lateroventral border of the
ilium as in P. haydeni but is somewhat lower and thicker.
A small, knoblike protuberance occurs posterodorsal to
the tubercle and immediately anterior to the anterior rim
of the acetabulum. In function, this may be similar to the
raised and roughened area posterior to the tubercle of
the ilium in P. haydeni. The exact position of the ischial
tuberosity is not clear, due to displacement of its unfused
epiphysis, but the tuberosity seems to resemble that in
P. haydeni in forming a distinctly raised knob and in
consisting of two facets.

Proximal and distal ends of the femur are missing
from the specimen, possibly due to loose attachment of
the epiphyses. Its shaft is straight as in P. haydeni. The
grooves in the distal end of the tibiofibula for tarsal
articulation seem to be proportionately a little deeper than
in P. haydeni. In an attempt to determine the proportions
of the tibiofibula in Litolagus in comparison to P. haydeni
the distance between the distal end and the separation of
the fibula from the tibia was utilized: in this measure-
ment the tibiofibula in Litolagus is about 53 per cent
longer than is that in P. haydeni. This far exceeds the
difference in length of the other long bones of 23 to 35
per cent. The excess could be due to union of the fibula
with the tibia more proximally or to distal elongation of
the tibiofibula in Litolagus. Possibly both factors con-
tributed, although the latter may be responsible for more
of the difference.

Summary. Litolagus molidens is more advanced than
its smaller contemporary, Palaeolagus haydeni, in the fol-
lowing characters of the upper cheek-teeth: greater molari-
zation of the premolars, on P3-M? earlier loss of the cres-
centic lakes between central and lingual lobes, longer
internal hypostriae, and more cement. Early loss of the
internal reéntrant on Py is a character in which Litolagus
is more nearly like the Archaeolaginae. Cranial char-
acters in which Litolagus is more advanced than P.
haydeni are: palatal structure, in which Litolagus is
approximately intermediate between P. hayden: and
Archaeolagus ennisianus; more posterior position of
frontals and shorter process of parietal on the posterior
wall of the orbit. Nevertheless, the anterior root of
the zygoma in Litolagus shows less resemblance than
does that in P. haydeni to the condition in more advanced
leporids. Thus, presumably advanced characters in denti-
tion and skull are combined with seemingly primitive
characters. In most postcranial characters Litolagus is
close to P. haydeni, although in the type specimen of
Litolagus the radius is proportionately longer relative to
the length of the humerus and the tibiofibula seems to be
relatively longer than in P. haydeni. This may indicate
more cursorial adaptation for Lizolagus, but immaturity of
the type may cause the distal segments to be proportion-
ately more elongate than in an adult and thus be re-
sponsible for the differences from P. haydeni. Probably
definite conclusions about the level of cursorial develop-
ment of Litolagus should not be made solely on the basis
of the type specimen.

Relationships——In the middle Oligocene of North
America four genera of leporids are known, Desmatola-
gus, Megalagus, Palacolagus, and Litolagus. American
species of Desmatolagus are poorly known and of ques-
tionable status but may be most closely related to certain
Mongolian leporids. Megalagus, which appears to be a de-
scendant of Myzonolagus, a North American late Eocene
genus, is persistently primitive in most characters of the
cheek-teeth. Within the genus Palaeolagus there is a di-
versity of species, all of which have more progressive char-
acters in the teeth than does Megalagus; the stock leading
toward Palacolagus may have been separate from that
ancestral to Megalagus at least since late Eocene times.
Considering Palaeolagus as a structurally central type in
the middle Oligocene, Megalagus diverges in the direction
of more primitive development of the cheek-teeth,
whereas Litolagus diverges toward more progressive
dental characters. Litolagus appears to be closest to those
species of Palacolagus, such as P. intermedius, in which
the internal hypostriae on the upper cheek-teeth are be-
coming a persistent part of the pattern and the internal
reéntrant on Py is eliminated at an early stage of wear.
Of late Eocene and early Oligocene leporids, Mytonolagus
and Megalagus brachyodon appear to be most closely al-
lied to M. turgidus, and Palaeolagus temnodon to P.
haydeni; the Mongolian leporids with that time range do
not seem closely allied to the later North American gen-
era with the exception of Desmatolagus. As mentioned
above (under P. burkei), there are specimens of an in-
completely-known early Oligocene leporid having per-
sistent internal hypostriae on P3-M2. These specimens
might represent a line leading toward Litolagus, although
relationships of this early Oligocene leporid to P. burkei
seem more probable. In the absence of other known pre-
Orellan leporids, remarks as to the ancestry of Litolagus
will be speculative. Possibly Litolagus is the descendant
of a late Eocene or early Oligocene stock near that leading
toward Palaeolagus intermedius; from such a stock Lito-
lagus would seem to have evolved relatively rapidly in
the advanced characters of teeth and palate but to have
been somewhat less progressive in the zygomatic structure
and to have essentially paralleled Paleolagus in postcranial
development.

The advanced characters of the palate and dentition
in Litolagus make this genus a possible candidate for an-
cestry of some later leporids; the Archaeolaginae, for
example, might be expected to have descended from an
ancestor with well-developed internal hypostriae in the
upper cheek-teeth and early suppression of the internal
reéntrant on Pg, a combination of characters found in
Litolagus. However, certain later leporids suggest that
Litolagus may actually be too advanced in dentition to be
ancestral to the Archaeolaginae; furthermore, its unpro-
gressive zygomatic structure does not suggest affinity to
the archaeolagines. On the basis of currently known lepo-
rids, Litolagus may be leading phylogenetically toward
the archaeolagines, but more probably Litolagus was a
palaeolagine that was near the P. intermedius—P. philoi
line of Palacolagus and that showed tendencies of advance
toward the Archaeolaginae but was not ancestral to that
subfamily.
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TaBLE 6.—Measurements in millimeters of Litolagus molidens

C.L.T. No. F.H. No.
1568 10283
P? anteroposterior . ... 1507 spmpreiers ca. 1l
Widthi oo S L
P* anteroposterior .. T | e e 1.9
width anteroloph 24
width posteroloph 3.0
P* anteroposterior ... 17 e 2.1
width anteroloph 3.1
width posteroloph 3.0
M! anteroposterior ... 157" & e NSRS 2.0
width anteroloph ... ... 3.1
width posteroloph ............ 3.0
M? anteroposterior .. 1.5 1.9
width"anteroloph: = amimntn g 25
width posteroloph 24
M? anteroposterior . 019! mdmars s 1.2
width ........ 1.2
length P*-M* . 016" e ok 11.8
lengthi PEME et s e s, 8T e L i 8.7
skull width across anterior roots of
ZYBOMALE ocoouiiissciatisiintiduseeuinnd ca. 23.8 ca. 24.1
width braincase posterior to zygo-
matic process of squamosal ... ca. 17.0
width palate between P* ... . . ca.
length palate .........ccusommniinonased ca.
length palatine on palate ............ca.

length maxilla on palate ... ... .ca.

Ps anteroposterior ................ S
width trigonid ...
width talonid ..

P, anteroposterior ... e
width trigonid ... .......
width talonid ..

M, anteroposterior ...... -
width trigonid ...
width talonid .........

M: anteroposterior . . .
width trigonid .....
width talonid ...

M, anteroposterior ...
width trigonid . e
width talonid ..........

Icngth PeMs ...

length Pi-M:

OO = = NN NN —NNN —— NN N

~nobhhwoNoxoarvorUbrboh~rori

inside depth of jaw below My ... 9.
length right humerus ... . 45
length left ulna ... ... .50
length right radius ............ . .43
length right metacarpal 11 ... 13
length right metacarpal IIT .. %
length right metacarpal IV . 12
length right metacarpal V ... 8
length  tibiofibula  approximately
from place of union with fibula
todistaliend! o rimasansil ca. 44.4
Palaeolaginae?
Figure 18
Specimen. Fragment of left lower jaw having Ps-

P,, S.D.S.M. No. 5542, lower Rosebud (lower Miocene),
N, sec. 17, T. 39 N., R. 43 W., Shannon County, South
Dakota.

The single specimen concerned was found in a lower
Rosebud locality along with specimens of Palacolagus
hypsodus and P. philoi. In No. 5542 Pg is composed of
two distinct columns that seem to be connected to one
another solely by cement. The anterior column, seemingly
the trigonid, is similar in shape to the complete P3 in
P. philoi: the anterior lobe of this column is narrower

Ficure 18. Species doubtfully assigned to Palacolaginac.
Occlusal view of left Py-Py (S.D.S.M. No. 5542), X9.

than the posterior; a single external reéntrant, which has
a thin cement filling, enters the occlusal surface; the den-
tine of the two lobes of the column is confluent lingually.
Cement completely fills the space between the trigonid
and the posterior column, or talonid; this complete sepa-
ration of the columns persists as far as it can be traced
into the alveolus. The talonid resembles that of an adult
P. philoi in general shape but lacks a lingual enamel and
dentine bridge connected to the trigonid. Enamel is thin
or absent lingually on the talonid. The trigonid and talo-
nid of P4 resemble those in P. philoi in general, but here
again the two columns are united only by cement. Enamel
is absent anteriorly on the trigonid and is thin or absent
lingually on the talonid. The pattern of the occlusal sur-
faces of these teeth and the reduction of enamel indicates
that this is not an immature individual. The fragment of
the jaw in which the teeth are situated is incomplete but
does show pronounced ridges at the symphysis. On the
lateral surface of the jaw is an anterior mental foramen
below the diastema, a posterior mental foramen below
the talonid of P3, and possibly another foramen below
P,. The swelling over the shaft of the incisor extends to
a line below the middle of P4 and has a pitted surface.
Connection of the columns by cement only gives the
cheek-teeth an ochotonidlike cast. However, connection of
the columns by cement only is found also among the
leporids in Palaeolagus burkei and P. hypsodus, and No.
5542 seems to be referable to the Leporidae on the basis of
the general structure of incisor, cheek-teeth, and lower
jaw and the development of the enamel.

No. 5542 differs from Palacolagus philoi as follows:
presence of deep anteroexternal reéntrant on the trigonid
of Pj; lack of a lingual connection of dentine and enamel
between the columns on Py and Pg; slightly shorter dias-
tema; more posterior position of anterior mental foramen;
slightly longer shaft of the incisor; and slightly smaller
size. Possibly the specimen is an aberrant individual of
the species P. philoi. Several of the differences listed above,
such as the connection of cement between the columns of
both P3 and P4, might accompany one another as the
result of abnormal development or mutation. However,
the sum of the differences listed above strongly suggests
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that No. 5542 is not an aberrant individual of P. philoi
but is a previously unknown (and unexpected!) leporid.

If No. 5542 is not an aberrant P. philoi, its relation-
ships within the Leporidae are unknown; it is tentatively
referred to the Palaeolaginae primarily as a matter of
convenience. Among later leporids a separation of trigonid
and talonid on Pj similar to that in No. 5542 occurs in
some stages of wear in Hypolagus? browni and ?Pratile-
pus progressus and throughout most of life in Brachylagus
and Nesolagus. Thus, No. 5542 seems to be curiously ad-
vanced in the structure of Ps toward some members of
the subfamily Leporinae, although the later fossil record
indicates that the leporines are probably not derived from
such an ancestor. A more definite statement of the affin-
ities of this leporid must await more complete material.

TaBLE 7.—Measurements in millimeters of Palacolaginae?

No. 5542
Ps anteroposterior cusnrenr s pan sl s o 2.8
width trigonid ..... S A S R e = 240
width talonid 2.1
B ANtEroposterion & 24
At T O e 2.6
s L o B e e e 2.1

Subfamily ARCHAEOLAGINAE Dice, 1929

Three genera are included in the subfamily Archaeo-
laginae: Archaeolagus, known in time from early Miocene
to early middle Miocene; Hypolagus, later middle Mio-
cene to early Pleistocene; Notolagus, middle Pliocene to
Blancan (early Pleistocene? ). Geographically the archaeo-
lagines seem to have undergone their greatest develop-
ment in North America, but Hypolagus reached Asia and
Europe in the later Pliocene. Derivation of the Archaeola-
ginae from the Palaeolaginae probably occurred in North
America. Archaeolagus and Hypolagus seem to be sepa-
rated mainly as different levels of evolutionary develop-
ment; Notolagus is more sharply differentiated than
Hypolagus and constitutes a side-branch from the Archae-
olagus—Hypolagus line.

The following dental characteristics unite the archaeo-
lagines: cheek-teeth hypsodont; only persistent fold on
upper molariform cheek-teeth formed by internal hypos-
tria having straight or crenulated walls; upper molari-
form premolars usually more molariform than in palaeo-
lagines; two external reéntrants on Pj, anterior of which
is usually shallower than posterior; posterointernal reén-
trant on P3 between trigonid and talonid not persistent,
usually lost at early stage of wear. Skull seemingly more
advanced than in palaeolagines: angle between basicranial
and palatal axes larger; palatine forming proportionately
shorter part of bony palatal bridge; anterior zygomatic
root situated more anteriorly.

Genus ARCHAEOLAGUS Dice, 1917

Archaeolagus Dicg, Univ. California Pub., Bull. Dept. Geol., v. 10, no. 12, p.
180, March 23, 1917. Type, Lepus ennisianus Copk.

Geologic age and distribution——Arikareean (early

Miocene) to early Hemingfordian (early middle Mio-
cene); Oregon, California, South Dakota.

Generic characters. In adult, single, shallow, an-
terior reéntrant on P?; internal hypostria on P3-M?2 usually
straight walled; P® and P* less molariform than molars
and less than corresponding premolars in Hypolagus. On
P; two external grooves: anterior groove shallow and
usually lacking cement; posterior groove between trigonid
and talonid deeper and cement filled. Anterior root of
zygoma situated more anteriorly and extending outward
more abruptly, where known, than in Palacolagus and
Megalagus.

The leporids here included in the genus Archaeolagus
have reached a level of evolutionary development in which
the characters of the Archaeolaginae are established, but
certain primitive characteristics, such as lack of crenula-
tions in the internal hypostriae of the upper cheek-teeth
and less molarization of P® and P* than in Hypolagus,
are still present. It is possible, using the characteristics of
the archaeolagines, to differentiate Archaeolagus from the
palaeolagines, but it may be difficult, especially in incom-
plete specimens, to differentiate advanced species of
Archaeolagus from primitive species of Hypolagus. Nev-
ertheless, the combination of characters given above does
serve to unify the leporids in the genus Archeolagus.

On the basis of the known fossil record, the species of
Archaeolagus can be divided into two lines; the species in
each line seem to be more closely related to one another
than to the species in the other line, although this is based
primarily on the structure of P3 and may place undue
weight on that character. In one line, which includes
Archaeolagus sp. from upper Sespe beds, the new species,
from Tick Canyon, named below on page 39 and 4.
primigenius from the upper Rosebud, Py is proportion-
ately shorter anteroposteriorly and tends to be nearly tri-
angular in outline; in the second line, composed of A.
ennisianus from John Day beds and A. macrocephalus
from the upper Rosebud, P3 is anteroposteriorly elongate.
In the first line, Pj is closer in shape to that in Palacolagus
and seems closer to the shape that might be expected for
that tooth in a primitive archaeolagine than does the
elongate Pj in the second line. The two groups essentially
parallel one another in time. Archaeolagus sp., A. primi-
genius, and A. macrocephalus are known only from
lower teeth and jaws, but the new species from Tick Can-
yon in the first line and A. ennisianus in the second line
are known from upper teeth and parts of the skull. These
remains indicate that the two lines are similar in general
level of development of the upper cheek-teeth, although
different in the shape of Pj. Possibly the two groups repre-
sent parallel lines that developed independently from
palaeolagine ancestors and reached essentially similar evo-
lutionary levels; if such were the case perhaps the lines
should be considered to be two genera. However, the
characters in common between the lines seem to suggest
close relationships, and the lines are recognized here as
members of one genus, thus emphasizing horizontal re-
lationships that seem to be real. Leporids seemingly near
Archaeolagus that retained primitive characteristics, such
as the late Miocene or early Pliocene leporid Panolax,
seem to have persisted along with Hypolagus, the more
progressive descendant of Archacolagus.




LATER TERTIARY LEPORIDAE OF NORTH AMERICA 39

Archaeolagus sp.

Archaeolagus(?) sp., WiLson, Carnegie Inst. Washington Pub. 584, pt. 3, p. 57,
June 22, 1949.

Specimen——Fragment of left lower jaw having Pg-
P4, C.'T. No. 3538, upper Sespe beds (about 100 feet
below Sespe-Vaqueros contact) of north side of Simi Val-
ley, north of Alamos Canyon, southern California.

Naming of this species, which seems to be distinct
from other known species of Archacolagus, should await
more complete material. The teeth are smaller than in
Palaeolagus philoi. A wide, shallow trough occurs on the
anteroexternal wall of the trigonid of Pj; this indentation
suggests an early stage of development of the anteroex-
ternal fold that is characteristic of the Archaeolaginae. On
the anterointernal wall of the trigonid a small groove
may be the groove between the buccal and lingual cusps
that usually occur on the trigonid of an unworn Pg; if so,
the groove is more lingual in position than the correspond-
ing groove in P. philoi. In general shape P3 resembles
those in P. philoi, the new species of Archaeolagus named
below from Tick Canyon, and A. primigenius more
closely than those in A. ennisianus and A. macrocephalus.

According to WiLson (1949a, p. 63-64) the upper
Sespe deposits of Simi Valley are in part equivalent to the
Promerycochoerus? zone of the upper Sespe at South
Mountain, and about the same age as, or slightly older
than, the upper John Day. ScuuLTz & FALKENBACH (1949,
p. 151), however, consider this part of the upper Sespe at
South Mountain to be equal to the Monroe Creek of
Nebraska, or older than the middle and upper John Day.
Thus, the stratigraphic relationships of Archaeolagus sp.
to other lower Miocene leporids cannot be more precisely
stated than as near or slightly higher than Palaeolagus
philoi and near or slightly lower than A. ennisianus.

Archaeolagus sp. seems to be the most primitive
known species of the genus. Structurally, No. 3538 repre-
sents a leporid approximately intermediate in the charac-
ter of Py between P. philoi and the new species of Archae-
olagus named below. Archaeolagus sp. may be too late
in time to represent the phylogenetic intermediate be-
tween palaeolagines and archaeolagines but possibly is
near such a transitional stock. The structure of Pz sug-
gests that the relationships of Archaeolagus sp. are closer
to the new species of Archaeolagus and A. primigenius
than to A. ennisianus, although the latter could conceiv-
ably be descended from a leporid such as that discussed
here.

Archaeolagus acaricolus,® n. sp.
Figures 19-21
Type specimen——Incomplete left lower jaw having

incisor, P3-Ms, C.I.T. No. 5171, C.I.T. locality 201, Tick
Canyon formation, near narrows of Vasquez Canyon,
approximately 10 miles by road from town of Saugus,
southern California (Janns, 1940, p. 151 and fig. 4).
Referred specimens——The following, all C.LT.
specimens, are from the type locality: incomplete right
lower jaw having P3-Mj, No. 5172; right maxilla having

5 From Latin, acarus, mite or tick, and -cola, dweller, referring to the type
locality.

P2.M3, No. 5173; left maxilla having P2-M3, No. 5174;
fragmentary left lower jaw having P4-Ms, No. 5175; frag-
mentary right lower jaw having essentially unworn Py
and P4-Ms, No. 5176; incomplete left innominate and
proximal end of femur, No. 5177; postcranial fragment,
?tibiofibula, No. 5178.

Geologic age and distribution——Late Arikareean
(late early Miocene), or early Hemingfordian (early
middle Miocene), southern California.

Correlation of the Tick Canyon beds, in which Archae-
olagus acaricolus occurs, with other early or middle Mio-
cene localities is not definite. The fauna from the Tick
Canyon beds is small but, according to Jauns (1940, p.
175-178), suggests a position approximately equivalent to
upper Rosebud, Marsland, and lower Hawthorn deposits.
However, ScuuLtz & FaLkensacu (1947, p. 188), in a
study of oreodonts, considered the Tick Canyon deposits
to be approximately equivalent to the Harrison formation
of Nebraska. Further, Scuurtz & FAaLkeNBacH (1949, p.
93) correlated beds of the middle and upper John Day
with the Harrison. This problem of correlation bears on
the stratigraphic relationships of Archaeolagus ennisianus
from the John Day, A. acaricolus from Tick Canyon, and
A. primigenius from the upper Rosebud, to one another.
Tentatively, perhaps the Tick Canyon beds should be re-
garded as higher than the John Day but lower than typical
upper Rosebud and Marsland deposits; accordingly, A.
ennisianus may be geologically slightly older and A4. primi-
genius slightly younger than A. acaricolus.

Specific characters——The following pattern occurs
on the occlusal surface in moderately worn upper cheek-
teeth: on P? single anterior reéntrant; on P3-M? straight-
walled internal hypostria; hypostria on P? and P* reduced
in length at earlier stage of wear than on M! and M?; M?
without reéntrants. Lower incisor less flattened dorso-
ventrally than in Archaeolagus ennisianus. Py convex
lingually, proportionately shorter anteroposteriorly and
having anteroexternal groove, which is shallow and es-
sentially without cement, facing more anteriorly than in
A. ennisianus. Posterolophids small on unworn P3 and
P4. Anterior zygomatic root extends outward abruptly
from rostrum. Slightly smaller than A. ennisianus.

Description——Dentition. The teeth in the two
known maxillae, Nos. 5173 (Fig. 19) and 5174, are
moderately worn, and the adult tooth pattern seems to be
present. P has a single, shallow, anterior fold slightly
medial of the midline. On each of the two succeeding pre-
molars, P? and P%, a shallow internal hypostria is present.
The internal hypostria on M?! crosses slightly more than
one-third and that on M2 approximately one-third of the
occlusal surface. The walls of the hypostriae lack crenu-
lations. M® is wider transversely than anteroposteriorly
and lacks folds. Cement seems to be absent in the anterior
fold on P2 but fills the hypostriae on P3-M2. On the upper
cheek-teeth the enamel is well developed anteriorly and
lingually, thin posteriorly, and thin or absent buccally.

In cross section the lower incisor is more flattened
dorsoventrally than in Palaeolagus haydeni but less flat-
tened than in Archaeolagus ennisianus. The posterior ex-
tent of the incisor cannot be determined due to crushing
of the jaws. In three lower jaws, Nos. 5171 (Fig. 21),
5172, and 5175, the cheek-teeth are moderately worn. At
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Ficures 19-21. Archaeolagus acaricolus.

19. Occlusal view of right P*-M® (C.LT. No. 5173), X6.
20. Occlusal view of right Ps-M: of immature individual hav-
ing unworn Ps (C.L'T. No. 5176), X6. 21. Type specimen,

this stage of wear, P3 has two external reéntrants: the
anterior reéntrant is shallow and faces anteroexternally;
the posterior reéntrant, which is between trigonid and
talonid, crosses slightly less than half the occlusal surface.
Both reéntrants lack crenulations. The lingual border of
P3 is convex. The anteroexternal groove faces more an-
teriorly and that portion of the trigonid anterior to the
anteroexternal groove extends less far externally than in
A. ennisianus. In general P4, My, and M, are similar to
one another: each consists of a trigonid and a talonid that
is transversely narrower than the trigonid and is connected
lingually to the trigonid by a bridge of dentine and
enamel. In worn specimens the trigonid and talonid of
Mj; are connected by dentine and enamel, but probably
the columns were separate in earlier stages of wear. Ce-
ment is absent in the anteroexternal reéntrant but fills the
posteroexternal reéntrant on P and is present between
the trigonid and talonid on P4-Mj. Development of the
enamel is similar to that in most leporids: on P and Mj
the enamel is thicker buccally than lingually; on P4-M,
the enamel is thick buccally and on the posterior wall of
the trigonid, is thinner or absent lingually and on the
posterior wall of the talonid, and is absent on the anterior
wall of the trigonid.

No. 5176 (Fig. 20) is the lower jaw of an immature
individual having an essentially unworn Pj. In this tooth
buccal and lingual reéntrants are present between trigonid
and talonid. The buccal reéntrant persists the length of

adult (C.LT. No. 5171); 2la, occlusal view of left Ps-Ms, X6;
21b, lateral view of left lower jaw, angle of incisor distorted, X4.

Pg; the lingual reéntrant, which is absent in adults, per-
sists somewhat below the alveolar border, although
crushing obscures its exact extent. Two main cusps, one
buccal and one lingual, compose the trigonid. The buccal
cusp, which is the larger of the two, has an irregular
surface and, on its anteroexternal side, a shallow groove
that persists the length of the shaft; this groove, forming
the anteroexternal reéntrant, is more distinct in the adult.
The anterior portion of the groove between buccal and
lingual cusps is shallower at the alveolar level than on
the unworn crown and continues only a short distance
below the alveolar border. The surface of the lingual cusp
of the trigonid is broken but appears to have been regu-
larly rounded. A small cuspule protrudes into the pos-
terior portion of the groove between the main cusps of
the trigonid. The talonid is wider transversely than the
trigonid and has a convex posterior wall. Three distinct
cuspules are present in a transverse line on the posterior
wall; the most medial of these cuspules, which occurs
slightly lateral to the midline of the tooth, is the posterior-
most portion of the talonid and may be a much reduced
posterolophid. Medial to the cuspules the posterior wall of
the talonid is a relatively even ridge. Cement covers most
of the surface of the talonid and is present throughout the
length of the buccal reéntrant between trigonid and talo-
nid. Enamel seems to cover both cusps of the trigonid; on
the exposed portions of the occlusal surface of the talonid
enamel seem to be very thin. The trigonid of P4 is worn
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and has an essentially adult pattern except that its pos-
terior wall forms a more definite V, having a posteriorly
directed apex, than in the adult. The talonid of Py is
broken in No. 5176. On M; and M, signs of immaturity
persist: the posterior wall of each trigonid forms a wide
V; lingual enamel is thicker than in the adult; on M, the
trigonid and talonid are not yet united by a lingual
bridge (M, is broken lingually, so existence of a bridge
cannot be ascertained); the talonid of M, is proportion-
ately longer anteroposteriorly than in the adult, suggesting
the presence of a posterolophid in a tooth that is less
worn.

Skull. Fragments of zygoma and palate are present in
Nos. 5173 and 5174. Although possibly slightly distorted,
the anterior portion of the zygoma does seem to be pro-
portionately deeper dorsoventrally than in Palaeolagus
philoi and Archaeolagus ennisianus. The lateral surface
of the zygoma is slightly concave. The anterior zygomatic
root juts outward abruptly from the rostrum, having its
anterior surface approximately on a level between P? and
P3. A distinct ridge extends from the anteroventral edge
of the zygoma to the alveolar border; the ridge intersects
that border approximately in line with the metaloph of
P3. The surface of the maxilla is concave anterodorsal to
the ridge. Portions of the palate are fragmentary, but the
maxillopalatine suture seems to be present approximately
at a level between P? and P4

Lower jaw. The known lower jaws are all somewhat
crushed. In Nos. 5171 and 5172, specimens of adults, the
masseteric fossa is bordered anteriorly by a V-shaped
ridge that has an anteriorly-directed apex and reaches to
below the metaloph of Ms. In No. 5176, the lower jaw of
an immature individual, the masseteric fossa lacks this
ridge. A mental foramen is present on the dorsolateral
surface of the jaw below the diastema; breakage makes it
impossible to determine whether a more posterior mental
foramen or foramina, present in most leporids, occur
below the premolars. The medial surface of the ramus is
lightly pitted below the diastema and cheek-teeth. On the
medial surface of the jaw posterior to the cheek-teeth,
there seem to be two foramina: the more ventral foramen
is probably the dental foramen; the more dorsal foramen
appears to communicate with a tiny postalveolar foramen
on the dorsal surface of the jaw posterior to M3. Recent
leporids have similarly situated foramina; the postalveolar
foramen is larger.

Relationships——Archaeolagus acaricolus differs from
A. ennisianus as follows: size slightly smaller; internal
hypostria on P3 and P* less persistent; lower incisor less
flattened dorsoventrally; P3 anteroposteriorly shorter, hav-
ing more convex lingual border and more triangular out-
line of the occlusal surface. The anterior zygomatic
root juts outward abruptly in both species, but the root is
situated slightly more posteriorly, and anterior to the root
the maxilla is more concave in A. acaricolus than in A.
ennisianus. Earlier reduction of the internal hypostria on
P% and P* indicates less molarification of the premolars, a
primitive character, in 4. acaricolus than in A. ennisianus.
A. acaricolus seems to be closer to Hypolagus in the struc-
ture of the anterior zygomatic root and rostrum than is 4.
ennisianus. A. acaricolus resembles Archaeolagus sp. and

A. primigenius of the upper Rosebud in the general shape
of P, which is more nearly triangular in shape and pro-
portionately shorter anteroposteriorly than in A. ennisi-
anus and A. macrocephalus.

On the basis of the known material, the affinities of
A. acaricolus seem to be with Archacolagus sp. from the
upper Sespe and with A. primigenius. Archaeolagus sp.
could be near the ancestry of A. acaricolus, which, in
turn, could have given rise to A. primigenius.

In his preliminary description of the Tick Canyon
leporid, WiLson (in Januns, 1940, p. 182) suggested that
the leporid was “an advanced Archacolagus or a very
primitive Hypolagus”. The Tick Canyon leporid, which
is considered here to be a species of Archacolagus, seems
to be more primitive than A. ennisianus in some charac-
ters, such as the lack of persistent hypostriae on P3 and P*.
In other respects, such as the triangular shape of P3, 4.
acaricolus resembles certain later species of Hypolagus,
and A. acaricolus and the species closely related to it,
Archacolagus sp. and A. primigenius, may be near the
line that gave rise to Hypolagus.

TasLe 8.—Measurements in millimeters of Archaeolagus acaricolus

C.I.T. No.
5174

P* anteroposterior ...
width oo

P* anteroposterior ...
width anteroloph ........
width posteroloph ............

P* anteroposterior ...
width anteroloph ... ..
width posteroloph .

M! anteroposterior .......
width anteroloph ...
width posteroloph ...

M? anteroposterior ... ...
width anteroloph ... .
width posteroloph .......

M?® anteroposterior ................ :
width' i

NP ONWE LW WW W =N
AOVOWITVNOANOWNIOANAANTIN NN —\O

length P2M® . .
length PEMY. e e i
dorsoventral depth, anterior root of
ZYROMIA (o:oiovvssssimsnsrastssmis dusissiant ca.. 9.3
C.L.T. No. C.LT. No. C.L.T. No.
5171 5172 5176
(immature)
Ps anteroposterior ............... L1 Irm— 7 &) PE—— 1.7
(from sides
of tooth)
width trigonid 1.8 18 . 5 113
width talonid .... 2.0 ) [ L 1:7
P, anteroposterior .... 22 212
width trigonid . 25 Pl 1.8
width talonid ..... 1.9 22
M, anteroposterior ... 2:1 22 2.0
width trigonid .... 24 24 2.0
width talonid ... 1.9 1.8 1.7
M. anteroposterior .. 22 2.1 1.8
width trigonid ..... 23 2:4" 55 17
width talonid ... 1.8 1.9 1.5
Ms anteroposterior ... 1.2 1.3
width trigonid ... 1.3 1.3
width talonid .. . 0.9 0.8
length Ps-Ms ......... A 1926 9.8
length BicMs o e 6.3 6.4
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Archaeolagus primigenius (Matthew)

Lepus primigenius MATTHEW, Amer. Mus. Nat. Hist.,, Bull., v. 23, art. 9, p.
216, March 14, 1907.
Archaeolagus primigenius, MATTHEW, Amer. Mus. Nat. Hist., Bull., v. 50, art.
2, p. 87, July 3, 1924.
Type specimen——Partial right lower jaw having
P3-M;, AM.N.H. No. 12911, upper Rosebud beds, Porcu-

pine Creek, South Dakota.

Geologic age and distribution——FEarly Hemingford-
ian (early middle Miocene) of South Dakota.

Specific characters——Size larger and anteroexternal
groove on trigonid of P3 deeper than in A. acaricolus.
P3 proportionately shorter anteroposteriorly and antero-
external groove faces more anteriorly than in A. ennisi-
anus and A. macrocephalus.

Archaeolagus ennisianus (Cope)

Figure 22

Lepus ennisianus Cope, U. S. Geol. and Geog. Surv. Terr., Bull., v. 6, no. 2,
art. 15, p. 385, September 19, 1881. )

Archaeolagus ennisianus, Dice, Univ. California Pub., Bull. Dept. Geol., v. 10,
no. 12, p. 180, March 23, 1917.

Type specimen.——Nearly complete skull and lower
jaws, atlas and fragmentary axis, A.M.N.H. No. 7190,
John Day formation, north fork of John Day River,
Oregon.

Geologic age and distribution——Arikareean (early
Miocene) of Oregon (middle and upper John Day forma-
tion).

Specific characters——Size of skull near that in Pal-
aeolagus intermedius. Pattern on moderately worn upper
cheek-teeth consists of single anterior fold on P2 and es-
sentially straight-walled internal hypostria on each of
P3-M?; hypostriae tend to be shortened on premolars at
earlier stage of wear than on molars. Lower incisor dorso-
ventrally flattened, usually extends posteriorly to below
anterior or middle of P;. P; anteroposteriorly elongate
and having two persistent external reéntrants: anteroex-
ternal reéntrant wide and shallow, usually lacking cement;
posteroexternal reéntrant cement filled and crossing ap-
proximately half the occlusal surface. Compared to known
Oligocene species of Palaeolagus and Megalagus, A. en-
nisianus has larger angle between basicranial and palatal
axes of skull, palatine component of palate shorter, and
anterior root of zygomatic arch situated more anteriorly
and extending outward more abruptly.

Description——Archaeolagus ennisianus is the com-
mon fossil leporid in the John Day formation of Oregon.
The following description consolidates the previous de-
scriptions of Core (1884, p. 886-887), Matraew (1902,
p- 306-307), and Dice (1917, p. 180-181; 1928) and sup-
plements them. Additions to the previous descriptions are
made on the basis of study of specimens in the collections
of the American Museum of Natural History, Yale Pea-
body Museum, and the California Institute of Technol-
ogy, including three skulls, AM.N.H. Nos. 7190 (type
specimen) and 7191, and C.I.T. No. 5181.

Dentition. The shafts of the hypsodont upper cheek-
teeth extend into a well-developed maxillary tuberosity,
which reaches farther dorsally than the dorsal rim of the

zygoma. Upper cheek-teeth in an adult present the fol-
lowing patterns: on P2 a single, shallow, anterior fold
occurs; each of the next four teeth, P3-M2, has an internal,
straight-walled hypostria; on M! and M? the hypostria
extends transversely across slightly more than one-third
of the occlusal surface; the hypostriae tend to become
shortened at an earlier stage of wear on the premolars
than on the molars; M® is a cylindrical tooth lacking
folds. Enamel is present on the walls of P2; on P3-M?
enamel is well developed anteriorly and lingually, reduced
posteriorly, and usually absent buccally. Cement fills the
hypostriae on P8-M2 but is thin or absent in the fold on
P2. At an earlier stage of wear, P2 has an additional an-
terior fold, which is buccal to the persistent fold; isolated
lakes, seemingly remnants of a fold between central and
lingual lobes, may occur on P® and P%. Corresponding
lakes have not been observed on the molars but would
possibly be present in specimens of young individuals.
Dice (1917, p. 180, fig. 1; 1928, p. 239) described and
figured on P3-M? “enamel crescents” that are external to
the hypostriae and sometimes connect to the external wall
of the tooth. Such enamel crescents have not been observed
in connection with the present study, although several
specimens of A. ennisianus have darkened areas in the
dentine that correspond in shape and position to the

FI1GURE 22. Archaeolagus ennisianus.

22a, Ventral view of skull (C.IT. No. 5181), X1; 225, occlusal
view of right P3 (C.I.T. No. 5181), X4; 22c, occlusal view of right
Ps; having isolated postero-internal lake (C.LT. specimen lacking
catalogue number, locality 3), X4.

“crescents” of Dice. In AM.N.H. No. 7210, such dark-
ened areas occur on P2 and P* that have also the enamel-
lined lakes described above. It seems likely that the “cres-
cents” described by Dick correspond to the darkened areas
in the dentine. True enamel-lined lakes do appear to be
present during early stages of wear in A. ennisianus, but
these lakes are similar in general to those in Palacolagus
intermedius and do not have a connection to the external
wall of the tooth.

In cross section the lower incisor is longer trans-
versely than dorsoventrally and is more flattened dorso-
ventrally than in Palaeolagus and Megalagus. On the
medial surface of the jaw the posterior end of the swelling
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over the incisor is anterior to or approximately in line
with the trigonid of Pg, and its dorsal border is at mid-
depth of the jaw. The swelling is lower and longer in
Palacolagus and Megalagus but higher on the jaw in
Hypolagus. In one specimen of A. ennisianus, AM.N.H.
No. 7199, the swelling over the incisor is low, as in
Palaeolagus, and extends posteriorly to a line between Pg
and Py, thus suggesting that the incisor might have been
somewhat variable. In occlusal view, moderately worn
Py (Fig. 22b) is elongate anteroposteriorly and has two
external reéntrants; the anterior of these reéntrants is
wide, shallow, and seems to lack a coating of cement;
the posteroexternal reéntrant is situated between trigonid
and talonid, crosses approximately half of the occlusal
surface, and is filled with cement. Some specimens of A.
ennisianus, seemingly having less wear on P, have an
isolated posterointernal, enamel-lined lake that is prob-
ably a remnant of an internal reéntrant between trigonid
and talonid (Fig. 22c). This lake is absent in most known
specimens of A. ennisianus; it seems to be a transient indi-
cation of age and possibly individual variation, and sug-
gests the affinities of Archaeolagus with the palaeolagines.
On each of the following teeth, P4-Mj, the trigonid and
talonid are united, after the tooth is worn, by a lingual
bridge of enamel and dentine; cement fills the remaining
space between trigonid and talonid. On the lower cheek-
teeth enamel tends to be thicker buccally and thinner or
absent lingually, as in most other leporids.

Skull. The angle between basicranial and palatal axes
of the skull is greater in A. ennisianus than in Palacolagus
haydeni, P. intermedius, and Megalagus turgidus. The
dorsal surface of the nasal bone is pitted along its lateral
margins, and pitting is also present on the frontals and
parietals. The nasals are proportionately wider posteriorly
than in P. haydeni. The supraorbital process in A. ennisi-
anus has a well-developed posterior extension. The fronto-
parietal suture is in a line slightly posterior to the posterior
surface of the zygomatic process of the squamosal; a small
process of the parietal extends into the posterior wall of
the orbit. In P. haydeni the frontals reach less far poste-
riorly, and the process of the parietal in the orbit is larger;
P. intermedius is approximately intermediate between A.
ennisianus and P. haydeni in the structure of frontal and
parietal.

The zygomatic arches essentially parallel the long axis
of the skull. The anterior root of the zygoma extends
abruptly outward from the rostrum approximately in line
with the middle of P2. A ridge proceeds ventrally from
the thickened anteroventral rim of the zygoma to inter-
sect the alveolar border posterior to P2. In Palacolagus
haydeni, P. intermedius, and Megalagus turgidus, the
anterior root of the zygoma extends outward more gradu-
ally, is slightly more posterior in position, and is closer to
the alveolar border. In A. acaricolus that root is slightly
more posteriorly situated, and the maxilla anterior to the
root is more concave than in A. ennisianus. The lateral
surface of the zygoma in A. ennisianus is concave.

On the palate (Fig. 22a) the bony bridge is between
the posterior ends of the incisive foramina, approximately
in line with the middle of P2, and the internal nares, in
. line with the anteroloph of M!. The maxillopalatine su-

ture crosses the palate essentially transversely in line with
the middle of P*. Thus, the part of the palatal bridge
formed by the palatine is proportionately shorter than in
Palacolagus and Megalagus. The maxillopalatine suture
and the suture between the maxillae on the palate are
wavy, and the palatine foramina appear to be slightly
posterior to the maxillopalatine suture. The internal nares
are proportionately wider than in P. haydeni.

The auditory bullae are proportionately smaller than
in P. haydeni but larger than in M. turgidus. The mastoid
has a rugose and pitted surface. A posterolateral ridge on
the mastoid extends from the dorsal border of that bone
ventrally onto the mastoid process. The mastoid curves
onto the occipital surface more gradually than in P. Aay-
deni and M. turgidus. The dorsal portion of the mastoid
extends farther medially onto the occipital surface than
does the ventral portion, due to lateral expansion of the
more ventral part of the exoccipital. The occipital condyle
seems to be more nearly vertical than in P. kaydeni and
M. turgidus. The pitting on the mastoid, the shape of that
bone, and the orientation of the occipital condyles are
features in which A. ennisianus is more advanced toward
Recent leporids than are Palaeolagus and Megalagus.

Lower jaw. In general shape the lower jaw is similar
to those in Palaeolagus and Megalagus. On the lateral sur-
face of the horizontal ramus one mental foramen occurs
below the diastema, and a second may be present below
P3 or Py. In some cases the region below Pg and Py is
heavily pitted, and no single larger foramen can be differ-
entiated. The postalveolar foramen is tiny or has been re-
ported to be absent (Dick, 1928, p. 238). The masseteric
fossa is shallow, and the ridge marking its anterior border
is variable, being rounded or V-shaped anteriorly and ex-
tending to below M3 or the talonid of M.

Summary——In over-all level of development of teeth
and skull, Archaeolagus ennisianus stands between typical
Oligocene members of the genus Palacolagus and the later
leporid, Hypolagus. Most traces of the primitive leporid
pattern in the upper cheek-teeth are worn away rapidly in
A. ennisianus, leaving simple hypostriae on P3-M2. In
the skull, the following are among the features suggesting
advance over Palaeolagus: larger angle between the basi-
cranial and palatal axes; more posterior position of the
frontoparietal suture; shorter proportion of the palatine
on the palate; shape of the mastoid and orientation of the
occipital condyle. More rapid shortening of the hypostriae
on the upper premolars than on the molars suggests that
the premolars are less molariform relative to the molars
than in Hypolagus, and the shallow anteroexternal fold on
P3 and the simple hypostriae on the upper cheek-teeth
indicate that although a definite archaeolagine, 4. ennisi-
anus is a primitive member of the subfamily. The struc-
ture of the anterior zygomatic root may indicate that A.
ennisianus is not on the line of development leading
toward Hypolagus.

In structure of P, A. ennisianus resembles A. macro-
cephalus of the upper Rosebud more closely than the other
known species of Archaeolagus. The John Day leporid
seems to be closely allied to and may be near the ancestry
of A. macrocephalus. Incomplete material of the latter
does not permit a more definite statement of relationships.
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TABLE 9.—Measurements in millimeters of Archaeolagus ennisianus

C.LT.No. AM.N.-H. AM\N.H. AM.N.H.
5181 No.7190 No.7191 No.7208

P? anteroposterior .......... 17
Wadthy e 24

P* anteroposterior
width anteroloph ...... 2
width posteroloph ... 3

P* anteroposterior ......... 1
width anteroloph ... 3
width posteroloph .... 3
M! anteroposterior .......... 1
width anteroloph ...... 3
width posteroloph ... 3.
1

2

2

0

1

1

8

M? anteroposterior .........
width anteroloph ...
width posteroloph ...

M?® anteroposterior

width
length PEME oo o 1
length PPM® ...
width across anterior
roots of zygomata ca.
width nasals posteriorly
width palate between P*
ca. 89
lengthipalatel. e . 6.5
length palatine on palate 2
length maxilla on palate 4
width internal nares ca. 3.
4

—
N~owomwa~—ownnaheoy

el e 85 ... 86

dorsoventral depth, an-
terior root of zygoma
length zygoma from an-
terior wall to posterior
wall of squamosal
process

C.LT. No.
5181

YPM.
(unnumbered)

2.6

C.IT.
(locality 3)

>
3

Ps anteroposterior ... ..
width trigonid ...
width talonid ...

Py anteroposterior ...
width trigonid ...
width talonid ...

M: anteroposterior ...
width trigonid ...
width talonid ...

M. anteroposterior ...
width trigonid .. .
width talonid ...

M; anteroposterior ..
width trigonid ...
width talonid .

length Ps-Ms ...

length Ps-Me
inside depth of jaw below
1. T e 10.6

N
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Archaeolagus macrocephalus (Matthew)

Lepus macrocephalus MaTTHEW, Amer. Mus. Nat. Hist., Bull., v. 23, art. 9, p.
214, March 14, 1907.

Archaeolagus macrocephalus, MATTHEW, Amer. Mus. Nat. Hist., Bull., v. 50,
art. 2, p. 87, July 3, 1924,

Type specimen.——Incomplete left lower jaw having
P3-Mj3; parts of two hind feet, distal end of tibiofibula,
metacarpals, A.M.N.H. No. 12910, upper Rosebud beds,
Porcupine Creek, South Dakota.

Geologic age and distribution. Early Hemingford-
ian (early middle Miocene) of South Dakota.

Specific characters——Size larger than other known
species of Archaeolagus. Py elongate anteroposteriorly,
having on trigonid shallow anteroexternal groove that

seems to lack cement and faces mostly externally. On
medial surface of jaw, posterior end of swelling over in-
cisor is situated in a line below middle of P; and slightly
above mid-depth of jaw.

Genus HYPOLAGUS Dice, 1917

Hypolagus Dice, Univ. California Pub., Bull. Dept. Geol., v. 10, no. 12, p.
181, March 23, 1917. Type, Lepus vetus KELLOGG.

Geologic age and distribution——Hemingfordian
(middle Miocene) to early Pleistocene of western North
America; middle Pliocene? of Asia; Villafranchian of
Asia and Europe.

Generic characters——On anterior surface of P? one
well-developed reéntrant and shallower, more external
groove; internal hypostria on P3-M?2 crenulated at some
stage of wear, crenulations usually more pronounced and
persistent on premolars than on molars. Anteroexternal

fold on Py deeper than in Archacolagus, usually cement
filled.

Hypolagus is in a more advanced level of evolutionary
development than its probable ancestor, Archaeolagus;
typical species of each genus are well differentiated from
one another, but it may be difficult to distinguish advanced
species of Archacolagus from primitive species of Hypo-
lagus, especially when dealing with incomplete material.
Leporids of Hemingfordian age, which seems to be the
time of transition between the two genera, are not well
known. On the basis of lower jaws, Archaeolagus primi-
genius and A. macrocephalus from upper Rosebud de-
posits, which are approximately early Hemingfordian in
age, seem to be referable to Archaeolagus, but the affin-
ities of certain leporids from other deposits that are near
the upper Rosebud in age are more problematical. C.N.-
H.M. No. P27076, a left lower jaw having P3-Mj, from
the Marsland formation, Marsland, Dawes County, Ne-
braska, is more advanced than Archaeolagus macrocepha-
lus and A. primigenius in having on Py a deeper antero-
external groove that has a thin filling of cement; in gen-
eral shape, Py resembles those in A. primigenius and the
lower Pliocene species of Hypolagus named below on
page 48. The lower jaw is more primitive than in the
latter species. In C.N.H.M. No. P27210, an incomplete
maxilla having P3-P*, from Marsland deposits, the hypos-
tria on P3 and P* is straight-sided and crosses approxi-
mately half the occlusal surface; the teeth are relatively
narrow transversely. Whether No. P27210 represents the
same species of leporid as does the lower jaw, No. P27076,
is not known; if associated, the Marsland leporid would
seem to combine characteristics of Archacolagus and
Hypolagus, resembling the former in the upper cheek-
teeth and the latter in the lower. At any rate, these Mars-
land specimens seem to represent an undescribed leporid
or leporids, perhaps intermediate between more typical
species of Archaeolagus and Hypolagus. Additional
middle Miocene leporid specimens are known from Uni-
versity of Kansas Quarry A, Martin Canyon, northeastern
Colorado, approximately equivalent in age to Marsland
deposits (GaLBREATH, 1953, p. 36); of four isolated upper
cheek-teeth, which are near one another in size but wider
transversely than those in No. P27210, two have a crenu-
lated hypostria that persists the length of the tooth, and
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two have a shorter, straight-walled hypostria, also persis-
tent. Whether these teeth represent one species that has
considerable age and individual variation or one primitive
and one advanced species cannot be determined on the
basis of these few specimens. Here again, Archaeolagus
and/or Hypolagus could be represented. Definite taxo-
nomic assignment of these middle Miocene leporids should
await more complete and associated specimens; regardless
of generic assignment, the important point is the seem-
ingly intermediate or transitional character of these lepo-
rids between Archacolagus and Hypolagus.

Although descent of Hypolagus from Archacolagus
seems to be established, determination of more precise
lines between the genera is difficult. Evidence from
C.N.H.M. No. P27076 indicates descent of Hypolagus
from the line of Archaeolagus having an anteroposteriorly
short Py; this descent could lead from A. primigenius
through the Marsland leporid, No. P27076, to the species
of Hypolagus named below on page 48. On the other
hand, other leporids having characteristics that seemingly
differentiate them as primitive species of Hypolagus have
a more elongate P3 that could be derived from the line of
Archaeolagus having a somewhat similarly elongate Pj.
Possibly the level of development here recognized as
characteristic of the genus Hypolagus has been attained
more than once by parallel lines of Archacolagus.

Exact lines of descent from Miocene to Pliocene species
of Hypolagus are not known, but within the Pliocene two
main lines of Hypolagus, probably phylogenetic, can be
traced——a line of larger leporids including H. vetus
and H. regalis, and a line of smaller leporids including
the lower Pliocene species named below on page 48, H.
near limnetus, and H. limnetus. In addition to these
lines, other species of more uncertain relationships indi-
cate diversity within the genus: in this category are H.
apachensis, which seems to have had some primitive
characteristics at a time when other species were more
advanced, H. oregonensis, in which there is a tendency
toward increased complexity of P by the addition of an-
terior folds, and H. edensis, a small leporid having a
distinctive, deep anteroexternal reéntrant on Pj. Hypo-
lagus ranged through the Pliocene and is represented in
Blancan faunas from Coso Mountains, Hagerman and
Grand View, Benson, Cita Canyon, Blanco, and Meade
County, Kansas (Rexroad). The latest appearance of
Hypolagus in North America is not precisely known, but
Hypolagus has been listed from the early Pleistocene
Broadwater (ScHuLrz, et al., 1951, table 1) and Deer
Park (Hisearp, 1956, p. 177) faunas. Leporids from the
Borchers fauna, which is approximately middle Pleisto-
cene in age, listed as Hypolagus (Hissarp, 1941a, p. 216),
K.U. Nos. 5735H and 5735L, are probably young indi-
viduals of the genus Lepus.

Hypolagus parviplicatus,® n. sp.
Figure 23
Type specimen——Incomplete right lower jaw having
P3-M;, U.C.M.P. No. 11571, upper middle Miocene or

® From Latin, parvus, little, and plicatus, fold, referring to the shallow
anteroexternal fold on P,.

lower upper Miocene, U.C. locality 1065, Virgin Valley,
Humboldt County, Nevada.

Geologic age and distribution——Late Hemingford-
ian (late middle Miocene) or early Barstovian (early late
Miocene) of Nevada.

Specific characters——Pg having anteroexternal fold
deeper than in Archaeolagus but shallower and facing
more directly laterally than in Hypolagus vetus; trigonid
anterior to anteroexternal fold extended farther laterally
than in H. vetus.

25a

25b

Ficures 23-25. Species of Hypolagus.

23. Hypolagus parviplicatus, type specimen (U.C.M.P. No.
11571), occlusal view of right Ps-Ms, X 4. 24. Occlusal views
of cheek teeth of Hypolagus near parviplicatus; 24a-c, right P*, right
upper molariform tooth, and left Ps (C.I.T. No. 5179), X4; 24d,
right P; (C.T. No. 5180), X4. 25. Hypolagus apachensis,
occlusal views of Py showing variation in pattern, X6.7; 25a, right
P; (C.LT. No. 38); 25b, left Ps (C.I.T. No. 5183); 25¢, right Py
(A.E.W. No. 35-50-18) (from Wood, 1937, fig. 21).

Description. The type specimen of Hypolagus
parviplicatus (Fig. 23), U.C.M.P. No. 11571 from Virgin
Valley beds, was designated the “cotype” of Lepus vetus
by Kerroce (1910, p. 436). Later Dice (1917, p. 181-182)
retained this specimen in Hypolagus vetus but mentioned
that it might be a different species, although material was
too incomplete to allow a definite statement. Topotype
material now known of H. vetus permits an estimation
of the dental variation within that species; this material
shows that although P; does vary in shape, none of the
variants are close to Pg in U.C.M.P. No. 11571. P3 in H.
parviplicatus differs from that in H. vetus as follows: pro-
portionately more elongate anteroposteriorly; anteroex-
ternal reéntrant shallower, and the cement in the reén-
trant, although possibly eroded away in part, is thin and
probably was naturally thinner than in H. vetus; the lobe
of the trigonid anterior to the anteroexternal reéntrant
extends farther laterally, and the reéntrant faces more
directly laterally and less anteriorly. The posteroexternal
reéntrant on P, which is filled with cement, crosses ap-
proximately half the occlusal surface and has a wavy
posterior wall. In general the more posterior cheek-teeth
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resemble those in H. vetus. The swelling over the incisor
on the medial surface of the jaw terminates below the
trigonid of Pg, in a position nearly the same as in H.
vetus. On the lateral surface of the jaw there is light
pitting below P3 and the trigonid of P4, and the anterior
border of the masseteric fossa is marked by a low ridge,
convex anteriorly, that extends to below the trigonid of
M.

Discussion——Assignment of this species to Hypo-
lagus is somewhat questionable due to absence of upper
cheek-teeth, which would be useful in establishing affin-
ities, and to the seemingly primitive Pg, which is elongate
and has a shallow anteroexternal fold. Downs (1956, p.
214) referred to upper and lower cheek-teeth, the latter
having a crenulated hypostria characteristic of Hypolagus,
from the Mascall fauna of Oregon as Hypolagus cf. vetus
but suggested that the specimens may show closer affinity
to the Virgin Valley leporid than to H. vetus from Thou-
sand Creek. The Mascall specimens have not been exam-
ined in connection with this study, but if the above sug-
gestion of affinities is correct, assignment of the Virgin
Valley species to the genus Hypolagus is strengthened.

Hypolagus near parviplicatus

Figure 24

Specimens——Incomplete left lower jaw having P;-
M3, right diastemal region of lower jaw and incisor, iso-
lated upper cheek-teeth, C..T. No. 5179; isolated lower
cheek-teeth, C.I.T. No. 5180. Late Barstovian (latest Mio-
cene), Quarry C, C.LT. locality 172, approximately 9
miles north of Tonopah, Nevada.

Description——The Tonopah leporid, which is from
a stratigraphically higher horizon than No. 11571, was
first described by WiLson (in Hensuaw, 1942, p. 104-
105), who listed the specimens as Hypolagus sp. and
mentioned that a new species was probably represented.
The lower cheek-teeth in No. 5179 are smaller than in
No. 5180, but the differences are of a magnitude that
might be due to age and individual variation (the largest
coefficient of variation necessary to account for the size
difference is 7), and the specimens seem to represent the
same species. In No. 5179 P; (Fig. 24c) is longer antero-
posteriorly than transversely. As in Hypolagus parvipli-
catus the anteroexternal fold on Pj is shallow and faces
mostly laterally; the lobe of the trigonid anterior to the
anteroexternal fold, although extending approximately as
far laterally, is more rounded than in the Virgin Valley
specimen. A small posterointernal reéntrant, which per-
sists approximately 1.4 mm. down the tooth, occurs on
P3 in a position seemingly between the trigonid and talo-
nid. Cement fills the internal reéntrant, both external re-
éntrants, and covers most of the external surface of Ps. In
No. 5180 P3 (Fig. 24d) is proportionately shorter antero-
posteriorly than in No. 5179 and H. parviplicatus but has
a similarly shaped trigonid and anteroexternal groove. A
tiny internal reéntrant, which would be removed follow-
ing little wear, is present on Ps. This reéntrant, which is
relatively more anteriorly situated than the internal re-
éntrant in No. 5179, could be comparable to the reéntrant
between trigonid and talonid or to a more anterior in-
ternal reéntrant such as is occasionally found in H. apach-

ensis; the former seems more probable. The presence
of these ephemeral internal reéntrants may indicate that
Nos. 5179 and 5180 are slightly immature individuals and
may account in part for the smaller size than in H. parvi-
plicatus. The more posterior cheek-teeth, P4-Ms, resemble
those in H. parviplicatus in shape; those of No. 5179 are
smaller and those of No. 5180 are approximately the
same size as in the Virgin Valley specimen. In the jaw of
No. 5179 the swelling over the posterior end of the incisor
is situated approximately in line with the anterior wall
of P3 and slightly above mid-depth of the jaw. A post-
alveolar foramen is present. The upper cheek-teeth seem-
ingly associated with the lower jaw in No. 5179 include
P2 and molariform teeth. P? (Fig. 24a) has a single an-
terior, cement-filled reéntrant; a much more shallow con-
cavity occurs external to the reéntrant. On the molariform
teeth (Fig. 24b), the internal hypostria crosses half or
slightly more of the occlusal surface. The walls of the
hypostriae may have pronounced crenulations, especially
on the anterior wall, or the walls may be only slightly
wavy. In H. vetus similar variation in the walls of the
hypostriae may occur between teeth in a single individual
and seem to reflect differences between individual teeth in
a series and between stages of wear. However, in none of
the upper cheek-teeth of No. 5179 are the crenulations so
well developed as in some specimens of H. vetus.

Discussion——The Tonopah leporid is close to H.
parviplicatus of the Virgin Valley in general level of de-
velopment and character of Pg; the size differences be-
tween specimens from the two localities could be found
within a single species. However, the Tonopah leporid is
tentatively referred to as Hypolagus near parviplicatus, in
view of inadequate comparative material and differences

TaBLE 10.—Measurements in millimeters of Hypolagus parviplicatus
and H. near parviplicatus

U.CM.P. CIT.No. CILT. No.
5179

No. 11571 5180

Ps anteroposterior
width trigonid
width talonid

Py anteroposterior .........
width trigonid
width talonid ............

M: anteroposterior ..........
width trigonid
width talonid ..........

M: anteroposterior
width trigonid .........
width talonid ..

Ms anteroposterior ..........
width trigonid ..........
width talonid ..........

lower molariform
anteroposterior
width trigonid ...
widthitalonid v epnmei e

length PsMs ... o coneec

length PeMs, ociiiiininien

inside depth of jaw be-
low M oo saisat ca. 12.0

left right

P? anteroposterior ......................... 1.2 1

BANSVEISE: inioisiiisneesimmarsnsss 2.8 2
upper molariform teeth

anteroposterior ....................... 2.0 2

TPANSVEESE! iv.ticiiationbitnistuimiinitinia 4.1 4
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from the Virgin Valley specimen, as well as different
geologic ages. If H. near parviplicatus is closely allied to
H. parviplicatus, the presence of crenulations in the
hypostriae on the upper cheek-teeth in the former would
add to the evidence supporting reference of the Virgin
Valley leporid to Hypolagus. Considered jointly, H. parvi-
plicatus and H. near parviplicatus represent a level of de-
velopment in which P; has a shallow anteroexternal
groove and somewhat elongate proportions. This structure
of P3 suggests possible derivation from the line of
Archaeolagus having an elongate Pj.

Hypolagus apachensis Gazin
Figure 25

Hypolagus? apachensis GaziN, Carnegie Inst. Washington Pub. 404, pt. 6, p.
67, August, 1930.
Hypolagus apachensis, Woop, Amer. Jour. Sci., v. 33, p. 33, January, 1937.

Type specimen.——Incomplete left lower jaw having
P3-M,, C.I.T. No. 36, Apache Canyon, C.I.T. locality
64, Ventura County, California.

Geologic age and distribution. Barstovian? (late
Miocene?) of Quatal Canyon, Clarendonian? (early Plio-
cene?) of Apache Canyon, and Clarendonian of Mint
Canyon formation, southern California.

Specific characters. Internal hypostria on P3-M2
crosses one-half to three-fourths of the occlusal surface;
enamel walls of hypostriae vary with wear from crenu-
lated to straight, crenulations tend to be worn away at
earlier stage of wear on molars than on premolars. Py
anteroposteriorly elongate, having usually wide and shal-
low anteroexternal reéntrant. Smaller than H. limnetus.

Specimens of Hypolagus apachensis from C.I.T. local-
ities 64 and 48 have been described by Gazin (1930, p.
67-69) and Woop (1937, p. 33-40): dental characteristics
are relatively completely known, but the skull and post-
cranial skeleton are less well known. The leporid from
Mint Canyon deposits, which is represented by isolated
teeth and an incomplete lower jaw and is cited by Maxson
(1930, p. 88) as Hypolagus? cf. apachensis, seems to be
H. apachensis.

In the dentition, H. apachensis is more primitive than
H. vetus in the shallower anteroexternal groove on Pj,
and in loss, following wear, of crenulations in internal
hypostriae of the cheek-teeth. There is a tendency toward
greater anteroposterior elongation and a less triangular
shape of P3 than in H. vetus. Among topotypes of
H. apachensis, Py exhibits variation in pattern of re-
éntrants and in shape (Gazin, 1930, p. 68; Woop, 1937,
p. 35-36 and figs. 13-15, 21). A wide, shallow concavity
often occurs on the inner side of that tooth, and enamel
folds additional to the anteroexternal and posterointernal
reéntrants may be present: in C..T. No. 38 (Fig. 25a)
the inner surface has the shallow concavity approximately
between the trigonid and talonid and a short anteroin-
ternal reéntrant that is lined with enamel, which is thicker
on the posterior wall, filled with cement, and persists
down the shaft of the tooth at least to the alveolar level;
in C.T. No. 5183 (Fig. 25b) there are two internal re-
éntrants that persist down the shaft—one is comparable
in structure and position to the anterointernal reéntrant
in No. 38 and the second is approximately between the
trigonid and talonid. Another specimen of Py (Fig. 25¢),

A.E.W. No. 35-50-18, has a single internal reéntrant situ-
ated similarly to the posterointernal reéntrant in C.I.T.
No. 5183; the anteroexternal reéntrant in No. 35-50-18 is
shallow but is within the range of variation observed in
H. apachensis. Woop (1937, p. 40 and fig. 21) cited No.
35-50-18 as an indeterminate palaeolagine, but more prob-
ably it is a specimen of H. apachensis showing another
variant in pattern on Pg. Unworn Py in H. apachensis
has three transverse lophs or crests (Woop, 1937, p. 34-35
and fig. 11), and the internal reéntrants that occur as
variants in adult specimens may be remnants of folds
present in an unworn tooth. Thus, the anterointernal re-
éntrant of the adult may represent the internal fold be-
tween anterior and central lophs in an unworn tooth, and
the posterointernal reéntrant may correspond to the in-
ternal fold between the central loph and the posterior
loph or talonid. The condition of P3 in which variable
internal reéntrants are present occurs less frequently in
H. apachensis than does a condition in which internal
reéntrants are absent. Possibly it may be argued that the
internal reéntrants on Py mark H. apachensis as a palaeo-
lagine or leporine. However, the more common condition
in Pg, in which internal reéntrants are lacking, suggests
that H. apachensis is an archaeolagine: usually the imma-
ture pattern is worn away early, but the medial side of
P3 seems to be subject to considerable individual varia-
tion with the result that folds, reminiscent of the imma-
ture pattern, persist in aberrant individuals.

The postcranial skeleton in H. apachensis is known
only from incomplete material, consisting mostly of proxi-
mal and distal ends of bones. The proximal end of the
humerus differs from those in H. vetus and the Recent
leporids as follows: the head is proportionately narrower
transversely, more elongate anteroposteriorly, less flat-
tened, and less extended medially; the greater tuberosity
is lower relative to the head of the humerus. In orienta-
tion of the greater and lesser tuberosities, H. apachensis
is approximately intermediate between Megalagus turgi-
dus and Romerolagus. On the distal end of the humerus
the keels are slightly smaller and the medial condyle pro-
portionately a little larger than in H. vetus, Sylvilagus,
and Lepus. In total the humerus seems to be slightly
more primitive than in Romerolagus and distinctly more
primitive than in H. vetus, Sylvilagus, and Lepus; prob-
ably in H. apachensis a moderately wide range of move-
ment at the shoulder was possible, but in the lower fore-
limb pronation and supination were limited. In the pelvic
girdle the low iliac tubercle is relatively closer to the
acetabulum than in Palaeolagus haydeni, H. vetus, and
the Recent leporids. There seems to be no facet or tubercle
between the iliac tubercle and the acetabulum comparable
to that in Palaeolagus, Megalagus, and Litolagus. On the
proximal end of the femur the third trochanter is more
proximal than in Palaeolagus (Woopb, 1937, p. 37). The
proximal end of the tibiofibula resembles that in H.
vetus in general shape, but the tibial tuberosity may be
proportionately a little lower in H. apachensis. In Romero-
lagus the proximal end of the tibiofibula is proportion-
ately shorter anteroposteriorly and the tibial tuberosity is
lower than in H. apachensis; this Recent leporid may
have a shorter swing at the knee and less advantageous
leverage by the extensors of the shank than in H. apach-



48 Uni1versiTy oF Kansas PALEoNToLoGICAL CONTRIBUTIONS

ensis. The astragalus and calcaneum in H. apachensis
are similar in general to those in H. vetus except that the
facets for articulation between those bones are slightly
less distinct in H. apachensis, possibly indicating less firm
contact between astragalus and calcaneum. Comparisons
between functional levels of postcranial development in
H. apachensis and H. vetus are difficult due to incomplete
material of the former and to size differences between
the two species. However, the available material suggests
that in H. apachensis there was a greater latitude of
movement at the shoulder and less specialization for
anteroposterior action; the two species are more nearly
alike in the known parts of the hind limb, but H. apach-
ensis may have been slightly less modified cursorially.

Hypolagus apachensis is a primitive species of the
genus. In some specimens of H. apachensis Py has a
shallow anteroexternal reéntrant reminiscent of that in
H. parviplicatus, but other specimens have a deeper re-
éntrant. The upper cheek-teeth in H. apachensis seem to
be more primitive than are the upper cheek-teeth in
specimens of H. near parviplicatus. H. apachensis does
not seem to be ancestral to known later species of the
genus but structurally suggests a stage of archaeolagine
development from which the genus Nozolagus, an archaeo-
lagine having a persistent anterointernal reéntrant on P,
could have been derived.

Hypolagus fontinalis,” n. sp.
Figure 26

Type specimen. Incomplete left lower jaw having
P3-Ms, U.C.M.P. No. 33425, lower Pliocene, U.C. local-
ity V3322, Big Spring Canyon, Bennett County, South
Dakota.

Referred specimens. Incomplete lower jaws: U.C.-
M.P. No. 29540, C.N.H.M. Nos. P15812, P15813, P15814,
lower Pliocene, Big Spring Canyon, Bennett County,
South Dakota; S.D.S.M. No. 5549, lower Pliocene, Todd
County, South Dakota; C.N.H.M. Nos. P26938, P26939,
P26940, lower Pliocene, basal Ash Hollow formation,
Quinn Canyon, Brown County, Nebraska. Incomplete
right and left lower jaws, anterior upper incisor, U.C.M.P.
No. 29630, lower Pliocene, U.C. locality V2804, Esmer-
alda formation, Esmeralda County, Nevada.

Geologic age and distribution——Clarendonian (early
Pliocene) of South Dakota, Nebraska, Nevada.

Specific characters. Differs from H. limnetus as
follows: on P anteroexternal fold longer anteroposteriorly
and slightly shallower transversely, lingual side less
rounded. Near H. limnetus in size.

Description——Only lower teeth and lower jaws of
Hypolagus fontinalis are known, except for a grooved
anterior upper incisor of No. 29630. The known speci-
mens vary in size, No. 29630 from Nevada being smaller
than the specimens from South Dakota and Nebraska,
and vary in shape of the teeth, but all variants seem to be
within the limits of a species. On P the anteroexternal
fold, which is deeper than in H. parviplicatus, faces
anterolaterally. The lingual side of P; tends to be flat-
tened or slightly concave. Cement fills the anteroexternal

7 Latin, fontinalis, of a spring, referring to Big Spring Canyon, the type
locality.

and posteroexternal folds on Pz and covers most of the
external surface. The more posterior cheek-teeth seem to
resemble those in H. limnetus: the columns of each tooth
are joined by a lingual bridge, and cement is well de-
veloped.

On the lateral surface of the lower jaw a mental fora-
men occurs below the posterior half of the diastema, and
variable pitting is present below P3 and Ps. The an-
terior border of the masseteric fossa extends forward to a
line below the talonid of Ms, and the ventral and antero-
ventral edges of the fossa form a laterally protruding
ridge. On the medial surface of the jaw the swelling over
the incisor extends posteriorly to below Pz. Along the
ventromedial edge of the jaw in a line slightly anterior to
P3 there is a facet that marks the posterior end of a con-
tact with the opposite half of the jaw. A postalveolar
foramen is present.

Ficure 26. Hypolagus fontinalis, type specimen (U.C.M.P. No.
33425).

26a, Occlusal view of left Ps-Ma, X4; 266, lateral view of left
lower jaw, X4.

Relationships——U.CM.P. No. 29630 from the
lower Pliocene Esmeralda formation of Nevada was re-
ferred to by Harr (1930a, p. 308-310, figs. 23, 24) as
Hypolagus cf. vetus; later Grecory (1942, p. 337-338)
noted the resemblance of U.C.M.P. Nos. 29540 and 33425
from the lower Pliocene of Big Spring Canyon, South Da-
kota, and No. 29630 to H. limnetus and referred to these
lower Pliocene specimens as Hypolagus near limnetus.
These specimens and the others referred above to Hypo-
lagus fontinalis represent a leporid that is close to H.
limnetus but is seemingly more primitive in the structure
of Ps, which has a longer, shallower anteroexternal fold
and a more flattened or concave lingual surface than in
H. limnetus. Unfortunately upper teeth and cranial ma-
terial of H. fontinalis, which could be expected to yield
evidence on the relationships of that species to H. lim-
netus, are unknown. However, on the basis of the known
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specimens, Hypolagus fontinalis seems to be more primi-
tive than H. limnetus but is probably closely related to
and near the ancestry of that species.

Although possibly not referable to this species, several
known specimens seem to represent a leporid near H.
fontinalis. C.1.T. No. 2506, a specimen of Py from the
early Pliocene Avawatz fauna of southern California
(WiLson, 1939, p. 38), is smaller than P in H. vetus and
larger than in H. fontinalis but in general shape is much
like P3 in the latter. In U.C.M.P. No. 29628, which in-
cludes broken fragments and isolated teeth of a leporid
from the lower Pliocene Esmeralda formation of Nevada
(HaLv, 1930a, p. 308), Py resembles that of C.I.T. No.
2506. Upper cheek-teeth of No. 29628 have crenulated
hypostriae: the hypostriae tend to be relatively longer
anteroposteriorly and shorter transversely than in H. vetus
and are as strongly crenulated as in some worn specimens
but do not exhibit such pronounced folding as in less
worn specimens of the latter. Nos. 2506 and 29628 may
represent either large individuals of H. fontinalis or an
undescribed species. More complete material is required
in order to determine the affinities of these larger leporids,
and Nos. 2506 and 29628 are tentatively recorded as repre-
senting a leporid near Hypolagus fontinalis.

TasLE 11.—Measurements in millimeters of Hypolagus fontinalis
U.CM.P. C.N.H.M. U.CM.P.
No. 33425 No.P26939  No. 29630
Ps anteroposterior ............... 2.6 ... 2.6 2.6
width trigonid ............. 20 R 2.0
width talonid ... 25 23
P. anteroposterior ... = 24 2.3
widthitrigonid . ... o.c 250 24
width talonid ............ 23 23
M, anteroposterior .. ... 2.9 24
width trigonid ... 25 25
width talonid ... s el 2.1
M. anteroposterior . 2i5 2.3
width trigonid .............. 24 23
width talonid . = 220 22
length Pe-Ms oo iy (SR 7.0
inside depth of jaw below
My i 1211 . 11:2
depth jaw below diastema at
mental foramen ......... penn 11612 7.4

Hypolagus near limnetus Gazin

Certain leporids from the middle Pliocene Kern River
local fauna (Wivson, 1937a, p. 17-18) and from the Coso
Mountains local fauna of Blancan age (WiLson, in
Scuuvrrz, 1937, p. 106-108) are similar to H. limnetus.
The internal hypostria on the upper molars in the Kern
River leporid may tend to have slightly simpler crenula-
tions than in H. limnetus and the Coso Mountain leporid.
The Kern River leporid may represent a different species,
but the leporid from the Coso Mountains is probably a
small individual of H. limnetus (WiLsoN, in ScHuLTZ,
1937, p. 108). It may be necessary to have more nearly
complete specimens that show individual and age varia-
tion before the affinities of these leporids are more pre-
cisely determined. The specimens from the Kern River
fauna that were referred to as Hypolagus small species
(WiLson, 1937a, p. 19) are probably young individuals of
the Kern River H. near limnetus, although they may
represent a different species.

Hypolagus limnetus Gazin
Hypolagus limnetus Gazin, U. S. Natl. Mus., Proc., v. 83, no. 2976, p. 114,
1934.

Type specimen.——Skull, right lower jaw, and atlas,
U.S.N.M. No. 12619, Hagerman lake beds, T. 7 S., R.
13 E., Twin Falls County, about 2 miles south of Plesip-
pus quarry, near Hagerman, Idaho.

Geologic age and distribution——Blancan (early
Pleistocene?) of Idaho.

Specific characters——Two unequal, uncrenulated an-
terior folds on P?; internal hypostria on upper molariform
teeth long transversely and having well-crenulated walls.
Anteroexternal fold on P3 deep transversely and narrow
anteroposteriorly, facing mostly externally; anterior
column on Py extends farther externally than in H. verus.
In skull, rostrum relatively short, cranial part elongate;
bulla relatively large. Smaller than H. verus (Gazin, 1934,
p. 114-116).

Hypolagus furlongi Gazin

Hypolagus furlongi Gazin, U. S. Natl. Mus., Proc., v. 83, no. 2976, p. 118,
1934.

Type specimen.——Partial right lower jaw having in-
cisor and P3-M,, C.I.T. No. 1321, Idaho formation?,
near Grand View, Idaho.

Geologic age and distribution.
Pleistocene) of Idaho.

Specific characters——Differs from H. limnetus as
follows: lower jaw shallower dorsoventrally and diastema
between incisor and Pg shorter; crenulations present in
main anterior reéntrant on P?; P3 more nearly triangular
in outline and having shallower anteroexternal fold. Near
H. limnetus in size (Gazin, 1934, p. 118).

Hypolagus furlongi seems to be closely allied to H.
limnetus. In addition to the differences from H. limnetus
mentioned above, P3 in some specimens of H. furlongi has
a slight anterior groove, seemingly absent in H. limnetus.
The deposits in which H. furlongi was found may be
slightly younger than those in which H. limnetus has
been found (Gazin, 1934, p. 119).

Blancan (early

Hypolagus vetus (Kellogg)
Figures 27-35

Lepus vetus Kerroce, Univ. California Pub., Bull. Dept. Geol., v. 5, no. 29,
p. 436, July 13, 1910.

Hypolagus vetus, Dice, Univ. California Pub., Bull. Dept. Geol., v. 10, no. 12,
p. 181, March 23, 1917.

Type specimen——Incomplete left lower jaw having
incisor and Pg-Ms, U.C.M.P. No. 12565, middle Pliocene,
U.C. locality No. 1100, Thousand Creek formation, Hum-
boldt County, Nevada.

Geologic age and distribution——Hemphillian (mid-
dle Pliocene) of Great Basin; possibly Barstovian (late
Miocene) and Clarendonian (early Pliocene) of Nebraska
and Blancan (early Pleistocene?) of Idaho.

Specific characters——Enamel fold and more external
shallower groove on anterior surface of P?; hypostria on
upper molariform teeth crenulated; crenulations persist
as distinct folds on premolars longer than on molars.
Anteroexternal fold on Pg faces anteroexternally, shorter
transversely than posteroexternal fold, deeper transversely
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than in H. parviplicatus and H. apachensis, longer antero-
posteriorly than in H. limnetus. Larger than H. limnetus.
Although definite records of Hypolagus vetus seem to
be limited to the middle Pliocene, leporids near and
possibly referable to the species are known from earlier
deposits: a large leporid close to H. vetus has been re-
corded from the latest Miocene Niobrara River fauna
(Grecory, 1942, p. 338); C.N.H.M. No. P14739 from
the lower Pliocene of the Valentine formation of Ne-
braska may be near H. vetus, although near the upper
size limit of that species. Whether or not directly refer-
able to H. vetus, these specimens seem to establish the
presence of this line of leporid earlier than the middle
Pliocene. H. near vetus from the Blancan Hagerman
fauna (Gazin, 1934, p. 112-114), while possibly referable
here, may be more closely allied to H. regalis.
Description——Previous descriptions of Hypolagus
vetus, the type species of the genus, have been based
mostly on the lower cheek-teeth (KeLLoce, 1910, p. 435-
436, fig. 20; Drck, 1917, p. 181-182, figs. 4, 5), although
some upper cheek-teeth have been described and figured.
In the collections of the California Institute of Technol-
ogy from C.LT. locality 63, Thousand Creek, Nevada,
there are numerous topotypes of Hypolagus vetus which
permit a more complete description of some dental and
postcranial characteristics of the species. Specimens of H.
vetus have been important as a standard of comparison
for other species of the genus, and the listing of leporid
remains, often fragmentary, as Hypolagus cf. vetus or
Hypolagus near vetus has been common. The following
description adds to the understanding of the morphology
and level of evolutionary development of H. vetus and of
the relationships of this species to other Pliocene leporids.
Included in the C.LT. collection of topotypes are at
least thirty-five individuals of Hypolagus vetus from one
relatively small site: these specimens were found in place,
and the fossil remains in the site were probably com-
pletely collected; the specimens with matrix attached
filled a ten-gallon gasoline case (from the field notes of
C. L. Gazn, July 31 and August 1, 1929). The specimens
from this deposit all represent Hypolagus vetus and con-
sist of teeth, fragments of skulls and jaws, broken ends of
long bones, and other postcranial material. Nearly all
postcranial parts are represented, although usually broken.
The specimens do not seem to be water worn. Some
speculation may be warranted regarding the method of
accumulation of this “population” of leporids. The pieces
of bone are relatively uniform in size; the edges of the
pieces tend to be sharp, and the shafts of the long bones
are frequently split; vertebrae are usually single or at-
tached in twos or threes; skeletal elements from different
parts of the body tend to be “plastered” together, such as
a phalanx associated with a lumbar vertebra and a piece
of ilium associated with a lower jaw. All the specimens
seem to represent adults. In general, the specimens closely
resemble bony remains of Sylvilagus floridanus found in
pellets of Bubo virginianus, the great horned owl. Bone
fragments somewhat like those fossil specimens may be
found in the fecal material of carnivores, such as some
canids. The accumulation of bones in the Thousand
Creek site consists entirely of the remains of H. vetus,
whereas bones from owl pellets or from fecal material of

other carnivores usually represent several species, but
perhaps remains from only one prey species would be
found in pellets or fecal material during a condition of
great abundance of that prey. Thus, the evidence seems
to suggest that this Thousand Creek “population” of
leporids results from the accumulation under a perch or
nest of pellets from a bird of prey or that some other
carnivore was responsible for the remains, although some
entirely different mode of accumulation may have oc-
curred.

The specimens of H. vetus in the topotype “popula-
tion” make possible an estimation of variation within the
species, despite the fragmentary nature of the material.
In the classification of fossil leporids, considerable weight
is placed on the shape of Pj; specimens in the “popula-
tion” illustrate the range of variation in shape of that tooth
in one species and thus can be used as a standard in an
approximation of the variation in P that might be ex-
pected in other leporids. Size is also used taxonomically,
and an estimation of the variation in size among the
relatively homogeneous topotype “population” may be
helpful in recognition of the limits of a species of leporid.
In tables 12 and 13 statistical data for the cheek-teeth,
which are most commonly preserved, are given, based on
measurements in millimeters of the “population” of H.
vetus. The following statistics are given:

N—number of specimens measured
O.R.—observed range
S.R.—standard range (span), an estimation of mean sample
range for a sample size of 1000 (Simpson, 1941)
M—mean
s—standard deviation
V’'—coefficient of variation corrected for small size of

1

sample. V'=(14—) X true coefficient of variation
4N

(HaLpang, 1955)

Standard errors are given for the mean, standard devi-
ation, and corrected coefficient of variation.

If the “population” sample does represent the remains
of the prey of a carnivore, as suggested above, selection
has been effected, which may result in a smaller coeffi-
cient of variation than in a random sample. Other factors
may cause the coefficient of variation in the “population”
sample to be lower than in the species as a whole: all the
specimens come from one small locality and probably rep-
resent a single subspecies; measurements of both sides of
the dentition have been included, so one individual may
have been measured twice. The specimens seem to repre-
sent adults; the variation in size would naturally be
greater in a sample including younger individuals. How-
ever, as long as the limitations of the material measured
are recognized, the coefficient of variation from this
sample may be useful in estimating the size variation that
might be expected within a species of leporid. Probably
some of the variation is accounted for by peculiarities of
wear on the hypsodont teeth that characterize the later
leporids, and thus these coefficients of variation are not
necessarily applicable to other mammalian groups.

The following description of Hypolagus is based
largely on the topotype “population”. In addition, the
type specimen and other C.I.T. specimens from Thousand
Creek, some of which are more complete than the broken
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TasLE 12.—Statistical data on upper cheek-teeth of population of Hypolagus vetus

N O.R. S.R.

P? anteroposterior 10 1.5-1.8 .84
transverse 10 2.6-3.5 1.56

P* anteroposterior 19 2.2-2.7 98
width anteroloph 16 3.4-42 1.65
width posteroloph 14 4.2-5.6 2.43

P* anteroposterior 17 2.4-3.0 1.12
width anteroloph 16 4.0-5.0 1.76
width posteroloph 15 4.3-52 1.81
M anteroposterior 15 2.3-2.7 .88
width anteroloph 13 3.8-4.8 1.78
width posteroloph 13 3.8-4.8 1.84
M? anteroposterior 11 1.9-25 1.14
width anteroloph 10 3.4-42 L7
width posteroloph 11 3.0-4.1 2.42
M?® anteroposterior 6 1.0-1.3 .82
transverse 6 1.6-2.2 1.39

TasLe 13.—Statistical data on lower cheek-teeth of population of Hypolagus vetus

N U.C.M.P. No. O.R.
12565 (type)*

Ps anteroposterior 25 3.0 2.8-3.3
width trigonid 24 2.2 2.2-2.8
width talonid 24 29 2.6-3.2

P: anteroposterior 24 2.7 2.7-33
width trigonid 20 3.1 3.0-3.5
width talonid 23 29 2.5-3.0

M, anteroposterior 20 2:7 2.8-3.4
width trigonid 15 3.0 2.9-3.6
width talonid 18 2.6 2.4-2.8

M; anteroposterior 10 2.7 2.8-3.2
width trigonid 9 2.8 29-3.4
width talonid 8 24 2429

Ms anteroposterior 7 1.8-2.2
width trigonid 7 1.9-2.2
width talonid 6 12-1.4

*Not included in calculation of statistical data.

pieces from the “population”, have been utilized. Hypo-
lagus vetus is approximately intermediate between Lepus
californicus and Sylvilagus floridanus in size; measure-
ments from the topotype “population” indicate that in
most measurements L. californicus ranges from approxi-
mately 11 to 33 per cent larger and S. floridanus from ap-
proximately 12 to 35 per cent smaller than H. vetus.
Dentition (Fig. 27). On the anterior face of the an-
terior upper incisor slightly medial to the midline of the
tooth, there is a groove, which is shallow, lacks a cement
filling, and in general resembles that in Sylvilagus flori-
danus. In Brachylagus, Romerolagus, and Lepus the
groove on the incisor is proportionately deeper and in the
latter is filled with cement and may be branched. The
posterior upper incisors are simple, peglike teeth and re-
semble those in Sylvilagus and Lepus. The row of upper
cheek-teeth is widest transversely either at the posteroloph
of P? or at P4, and the molariform premolars tend to be
larger, especially transversely, than the molars. The upper
cheek-teeth are a little narrower transversely relative to
anteroposterior length than in Lepus. P* has a median,
anterior fold; external to this fold there is a shallow
groove. On moderately worn teeth the internal hypostria
on P3-M2 crosses one-half or usually a little more of the
occlusal surface. Enamel is usually heavier on the an-
terior than on the posterior wall of each hypostria; the
crenulations in the enamel lining the hypostriae tend to

M s 4
1.65+.038 .13+.029 8.0+1.79
3.05%.076 24+.054 8.1+1.81
2.39+.034 15+.024 6.4+1.04
3.68=+.064 254045 7.0+1.24
4.81=+.100 38+.071 7.9+1.50
2.65+.042 17+.030 6.6+1.14
4.36+.068 27+.048 63111
4.73%.072 28=+.051 6.0+1.09
2.48+.035 144025 5.6+1.02
4.25+.076 28=+.054 6.6+1.29
4.29+.079 28+.056 6.7+1.32
2.19%.053 18,038 82175
3.85=.086 272061 7.3%1.62
351=.112 372079 10.92.31
1.10%.052 13%.037 12.0+3.46
1.95+.088 21%.062 115331

S.R. M s v:

91 3.08=+.028 14020 4.6+ .66
1.02 2.48+.032 .16+.023 6.4+ .92
113 2.90%.036 J7£.025 6.1+ .88

97 2.99+.030 157,022 5.0zt (72
1.0 3.20+.034 .15+.024 4.9+ 77

98 2.80=+.031 15+.022 5.4+ .80

90 3.04+.031 .144.022 4.6+ .74
122 3.18+.048 .19+.034 6.0+1.10

.89 2.60+.032 .14+.023 9.3 .89

Al 2.99+.035 11+.025 3.8+ .84
1.05 3.11+.054 .16+.038 5.3+1.26
1.07 2.59+.058 .16+.041 2.1t .53

91 2.00+.054 .14+.038 7.3%+1.96

74 2.00+.043 .114+.030 5.9+1.58

65 1.33+.041 .10+.029 7.8+2.26

be more pronounced on the anterior wall and seem to be
better developed and more persistent on P# and P* than
on M! and M2. The external walls of P*, M!, and M? are
concave. M3 is a simple cylindrical tooth and is longer
transversely than anteroposteriorly. Cement is well de-
veloped: on P2 cement covers the anterior surface, fills
the fold, and extends onto the lingual surface; on P3-M?
cement fills the hypostria and covers a large part of the
lingual wall. The enamel is most pronounced on the an-
terior and lingual walls of the upper cheek-teeth, as in
most leporids.

In cross section the lower incisor has the shape of a
trapezoid having rounded corners; the posterior, or dorsal,
surface is slightly narrower transversely than the anterior,
or ventral, surface. The swelling over the shaft of the
incisor extends posteriorly to a level approximately below
the middle of Py and at its posterior end is slightly above
mid-depth of the jaw. On Py the anteroexternal reéntrant
is long anteroposteriorly and faces anteroexternally; the
posteroexternal reéntrant crosses approximately half of
the occlusal surface. Py varies considerably in shape (Figs.
27c-¢). Often that tooth is essentially three-sided: one
side faces posteriorly, a second anteroexternally, and the
third side, which may be slightly convex, faces antero-
lingually. In some specimens from the topotype “popula-
tion” the third side has two parts, the anterior part
slightly convex and facing anterolingually and the pos-
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Ficure 27. Hypolagus vetus (C.LT. Locality 63).

27a, Ventral view of skull fragment having right P>-M® (com-
posite), X4.5; 275, occlusal view of left Ps-Ms (composite), X4.5;

terior part flattened or slightly concave and facing more
directly lingually. The shape of P; in the type specimen,
U.CM.P. No. 12565, is not “typical” of the topotype
sample but does fit within the variation observed in that
sample. P3 seems to be a little smaller relative to the more
posterior cheek-teeth than in Lepus. On Py, My, and M,
trigonid and talonid are joined lingually by a bridge of
dentine and enamel. The trigonids are wider transversely
than the corresponding talonids. In most specimens of Mj
the trigonid and talonid are united only by cement, but
one specimen has a narrow bridge of dentine and enamel
between the columns. On Pg cement fills the reéntrants
and covers the outer wall; on P,-Mjs cement is present
between the trigonid and talonid. The development of
enamel resembles that in most leporids: on Pg enamel is
thick buccally, thinner anteriorly and anterolingually, and

27c-e, occlusal views of Ps showing variation (27¢, left, 27d.e, right),
X4.5.

reduced or absent posteriorly and posterolingually; on
P4+-Ms enamel is thick buccally on both columns and
posteriorly on the trigonid, and thinner or absent lin-
gually, anteriorly, and posteriorly on the talonid. In H.
vetus the anteroposterior length of P4-Mp is greater rela-
tive to the depth of the mandible than in Lepus, and the
lower cheek-teeth, like the uppers, tend to be narrower
transversely relative to anteroposteriorly than in Lepus.
In the type specimen the lower cheek-teeth are smaller
than the mean for the population: the measurements of
the type are within the observed range for the population
except for anteroposterior lengths of M; and M. and
width of the trigonid of Mg, which are within M-3s for
the population. Thus, the type specimen could fit as a
small individual within the range of variation in the rela-
tively homogeneous topotype population. However, per-
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haps the type specimen represents an individual from a
population having a different mean size for the teeth than
in the topotype population.

Skull. Remains of the skull in the topotype collection
are fragmentary but furnish limited information on its
structure. The anterior root of the zygoma resembles in
general those in Sylvilagus and Lepus but is situated pro-
portionately closer to the alveolar border. The antero-
ventral edge of the zygoma forms a thickened ridge nearly
like that in Lepus; the anterior-most edge of the ridge is
usually approximately in line with the anteroloph of P3.
A variably-developed ridge, ranging from clearly marked
to almost absent, extends from below the anterior zygo-
matic root to the alveolar border approximately between
P? and P*. As in Lepus a pit enters the lateral surface of
the anterior zygomatic root. The zygomatic process of the
squamosal resembles that in Sylvilagus in general. In H.
vetus and Sylvilagus the dorsal surface of the process
forms part of the temporal fossa; in Lepus most of the
fossa is more medially situated. The supraorbital process
of the frontal is incomplete in all available specimens, but
the parts preserved show that the process has a well-de-
veloped posterior projection; the posterior end of the
process probably ended freely as in Brachylagus and Ro-
merolagus rather than in contact with the skull roof as
in Sylvilagus and Lepus.

On the palate the anterior borders of the incisive
foramina are posterior to the posterior incisors as in Sylvi-
lagus and Lepus; in Palacolagus and Megalagus the in-
cisive foramina extend anteriorly to between the posterior
incisors. The incisive foramina extend posteriorly approxi-
mately to a level with the posterior wall of P2. The in-
ternal nares reach forward to a level between P* and M!
and are proportionately a little narrower transversely than
in Sylvilagus and Lepus. The maxillopalatine suture
crosses the bony palatal bridge approximately in line with
the middle of P* and is slightly convex anteriorly. In H.
vetus, Sylvilagus, and Lepus the palatine forms relatively
less of the palatal bridge than in Palacolagus, Megalagus,
and Archaeolagus.

Lower jaw. In general the horizontal ramus resembles
those in Sylvilagus and Lepus. There is a mental foramen
on the dorsolateral surface of the jaw in the region below
the posterior half of the diastema. Variable pits, one of
which usually exceeds the others in size, occur on the
lateral surface of the jaw anterior to and below Pj. The
masseteric and pterygoid fossae seem to resemble those in
Sylvilagus and Lepus. Dental and postalveolar foramina
are present. The angle between horizontal and ascending
rami cannot be determined in the available specimens.
The condyle is rounded anteriorly and tapered posteriorly
as in other leporids. The anterior part of the articular
surface of the condyle is proportionately longer dorso-
ventrally and overlaps the neck less than in Lepus and
Sylvilagus; the condyle in Alilepus (BonLiN, 1942b, p.
124, fig. 4G) seems to be somewhat like that in H. vetus.

Postcranial skeleton. Although the processes are
usually broken from vertebrae in the topotype sample,
known parts show that the vertebrae resemble those in
Sylvilagus and Lepus in general and in such character-
istics as presence of anapophyses on some thoracic and
lumbar vertebrae. On the sixth cervical vertebra the in-

ferior lamella of the transverse process terminates poster-
iorly on a level approximately below the postzygapophysis;
in the Recent leporids the anterior part of the inferior
lamella has a more pronounced outward flare, and the
lamella extends proportionately farther posteriorly. The
transverse process of the first thoracic vertebra terminates
in a cup-shaped socket that faces mostly ventrally as in
Sylvilagus and Romerolagus. In Lepus the socket is more
concave and faces anteroventrally. In the sacral region
the transverse processes that articulate with the pelvic
girdle expand outward anteriorly approximately as in
Sylvilagus but less than in Lepus. The auricular surface is
variable in H. vetus but generally its two arms intersect
at an angle nearly similar to, or slightly greater than, that
in Sylvilagus but smaller than that in Lepus. In H. vetus,
Sylvilagus, and Lepus the auricular surface faces dorsolat-
erally but is more nearly vertical in H. vetus and Sylvi-
lagus than in Lepus. These characteristics of the sacral
region indicate that the contact between the sacral verte-
brae and the pelvic girdle was slightly weaker and less
adapted to withstanding strong thrusts from the hind
limbs in H. verus and Sylvilagus than in Lepus.

The blade of the scapula in H. vetus resembles those
in the Recent leporids in shape: the supraspinous fossa is
smaller than the infraspinous; the scapular neck is long
and narrow; a definite ridge sets off the axillary border
from the subscapular fossa; the latter fossa is somewhat
concave. In H. vetus and Sylvilagus the scapular spine
merges with the blade proportionately closer to the
glenoid fossa than in Lepus. Viewed laterally the antero-
posterior concavity of the glenoid fossa (Fig. 29b) is
slightly greater than in Megalagus and Palaeolagus and
more nearly like that in the Recent leporids. Transversely
the posterior part of the glenoid fossa (Fig. 29a) is pro-
portionately more elongate and more concave than in
Megalagus turgidus and Romerolagus; the transverse
elongation is proportionately nearly the same and the
transverse concavity is nearly the same or slightly greater
than in Sylvilagus. In Lepus the elongated part, in addi-
tion to having greater transverse elongation and concav-
ity, seems to form a slightly greater proportion of the
anteroposterior length of the glenoid fossa.

The head of the humerus (Figs. 30a-b) in H. vetus
resembles that in Lepus in general shape. As in Sylvilagus
and Lepus the head protrudes medially and is somewhat
flattened, and an extension of the bicipital groove partially
divides the head into medial and lateral parts. In Mega-
lagus turgidus the head is not elongated medially, is more
rounded and less flattened, and the bicipital groove con-
tinues less far posteriorly than in H. vetus and the Recent
leporids. The greater tuberosity, as in Sylvilagus, is
slightly higher than the head but is proportionately lower
than in Lepus. The greater and lesser tuberosities are
oriented essentially as in Sylvilagus. Romerolagus is ap-
proximately intermediate between M. rurgidus and H.
vetus or Sylvilagus in orientation of the tuberosities.
Lepus is a little more advanced in orientation of the
tuberosities than H. vetus and Sylvilagus: the lesser
tuberosity is more anteriorly situated, and the axis of the
greater tuberosity is directed more anteroposteriorly. The
knoblike eminence on the lateral side of the greater
tuberosity is less elevated in H. vetus and Sylvilagus than
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Ficures 28-35. Hypolagus vetus (C.I.T. Locality 63).

28. Lateral view of left innominate bone (composite), X2. X2. 32. Dorsal view of left astragalus, X2.
29. Apex of scapula, X2; 29a, articular surface; 295, lateral  view of left calcaneum, X2. 34. Left cuboid, X2; 34a, me-
view.: 30. Right humerus, X2; 30a, articular surface of dial view; 344, proximal view. 35. Left navicular, X2; 35a,
proximal end; 305, lateral view of proximal end; 30c, anterior view lateral view; 355, proximal view.

of distal end. 31. Distal end of left tibiofibula, articular view,

33. Dorsal
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in Lepus. The distal end of the humerus (Fig. 30c) re-
sembles those in the Recent leporids in the development of
a pulleylike shape with distinct keels; the keels seem to
be proportionately larger than in Romerolagus. In H.
vetus and Romerolagus the medial condyle is slightly
larger in proportion to the width of the distal end and a
little more distinctly notched for muscle attachment than
in Lepus. In Megalagus and Palaeolagus the medial con-
dyle is proportionately larger than in H. vetus and the
Recent leporids. The flexors and pronators of the lower
forelimb, which originate on the medial condyle of the
humerus, were probably better developed in these Oligo-
cene leporids than in H. vetus and the Recent leporids.
More evidence of this primitive development of the medial
condyle seems to be retained in H. vetus and Romero-
lagus than in Lepus.

On the ulna in H. vetus the olecranon resembles that
in Sylvilagus in general. The semilunar notch is less
deeply concave than in Lepus and slightly less than in
Sylvilagus. No complete ulnar shafts are present in the
topotype sample, but some estimation of the development
of the shaft can be made from available parts. Below the
semilunar notch the shaft of the ulna has three surfaces:
one, slightly concave transversely, faces anterolaterally, the
second posterolaterally, and the third posteromedially. The
two posterior surfaces are at an acute angle with one an-
other; the junction between the surfaces is rounded. More
distally the two surfaces merge into a single curved one.
The posterior surfaces of the shaft in Sylvilagus resemble
those in H. vetus in general, but in Lepus the intersection
of the posterolateral and posteromedial surfaces forms a
sharper ridge, which seems to persist along a proportion-
ately greater length of the shaft. The anterolateral surface
is more concave transversely in Sylvilagus and Lepus than
in H. vetus. A short distance above its distal end the
ulnar shaft seems to be proportionately a little thicker
anteroposteriorly than in Sylvilagus and larger both
anteroposteriorly and transversely than in Lepus. In gen-
eral, the ulnar shaft in H. vetus is relatively better de-
veloped than in Lepus and more nearly like that in Sylvi-
lagus, although proportionately a little larger than in the
latter; the shaft is not so robust as in Megalagus turgidus.
Above the distal end of the ulna a swelling, similar to
that in some adults of Recent leporids, represents the
place of fusion of the distal epiphysis to the shaft. The
styloid process forms more than half the distal surface of
the ulna; anteromedial to this process there is a facet that
does not extend so far distally. In Sylvilagus the distal
end of the ulna has a styloid process that forms a similar
proportion of the distal end, but in Romerolagus the
process is proportionately smaller and in Lepus that
process forms almost the entire distal end of the ulna. In
both Sylvilagus and Lepus the styloid process forms a
more compact knob, which 1is proportionately less
elongated anteromedially to posterolaterally, than in H.
vetus. On the medial surface above the distal end H.
vetus has a raised process for contact with the radius; this
process seems to be less elevated in Sylvilagus and Lepus.

On the proximal end of the radius in H. vetus the
grooves for articulation with the humerus are approxi-
mately comparable in development to those in Sylvilagus
but proportionately deeper than in Romerolagus and

slightly shallower than in Lepus. No complete radial
shafts are preserved, but broken parts show that the shaft
resembles those in the Recent leporids in general: the
shaft is wide transversely and narrow anteroposteriorly; in
cross section the posterior surface is flattened or slightly
concave and the anterior surface gently convex; viewed
laterally the shaft is slightly convex anteriorly. A ridge
on the posterior surface of the radius indicates that the
length of contact with the ulna along this ridge was pro-
portionately about as long as in Lepus and Sylvilagus but
longer than in Romerolagus. The shape of the distal
articular surface for the carpus resembles that in Lepus
in general.

Of the carpal elements, lunar and cuneiform are repre-
sented in the topotype collection. In most characteristics of
shape the lunar resembles that in Sylvilagus. However,
medially the anterior part of the lunar does not extend
proportionately so far distally as in Sylvilagus and Lepus.
Possibly the centrale, which has a position distad of the
medial part of the lunar, was proportionately larger in
H. vetus than in Sylvilagus and Lepus; in H. vetus the
anterior face of the centrale may have exceeded that of the
magnum in size as in Romerolagus and Litolagus, which
is the reverse of the size relationship between these two
carpals in Sylvilagus and Lepus. The cuneiform in H.
vetus differs from that in Lepus as follows: shorter proxi-
modistally; the posterior process, which curves distally,
forms a larger angle with the anterior part of the bone;
on the proximal surface the socket for reception of the
styloid process of the ulna is shallower and more elongate,
and the anteromedial process for contact with the antero-
medial facet on the distal end of the ulna is more promi-
nent. Sylvilagus seems to be near H. vetus in the charac-
teristics of the cuneiform but is slightly more advanced
toward the condition found in Lepus. In Romerolagus the
cuneiform is proportionately shorter proximodistally, the
posterior curved process forms a wider angle with the
dorsal part, and the bone seems to be more primitive in
general than in H. vetus.

All metacarpals except the first are represented and
resemble those in the Recent leporids in general. The
metacarpals in H. vetus seem to be shorter in proportion to
the over-all size of the forelimb than in Sylvilagus and
Lepus.

Broken pieces of most of the innominate bone (Fig.
28) are represented except for the ventral parts of the
pubis and ischium. A low, convex crest, which parallels
the long axis of the ilium, separates the iliac blade into
superior and inferior fossae. The more primitive ilium
in Palacolagus is characterized by a more distinct crest
and by fossae that are set at a greater angle with one an-
other. In Sylvilagus the ilium is more advanced than in
H. vetus in having a crest that is less elevated, especially
anteriorly, and more nearly coplanar fossae. Lepus is still
more advanced in the structure of the ilium: the crest is
indistinct, the fossae are nearly coplanar, and the inferior
part flares laterally more than in H. vetus and Sylvilagus.
Thus, in Lepus the ilium furnishes a larger and more
continuous surface for attachment of the gluteal group
of muscles. The iliac tubercle resembles those in Sylvi-
lagus and Lepus in general shape and proportionate dis-
tance from the acetabulum but is less elevated from the
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surface of the ilium than in Sylvilagus and more elevated
than in Lepus. The auricular surface in H. vetus is varied,
but the two arms tend to be set at an angle nearly the
same as in Sylvilagus and more acute than in Lepus. The
ischial tuberosity seems to be slightly more primitive than
in Sylvilagus: the tuberosity is less thickened, and the
lateral process is more elongated than in Sylvilagus. The
ischial tuberosity in Lepus is still more compact and
thicker than in H. vetus and Sylvilagus. In Romerolagus,
on the other hand, the ischial tuberosity has an elongate
lateral process somewhat like that in H. vetus but is less
thickened than in H. vetus, Sylvilagus, and Lepus.

The proximal end of the femur forms a transversely
widened plate of bone similar in general to those in Sylvi-
lagus and Lepus. The greater trochanter is slightly less
elevated above the head than in Lepus. In Romerolagus
the long axis of the greater trochanter is nearly antero-
posterior as in Palacolagus, whereas in H. vetus, Sylvi-
lagus, and Lepus the axis is anterolateral to posteromedial.
In lateral view the shaft is convex anteriorly approxi-
mately as in Sylvilagus and Lepus; in Romerolagus,
Palaeolagus, and Megalagus the shafts are straighter. On
the posterior surface of the femur above the distal con-
dyles there is a lateral roughened area for the origin of
part of the gastrocnemius muscle. This roughened area
reaches medially from the lateral edge past the midline
of the bone in H. vetus, Sylvilagus, and Lepus, whereas
in Romerolagus, Palacolagus, and Megalagus the rough-
ened area does not quite reach the mid-line and indicates
a weaker origin for part of the gastrocnemius.

The tibiofibula is similar in general development to
that in Sylvilagus. In Lepus the proximal end is propor-
tionately longer anteroposteriorly, the tibial tuberosity is
more elevated, the distal third of the shaft tends to be
proportionately thicker anteroposteriorly and narrower
transversely, and the grooves on the distal end (Fig. 31)
are proportionately deeper, suggesting a firmer tarsal con-
tact. The tibiofibula in Romerolagus is more primitive
than those in H. vetus, Sylvilagus, and Lepus in having a
proportionately shorter proximal end, less elevated tibial
tuberosity, a shaft that is more convex medially in anterior
view, and shallower grooves on the distal end.

In H. vetus the tarsal elements tend to be less elon-
gated proximodistally and seem to have contacted one
another less firmly than in Sylvilagus and Lepus. The cal-
caneum (Fig. 33) extends farther distally than the astra-
galus and contacts the navicular as in the Recent leporids.
In the more primitive tarsus in Megalagus there seems
to be no calcaneonavicular contact. On the knoblike
process of the calcaneum that contacts astragalus and tibio-
fibula, the medial facet for the astragalus is divided into
two distinct surfaces by a ridge similar to that in Sylvi-
lagus. In Lepus the two surfaces are separated by a sharper
ridge, but in Romerolagus the ridge is more rounded. The
astragalus (Fig. 32) resembles that in Sylvilagus in gen-
eral. In Lepus the trochlear keels form proportionately
larger ridges, which are closer together and extend
farther onto the plantar surface than in H. vetus and
Sylvilagus. Romerolagus is more primitive than H. vetus
in having smaller keels on the astragalus. The navicular
(Fig. 35) and cuboid (Fig. 34) in H. vetus are propor-
tionately shorter proximodistally than in Sylvilagus and

Lepus. On the lateral surface of the navicular the notch
for contact with the cuboid is incised into a larger pro-
portion of the proximodistal length than in Sylvilagus
and Lepus but seems to be proportionately a little shorter
than in Romerolagus. The facet on the navicular for con-
tact with the calcaneum is proportionately shorter than in
Sylvilagus and Lepus. Thus, in H. vetus interlocking of
the proximal tarsals with the navicular and cuboid seems
to have been weaker than in Sylvilagus and Lepus al-
though possibly a little stronger than in Romerolagus. On
the medial surface of the navicular the knoblike process
for contact with metatarsal II faces slightly more medially
than in Sylvilagus and Lepus and suggests that the pes in
H. vetus may have been capable of more movement in a
medial direction. On the navicular in Megalagus this
process faces still more medially than in H. vetus.

The proximal ends of the metatarsals are represented.
The proximal articular surface of metatarsal II extends
slightly farther proximad than in Sylvilagus and Lepus,
probably in correlation with the medial knoblike process
on the navicular. The proximal ends of the other meta-
tarsals resemble those in the Recent leporids. Unfortun-
ately, no metatarsals are complete; therefore, their propor-
tions relative to the remainder of the hind limb cannot be
determined.

Summary. Within the Archaeolaginae, Hypolagus
vetus is advanced in general structure of the teeth, al-
though probably no more than might be expected in a
middle Pliocene archaeolagine. Compared to the cheek-
teeth in Lepus, however, those in H. vetus are somewhat
more primitive in being longer anteroposteriorly relative
to transversely; in addition, P? and Pj are less complex in
H. vetus and may have formed a somewhat less effective
mechanism for grinding food. Little is known of the
skull in H. vetus, but the palate is modernized in general,
although the internal nares are narrower than in Sylvi-
lagus and Lepus. The zygomatic arch resembles that in
Sylvilagus and Lepus in general but is situated closer to
the alveolar border, a primitive character. H. vetus re-
sembles Sylvilagus in many characteristics of the post-
cranial skeleton but is more primitive in the following:
the ulnar shaft is slightly heavier; the styloid process on
the distal end of the ulna is more elongated, and the
cuneiform is correspondingly modified; the metacarpals
seem to be proportionately shorter; the ilium has more
distinctly separated fossae and thus furnishes a less con-
tinuous surface for attachment of the gluteal muscles,
which may have been weaker; the ischial tuberosity is
less compact and thickened, suggesting that the hamstring
muscles may have been less well developed; the tarsal
elements tend to be proportionately shorter proximodis-
tally and to interlock less firmly. Thus, the forelimb of
H. vetus may have been somewhat heavier distally, the
limbs less elongate distally, and some of the muscles in
the pelvic girdle and hind limb weaker than in Sylvilagus;
the hind limb in H. vetus may tend to lag in level of evo-
lutionary development more than does the forelimb. Un-
fortunately, the proportions of the limbs, which are an
important factor in locomotive development, are un-
known in H. vetus, but taken together, the known fea-
tures suggest that H. vetus was less cursorially adapted
than Sylvilagus but probably had a somewhat similar
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bounding mode of locomotion. H. vetus was probably
closer to Sylvilagus in locomotive adaptation than to
Romerolagus, which is more primitive than H. vetus in
the postcranial skeleton; the mode of locomotion in
Romerolagus somewhat resembles that in Microtus (NEL-
soN, 1909, p. 280). The typical leporid half-bound or
leaping gallop seems to reach its best development in
Lepus, in which the postcranial skeleton is correspond-
ingly more advanced than in H. vetus and Sylvilagus.

TasLE 14.—Measurements in millimeters of Hypolagus vetus
(based on mean of three or more measurements)

Topotype sample, C.I.T. locality 63
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Hypolagus regalis Hibbard

Hypolagus regalis HissArp, Amer. Mid. Nat., v. 21, no. 2, p. 510, May 19, 1939.

Type specimen. Incomplete left lower jaw having
incisor and P3-M,, K.U. No. 4572, locality No. 3, Rex-
road fauna, Meade County, Kansas.

Geologic age and distribution——Blancan (early
Pleistocene?) of Kansas, possibly Texas.

Specific characters. On P3 anterior column rela-
tively wider transversely than in H. vetus, anteroexternal
reéntrant faces mostly externally, lingual surface flat-
tened. Lower molariform teeth tend to be relatively
wider transversely and jaw tends to be dorsoventrally
deeper than in H. vetus.

Crenulations are present in the walls of the anteroex-
ternal and posteroexternal reéntrants on Pj in the type
specimen of Hypolagus regalis, but are lacking in one of
the paratypes, K.U. No. 4571; the presence or absence of
crenulations may reflect different stages of wear. Some
specimens of H. vetus from a topotype sample, C.I.T.
locality 63, have characteristics in Pj suggestive of those
in the Blancan species, and H. regalis may be closely allied
to H. vetus.

Material from the Cita Canyon, Texas, fauna of

Y

36

37

Ficures 36-38. Hypolagus, ? Archaeolaginae, and ?Pratilepus.

36. Hypolagus edensis, type specimen (U.C.M.P. No. 23376),
occlusal view of right Ps, X4.5. 37. Occlusal view of left
upper molariform tooth of form doubtfully assigned to Archaco-
laginae (C.I.T. No. 2507), X3. 38. ?Pratilepus progressus,
(U.M.M.P. No. 31080), occlusal view of left Ps-Mi, showing separa-
tion of trigonid and talonid on Py, X6.

Blancan age, not examined in connection with this study,
has been listed as Hypolagus cf. regalis (JoHNsTON &
Savacg, 1955, p. 39). The Hagerman leporid referred to
as Hypolagus near vetus is known from incomplete ma-
terial but seems to vary from middle Pliocene specimens
of H. vetus in the same direction as does H. regalis in
that P; is relatively wider anteriorly and the jaw is more
robust (Gazin, 1934, p. 112-113). Possibly the Hagerman
leporid is allied to H. regalis.

Hypolagus edensis Frick
Figure 36

Hypolagus edensis Frick, Univ. California Pub., Bull. Dept. Geol., v. 12, no.
5, p. 348, December 28, 1921.

Type specimen. Fragmentary right lower jaw
having P3-M;, U.C.M.P. No. 23376, middle Pliocene of
Mount Eden formation, U.C. locality 3269, Riverside
County, California.

Geologic age and distribution.
dle Pliocene) of California.

Specific characters——On Py anteroexternal reéntrant
deep transversely, extending across approximately half
the width of the tooth, and narrow anteroposteriorly. Size
near that in H. apachensis.

The anteroexternal groove on Pg shown in the original
figure of the type specimen of Hypolagus edensis (Frick,
1921, fig. 52) is more widely open than in the specimen
itself. Figure 36 shows the outline of Pg more nearly as
it is.

Hemphillian (mid-

Hypolagus oregonensis Shotwell

Hypolagus oregonensis SHoTweLL (misspelled oregomeneis), Geol. Soc. Amer.,
Bull., v. 67, p. 727, June, 1956.

Type specimen——Left lower jaw having Ps3-Ms,
U.O.M.N.H. No. F-4094, middle Pliocene, east bank of

McKay Reservoir, 5 miles south of Pendleton, north-
eastern Oregon.
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Geologic age and distribution.
dle Pliocene) of Oregon.

Specific characters——Anterior surface of Py has
variable grooves and striations (SHoTwELL, 1956, p. 727).
Size near H. vetus.

Hemphillian (mid-

Hypolagus spp.

Leporids from various upper Miocene and Pliocene
localities, often incomplete specimens, have been recorded
as Hypolagus sp. or Hypolagus cf. vetus, and other pre-
viously unreported specimens seem to represent this
genus. Some of these specimens will be mentioned be-
cause of distinctive morphologic or stratigraphic features.

AMN.H. No. 22395, recorded as coming from the
Sheep Creek formation, channel beds, Ashbrook pasture,
western Nebraska, includes an incomplete skull and right
lower jaw and represents a leporid that is slightly smaller
than H. vetus. In this specimen the walls of the hypostria
on P3-M? are lightly crenulated, and the anteroexternal
reéntrant on Pg is shallow and seems to have only a thin
filling of cement. The bony palatal bridge in No. 22395 is
more primitive than in H. vetus in having a proportion-
ately longer palatine component. This leporid seems to
represent a primitive species of Hypolagus. Pending
further study this leporid is listed here as Hypolagus sp.

U.C.M.P. No. 28524 from the upper Miocene Barstow
beds, San Bernardino County, California, which was cited
as Hypolagus cf. vetus (HaLv, 1930b, p. 318), is smaller
than H. vetus and more nearly like C.'T. No. 5179,
Hypolagus near parviplicatus, and H. fontinalis in size.
P3 seems to be approximately intermediate in shape be-
tween that in H. near parviplicatus and in H. fontinalis;
the anteroexternal fold tends to be deeper than in the
former and smaller than in the latter. Whether No. 28524
is referable to either of those species or represents a dif-
ferent species cannot be determined on the basis of the
known specimens. U.C.M.P. No. 28526 from the Barstow
beds, listed as Hypolagus sp. (HaLr, 1930b, p. 318) is
fragmentary but probably represents the same species as
No. 28524.

A right maxilla having P2M2, U.C.M.P. No. 32907,
from the middle Pliocene Mulholland fauna, U.C. local-
ity V3611, of the San Francisco Bay region, California
(StirToN, 1939, p. 367) represents a species of Hypolagus
having upper cheek-teeth that are near in size to those in
H. limnetus or the Kern River H. near limnetus. H. fonti-
nalis is known from lower cheek-teeth only but probably
had upper cheek-teeth near those of No. 32907 in size.
The Mulholland leporid seems to be closer to the line of
leporids represented by H. fontinalis and H. limnetus
than to H. vetus.

In the middle Pliocene Rome fauna of Malheur
County, Oregon, two species of leporid seem to be present,
Hypolagus vetus and Hypolagus sp. In C.'T. No. 1964,
Hypolagus sp., the lower cheek-teeth are near in size to
those in specimens of H. fontinalis from South Dakota
and smaller than those in H. vetus, whereas the lower jaw
is nearly as deep dorsoventrally as in H. vetus; thus, the
lower cheek-teeth are smaller relative to the depth of the
jaw than in H. vetus. Available comparative material of
the Rome Hypolagus sp. is inadequate, and No. 1964

may represent a young individual of H. vetus but more
probably is a different species (WiLson, 1937a, p. 12-13).

A specimen of Hypolagus, K.U. No. 3747, from the
middle Pliocene Feldt Ranch fauna (Hessg, 1935, p. 83)
is larger than H. vetus and H. regalis. AM.N.H. No.
20476 from the upper Snake Creek, Pliohippus draw,
western Nebraska, and C.N.H.M. No. P27073 from upper
Snake Creek beds, Mitchell, Scotts Bluff County, Ne-
braska, are leporids near No. 3747 in size. The leporid
listed as Hypolagus cf. vetus from the middle Pliocene
Optima fauna, O.M.P. No. 29-4-852 (Savacg, 1941, p.
704-705) also is larger than H. vetus. These specimens es-
tablish the presence in the middle Pliocene of the Great
Plains of a line of leporids that is probably closely allied
to but larger than H. vetus; whether these specimens are
referable to the same species may be difficult or impos-
sible to determine on the basis of the known incomplete
material.

The small species of Hypolagus from the Coso Moun-
tains local fauna of Blancan age is smaller than other
known species of Hypolagus and has a flattened lingual
wall and shallow anteroexternal fold on Ps. M3 consists
of a single column having a posteroexternal fold. The
known specimens suggest that this leporid is distinct from
other known species of Hypolagus, and if more complete
specimens show that the distinctions are constant, this
leporid probably represents an unnamed species (WiLson,
in ScHuLTz, 1937, p. 108-109).

Genus NOTOLAGUS Wilson, 1938

Notolagus WiLson, Southern California Acad. Sci., Bull., v. 36, pt. 3, p. 98,
January 25, 1938. Type, Notolagus velox.
Dicea HiesARD, Amer. Mid. Nat., v. 21, no. 2, p. 509, May 19, 1939.

Geologic age and distribution——Late Hemphillian
(late middle Pliocene) of Chihuahua, Mexico; Blancan
(early Pleistocene?) of Kansas.

Generic characters——Two or three anterior reén-
trants on P2; internal hypostria on P3-M2 crenulated,
crosses two-thirds or slightly less of occlusal surface. Py
tends to be elongate anteroposteriorly: on that tooth pos-
teroexternal reéntrant usually crosses less than half the
width of occlusal surface; anterointernal reéntrant deep,
enamel walls usually crenulated and thicker posteriorly
than anteriorly.

Greater complexity of the enamel folds on P2 and Py
in Notolagus is one of the characteristics differentiating
this genus from other archaeolagines. In adult specimens
of Archaeolagus P? has a single anterior reéntrant and in
Hypolagus there is one well-developed reéntrant plus a
more external shallow groove. In Notolagus two of the
reéntrants probably correspond to the reéntrant and
groove in Hypolagus, whereas the third fold, which oc-
curs in one species of Nozolagus, is not present in P2 of
known adult specimens of Hypolagus. The folds on Ps,
which are anteroexternal, posteroexternal, and anteroin-
ternal in position, are more complex than in Archacolagus
and Hypolagus but are probably all represented in some
specimens of at least one other archaeolagine, Hypolagus
apachensis (WiLsoN, 1949b, p. 137). In the latter, Py
tends to be anteroposteriorly elongated and has in some
adult specimens an anterointernal reéntrant that is a
variant from the more usual condition in that species in
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which that fold is absent; the anterointernal fold may
represent a persistent remnant of a groove present be-
tween cusps in an unworn tooth. In H. apachensis the
anterointernal fold, where present, is short and simple,
whereas in Notolagus the fold is deep and complex and
may unite with the anteroexternal fold. Thus, the antero-
internal fold on P3 in Notolagus is not unique among
the archaeolagines. P3 in Nortolagus could be derived
from a stage such as that found in some specimens of H.
apachensis, although intermediatgs between the two
levels of development are not known. H. apachensis does
not seem to foreshadow Notolagus in characters other
than in the pattern of Pj, although no characters would
bar H. apachensis from the ancestry of Norolagus;
whether or not a phylogenetic connection occurred, H.
apachensis does suggest a structural stage within the
genus Hypolagus from which Norolagus may have been
derived.

Notolagus velox Wilson

Notolagus velox WiLson, Southern California Acad. Sci., Bull., v. 36, pt. 3,
p. 98, January 25, 1938.

Type specimen——Incomplete left lower jaw having
incisor and P3-Ms, C.I.T. No. 2133, middle Pliocene beds
near Rincon, Chihuahua, Mexico.

Geologic age and distribution.
(late middle Pliocene) of Mexico.

Specific characters——Two anterior folds on P2
Anterointernal fold on P; deep transversely, usually
unites with anteroexternal fold, resulting in isolation of
anterior column of tooth from more posterior part. Near
Hypolagus limnetus in size.

In some specimens of Notolagus velox the anterior
column of Py is connected to the more posterior part of
the tooth by a bridge of dentine and enamel between an-
teroexternal and anterointernal reéntrants, but the more
usual condition of union of anteroexternal and antero-
interal reétrants results in isolation of the anterior column,
which is then connected to the posterior part of the tooth
only by cement. Variation with age and between indi-
viduals seems to account for these differences (WiLsoN,
1937b, p. 99-100). The anterior surface of the anterior
zygomatic root seems to be less concave than in N. lepus-
culus.

Late Hemphillian

Notolagus lepusculus (Hibbard)

Dicea lepuscula Hipsarp, Amer. Mid. Nat., v. 21, no. 2, p. 509, May 19, 1939.
Notolagus lepusculus, Hissarp & Riccs, Geol. Soc. Amer., Bull., v. 60, p. 841,
May. 1949.

Type specimen——Incomplete right lower jaw having
incisor and P3-Ms, K.U. No. 4583, locality No. 3, Rex-
road fauna, Meade County, Kansas.

Geologic age and distribution——Blancan (early
Pleistocene?) of Meade County, Kansas.

Specific characters——Three anterior folds on P2. On
P; wide, shallow anteroexternal reéntrant and deep an-
terointernal reéntrant separated by bridge of enamel and
dentine. Near Hypolagus apachensis in size.

Notolagus lepusculus seems to be more advanced than
N. velox in having an added anterior fold on P2. Upper
cheek-teeth of the two species of Norolagus are known

only from one individual each; the crenulations in the
walls of the internal hypostria on P3-M? are more com-
plexly folded in the known specimen of N. lepusculus
than in N. velox. This difference may be due to different
stages of wear on the teeth in the known specimens, but
if constant with wear, is probably an advanced character
in N. lepusculus. Pg seems to be of approximately equal
complexity in the two species, but none of the known
specimens of N. lepusculus exhibit the isolation of an
anterior column that seems to be characteristic of N.
velox.

Subfamily ARCHAEOLAGINAE?

Genus PANOLAX Cope, 1874

Panolax Cope, Acad. Nat. Sci. Philadelphia, Proc., 1874, p. 151, October 20,
1874. Type, Panolax sanctaefidei.

Geologic age and distribution——Barstovian (late
Miocene) or Clarendonian (early Pliocene) of Santa Fe
formation, north-central New Mexico; possibly southern
California.

Generic characters. Single anterior reéntrant on
PZ%; on upper molariform teeth internal reéntrant straight
walled, cement filled, and crossing half or less of occlusal
surface.

Panolax sanctaefidei Cope

Panolax sanctaefidei Core, Acad. Nat. Sci. Philadelphia, Proc., 1874, p. 151,
October 20, 1874.

Type specimen——Isolated upper cheek-teeth and
M3, U.S.N.M. No. 1095, “Loup Fork formation”, New
Mexico.

Geologic age and distribution. As for genus.

Specific characters——Only species of genus as de-
fined above. Somewhat larger than Hypolagus vetus.

Panolax is incompletely known: the parts represented
include P2, isolated upper molariform teeth, M3, and a
few postcranial fragments. As mentioned by Dice (1923,
p. 191), the upper molariform teeth, which have a simple
internal hypostria, resemble those in Archaeolagus more
than those in Hypolagus. The available material permits
little to be said of the affinities of this leporid: a precise
subfamilial allocation cannot be made, although the gen-
eral character and stratigraphic position of this leporid
suggest that it is an archaeolagine; it seems to be more
closely allied to Archaeolagus than to Hypolagus and may
represent a late survivor of a primitive stock.

WiLson (1939, p. 38) described C.I.T. No. 2507 (Fig.
37), an upper left cheek-tooth, possibly P4, from the
lower Pliocene Avawatz deposits, C.I.T. locality 267, of

TaBLE 15.—Measurements in millimeters of P. sanctaefidei

U.S.N.M. ClLT.
No. 1095 No. 2507
P? anteroposterior ...........c..cccececeene 1.6
transverse width ... .. 1 34
upper molariform tooth
anteroposterior ............ 2.8
transverse width . 55

Ms anteroposterior ..... -
transverse width ... e
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southern California. This tooth is near in size to upper
molariform teeth in P. sanctacfidei; a straight-walled, ce-
ment-filled internal hypostria crosses less than half the
occlusal surface. The general character of this tooth and
its stratigraphic position suggest that this specimen repre-
sents a leporid near Panolax sanctaefidei.

Subfamily LEPORINAE Trouessart, 1880

The subfamily Leporinae ranges in time from early
Pliocene or Pontian to Recent. Included in the subfamily
are the extinct genera Alilepus, Pratilepus, and possibly
Pliolagus® and Serengetilagus, and all living genera of
leporids, which are Romerolagus, Pronolagus, Pentalagus,
Brachylagus, Nesolagus, Caprolagus, Oryctolagus, Sylvi-
lagus, and Lepus. Leporines are more advanced than
palaeolagines in general structure of the skull and lower
jaw, as indicated by such features as a short palatine com-
ponent on the palate, a well-defined anterior zygomatic
root, and a prominent ventral border of the masseteric
fossa in the lower jaw. The cherk-teeth are hypsodont.
The enamel walls in the hypostriae and reéntrants on up-
per and lower cheek-teeth vary from simple and essentially
unfolded as in Nesolagus to complexly folded as in Penta-
lagus. A distinguishing character of the leporines is the
basic pattern of Ps: in that tooth an anteroexternal and a
posteroexternal reéntrant occur as in archaeolagines, and,
in addition, a posterointernal reéntrant or structure de-
rived from that reéntrant forms a usually persistent and
often prominent part of the occlusal pattern. In the
archaeolagines the posterointernal reéntrant is usually
absent in adults. The posterointernal fold occurs variably
in the leporines as follows: as a fold connected to the
lingual wall and separated from the posteroexternal re-
éntrant; as an isolated lake that may or may not be worn
away in late stages of wear; as a lake that unites with the
posteroexternal reéntrant to form a fold crossing the oc-
clusal surface nearly to the lingual wall; as a fold that
unites with the posteroexternal reéntrant to form a fold
across the entire occlusal surface.

The oldest known leporine is Alilepus, which first ap-
pears in the Pontian of Europe and Asia. Structurally and
temporally Alilepus could be near the ancestry of later
leporines and suggests an Old World origin for the
subfamily. Whether the leporines originated directly
from palaeolagines or from a primitive archaeolagine is
not definitely known; in either case, the Miocene history
of the leporines seems to be unknown. The first record of
Lepus in the Old World is Villafranchian (ScHREUDER,
1936, p. 229). The earliest known North American lepo-
rines occur in the Hagerman and Rexroad faunas of
Blancan age. Records of Lepus and Sylvilagus before the
early Pleistocene in North America are questionable.
Sylvilagus? sp. from the lower Pliocene of Fish Lake
Valley (Havr, 1930a, p. 311) is probably an ochotonid.
Sylvilagus? bensonensis from beds of Blancan age near
Benson, Arizona, may be generically distinct from Syli-
lagus, as discussed below. Lepus and Sylvilagus are known
from the early Pleistocene Curtis fauna (Gazn, 1942, p.
511). Pleistocene leporids will not be treated in detail
here; several extinct species have been reported from the
North American Pleistocene including Lepus benjamini

(Hay, 1921, p. 628), Lepus giganteus (Brown, 1908, p.
199), Sylvilagus palustrellus (Gazin, 1950, p. 399), and
Sylvilagus leonensis (CusHiNg, 1945, p. 183).

Genus PRATILEPUS Hibbard, 1939

Pratilepus Hissarp, Amer. Mid. Nat., v. 21, no. 2, p. 506, May 19, 1939. Type,
Pratilepus kansasensis.

Pediolagus HiArp, Amer. Mid. Nat., v. 21, no. 2, p. 512, May 19, 1939 (not
Pediolagus MaRreLLI, Mem. Jardin zool. La Plata, v. 3, p. 5, August 12,
1927).

Nekrolagus Hisearp, Amer. Mid. Nat., v. 21, no. 3, table of contents, June 7,
1939.

Geologic age and distribution. Blancan (early
Pleistocene? ), Rexroad fauna, Meade County, Kansas.

Generic characters. Posterior end of lower incisor
terminates above mid-depth of jaw approximately in line
with trigonid of P;. On P3 posterointernal reéntrant,
which has thicker enamel anteriorly than posteriorly, not
united with posteroexternal reéntrant, opens lingually in
early stages of wear, later loses lingual connection and
forms persistent isolated lake.

In the original descriptions of the two species referred
here, Pratilepus kansasensis and P. progressus, one of the
characteristics of the former was a posterointernal fold on
P3 and of the latter, considered to be a distinct genus,
Pediolagus (later Nekrolagus), a posterointernal isolated
lake (Hissarn, 1939, p. 506, 512). More complete series
of specimens, which were found later, show that in both
species there is a posterointernal fold on Pj in early stages
of wear that forms an isolated posterointernal lake in
more worn teeth(Hissaro, 1941b, p. 293-295, 298-299).
This basic similarity between the two species suggests that
their common ancestor was not long antecedent and that
a single genus is represented.

Pratilepus is definitely known only from the Rexroad
fauna, although further study may reveal that Alilepus?
vagus from the Blancan of Hagerman is referable to this
genus. The specimen referred to Nekrolagus, K.U. No.
6155, from the Borchers fauna of approximately middle
Pleistocene age (Hissarp, 1941a, p. 216) probably repre-
sents an immature individual having a somewhat aberrant
and perhaps atavistic occlusal pattern but referable to the
genus Lepus.

Pratilepus kansasensis Hibbard

Pratilepus kansasensis Hisearp, Amer. Mid. Nat., v. 21, no. 2, p. 507, May 19,
1939.

Type specimen——Incomplete right lower jaw having
P3-M,, K.U. No. 4582, locality No. 3, Rexroad fauna,
Meade County, Kansas.

Geologic age and distribution——Blancan (early
Pleistocene?), Rexroad fauna, Meade County, Kansas.

Specific characters. Three anterior folds, of which
middle fold is deepest, on P?; internal hypostria on P3-M2
crenulated, crosses two-thirds to three-fourths of occlusal
surface. On Pj anteroexternal reéntrant usually deeper
than in P. progressus; anterointernal fold present in early
stages of wear; posterointernal fold opens lingually, or in
later stages of wear forms isolated lake; crenulations
usually present in walls of anteroexternal and posteroex-
ternal reéntrants, may or may not occur in posterointernal

® See note, page 73.
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fold or lake. Crenulations usually present in anterior wall
of talonid on P4-M,, although may be reduced with wear.
Near Sylvilagus floridanus in size.

Pratilepus progressus (Hibbard)
Pediolagus progressus Hissaro, Amer. Mid. Nat., v. 21, no. 2, p. 512, May 19,
1939.

Nekrolagus progressus, Hissarp, Amer. Mid. Nat., v. 21, no. 3, table of con-
tents, June 7, 1939,

Type specimen.——Incomplete right lower jaw having
broken incisor and P3-M;, K.U. No. 4570, locality No. 3,
Rexroad fauna, Meade County, Kansas. '

Geologic age and distribution——Blancan (early
Pleistocene? ), Rexroad fauna, Meade County, Kansas.

Specific characters——On Pj anterior fold usually
present; anteroexternal fold usually shallower and having
less complexly folded walls than in P. kansasensis; walls
of posteroexternal and posterointernal folds may be crenu-
lated. Anterior wall of talonid on P4-Ms may be slightly
folded, although less than in P. kanmsasensis, or straight.
Jaw between incisor and Pj shorter relative to depth of
jaw than in Lepus californicus. Near Lepus californicus
in size.

In UM.M.P. No. 31080 (Fig. 38), an incomplete left
lower jaw having the incisor and P3-M; from locality 3,
Rexroad fauna, P; has three small anterior folds, an an-
teroexternal reéntrant, and a trigonid that is united to
the talonid by cement only for the entire length of the
tooth. This specimen resembles P. progressus in size and
general structure and may represent an aberrant indi-
vidual of P. progressus in which the posteroexternal and
posterointernal folds have united. The Recent genus
Brachylagus has a similar separation of trigonid and talo-
nid at some stages of wear, possibly attained structurally
as in U.M.M.P. No. 31080 but not necessarily implying
a phylogenetic connection between P. progressus and
Brachylagus.

Sylvilagus? bensonensis Gazin

Sylvilagus? bensonensis GaziN, U. S. Natl. Mus., Proc., v. 92, no. 3155, p.
92, 1942.

Type specimen.——Incomplete left lower jaw having
P3-M;, U.S.N.M. No. 16595, about two miles south of
Benson, Arizona, not from quarry worked by GipLey
and Bryan (Gazin, 1942, p. 492).

Geologic age and distribution.
Pleistocene?) of Arizona.

Specific characters——Pg has deep, crenulated antero-
external reéntrant and crenulated posteroexternal fold
crossing nearly entire occlusal surface, and lacks anterior
reéntrant. Jaw robust. Slightly smaller than Pratilepus
kansasensis.

Differences of Sylvilagus? bensonensis from the genus
Sylvilagus are especially marked in Pz, in which the
anteroexternal reéntrant is deeper and more complexly
folded than in Sylvilagus and the anterior fold, present
in Sylvilagus, is lacking, and suggest that this leporid is
generically distinct from Sylvilagus (Gazin, 1942, p. 492-
493). Further, there is a striking resemblance between the
single known specimen of Sylvilagus? bensonensis and
Pratilepus kansasensis in most characters, except that on
Pj the posteroexternal fold nearly crosses the occlusal sur-

Blancan (early

face in the former whereas in the latter the posteroexternal
reéntrant and posterointernal fold or lake are separated
from one another by a bridge of enamel and dentine.
The bridge varies in width in P. kansasensis and in at
least one specimen, K.U. No. 4574, is unusually thin. The
wearing away of this bridge would result in a tooth es-
sentially similar to that in Sylvilagus? bensonensis. Pos-
sibly No. 16595 is an aberrant individual from a popula-
tion of P. kansasensis, but if more complete material indi-
cates that the erosion of the bridge between posteroex-
ternal and posterointernal folds is a constant feature in
adults of Sylvilagus? bensonensis, this leporid is probably
closely allied to P. kansasensis but slightly advanced
toward the level of development in Sylvilagus. More defi-
nite generic assignment should await more complete
material.

Genus ALILEPUS Dice, 1931

Alilepus Dice, Jour. Mammalogy, v. 12, no. 2, p. 159, May 14, 1931. Type,
Lepus annectens SCHLOSSER.

Allolagus Dice, Jour. Mammalogy, v. 10, no. 4, p. 342, November 11, 1929
(not Allolagus OGNEv, Zool. Anz., v. 84, p. 71, August 1, 1929).

Geologic age and distribution——Pontian and middle
Pliocene of Europe and Asia; tentatively referred, Blancan
(early Pleistocene?) of North America.

Generic characters. Skull and lower jaw modern-
ized. Single reéntrant and shallower, more external groove
on anterior surface of P?; internal hypostria on upper
molariform teeth crosses approximately half the occlusal
surface, has walls crenulated in early stages of wear but
nearly smooth in more worn teeth. On P3 posterointernal
reéntrant as deep as posteroexternal reéntrant or shallower
(BonLiN, 1942b, p. 132).

Alilepus? vagus Gazin

Alilepus? vagus Gazin, U. S. Natl. Mus., Proc., v. 83, no. 2976, p. 119, 1934.

Type specimen.——Anterior part of right lower jaw
having P3, U.S.N.M. No. 12622, Hagerman lake beds,
T. 7 S., R. 13 E., Twin Falls County, Plesippus quarry,
near Hagerman, Idaho.

Geologic age and distribution——Blancan (early
Pleistocene? ), Twin Falls County, Idaho.

Specific characters. P3 lacking reéntrants on an-
terior wall, having shallow anteroexternal fold, postero-
external reéntrant that crosses approximately half of the
occlusal surface, and posterointernal reéntrant or isolated
lake separated from posteroexternal reéntrant by narrow
bridge of enamel and dentine. Jaw robust, proportionately
shorter between incisor and Py than in Hypolagus vetus.
Near Pratilepus progressus in size.

When first described, Alilepus? vagus was known
only from the type specimen, in which P has postero-
internal, posteroexternal, and anteroexternal reéntrants,
thus resembling that tooth in Alilepus annectens. Addi-
tional specimens of the Hagerman leporine now in the
collections of the United States National Museum show
that on Py the posterointernal reéntrant loses its lingual
connection and forms an isolated lake at a later stage of
wear than that present in the type specimen. Thus, P in
Alilepus? vagus resembles that in Pratilepus in formation
of an isolated lake following wear, whereas the postero-
internal reéntrant on Pj in Old World species of Alilepus
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seems to retain its lingual connection. Further study of
the additional specimens of Alilepus? vagus may reveal
that the Hagerman leporine is more closely allied to
Pratilepus than to Alilepus.

Hypolagus? browni (Hay)

Brachylagus browni Hay, U. S. Natl. Mus., Proc., v. 59, no. 2391, p. 630, 1921.
Hypolagus browni, Dice, Jour. Mammalogy, v. 10, no. 4, p. 343, November
11, 1929.

Type specimen——Skull fragment including palate,
incomplete maxillae and zygomata, right P2-M! and left
P3-M2, U.S.N.M. No. 10196, lower Pleistocene, Anita,
Coconino County, Arizona.

Geologic age and distribution——Early Pleistocene,
Arizona.

Specific characters——Crenulated hypostria on P3-M?2
crosses more than half of the occlusal surface. On Pj3
anteroexternal fold shallow; posterior fold or folds vari-
able as follows: in worn teeth posteroexternal fold crosses
slightly more than half of the occlusal surface, postero-

internal fold lacking; at seemingly earlier stages of wear
trigonid and talonid may be united at occlusal surface by
cement only, probably due to union of posteroexternal
and posterointernal reéntrants, or posterointernal reén-
trant may form isolated lake. Size near Hypolagus apach-
ensis.

Reference of this species to Hypolagus is probably
misleading with regard to the affinities of Hypolagus?
browni, which is here considered to be a leporine. How-
ever, the evidence for these affinities is not conclusive, so
a new generic assignment, which would only add to
taxonomic confusion and not to phylogenetic clarification
at this time, is not made. Known specimens of Hypo-
lagus? browni show that on P3 a posterointernal fold or
lake occurs in earlier stages of wear and is later worn
away but seems to be more prominent and persistent than
in the archaeolagines. Serengetilagus from the early
Pleistocene of East Africa (Dierrich, 1942, p. 56-57)
seems to go through stages of isolation and loss of the
posterointernal fold somewhat like those in Hypolagus?
browni.

MORPHOLOGIC HISTORY

In the following discussion primary emphasis is placed
on the North American leporids. The major trends of
morphological evolution can be traced from a primitive
level in the palaeolagines to a more advanced level in
archaeolagines and leporines; the last two subfamilies
seem to have undergone parallel development in several
dental and skeletal characters. At any one time there have
been leporids in varying stages of development, such as
Palacolagus and Megalagus in the middle Oligocene, P.
hypsodus and P. philoi in the early Miocene, and Romero-
lagus and Lepus in Recent faunas. For this reason, known
leporids from certain stratigraphic levels may not repre-
sent the stage of development typical of that level due to
incompleteness of the fossil record, but the trends de-
scribed here probably indicate the over-all changes in the
family. For the most part the intermediate stages, between
Palaeolagus and Lepus, discussed below could have been
anticipated from Woop’s (1940) discussion of the funda-
mental characteristics of Oligocene and Recent leporids.

Dentition. Several general changes have affected the
upper and lower cheek-teeth of leporids. Starting from a
late Eocene condition in which cement is essentially ab-
sent, cement becomes progressively better developed—
the teeth in early Oligocene species usually have less
cement than in middle Oligocene species, in early and
middle Miocene Archaeolagus there is a moderate
amount of cement, and in Pliocene species of Hypolagus,
cement reaches an essentially modern condition. The
cheek-teeth in late Eocene leporids are slightly hypsodont
but rooted, in most early Oligocene and some later lepo-
rids are more hypsodont but still rooted, and seem to have
an essentially complete development of hypsodonty in
some later Oligocene and most early Miocene and later
leporids. The cheek-teeth have become progressively
shorter anteroposteriorly relative to their transverse width,
and the length of the row of lower cheek-teeth has be-
come shorter relative to the depth of the jaw. In late

Eocene leporids, in which the greatest transverse width of
the tooth-rows occurs at M! and Ms, the molars including
M2 and Mj are larger relative to the premolars than in
later leporids. By Oligocene times the premolars have
become relatively wider and the last molars are reduced;
the row of upper cheek-teeth is usually widest at P% or P*
in Oligocene and later leporids. The proportions of Py,
M; and M, are more nearly equivalent in Oligocene and
later leporids than in the late Eocene genus Myzonolagus.
P2 and P; are larger relative to the size of the more
posterior cheek-teeth in later leporids than in those of the
Oligocene.

The upper incisors of Oligocene and later leporids
seem to be similar in general structure. In most leporids
the anterior groove is without cement and simple but in
Lepus is filled with cement and may be branched. P? is
not molariform in leporids. In Myzonolagus P? consists of
three lobes, of which the buccal lobe is proportionately
larger than in Palaeolagus; in the latter, P2 is three-lobed
in young individuals but becomes two-lobed in older indi-
viduals through the union of buccal and central lobes
(Woop, 1940, p. 290). P2 retains this essentially two-lobed
condition in Archaeolagus, Hypolagus, and Alilepus but
becomes more complex through the addition of anterior
folds in Notolagus, Pratilepus, and some Recent leporids.
In the upper cheek-teeth, other trends as recognized by
Marraew (1903, p. 218) are related to replacement of
the type of pattern found in Palaeolagus by a pattern
similar to that found in Lepus and to molarization of P38
and P% The more primitive pattern of P3-M2? in the
earlier leporids consists of an internal hypostria, the buccal
end of which may become isolated to form a lake, and
crescents that are variably connected to the buccal wall of
the tooth or isolated as lakes. The process of reduction of
the crescents and emphasis on the hypostria occurs at
variable rates: in some Oligocene leporids the crescents are
retained; in some the crescents are absent in adults; in
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others the crescents on the molars are lost, but are retained
on P3, or P® and P% Adults of Archaeolagus lack the
crescents and have on P3-M? a straight-walled internal
hypostria; crescents occur on P? and P* in early stages of
wear in Archaeolagus ennisianus. Modernization of pat-
tern on P3-M? continues in Hypolagus and most later
leporids, in which crescents are absent in adults and the
hypostriae become relatively longer and develop crenu-
lated walls. Even in Recent leporids persistent remnants
of the primitive pattern persist, as shown by the presence
of crescents on unworn P3-M2 in Sylvilagus (Dick & Dick,
1941, p. 224). Molarization of P3 and P* occurs as follows:
in Mytonolagus and most Oligocene species the internal
hypostria is less persistent on P? and P* than on M?! and
M?, and in most specimens crescents are retained on the
premolars longer than on the molars; P3 and P* seem to
be nearly as molariform as M! and M2 in Archaeolagus,
although more rapid shortening of the hypostria and
traces of the crescent in early stages of wear on P3 and P*
indicate that molarization of the premolars is not com-
plete; the internal hypostria forms the persistent pattern,
and the premolars seem to be fully molariform in Hypo-
lagus. The walls of the internal hypostriae are essentially
straight in Oligocene leporids and Archaeolagus but are
crenulated in Hypolagus. These crenulations in Hypo-
lagus, especially in earlier species, are more pronounced
and persistent on the premolars than on the molars, re-
sulting in a condition in which P? and P* seem to be
“more molariform” than M! and M2 In later species of
Hypolagus and most Recent leporids, crenulations persist
in the hypostriae on premolars and molars. P? and P* tend
to be longer anteroposteriorly than M! and M2 in Oligo-
cene leporids; in Archaeolagus of the early and middle
Miocene and the later leporids the anteroposterior lengths
of premolars and molars are more nearly equivalent.

The lower incisor in Mytonolagus extends posteriorly
along the ventrolingual side of the jaw and terminates
below Ms. The posterior end of this tooth in later leporids
does not extend so far posteriorly and moves dorsad on the
lingual side of the jaw: in Archaeolagus ennisianus and
Hypolagus the incisor terminates in a line in front of or
below Pg; in the former the posterior end of the incisor is
slightly below mid-depth and in Hypolagus usually slight-
ly above mid-depth of the jaw. The incisor in Recent lepo-
rids usually terminates in a position similar to that in Hy-
polagus or still more anteriorly below the diastema. P, a
phylogenetically important tooth, has evolved not only
through the addition of new structures but also through
differential emphasis on parts represented in the primitive
tooth: the posteroexternal fold is a constant feature; the
posterointernal fold is present primitively but may be
lost, as in Mytonolagus, at an early stage of wear, and in
the later Palaeolaginae there are trends toward a retention
or an early loss of the fold; in the later subfamilies, loss of
the posterointernal fold characterizes the archaeolagines,
and retention of the fold, of a lake derived from the fold,
or of a remnant of the fold that unites with the postero-
external fold, characterizes the leporines. The more primi-
tive leporids lack persistent folds on the trigonid of Pg, but
in later leporids an anteroexternal fold develops in more
than one line. In the archaeolagines this new fold appears
in unworn teeth as a groove in the buccal cusp of the

trigonid. Another mechanism may account for the shallow
anteroexternal fold in Palacolagus hypsodus: some speci-
mens of P. hypsodus suggest that the fold between buccal
and lingual cusps of the unworn tooth has moved buccally
to form the anteroexternal fold of the adult. Proof of such
movement must await the discovery of unworn lower
teeth in P. Aypsodus. The method of development of the
anteroexternal fold in leporines is not definitely known
but may resemble that in archaeolagines. On the trigonid
of Pg, the anterointernal fold that occurs as a variant in
Hypolagus apachensis and persistently in Notolagus prob-
ably represents a deepening of the groove between buccal
and lingual cusps of the unworn tooth; Caprolagus has a
similarly situated and possibly equivalent fold (WiLson,
1949b, p. 137). Anterior folds on the trigonid of Py ap-
pear in some later species of Hypolagus and in some later
fossil and Recent leporines. The more posterior lower
cheek-teeth, P,-Mj, have been relatively conservative.
Lingual union of trigonid and talonid on P4, M;, and M,
occurred at a relatively late stage of wear in Mytonolagus.
The tendency, which developed in several lines of Oligo-
cene leporids, for earlier lingual union of the columns per-
sisted in archaeolagines and leporines. Palaeolagus burkei
and P. hypsodus, however, have a somewhat ochotonid-
like tendency for the columns to remain separate. Usually
the columns of M; become joined by a dentine bridge in
the earlier leporids but are joined only by cement in
Hypolagus and Recent leporids.

Some evolutionary tendencies can be traced in unworn
lower cheek-teeth, which are known in Oligocene leporids
(Woop, 1940), in the Miocene leporids Palaeolagus philoi
and Archaeolagus acaricolus, and in the early Pliocene
leporid Hypolagus apachensis (Woop, 1937, p. 34-35).
The following changes occur on Pj: the buccal lobe, or
protoconid, of the trigonid becomes proportionately larger,
resulting in lingual migration of the groove between pro-
toconid and the lingual cusp, or metaconid, until that
groove, which faced anteriorly primitively, is essentially
lingual in position in H. apachensis; the protoconid is un-
divided in Megalagus and Palaeolagus but has a shallow
anteroexternal groove in A. acaricolus and a deeper groove
in H. apachensis, persisting in both cases to form the
anteroexternal groove on the trigonid of the adult; the
lingual groove between trigonid and talonid seems to
become less persistent; the posterolophid, present in
Palacolagus, is essentially absent in A. acaricolus and H.
apachensis. The posterolophids on P4-Ms are relatively
less prominent in P. philoi than in P. haydeni and still
more reduced in A. acaricolus and H. apachensis. This
reduction of the posterolophid is evident in Sylvilagus, in
which the posterolophids are ephemeral and occur only
on Py and M;( Dick & Dick, 1941, p. 227-228). The post-
Oligocene fossil leporids represented by unworn cheek-
teeth are on a line in which the posterointernal reéntrant
on Py is suppressed; consequently some of the tendencies
mentioned above, particularly those of Pj, probably do
not characterize leporids in general.

Skull. Relatively complete cranial material of the fol-
lowing leporids is known: from the middle Oligocene,
Palacolagus haydeni, P. burkei, P. intermedius, Megalagus
turgidus, and Litolagus molidens; from the early Mio-
cene, P. hypsodus and Archaeolagus ennisianus; from the
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late Pliocene, Hypolagus limnetus. Cranial components of
other leporids are less completely known, although parts
of the maxilla and palatine are frequently preserved with
upper cheek-teeth.

Several of the long range trends affecting the skull
and lower jaw of leporids seem to be correlated with
changing posture and locomotor habits: the more primi-
tive leporids probably held the head more nearly as a con-
tinuation of the axis of the vertebral column than in
Recent leporids and had a scampering gait or one consist-
ing of short, quick hops as in the pika (Woop, 1940, p.
279, 315); the head is held at a greater angle with the
vertebral column in the later leporids, the posture is more
erect, and the gait has been variably described as quadru-
pedal saltation or the half-bound. The angle between basi-
cranial and palatal axes of the skull has become larger in
later leporids. Therefore the facial region is bent down-
ward relative to the basicranial region, probably in corre-
lation with the more erect posture. The angle mentioned is
smaller in Palaeolagus and Megalagus, resulting in a more
nearly flat skull, than in Archaeolagus ennisianus and
smaller in the latter than in Sylvilagus; the angle seems
to be less in Hypolagus limnetus than in Sylvilagus nut-
talli (Gazin, 1934, p. 114) although greater than in
Romerolagus. Also in the occipital region, changes seem
to be related to the bending of the skull and changing
posture. Changes of this kind that are on the morpho-
logical line leading toward the Recent leporids are as
follows: occiput becoming relatively higher dorsoven-
trally and facing more posteroventrally, less directly pos-
teriorly than in Palaeolagus haydeni, P. hypsodus, and
Megalagus turgidus; parietal and squamosal, which ex-
tend nearly to the posterior end of the skull roof in the
Oligocene leporids, terminating anterior to the posterior
end of the skull, and supraoccipital and mastoid having
greater dorsal exposure in later leporids; mastoid becom-
ing more restricted ventrally on occiput, the first sugges-
tion of which is seen in Archacolagus ennisianus; foramen
magnum becoming relatively longer dorsoventrally, and
occipital condyles becoming more nearly vertical, again
suggested in A. ennisianus. A prominent external oc-
cipital protuberance, lacking in Oligocene species, is de-
veloped on the supraoccipital in later leporids, suggesting
strengthening of the neck muscles to hold the head up
and steady. The surface of the supraoccipital and mastoid,
which is rugose or has small pits in Oligocene leporids,
becomes more fenestrated in later species.

Some other trends affecting the leporid skull are less
directly related to the changing posture and locomotion
than those mentioned above. The orbit is smaller, suggest-
ing more diurnal habits, in Oligocene than in Recent
leporids (Woop, 1940, p. 279). The supraorbital process,
where known in Oligocene and early Miocene leporids,
is small, having a short posterior process; in general, the
process becomes larger in later leporids and in some of

them has an anterior projection. The maxillary tuberosity
is low in Oligocene leporids but becomes higher and ex-
tends prominently into the orbit in those early Miocene
and later leporids having more hypsodont cheek-teeth.
Perhaps part of the increased height of the orbit in later
leporids is due to upgrowth of the maxillary tuberosity
(Woop, 1940, p. 283). Fenestration of the lateral maxil-
lary surface is more pronounced in Recent than in Oligo-
cene leporids. The parietal sends a process between frontal
and squamosal into the orbit in P. haydeni; the process
is still present but smaller in Archaeolagus. The parietal
lacks the process, and the frontal and squamosal contact
one another superficially in Recent leporids. The anterior
root of the zygoma extends gradually outward approxi-
mately in line with P# and is close to the alveolar border
in Mytonolagus; the root is more nearly in line with P3
and farther from the alveolar border in Palacolagus and
Megalagus. The tendencies toward anterior movement
and elevation of the root continue in Archaeolagus, and,
in addition, the zygoma juts outward more abruptly: the
anterior zygomatic root in A. ennisianus extends outward
opposite P2 and essentially lacks an anterior concavity; in
A. acaricolus the concave anterior surface of the root is
approximately in a line between P? and P3. The latter
condition in Archaeolagus seems closer to that in Hypo-
lagus than the former. The anterior root in Hypolagus
and later leporids usually extends out opposite P2 or P3
and is concave anteriorly but is variable in exact position
and amount of concavity. The anteroventral edge of the
zygoma tends to become slightly thicker in later leporids
than in those of the Oligocene, but perhaps more im-
portant is the more anterior and lateral protrusion of the
edge. The combination of dorsal and anterior movement
of the root and lateral protrusion of the ventral edge
probably indicates some strengthening of the attachments
and a more advantageous angle of action of parts of the
masseter muscle in the later leporids. The nasals extend
relatively farther anteriorly, and the muzzle is propor-
tionately shorter and wider in Oligocene than in Recent
leporids. The main changes leading toward moderniza-
tion of the palate can be described serially as follows: in
most Oligocene leporids the palatine forms a longer
part of the palatal bridge than the maxilla, the maxillo-
palatine suture is arched anteriorly, and more than one
palatine foramen occurs on each side of the palatine pos-
terior to the suture; in the Oligocene genus Litolagus
and in early Miocene species of Palaeolagus and Archaeo-
lagus the palatine forms a shorter part of the bony
palatal bridge than the maxilla, and the maxillopalatine
suture crosses the palate transversely in a straighter line.
Pliocene species of Hypolagus have essentially modernized
palates in which the palatal bridge and palatine com-
ponent are short, the maxillopalatine suture is nearly
straight, as in most Recent leporids, and the single pala-
tine foramen on each side of the palate is situated at the

EXPLANATION OF PLATE 1

Megalagus turgidus
Specimen (C.I.T. No. 1563) showing right side of skull and lower jaw, X1 (Fig. 1), and partial postcranial skeleton in matrix, X1

(Fig. 2).
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maxillopalatine suture. The decrease in relative length of
the palatine occurs through anterior shortening of the
bone and forward movement of the internal nares; the
palatine foramina, multiple in the earlier leporids but
later reduced to one on each side, seem to have main-
tained essentially the same position but are situated closer
to the maxillopalatine suture in later leporids due to pos-
terior movement of that suture. The anterior ends of the
incisive foramina are situated between the posterior in-
cisors in Palacolagus and Megalagus but do not reach the
posterior incisors in Hypolagus and Recent leporids.

Lower jaw. The shape of the horizontal ramus of the
lower jaw has been fairly constant with a few exceptions:
in Mytonolagus the premolar region of the jaw is rela-
tively lighter ventrally and narrower transversely than in
Palaeolagus (Burke, 1934, p. 409-410); the ramus tends
to be deeper below the cheek-teeth relative to depth below
the diastema in some species of Hypolagus, in Sylvilagus
and in Lepus than in Palacolagus and Megalagus. Pos-
sibly both of these changes in proportions are related to
increased hypsodonty of the cheek-teeth in later leporids.
Two mental foramina, one each below the diastema and
below P4 or M, usually occur on the lateral surface of the
horizontal ramus in the Oligocene leporids. The anterior
foramen persists in all later leporids. A single posterior
foramen may occur in early Miocene species but usually
numerous foramina are present below Pz and P4. The
latter condition seems to persist in later leporids, in which
numerous nutritive foramina, of which one may be most
prominent, occur below P3 and P4. A small postalveolar
foramen is present in Megalagus brachyodon and Palaeo-
lagus temnodon, both early Oligocene species; in later
species of Megalagus and Palacolagus and in A. ennisi-
anus the foramen is represented by tiny perforations or
may be absent. A small foramen is present in Archaeo-
lagus acaricolus, and the foramen is present in all later
leporids in which the region is known. This foramen in
Recent leporids conducts an anastomotic branch that con-
nects the deep facial vein with the inferior alveolar vein
and “provides an outlet through the latter vein for the
blood from the former when its passage is obstructed by
the pressure of the contracting masseter and internal ptery-
goid muscles” (BensLEy, 1945, p. 279). The presence of a
distinct foramen in some early Oligocene leporids, reduc-
tion of the foramen in later Oligocene and some Miocene
leporids, and enlargement of the foramen in other Mio-
cene and later leporids is a puzzling feature, the meaning
of which is not clear.

In ventral view, the size of the angle between the hori-
zontal rami in Oligocene species of Palaeolagus and Mega-
lagus is near that in Ochotona. The angle becomes slightly
larger in P. philoi and Archaeolagus and still more so in
Hypolagus fontinalis. The size of the angle between the
rami in H. vetus seems to be near that in Romerolagus.

Accompanying these changes, the symphyseal region of
the jaw shows the following trend: the contact of the
rami at the symphysis in Oligocene species of Palacolagus
and Megalagus resembles that in Ochotona except that a
short ventral contact has been added posterior to the main
part of the symphysis; this posterior contact is slightly
better developed in P. philoi and Archaeolagus ennisianus;
in the early Pliocene leporids Hypolagus apachensis and
H. fontinalis, the ventral contact extends farther poster-
iorly, and its posterior end forms a distinct facet; the
facet is more prominent in H. near limnetus of WiLson
(1937a, p. 17) and is essentially on a modern level in H.
vetus. The ascending ramus in Oligocene leporids rises
more steeply, forming a smaller angle with the horizontal
ramus, than in Recent leporids. The differences between
Oligocene and Recent leporids in angulation of the rami
and in symphyseal contact are similar to differences be-
tween Recent ochotonids and leporids that have been
shown to be correlated with increased angulation between
basicranial and palatal axes of the skull that accompanies
the development of more erect posture in the latter (Du-
BruL & SicHERr, 1954, p. 65-72). Possibly the strengthening
of the symphysis in later leporids is due in part to better
development and stronger pull in a medial direction of
the external pterygoid muscles than in earlier leporids.
Several suggestions have been advanced to account for
the shortening and dorsad movement of the lower in-
cisor, the extent of which is usually marked by a swelling
on the lingual surface of the jaw, in later leporids. Woop
(1940, p. 298) suggested that “the growth of the prisms
of the lower cheek-teeth interfered with the functioning
of the enamel organ of the lower incisor” and that forward
migration of the incisor resulted. BonLin (1942a, p. 63-69)
attributed the shortening of the incisor in large part to
stress caused by depression of the face, especially depres-
sion of the incisors relative to the cheek-teeth. Neither
explanation alone seems completely to account for the
shortening of the incisor, although the factors discussed
by Woop and BonLiN have probably been of some influ-
ence. That the former explanation is not entirely adequate
is suggested by the situation in Megalagus, in which the
incisor is shorter but the cheek-teeth less hypsodont than
in Palaeolagus; the situation in Megalagus also suggests
that the latter explanation does not completely account
for the shortening, because the incisor is shorter but the
face and the incisors are not more depressed than in
Palaeolagus. The incisor in Archaeolagus ennisianus is
shorter and lower than would be expected on the basis of
BouLin’s explanation. Relative lengthening of the dias-
tema, thus “pulling” the incisor anteriorly, in the later
leporids has been mentioned as another factor possibly
involved in the more anterior termination of the incisor
relative to the cheek-teeth (Bonvrin, 1942a, p. 69-70). Pos-
sibly a few factors related to the trends in jaw develop-

EXPLANATION OF PLATE 2
Palaeolagus hypsodus and Litolagus molidens

FIGURE

1. Palacolagus hypsodus (M.C.Z. No. 3720), X1; Ia, left side of
skull and lower jaw; 14, occipital view of skull; I¢, dorsal view
of skull; 1d, ventral view of skull.

2,3. Litolagus molidens, X1 2. Right side of skull and lower

jaw (F.H. No. 10283). 3. Type specimen (C.LT. No.
1568), parts of skull and postcranial skeleton in matrix, the
skull (lacking most of the roof) seen in dorsal view in the
upper left part of the figure.
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ment discussed above should be considered. A long in-
cisor would tend to be curved outward in leporids that
develop greater angulation between the rami; however,
the leporid incisor seems to have been straight primitively,
and the tendency to remain straight was seemingly
stronger than the tendency to remain long. Thus, perhaps
in response to stress that could lead toward outward bend-
ing or toward shortening, the incisor has followed the
latter path. The increased length of the ventral contact
between the rami in the later leporids may have been a
factor leading to dorsal movement of the incisor; a more
ventrally placed incisor would tend to interfere with the
contact between the rami. Probably a combination of
factors, including those mentioned above and possibly
others, are necessary to account for the shortening of the
incisor in the evolution of the leporids.

Ventrally the masseteric fossa in Palacolagus curves
more gradually and lacks the shelflike rim of the Recent
leporids, suggesting weaker insertion for the masseter
muscles in the former. The masseteric fossa in Hypolagus
vetus and H. limnetus seems to be essentially like that in
Recent leporids. The temporalis muscle may have been
better developed in more primitive leporids as suggested
by a larger coronoid process on the ascending ramus in
Palaeolagus (Woop, 1940, p. 288) and Archaeolagus
(Dick, 1928, p. 237) than in Recent leporids.

In summary of the evolutionary trends known to af-
fect dentition, skull, and lower jaw, the basic structure
and pattern of the cheek-teeth that is characteristic of later
leporids is essentially established by the early Miocene.
Since that time the main changes have been increased
complication of P? and Pj, deepening and folding of the
hypostriae on P3-M2, and changing proportions such that
the teeth become relatively wider transversely. Trends in
skull and lower jaw correlated with an increasingly erect
posture, including greater bending of the skull and out-
ward angulation of the rami, seem to have proceeded
gradually along with changes in posture and locomotion.
The zygomatic and palatal structures in early or middle
Miocene species of Archaeolagus seem to be fundament-
ally like those in later leporids, and most additional
changes have been refinements such as further shortening
of the palatine on the palate and increase in the anterior
concavity and lateral protrusion of the anterior zygomatic
root. Changing development of the muscles of mastica-
tion seems to lead toward decrease in the temporalis
muscle and some increase in the masseter and pterygoid
muscles.

Postcranial skeleton. The skeletons of Oligocene lepo-
rids, especially Palacolagus haydeni, Litolagus, and Mega-
lagus turgidus, are relatively completely known. These
leporids differ from one another in some details of post-
cranial morphology, which indicate corresponding func-
tional differences, but from them and from P. hypsodus
of the early Miocene an over-all impression of the Oligo-
cene to early Miocene level of evolutionary development
in the leporids may be obtained. Postcranial remains of
middle Miocene to early Pliocene leporids are known but
not completely enough to give an adequate picture of the
changing level of postcranial development. Not until the
middle Pliocene with Hypolagus vetus does the known
record of postcranial remains become adequate again,

and an essentially modern condition in many features has
already been attained in this leporid. Finally, among the
Recent leporids several levels of postcranial development
are present: of the Recent leporids considered here the
series Romerolagus—Sylvilagus—Lepus shows progres-
sive specialization for a cursorial mode of life. At any one
time there seem to have been leporids in varying stages of
cursorial development, such as these Recent leporids or
Palaeolagus haydeni and Megalagus turgidus in the Oli-
gocene.

Specimens of vertebrae are limited, but comparisons
can be made between Oligocene and Recent leporids in
the characters of lumbar and sacral vertebrae. On the
lumbar vertebrae Palaeolagus haydeni and Litolagus have
transverse processes that are proportionately shorter trans-
versely and broader anteroposteriorly than in Sylvilagus
and Lepus. The transverse processes in those Oligocene
leporids resemble those in Romerolagus. The lumber re-
gion in Lepus is long, possibly correlated with the well-
developed lumbar musculature (HoweLr, 1944, p. 124).
The tendency in later leporids toward lengthening of the
lumbar transverse processes may also be correlated with
strengthening of the lumbar musculature, such as the
sacrospinalis muscle, for straightening the back.

The sacral vertebrae in the Oligocene leporids differ
from those in the Pliocene and Recent leporids in the
following features: the transverse processes of the first
two sacral vertebrae are less expanded transversely and
extend slightly farther posteriorly; the auricular surface of
the sacrum is more nearly vertical and the arms of that
surface are at a more acute angle with one another. In the
later leporids the contact between ilium and sacrum seems
to have become more firm as indicated by: greater out-
ward expansion of the transverse processes, especially
anteriorly; more oblique position of the auricular surface,
which has its ventral portion extending farther laterally;
greater angulation between the arms of that surface. The
sacral vertebrae seem to have become adapted to with-
stand the stronger thrusts that would accompany a bound-
ing type of locomotion. Posterior elongation of the trans-
verse processes in the Oligocene leporids seems to be a
primitive lagomorph feature and is more pronounced in
ochotonids than in leporids. Probably the tail was short
even in Oligocene leporids, but the slight tapering of the
posterior sacral vertebrae in P. haydeni suggests that the
tail was larger and stronger than in Recent leporids
(Woop, 1940, p. 305-306).

Modification in the pectoral girdle and forelimb can
be traced in the series from Palacolagus to Lepus. From
the Oligocene leporids to Hypolagus vetus of the middle
Pliocene and the Recent leporids the following trends in
the scapular blade and spine are distinguishable: the neck
and main portion of the blade become longer and nar-
rower, and the vertebral border tends to be elongated
posteriorly; beginning in an Oligocene stage in which
the supraspinous and infraspinous fossae are subequal,
the supraspinous fossa becomes reduced; the distance
from the glenoid cavity to the origin of the scapular spine
is increased, a change possibly correlated with elongation
of the scapular neck; the acromion process becomes
smaller. Muscles originating on an elongate, narrow
scapula, which is characteristic of many cursorial mam-
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mals, are able “to produce a larger angular movement of
the humerus at high speed” (Smita & Savack, 1956, p.
609). Thus, the action resulting from muscles originating
on the relatively short, wide scapula of the Oligocene
leporids and inserting on the humerus would be expected
to have been powerful but slow, whereas the action re-
sulting from elongated muscles on the longer scapula of
the later leporids would be expected to be relatively quick
and would take place through a larger arc. The infraspi-
nous fossa is larger than the supraspinous in many cur-
sorial mammals (Howervr, 1944, p. 143; SMiTH & SAVAGE,
1956, p. 607), and perhaps this character in the later lep-
orids represents a cursorial specialization. As suggested by
Woop (1940, p. 306), perhaps the larger supraspinous
fossa in P. haydeni than in the Recent leporids indicates a
more muscular forearm in P. haydeni. The smaller acro-
mion in the later leporids would seem to indicate weaker
action of the acromiodeltoid muscle. If the bone identified
as a clavicle in P. haydeni is a clavicle, that element is
more reduced in later leporids. Reduction of the acromion
and of the clavicle have been interpreted as cursorial modi-
fications (HowkLL, 1944, p. 142).

The modifications in the glenoid cavity and head of
the humerus are such that increasing restriction of move-
ment to a sagittal plane is suggested. Starting at the Oli-
gocene level of development with a glenoid cavity that is
not expanded transversely, there is a trend toward in-
creased expansion and greater transverse concavity of the
posterior part of the cavity. Correlated with these changes
the head of the humerus shows proportionate anteropos-
terior shortening, medial extension with flattening of the
articular surface, and increase in length of bicipital groove.
Restriction to fore-and-aft movements of the forelimb
seems to be a function of the character of the ligaments
and joints more than of the muscles (HoweLL, 1944, p.
94). In the leporids much of this restriction seems to have
occurred at the shoulder, where the features mentioned of
glenoid cavity and humeral head restrict lateral move-
ment, especially when the humerus is protracted. The
head of the humerus overlaps the shaft posteriorly to a
greater extent in the later leporids, which suggests an in-
creased angle of anteroposterior movement for the hu-
merus. The greater tuberosity becomes higher relative to
the humeral head, its long axis becomes more nearly
anteroposterior, and the areas of insertion of the in-
fraspinatus and teres minor muscles become more distinct.
Perhaps the change in orientation of the greater tuberos-
ity is related to attachment of the supraspinatus muscle:
orientation of that tuberosity in the Oligocene leporids
would seem to have facilitated abduction by that muscle;
in the later leporids action would seem to be primarily
anteroposterior. The lesser tuberosity moves anteriorly
relative to its primitive position and its long axis becomes
more nearly transverse, possibly in connection with an
increasingly anterior insertion for the subscapularis
muscle, which seems to act primarily as a protractor of
the limb in the later leporids, whereas primitively that
muscle may have functioned more as an adductor. The
supraspinatus and subscapularis muscles tend to reduce
their rotatory action in cursorial mammals in general
(HoweLL, 1944, p. 87, 95). An additional trend in the

proximal end of the humerus is toward a shortening of

the deltoid crest distally and resultant concentration proxi-
mally, modifications seemingly related to distal lightening
of the segment and to more rapid movement of the
humerus.

The distal end of the humerus tends to be wider
transversely relative to the length of that bone in the Oli-
gocene leporids than in H. vetus of the middle Pliocene
and the Recent leporids. The medial condyle is propor-
tionately larger in the Oligocene leporids, and the supi-
nator crest is more prominent; the flexors and extensors
of the manus, which originate on the distal end of the
humerus, may have been stronger in the more primitive
leporids, and the position of muscles originating on the
well-developed supinator crest probably facilitated supina-
tion. Keels, which are more distinct posteriorly than an-
teriorly, are present on the distal end of the humerus in
the Oligocene leporids but are lower and produce a less
pulleylike appearance than in H. vetus and the Recent
leporids. Thus, the main trends in the distal end of the
humerus seem to be toward transverse narrowing and de-
velopment of more prominent keels. An entepicondylar
foramen, a primitive feature, occurs in Mytonolagus,
Palaeolagus, and Litolagus but is not definitely known
in Megalagus and is absent in later leporids in which the
humerus is known. The supratrochlear fossa is perforate
in the known Oligocene leporids and in H. vetus, Sylvi-
lagus, and Lepus but is imperforate in certain post-Oligo-
cene leporids such as H. apachensis and Brachylagus. In
the Oligocene leporids the articulation of the radius and
ulna with the humerus was probably somewhat looser
than in most later leporids: the semilunar notch was
moderately shallow and the head of the radius only
slightly grooved. In the later leporids there have been
tendencies toward deepening of the notch in the ulna and
of the grooves in the radius, proportionate transverse nar-
rowing of the radial head, and development of a more
distinct facet on the radius for articulation with the capitu-
lum of the humerus. The structure of the elbow-joint
would seem to indicate that, even in the Oligocene, pro-
nation and supination were somewhat restricted; by Plio-
cene times these actions were probably almost absent;
among the known leporids the culmination in restriction
of lateral movement and specialization for anteroposterior
movement at the elbow-joint seems to be present in Lepus,
in which it is difficult to remove the humerus from the
deep notch formed by the radius and ulna without break-
ing the bone or disarticulating the radius and ulna
(Woob, 1940, p. 307). Thus in the elbow-joint as well as
in the shoulder the later leporids show specialization for
restricted sagittal movement and more efficient antero-
posterior action.

Additional trends in the forelimb are toward increas-
ingly close contact of the radius and ulna and reduction
of the more distal portion of the ulnar shaft. Primitively
the radius and ulna were probably more freely movable
relative to one another than in the Recent leporids. Con-
tact between these bones has become closer, and in Lepus
the contact has been described as fused, although the
bones do maintain their distinctness (Lyon, 1904, p. 376).
Reduction of the ulnar shaft accompanied changes in the
distal articular surfaces of that bone: in the Oligocene
species the anteromedial facet on the distal end is well
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developed and the globular styloid process forms less than
half the ulnar articular surface for the carpus; the trend
has been toward the condition seen in Lepus in which
the styloid process forms almost the entire articular sur-
face. Reduction of the ulnar shaft seems to have lagged
somewhat behind changes in the distal articular surface;
in H. vetus the articular surface is in essentially the same
level of development as in Sylvilagus, but the shaft is less
reduced in the former. Decreased mobility of the radius
and ulna relative to one another and reduction of the
ulnar shaft are both cursorial modifications. The distal
articular facet of the radius has become proportionately
wider transversely in the later leporids. The ratios of
length of ulna to length of humerus in some leporids are
as follows: Lepus, 1.28; Sylvilagus, 1.12; Romerolagus,
1.04; Megalagus turgidus, 1.08; Palacolagus haydeni, 1.07.
Changes in proportions from Oligocene to Recent leporids
do not seem to be great, except for pronounced distal
elongation in Lepus.

Among the Oligocene species the carpus is known
only in Litolagus. Intermediates are unknown between
this level of development and those in Romerolagus and
Hypolagus—Sylvilagus. In the more primitive carpus
in Litolagus, anteroposterior hinge action seems to have
been restricted and there was a greater propensity for
sideward movements of the manus. Increasing emphasis
has been placed on the more medial parts of the carpus
and manus in the later leporids, seemingly in correlation
with the reduction of the ulnar shaft.

In the pelvic girdle of the Oligocene leporids the ilium
is divided into two fossae by a prominent rounded crest;
the origin of the gluteal muscles on the ilium was prob-
ably largely limited to the superior fossa. In the later
leporids the ilium has a less distinct crest and is flared
anteriorly, thus providing a larger surface for attachment
of the muscles of the gluteal group. The gluteal muscles
are retractors of the thigh and are important in providing
speed at the end of a stroke (SmitH & Savacg, 1956, p.
613). The ilium has tended to become shorter, relative to
the total length of the innominate bone in the later lepo-
rids; thus, the tensor fasciae latae and rectus femoris an-
terior pull at a sharper angle and the speed of protraction
of the femur is increased (Camp & Borert, 1937, p. 318;
Woop, 1940, p. 310). On the medial side of the ilium
there is a larger angle between the arms of the auricular
surface in the later leporids; this change and the modifica-
tions of the sacral vertebrae discussed above result in a
stronger contact between the vertebral column and girdle.
On the ilium in the Oligocene leporids the raised process
that was termed the tubercle of the ilium by Woop (1940,
p- 309) has a small tip for muscle attachment, and a low
facet or distinct knob is present posterior to the tubercle.
In Pliocene and later leporids the iliac tubercle (inferior
anterior spine of BENsLEY) is less raised, and the more
posterior facet or knob is absent. The exact function
of the posterior facet or knob is not known: it may
represent the place of origin of a muscle, present in
Sylvilagus and originating below the iliac tubercle, seem-
ingly similar to that described in the opossum by
Couss (1872, p. 125) as the iliofemoralis; however, per-
haps a second head of the rectus femoris, having origin
on this facet, was present in the Oligocene leporids. The
occurrence of a tubercle plus the above-mentioned low

posterior facet in P. haydeni and P. hypsodus, the presence
of a tubercle plus a more distinct posterior knob in Mega-
lagus and Litolagus, and of a tubercle plus a ridge in
Ochotona, raises a question as to what the primitive lago-
morph condition was with regard to the facet or ridge. If
the elongate ridge in Ochotona and low posterior facet
in Palaeolagus are closer to the primitive condition, the
leporids seem to have developed in two directions—on the
one hand toward decrease in the posterior ridge or facet,
as in the more advanced leporids, and on the other toward
a more distinct posterior knob as in Megalagus and Lito-
lagus. However, if the structure in Megalagus and Lito-
lagus is primitive, P. haydeni and P. hypsodus, in which
the facet is lower and closer to the tubercle, seem to be
leading toward the condition in the later leporids; the
structure in Ochotona could be attained by elongation
and decrease in height of the facet. The present record
allows only speculation about the primitive lagomorph
condition, which will probably become known only when
the innominate bones of older lagomorphs are found.
The ischial spine, marking the anterior limit of the
surface over which the tendon of the obturator internus
muscle passes to its insertion in the trochanteric fossa, is
relatively farther forward in the Oligocene and early
Miocene leporids and in the Recent Romerolagus than in
the Recent genera Sylvilagus and Lepus. In the more
primitive leporids the obturator internus probably acted
largely as a rotator of the thigh, due to the angle at which
the tendon would have pulled on the femur, whereas the
angle of pull in Sylvilagus and Lepus would result in
more anteroposterior action. In the Oligocene leporids
the ischial tuberosity is weak, and the ischium is little, if
at all, expanded posterior to the obturator fenestra. In
Palaeolagus hypsodus of the early Miocene there is greater
flare in the region. In Hypolagus, Sylvilagus, and Lepus
the ischial tuberosity is stronger and higher, and the
ischium is expanded posterior to the obturator fenestra.
These changes seem to indicate increased development of
the hamstring muscles that originate on the ischium and
better leverage for these muscles. The hamstring muscles
are retractors of the thigh and are important in slow,
powerful movement at the beginning of a stroke (Smrrn
& Savagg, 1956, p. 613).

The main changes in the femur affect the proximal
end, which is characterized in the Oligocene leporids by
a relatively low greater trochanter that has an essentially
anteroposterior long axis, a well-developed lesser trochan-
ter, and a third trochanter that is distad of the lesser tro-
chanter. In the later leporids the proximal end of the
femur is relatively wider and more flattened and provides
a larger area for muscle attachment; the greater trochan-
ter is higher, suggesting greater leverage for the gluteal
group of muscles inserted there. The more oblique axis of
the greater trochanter in the later leporids leads to a more
complete enclosure of the trochanteric fossa; possibly the
tendons of the muscles inserted in the fossa have become
stronger (Woop, 1940, p. 311). In the later leporids the
third trochanter has moved proximad of its primitive
position, a shift that would promote more rapid action of
the gluteus maximus and quadratus femoris muscles in-
serted there (Woob, 1940, p. 311). The distal end of the
femur seems to have changed less than the proximal end.
However, facets on its posterior surface indicate that the
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origin of the gastrocnemius muscle was weaker in the
Oligocene leporids than in the later cursorial leporids,
Hypolagus vetus, Sylvilagus, and Lepus, although not
much different from that in the Recent Romerolagus.

The tibia and fibula are fused in all known leporids
(BuUrkE, 1934, p. 414; Woop, 1940, p. 312). The curvature
of the tibiofibula that seems to characterize Oligocene
leporids is evident in Romerolagus but is less pronounced
in Sylvilagus and Lepus. The proximal end of the tibio-
fibula is proportionately shorter anteroposteriorly in the
Oligocene than in later leporids; anteroposterior elonga-
tion of the proximal condyles in the later leporids sug-
gests specialization at the knee for a longer stride and
more efficient hinge action in a sagittal plane. The tibial
tuberosity has become more prominent in the later lepo-
rids, possibly indicating progressive increase in develop-
ment of the lever on which the extensors of the shank
insert.

In the tarsal bones the progressive trend toward a
firmer interlocking of the bones leads to a decrease in
sideward movement and an emphasis on fore-and-aft
movement of the foot. In Palacolagus haydeni, P. hypso-
dus, and Megalagus turgidus, the astragalus and calcan-
eum reach approximately the same distance distally, and
a naviculocalcaneal contact is lacking. Improved inter-
locking of the tarsals occurs in Hypolagus, in which the
calcaneum extends distad of the astragalus and a well-de-
veloped naviculocalcaneal contact is present. This condi-
tion is retained in the Recent leporids. The neck of the
astragalus has become straighter in the later leporids,
probably in connection with lessened lateral and improved
fore-and-aft movement. Another tendency in the tarsus is
elongation of the individual tarsal elements in later genera,
resulting in some elongation of the foot. In the calcaneum,
elongation of the tuber calcis and deepening of its groove
in the later leporids suggest that the leverage of the gas-
trocnemius is more advantageous.

In summary, the main trends in evolution of the lepo-
rid postcranial skeleton seem to have been toward cur-
sorial specialization. Beginning stages in some cursorial
trends can be detected in the Oligocene, as exemplified by
some differences between Palacolagus haydeni and Mega-
algus turgidus. In the pectoral girdle and forelimb,
leporids have changed from a more generalized condition,
in which a greater latitude of movement was possible and
the forelimb was more muscular and probably usually
acted more powerfully and slowly, toward a special-
ized, cursorial, condition in which movement in a fore-
and-aft plane is prominent and muscle attachments are
developed that favor quick action. The hind limb of Oli-
gocene leporids was probably moderately strong. In the
later leporids modifications of the pelvic girdle and hind
limb suggest that the articulation of the pelvic girdle with
the sacrum has become strengthened to withstand thrusts
from the hind limbs, that certain muscles have become
stronger as an adaptation for the typical half-bound or
leaping gallop of the leporids, and that others have become
modified to promote rapid action. In the Oligocene lep-
orids the hind limb was probably not especially flexible,
and sideward movements at the tarsus were probably
limited, but in later leporids the articulations at the knee
and tarsus suggest still more restriction to, and adapta-
tion for, efficient anteroposterior movement.

In general, the leporids seem to have been conserva-
tive throughout most of their history and have followed
for the most part the trends discussed above. Nevertheless,
there has been some diversification from the main line of
development. Palaeolagus burkei and P. hypsodus, for
example, have some ochotonidlike features in the cheek-
teeth, including retention of a crescent on P3, relatively
long hypostriae, and the lack of a lingual union of the
trigonid and talonid on P4-Mp. The flat skull in P. Aypso-
dus is ochotonidlike, but the greatly enlarged bullae in
that species are not matched in other known lagomorphs.
In a few characters some later leporids seemingly parallel
the ochotonids: Notolagus velox of the middle Pliocene
has an isolated anterior column on Py in some stages of
wear, thus resembling the corresponding tooth in some
Tertiary ochotonids: in pattern of enamel on the cheek-
teeth and possibly in method of mastication the Recent
genera Pronolagus and Romerolagus resemble ochotonids
(BonLiN, 1942b, p. 139-140). These leporids parallel
ochotonids only in the features mentioned and otherwise
are leporidlike; the fact that leporids showing diversity
come to resemble ochotonids seems to emphasize a basic
similarity in some structural characters between the two
living families of lagomorphs. As an interesting comple-
ment to ochotonidlike features in some leporids, Kenyala-
gomys, an early Miocene African ochotonid, is somewhat
leporidlike in the structure of the skull (MacInnNEs, 1953,
p- 20).

Two main size categories of leporids seem to be
present throughout most of the history of the family as
in Recent faunas. One of the differences between the liv-
ing large and small leporids is in the rate of development
of the young: in North America the hare Lepus, the
larger leporid, has precocial young, and the rabbit Sylvi-
lagus, the smaller, altricial young. An interesting problem,
not investigated in this study, is whether a similar differ-
ence in rate of development characterized the larger and
smaller Tertiary leporids. Possibly series of immature and
adult individuals, such as are known from some Oligo-
cene localities, would produce evidence related to the de-
velopment of precocity in leporids.

Little needs to be added to Woon’s (1940, p. 315-316)
summary of the changing habits and habitat of leporids
through the Tertiary. Oligocene leporids are abundant in
many localities in the White River badlands of the Great
Plains and seem to have been a successful part of the
fauna and well adapted for scampering or hopping among
clumps of trees and bushes, which were probably abun-
dant in Oligocene times in the region; the moderately
hypsodont cheek-teeth were probably able to deal with
some harsh and abrasive food. Accompanying the devel-
opment of the plains, which became more arid and open
in the later Tertiary, leporids became more cursorial in
general, probably in line with the necessity of quickly
covering increasingly greater distances between places of
refuge. Recent leporids occur throughout North America
but are most abundant in the western United States and
on the tableland of Mexico. Leporids seem to be rather
generalized in requirements: the success of the leporids,
seemingly through generalization and adaptation to many
niches, makes an interesting comparison to the success of
the rodents, seemingly through diversification and adapta-
tion to specific niches.
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Ficure 39. Suggested phylogeny of the Leporidae.

Not all genera and species are included, but the main phylogenetic lines are indicated. The record of Hypolagus in the Old World is not
shown. If one of two possible lines of descent is more probable than the other, the more probable is indicated by an arrow.
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PHYLOGENETIC HISTORY

Of the three subfamilies recognized here of the family
Leporidae, the Palaeolaginae, a primitive group, form
the horizontal base of the family, and the two advanced
subfamilies, Archaeolaginae and Leporinae, seem to form
distinct lines of descent during the later Tertiary. All
subfamilies have had representatives in North America,
the Archaeolaginae underwent their main development on
this continent, and the Leporinae are represented in Re-
cent North American faunas. Figure 39 illustrates dia-
grammatically the phylogenetic development of the main
lines of North American and Old World leporids as in-
terpreted here.

In the history of leporids the Miocene is a critical time
during which the advanced subfamilies seem to have de-
veloped. Unfortunately, the fossil record of Miocene
leporids is less well documented than that of the Oligo-
cene or Pliocene. Nevertheless, the available fossil record
is adequate to suggest phylogenetic lines within the fam-
ily, although gaps in the fossil record may have influenced
the classification. Due to the general lack of morphological
diversity among leporids, there seem to be few morpho-
logical characteristics that can be used to indicate phylo-
genetic relationships. The basic leporid pattern of the
cheek-teeth seems to have been established by Miocene
times, and separate lines of leporids probably have de-
veloped parallel dental characters. P2 and Py have been
more variable than the more posterior cheek-teeth: the
changes in P? seem usually to be related to level of evolu-
tionary development, but the structure of P3 seems to
reflect line of descent and has been utilized as the main
basis of classification in several, perhaps most, previous
studies. Many phylogenetic differences in the structure of
P3 seem to result from differential emphasis on one part
or another of the basic structures represented in an un-
worn tooth. P3, however, must be used with some cau-
tion: changes with wear in the pattern of the tooth must
be recognized lest different stages of wear be mistaken
for taxonomic differences; individual variation in shape
of the tooth must be considered. P3 alone may not be
adequate to indicate generic affinities, as in the case of
certain incompletely known middle Miocene leporids
that could represent either Archacolagus or Hypolagus.
The limitations of Py as a phylogenetic character are rec-
ognized here, but the structure of Pj is regarded as a
valid indication of relationships, especially on the level of
the subfamily. Other morphological characters in addi-
tion to P3 have been considered where possible, and the
evidence of geologic and geographic distribution has been
utilized in conjunction with morphology in determining
relationships.

The Palaeolaginae is the primitive, broad basal sub-
family. An external fold is lacking on the trigonid of Py
in most palaeolagines. The “hour-glass-shape”, resulting
from opposed posteroexternal and posterointernal folds,
that was used by Dice (1929, p. 340-341) to characterize
the subfamily is not regarded here as a diagnostic char-
acter of the palaeolagines. In the development of the sub-
family there are trends toward either retention or reduc-
tion and early loss of the posterointernal fold; only the
former trend would result in the “hour-glass-shape”.

Within the subfamily Palaeolaginae, Shamolagus, Gobio-
lagus, Mytonolagus, Desmatolagus, and Megalagus form
a group having a more primitive dental pattern and less
hypsodont cheek-teeth than the more progressive group
composed of Palaeolagus and Litolagus. Despite the diver-
gent tendencies in these less and more progressive lines,
the Palacolaginae seems to include closely related leporids;
Burke’s division of the genera here recognized as palaeo-
lagines into four subfamilies seems to obscure these rela-
tionships. However, the more primitive palaeolagines
might ultimately be differentiated as a subfamily Mytono-
laginae. Part of the hesitation in separating primitive
palaeolagines from Palacolagus and Litolagus, the more
progressive members of the subfamily, results from the
lack of definite knowledge of the Eocene ancestors of the
progressive genera; if these ancestors should prove to be
distinct from the more primitive group, subfamilial sepa-
ration of primitive and progressive palaeolagines may be
warranted. Another factor causing hesitation is uncer-
tainty regarding the relationships of some of the late Eo-
cene genera to ochotonids; the classification of these
genera might be affected, were ochotonid-leporid relation-
ships to become better known.

The development of the subfamily Archaeolaginae
from palaeolagines seems to be documented in the North
American fossil record. The ancestry of the archaeolagines
would be expected to be found among palaeolagines in
which the posterointernal fold on Py was suppressed early;
this suppression occurs in Megalagus, in the Palacolagus
intermedius group, and in Litolagus. The relatively short
crowns and primitive pattern of the cheek-teeth in Mega-
lagus suggest that this genus is not ancestral to the
archaeolagines. Descent of the archaeolagines from the
P. intermedius—P. philoi line or from Litolagus is more
probable. P. intermedius and P. philoi are less advanced
in the structure of the upper cheek-teeth than Litolagus
but more nearly resemble the archaeolagines in the struc-
ture of the zygomatic arch than does Litolagus. Litolagus
has upper cheek-teeth that seem to be more advanced in
development of the internal hypostriae than are those in
the early archaeolagines and has a zygomatic arch that
shows little resemblance to that in Archaeolagus. This evi-
dence suggests that the archaeolagines descended from
the P. intermedius group or a group closely similar.

The external fold on the trigonid of Py that charac-
terizes the Archaeolaginae and the Leporinae occurs also
in the palaeolagine Palacolagus hypsodus, which probably
is not on a line leading toward either of the advanced
subfamilies. The presence of an external fold on the
trigonid of Py in this species indicates that a fold in that
position, seemingly an advantageous structural modifica-
tion, has been attained more than once from a more
primitive condition in which the fold was lacking: the
North American fossil record shows this development
twice—once in P. hypsodus and again in the archaeola-
gines. The fold may have developed again independently
in the leporines.

The subfamily Archaeolaginae was proposed with
some hesitation (Dick, 1929, p. 343), and its taxonomic
validity has been in some question ever since. WiLsoN
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(1949b, p. 136-138) has mentioned that whether or not
the archaeolagines are a distinct subfamily, they do con-
stitute the bulk of North American leporids in Miocene
and Pliocene times and, further, has suggested that in
line with a revision of the definition and content of the
subfamilies of leporids, the Archaeolaginae could be
recognized as a subfamily. The present work is in agree-
ment with this suggestion: morphologically and as a
phylogenetic line the archaeolagines are considered to be
a distinct subfamily that is differentiated from the palaeo-
lagines by characters approximately comparable in magni-
tude to those differentiating the leporines from the palaeo-
lagines. Much of the uncertainty as to the validity of the
subfamily Archaeolaginae resulted from the impossibility
of differentiating archaeolagines and palacolagines on the
basis of the character used by Dice (1929, p. 343) to diag-
nose the archaeolagines, the lack of a posterointernal
fold on P;. However, the combination on P3 of an ex-
ternal fold on the trigonid and the absence of a persistent
posterointernal fold or structure derived from such a fold
distinguishes the archaeolagines as a line separate from
other leporids. The fact that some advanced palaeolagines
show tendencies leading toward the archaeolagines in
certain characteristics does not invalidate the separation
of the two; evolutionary links between ancestor and de-
scendant are to be expected as a result of increasing com-
pleteness of the fossil record. The Archaeolaginae is a
distinct line that emphasizes one trend in palacolagine
development.

Within the Archaeolaginae, Archaeolagus and Hypo-
lagus are separated mainly as levels of evolutionary de-
velopment; Notolagus is more distinct. The status of
Hypolagus apachensis is somewhat difficult to determine:
in this leporid the presence in relatively few individuals of
a posterointernal fold on P3 could be regarded as indica-
tive of palaeolagine or leporine affinities, but the more
usual condition of absence of such a fold suggests that
H. apachensis is an archaeolagine; variation on the lingual
side of P3 from this usual condition seems to be due to
retention in aberrant individuals of part of the pattern
characteristic of unworn teeth.

Archacolagines experienced their major development
in North America but also reached the Old World: Hypo-
lagus is recorded from the middle and late Pliocene of
Asia (TeLuArD DE CHARDIN, 1940, p. 37) and the Villa-
franchian of Europe (Kormos, 1934, p. 74-75). In North
America archaeolagines seem to have been present
through the late Pliocene but to have become extinct in
the early Pleistocene. In the Old World Hypolagus was
abundant in the earlier part of the Villafranchian but
later became less abundant (Kormos, 1934, p. 74-76) and
probably did not survive past the end of the Villafran-
chian. The causes of the extinction of the Archaeolaginae
are not clear. Known morphological evidence does not
satisfactorily indicate why archaeolagines failed. Possibly
archaeolagines were unable to adapt physiologically to
climatic cooling in the late Pliocene and Pleistocene.
However, inability to adapt to climatic cooling does not
explain the failure of the archaeolagines to survive in re-
gions that were relatively unaffected by cooling, and this
explanation of extinction is further weakened by evidence
that archaeolagines reached the Old World in the later

Pliocene, presumably via a cool northerly land connection.
Perhaps the extinction of the Archaeolaginae was due in
part to competition with the second advanced leporid sub-
family, the Leporinae (Kormos, 1934, p. 76).

The Leporinae as here recognized are first known from
the Pontian—in faunas probably approximately equiva-
lent to those of Clarendonian age—in Asia and Europe.
The subfamily, which seems to have radiated out in the
later Pliocene and Pleistocene, first appears in North
America in the Blancan. The oldest known leporine is
Alilepus, a Pontian genus having a persistent postero-
internal fold on Pj. In “Caprolagus” brachypus from the
Villafranchian of Asia, the structure of Pj3 seems to re-
semble that in Alilepus, although in at least one specimen
the posterointernal reéntrant has lost its lingual connec-
tion and forms an isolated lake (BonLin, 1942b, p. 133).
Pratilepus and Alilepus? vagus of the North American
Blancan have on Ps a posterointernal fold in early stages
of wear and an isolated lake in later stages of wear. His-
BARD (1944) has shown that in Lepus a posterointernal
lake comparable to that in Pratilepus occurs as a variant
and suggested that the long posteroexternal fold on Pj3 in
Lepus results from the union of a shorter posteroexternal
fold with a posterointernal lake. The stratigraphic se-
quence suggests that the main course of evolution of the
posterior folds on Pj in leporines occurred as follows:
presence of posteroexternal and posterointernal folds,
both persistent; posteroexternal fold persistent, postero-
internal fold connected to lingual wall in early stages of
wear but isolated as a lake following greater wear; forma-
tion, in the advanced leporines, of a long posterior
fold by union of the shorter posteroexternal fold with the
posterointernal lake. The Recent genera Pentalagus, Pro-
nolagus, and Romerolagus, regarded by Dick as palaeo-
lagines, are considered here to be primitive leporines that
retain a pattern of folds on Pj similar to that in Alilepus.
The remaining Recent leporines have a long posterior
fold on Ps.

The subfamilial status of several late Pliocene and
Pleistocene leporids is somewhat problematical: in Plio-
lagus from the Villafranchian of Europe, P3 resembles
that in Alilepus in early stages of wear but lacks a postero-
internal fold or lake in a more worn stage; to Kormos
(1934, p. 73) the structure of Py in Pliolagus indicated
that palaeolagines and archaeolagines could not be sepa-
rated. In Serengetilagus of the early Pleistocene of Africa
a posterointernal fold on Pj is usually absent but is
present in some individuals (DieTricH, 1942, p. 56-57).
Hypolagus? browni of the early Pleistocene of North
America has a posterointernal isolated lake on Pj, prob-
ably a remnant of the posterointernal fold, at an early
stage of wear but later lacks any trace of the posteroin-
ternal fold. Possibly the leporids mentioned above are
archaeolagines in which there was a tendency toward re-
tention of the posterointernal fold. However, these lepo-
rids all appear rather late in the history of archaeolagines,
at a time when suppression of the posterointernal fold in
archaeolagines seems to have been well established. Re-
versal of this suppression would not be expected in the
later archaeolagines. The evidence is not entirely adequate
for a definite statement, but tentatively it is suggested
that these are not archaeolagines tending toward retention
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of a posterointernal fold but are leporines tending toward
loss of that fold. As mentioned above, several leporines
seem to have been in a stage of isolation of the postero-
internal fold on P during the Blancan; perhaps in the
Blancan and Pleistocene, in the leporids considered here,
isolation of the fold was followed by its eradication. The
time ranges of Pliolagus, Serengetilagus, and Hypolagus?
browni would seem to substantiate this interpretation,
and their wide geographic distribution may have resulted
from a leporine radiation.

The ancestry of the leporines is also problematical. In
the Pontian genus Alilepus the structure of P, in which
a persistent posterointernal fold is present, would seem to
indicate that the ancestry of the leporines must be sought
among the palaeolagines, but between the early Miocene
disappearance of palaeolagines and the Pontian appear-
ance of leporines, no leporids having a persistent postero-
internal fold on Pj are known. No leporids of definite
reference to the family are known from the Miocene of
the Old World. Possibly a line of palaeolagines that had
a persistent posterointernal fold on Pj reached the Old
World and, paralleling the archaeolagines in many pro-
gressive features, gave rise to the leporines. Although not
necessary to account for an Old World distribution, per-
haps in late Oligocene or early Miocene times leporids
having a persistent posterointernal fold on Py were less
well adapted than, and were peripheral in distribution to,
the line of North American leporids lacking that fold;
perhaps the Old World became the refuge for the per-
ipheral line. When the two lines, Leporinae and Archaeo-
laginae, came in contact again in the later Pliocene, the
leporines seem to have been more successful. These sug-
gestions are highly speculative, especially in the absence
of a record of Miocene Old World leporids, but seem to
result in the most probable explanation of leporine de-

velopment. However, phylogenetic development of lepo-
rines may have followed a different course. Leporines
could have descended from near the base of the Archaeo-
laginae and then developed in the Old World, an alterna-
tive differing little from the above. The leporine line may
have descended from late Miocene or early Pliocene
archaeolagines through a modification leading toward re-
versal of the archaeolagine trend of suppression of the
posterointernal fold on Ps. The fossil record of the
leporines would seem to counter this suggestion. Were
leporines descended from archaeolagines, it might be ex-
pected that the earliest leporines would show early isola-
tion and loss of the posterointernal fold on Pg. This is not
the case. The oldest known leporines possess a persistent
posterointernal fold on P, and the isolation of the fold
does not occur until later in the leporine fossil record.

In summary, three subfamilies of Leporidae, a primi-
tive basal group and two advanced lines, are here recog-
nized. The Palaeolaginae, primarily an Oligocene group
of relatively primitive, closely related leporids that form
the horizontal base of the family, occurred in Eurasia and
North America but were seemingly more progressive in
North America. Each of the two advanced groups seems
to emphasize a different trend in development of Py: the
posterointernal fold is suppressed in the Archaeolaginae
and retained in the Leporinae. The Archaeolaginae, de-
scended from palaeolagines, were the main North Ameri-
can leporids in the later Tertiary. The ancestry of
the Leporinae is not definitely known but probably
should be sought among the palacolagines. Leporines are
known to have been established in Asia and Europe by
the Pontian; Blancan leporines are known from North
America. The archaeolagines seem to have failed in
competition with leporines and became extinct; all Recent
leporids are leporines.

Note.—A study of Pliolagus by Nikoraus Kretzor (1941, Die
unterpleistozine Saugetierfauna von Betfia bei Nagyvarad: Foldtani
Koézlony, v. 71, p. 308-335, fig. 1-7) was called to my attention
while this paper by me was in press. KreTzor restudied Kormos’
original specimens of Pliolagus and concluded that the pattern of
Ps in Pliolagus is that of an archaeolagine: on Ps a posterointernal
fold is lacking at the occlusal surface as well as at the base of the
tooth. KreTzo1 considered Kormos’ description of a posterointernal
fold on Ps in Pliolagus to be based on an error of observation (op.
cit,, p. 322-323). Thus, Pliolagus seems to be neither an inter-
mediate between palacolagines and leporines nor a leporine but a
typical archaeolagine that made its appearance in Europe in the
Villafranchian along with the archaeolagine Hypolagus. The added
evidence removes Pliolagus from a position with the questionable
leporines mentioned above. Whether Pliolagus is generically distin-
guishable from Hypolagus must be determined by additional study

of European specimens.
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