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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; 276, 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.C.MP. 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 P4-M; cement is present
between the trigonid and talonid. The development of
enamel resembles that in most leporids: on Py enamel is
thick buccally, thinner anteriorly and anterolingually, and

27¢-e. occlusal views of Py showing variation (27¢, left, 27d e, right),
*4.5.

reduced or absent posteriorly and posterolingually; on
P4-M; 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-Mjy 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 Ms 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-



LaTER TERTIARY LEPORIDAE OF NoORTH AMERICA 33

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 P2,
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
P3 and PY. 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 Py, 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 (Bonun, 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 Syloilagus 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. verus 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
clongation is proportionately nearly the same and the
transverse concavity is nearly the same or slightly greater
than in Sylvdlagus. 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 clongated medially, is more
rounded and less flattened, and the bicipital groove con-
tinues less far posteriorly than in . 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. turgidus 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.LT. Locality 63).

28. Lateral view of left innominate bone (composite), X2.
29. Apex of scapula, X2; 29a, articular surface; 296, lateral
view. 30. Right humerus, X2; 30a, articular surface of
proximal end; 305, lateral view of proximal end; 30¢, anterior view
of distal end. 31. Distal end of left ubiofibula, articular view,

X 2.
view of left calcaneum, X2.
dial view; 344, proximal view.
lateral view; 355, proximal view.

32. Dorsal view of left astragalus, X2. 33. Dorsal
34, Left cuboid, X2; 34a, me-
35. Left navicular, X2; 35a,
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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 Palacolagus the medial con-
dyle is proportionately larger than in H. vetus and the
Recent leporids. The fexors 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. verus. A short distance above its distal end the
ulnar shaft seems to be proportionately a little thicker
anteroposteriorly than in Syleilagus 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 is 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 s show that the shaft
resembles those in the Recent ﬁ:a;orids 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 cunciform 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 scem 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 fossac. 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. verus 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 Sylv:-
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 distinet 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 IT 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 1T 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. verus are somewhat
more primitive in being longer anteroposteriorly relative
to transversely; in addition, P? and Py 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. verus 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.

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

Topotype sample, C.L.T. locality 63

anterior root of zygyoma, dorsoventral depth .. ... 6.2
length. palite ol 6.0
length palatine on palate ... 1.7
length maxilla on palate .. 4.4
inside depth of jaw below M, .. 14.3
scapula

anteroposterior length glenoid fossa ... 9.4

transverse width glenoid fossa ... : 8.6
humerus

anteroposterior length proximal end ... ... 14.3

transverse width proximal end ... 12.9

transverse width distal end ... 9.0
radius

transverse width proximal end ... ... .. . 6.4
metacarpals

length 11 ... 209

length 11T .. 21.6

length 1V 17.8

length V . 11.8
femur

transverse width distal end .. 14.9
tibiofbula

transverse width proximal end . 15.9

transverse width distal end . 12.4
calcaneum

proximodistal length 23.6
astragalus

proximodistal length . 12.1

transverse width body . 5.8

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

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

Geologic age and distribution.
Pleistocene?) of Kansas, possibly Texas.

Specific characters——On Py 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 Py 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. verus from a topotype sample, C.I.T.
locality 63, have characteristics in Py 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

Blancan (early

Ficures 36-38. Hypolagus, ? Archacolaginae, 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.IT. No. 2507), X3. 38. ?Pratilepus progressus,
(U.M.M.P. No. 31080}, occlusal view of left P-M,, showing separa-
ton of trigonid and talonid on Py, X6,

Blancan age, not examined in connection with this study,
has been listed as Hypolagus cf. regalis (JonnsToN &
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 Py 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 Fuicx, 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.CM.P. No. 23376, middle Pliocene of
Mount Eden formation, U.C. locality 3269, Riverside
County, California.

Geologic age and distribution——Hemphillian (mid-
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 Py 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 Py more nearly as
it is.

Hypolagus oregonensis Shotwell

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

Type specimen——Left lower jaw having Py3-Mj,
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 Pz has
variable grooves and striations (SHorweLy, 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.

AM.N.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 P:-M? are lightly crenulated, and the anteroexternal
reéntrant on Py 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 (Hart, 1930b, p. 318), is smaller
than H. vetus and more nearly like C.IT, No. 5179,
Hypolagus near parviplicatus, and H. fontinalis in size.
P3 scems 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. (Havrr, 1930b, p. 318) is
fragmentary but probably represents the same species as
No. 28524.

A right maxilla having P2M?2, U.CM.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 check-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.I.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 P3. M3y 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 Scuuvrz, 1937, p. 108-109).

Genus NOTOLAGUS Wilson, 1938

Notolagus Wison, Southern California Acad. Sci., Bull., v. 36, pt. 3, p. 98,
January 25, 1938, Type, Notolagus velor.
Dicea Hinwarp, 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 P?; internal hypostria on P3-M?2 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 Archacolagus 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 Notolagus, is not present in P2 of
known adult specimens of Hypolagus. The folds on Pj,
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 Norolagus the fold is deep and complex and
may unite with the anteroexternal fold. Thus, the antero-
internal fold on Py in Norolagus is not unique among
the archaeolagines. Py in Norolagus 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 Norolagus in characters other
than in the pattern of Pj, although no characters would
bar H. apachensis from the ancestry of Notolagus;
whether or not a phylogenetic connection occurred, H.
apachensis does suggest a structural stage within the
genus Hypolagus from which Notolagus may have been
derived.

Notolagus velox Wilson

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

Type specimen——Incomplete left lower jaw having
incisor and P3-M,, 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 P3; 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 Pj; 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 lepusenla Himnazo, Amer. Mid. Nat., v. 21, no. 2, p. 509, May 19, 1939,
Notolagus lepuseulus, Hnanp & Rices, Geol. Soc. Amer., Bull., v. 60, p. B41,
May. 1949,

Type specimen.——Incomplete right lower jaw having
incisor and Py-Mg, 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
P3 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 Notolagus 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. Py 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 Cove, Acad. Nat. Sci. Philadelphia, Proc., 1874, p. 151, October 20,
1874, Type, Panolax sanctacfidei.

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
P?; on upper molariform teeth internal reéntrant straight
walled, cement filled, and crossing half or less of occlusal
surface.

Panolax sanctaefidei Cope

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

Type specimen——Isolated upper cheek-teeth and
Mz, 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, Mg, 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 Archacolagus 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 archacolagine; it seems to be more
closely allied to Archacolagus than to Hypolagus and may
represent a late survivor of a primitive stock.

Wirson (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

TasLe 15.—Measurements in millimeters of P. sanctaefidei

U.S.N.M. C.LT.
No. 1095 No. 2507
P* anteroposterior ... 1.6
transverse width .. 34
upper molariform tooth
ANKErOPOSTENIOr woooocoie i 25..: 2.8
transverse width ... 6.0..... 5.5
M anteroposterior ... ... 22
transverse width . 19
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southern California. This tooth is near in size to upper
molariform teeth in P. sanctaefidei; 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 sanctaefider.

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 check-tecth are hypsodont.
The enamel walls in the hypostriac 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 Py: 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
archacolagines 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 palacolagines 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 (ScHreubER,
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
carly Pleistocene in North America are questionable.
Sylvilagus? sp. from the lower Pliocene of Fish Lake
Valley (Harr, 1930a, p. 311) is probably an ochotonid.
Sylvilagus? bensonensis from beds of Blancan age near
Benson, Arizona, may be generically distinct from Sylvi-
lagus, as discussed below. Lepus and Sylvilagus are known
from the early Pleistocene Curtis fauna (Gazin, 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 (Gazix, 1950, p. 399), and
Sylvilagus leonensis (CusHing, 1945, p. 183).

Genus PRATILEPUS Hibbard, 1939

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

Pediolagns Hisparo, Amer, Mid. Nat., v. 21, ne. 2, p. 512, May 19, 1939 (not
P‘;:!ir:!aym MareLLt, Mem. Jardin zool. La Plara, v. 3, p. §, August 12,

.\'r.{?ﬁif{:;:g:m Himeamo, Amer, Mid, Nat,, v. 21, no. 3, table of contents, June 7,

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 Py posterointernal reéntrant,
which has thicker enamel anteriorly than posteriorly, not
united with posteroexternal reéntrant, opens lingually in
carly 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
Py and of the latter, considered to be a distinct genus,
Pediolagus (later Nekrolagus), a posterointernal isolated
lake (Hissarp, 1939, p. 506, 512). More complete series
of specimens, which were found later, show that in both
species there is a posterointernal fold on P; in early stages
of wear that forms an isolated posterointernal lake in
more worn teeth(Hissarp, 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 (Hisgarp, 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 Hisnamo, 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 P; 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-May, although may be reduced with wear.
Near Sylvilagus floridanus in size.

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

Nekrolagus progressws, Humsano, 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 Py 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-Ma may be slightly
folded, although less than in P. kansasensis, or straight.
Jaw between incisor and Py 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, Py 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 UM.M.P. No. 31080 but not necessarily implying
a phylogenetic connection between P. progressus and
Brachylagus.

Sylvilagus? bensonensis Gazin

Syledagus? bensonensis Gazn, U. S, Natl, Mus., Proc,, v. 92, no. 3155, p.
492, 1942.

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

Geologic age and distribution.
Pleistocene? ) of Arizona.

Specific characters——Py 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 Py, 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
Py 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 ScHLossen.

Allolagus Dice, Jour. Mammalogy, v. 10, no. 4, p. 342, November 11, 1929
(not Allolagss Ocxny, 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 Py posterointernal
reéntrant as deep as posteroexternal reéntrant or shallower
(Bonrin, 1942b, p. 132).

Alilepus? vagus Gazin
Alilepus? vagus Gaun, U. 8. Nad, Mus,, Proc., v. B3, no. 1976, p. 119, 1934,

Type specimen——Anterior part of right lower jaw
having Py, 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——Py lacking reéntrants on an-
terior wall, having shallow anteroexternal fold, postero-
external re¢ntrant 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 Py 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, Pj in
Alilepus? vagus resembles that in Pratilepus in formation
of an isolated lake following wear, whereas the postero-
internal reéntrant on Py 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. §. 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 P3-M! and left
P3-M2, U.S.N.M. No. 10196, lower Pleistocene, Anita,
Coconino County, Arizona.

Geologic age and distribution.
Arizona.

Specific characters——Crenulated hypostria on P3-M?
crosses more than half of the occlusal surface. On Py
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-

Early Pleistocene,

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 Py 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 archacolagines. Serengetilagus from the early
Pleistocene of East Africa (Dierricy, 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
archacolagines 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 Woon'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 M,, 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 P3 or P4
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 Myronolagus.
P2 and Py 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 Mytonolagus P2 consists of
three lobes, of which the buccal lobe is proportionately
larger than in Palaeolagus; in the latter, P? 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). P? 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 P?
and P*. The more primitive pattern of P3-M? 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 P3 and P*. Adults of Archaeolagus lack the
crescents and have on P3:-M?2 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-M?2 in Sylvilagus (Dice & Dick,
1941, p. 224). Molarization of P? and P* occurs as follows:
in Mytonolagus and most Oligocene species the internal
hyj)ostria 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; P® and P* seem to
be nearly as molariform as M and M? in Archaeolagus,
although more rapid shortening of the hypostria and
traces of the crescent in early stages of wear on P* 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 Archacolagus 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 M?. In later species of
Hypolagus and most Recent leporids, crenulations persist
in the hypostriae on premolars and molars. P3 and P* tend
to be longer anteroposteriorly than M! and M? 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 Ma. 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 Py; 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. Py, 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 Palacolaginae 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 Py, 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. hypsodus. The method of development of the
anteroexternal fold in leporines is not definitely known
but may resemble that in archaeolagines. On the trigonid
of Py, the anterointernal fold that occurs as a variant in
Hypolagus apachensis and persistently in Nozolagus prob-
ably represents a deepening of the groove between buceal
and lingual cusps of the unworn tooth; Caprolagus has a
similarly situated and possibly equivalent fold (WiLsox,
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;-M;, have been relatively conservative.
Lingual union of trigonid and talonid on Py, My, and Ma
occurred at a relatively late stage of wear in Myronolagus.
The tendency, which developed in several lines of Oligo-
cene leporids, for earlier lingual union of the columns per-
sisted in archacolagines and leporines. Palacolagus burkei
and P. hypsodus, however, have a somewhat ochotonid-
like tendency for the columns to remain separate. Usually
the columns of My 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
(Woon, 1940), in the Miocene leporids Palacolagus philoi
and Archaeolagus acaricolus, and in the early Pliocene
leporid Hypolagus apachensis (Woon, 1937, p. 34.35),
The following changes occur on Py: 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 P-Ma 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, ( Dice & 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 Py, 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 Palacolagus and Megalagus, resulting in a more
nearly flat skull, than in Archacolagus 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 Palacolagus 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 (Woon, 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 P2 and P2, 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 P? or P?
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 Palacolagus 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.IT. 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 Palaeolagus 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 Myronolagus the premolar region of the jaw is rela-
tively lighter ventrally and narrower transversely than in
Palacolagus (Burkg, 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 My, 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 Py and Py. The
latter condition seems to persist in later leporids, in which
numerous nutritive foramina, of which one may be most
prominent, occur below Py and Py. A small postalveolar
foramen is present in Megalagus brachyodon and Palaco-
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 Archaco-
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” (Bensvey, 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 Palacolagus 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 Archacolagus 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-
Brur & Sicuer, 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. Bonrin (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 check-teeth. Neither
explanation alone seems completely to account for the
shortening of the incisor, although the factors discussed
by Woop and Bonvrin 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 Palacolagus; 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
Palacolagus. The incisor in Archacolagus ennisianus is
shorter and lower than would be expected on the basis of
Bonuin'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
Palacolagus hypsodus and Litolagus molidens

FIGURE

1. Palacolagus hypsodus (M.C.Z. No. 3720), X1; Ia, left side of
skull and lower jaw; Ib, 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
Palacolagus (Woop, 1940, p. 288) and Archacolagus
(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 Py, deepening and folding of the
hypostriae on P2-M?, 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 Palaeolagus 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
Palacolagus 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 Palacolagus 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 (Howert, 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
(Woob, 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” (Smrtn & Savace, 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 clongated 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 (Howerr, 1944, p. 143; SmiTa & Savace,
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. hayden: 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 (HoweLr, 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 (Howerr, 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
(HowsLw, 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,
Palacolagus, 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
(Woon, 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 (Lvon, 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 secem to be great, except for pronounced distal
clongation 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 & SAvack, 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 & Borerr, 1937, p. 318;
Woob, 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 Woon (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
Coues (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 Ochorona 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
& Savacg, 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 fattened 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 (Woop, 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
(Burkes, 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
clongation of the individual tarsal elements in later genera,
resulting in some elongation of the foot. In the calcaneum,
clongation 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. Palacolagus 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-Ma. 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 Pj 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
(Bonvrin, 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 (MacInnes, 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 Sylv:-
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.
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PHYLOGENETIC HISTORY

Of the three subfamilies recognized here of the family
Leporidae, the Palacolaginae, 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-tecth seems to have been established by Miocene
times, and separate lines of leporids probably have de-
veloped parallel dental characters. P? 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 P 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
Py 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. Py 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 P; is regarded as a
valid indication of relationships, especially on the level of
the subfamily. Other morphological characters in addi-
tion to Py 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 palacolagines. 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 ecarly loss of the posterointernal fold; only the
former trend would result in the “hour-glass-shape”.

Within the subfamily Palacolaginae, 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 Palacolagus and Litolagus. Despite the diver-
gent tendencies in these less and more progressive lines,
the Palaeolaginae seems to include closely related leporids;
Burke's division of the genera here recognized as palaco-
lagines into four subfamilies seems to obscure these rela-
tionships. However, the more primitive palacolagines
might ultimately be differentiated as a subfamily Mytono-
laginae. Part of the hesitation in separating primitive
palacolagines 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 palacolagines 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 palacolagines 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 check-teeth than Litolagus
but more nearly resemble the archacolagines 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 archacolagines 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 Archacolaginae and the Leporinae occurs also
in the palacolagine 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 Pj 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 Archacolaginae was proposed with
some hesitation (Dicg, 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 Archacolaginae 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 palaco-
lagines. Much of the uncertainty as to the validity of the
subfamily Archaeolaginae resulted from the impossibility
of differentiating archaeolagines and palaeolagines 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 Pg 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 archacolagines 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, Archacolagus 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 Py 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 Py 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 (TeLHARD 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 Archacolaginae
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 Archacolaginae 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 P 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 Py 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 P3 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 Py 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 Py similar to that in Alilepus.
The remaining Recent leporines have a long posterior
fold on Py.

The subfamilial status of several late Pliocene and
Pleistocene leporids is somewhat problematical: in Plio-
lagus from the Villafranchian of Europe, Py 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 Py is usually absent but is
present in some individuals (DretricH, 1942, p. 56-57).
Hypolagus? browni of the early Pleistocene of North
America has a posterointernal isolated lake on Py, 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 scems 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 Py 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 Py, in which
a persistent posterointernal fold is present, would seem to
indicate that the ancestry of the leporines must be sought
among the palacolagines, but between the early Miocene
disappearance of palacolagines and the Pontian appear-
ance of leporines, no leporids having a persistent postero-
internal fold on Py are known. No leporids of definite
reference to the family are known from the Miocene of
the Old World. Possibly a line of palacolagines that had
a persistent posterointernal fold on Pg 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 Archaco-
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, phylogenctic 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 carly Pliocene
archacolagines through a modification leading toward re-
versal of the archacolagine trend of suppression of the
posterointernal fold on Py 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 Palacolaginae, 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 archacolagines secem to have failed in
competition with leporines and became extinct; all Recent
leporids are leporines.

Nore.—A study of Pliolagus by Nikoravs Krerzor (1941, Die
unterpleistozine Siugetierfauna von Betfia bei Nagyvarad: Foldtam
Kozlony, 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 P; a posterointernal
fold 1s lacking at the occlusal surface as well as at the base of the
tooth, Krerzor considered Kormos' description of a posterointernal
fold on Ps in Pliolagus to be based on an error of observation (op.
ait,, p. 322-323). Thus, Pliolagus secems to be ncither an inter-
mediate between palacolagines and leporines nor a leporine but a
typical archacolagine that made its appearance in Europe in the
Villafranchian along with the archacolagine 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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