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Metalopex, a new genus of fox (Carnivora: Canidae: Vulpini) from
the late Miocene of western North America

Richard H. Tedford1 and Xiaoming Wang2

ABSTRACT. Late in the Clarendonian (early late Miocene, ,10 Ma), the subfamily
Caninae (which contains all extant canids), experienced its first major radiation. This
phase yielded the tribes comprising the foxes, wolves, and South American canids. We
describe here a new extinct genus in the tribe Vulpini, Metalopex, which appeared at
that time. Metalopex, in the late Clarendonian to early Hemphillian, was the earliest
and only member of the Vulpini until its sister taxon Urocyon and the early species of
Vulpes appeared at the beginning of the Hemphillian (9 Ma).

INTRODUCTION

The fossil mammals of the Great Basin of
California and Nevada and the Columbia Plateau
of Oregon were of great interest to John C.
Merriam and his student Chester Stock, and the
latter brought that fascination with him on his
appointment to the new staff of the California
Institute of Technology (CalTech) in 1926. Stock
and his students continued the exploration of
these western regions for more than 20 years, and
they accumulated at CalTech a large collection,
replete with many type specimens. These fossils
were mostly described in the pages of the
Carnegie Institution of Washington, Contribu-
tions in Paleontology series. After Stock’s death
in 1950, the Natural History Museum of Los
Angeles County (LACM) acquired the collection.
With Dr. David P. Whistler’s appointment as
Curator of Vertebrate Paleontology at LACM in
1970, the tradition of Great Basin studies
continued at this institution. We offer the
following description of a Great Basin carnivoran
in honor of David Whistler’s retirement and to
call attention to his contributions to the long
chain of studies on the paleofaunas of far western
North America.

Before the Clarendonian of North America, the
Caninae, the subfamily containing all living canid
species, was represented solely by species of the
extinct genus Leptocyon Matthew, 1918. For the
first 20 Ma of canine history, this subfamily
showed limited diversity (Tedford et al., in press).
Evidence of the first burst of diversification

appears early in the late Miocene (,10 Ma), with
the appearance in the record of representatives
of both the Tribe Vulpini and Canini. By
the beginning of the Hemphillian (9 Ma),
Vulpes Frisch, 1775, joins the new genus described
below in representing the Vulpini, whereas the
Canini are represented by Eucyon Tedford and
Qiu, 1996.

ABBREVIATIONS

F:AM Frick Collection, Department of
Vertebrate Paleontology, Ameri-
can Museum of Natural History,
New York, New York USA

IMNH Idaho Museum of Natural Histo-
ry, Pocatello, Idaho USA

LACM Department of Vertebrate Pale-
ontology, Natural History Muse-
um of Los Angeles County, Los
Angeles, California USA

LACM (CIT) California Institute of Technology
Collection at the Natural History
Museum of Los Angeles County,
Los Angeles, California USA

UCMP Museum of Paleontology, Univer-
sity of California at Berkeley,
Berkeley, California USA

UNSM University of Nebraska State Mu-
seum, Lincoln, Nebraska USA

SYSTEMATICS

Class Mammalia Linnaeus, 1758

Order Carnivora Bowdich, 1821

Family Canidae Fischer de Waldheim, 1817

Subfamily Caninae

Fischer de Waldheim, 1817

Tribe Vulpini Hemprich
and Ehrenberg, 1832
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DISCUSSION. Members of this tribe are
mostly small canids (foxes, zorros). They are
distinguished from all other members of the
subfamily Caninae by possessing a wide para-
occipital process that is broadly sutured to the
posterior surface of the tympanic bulla with a
short and laterally turned distal process, which
usually does not extend below the ventral surface
of the bulla. Species of the tribe Vulpini are
distinguished from species of Leptocyon and
united with those of the Canini by common
possession of three synapomorphies: loss of the
medial cusp of I3, loss of the entepicondylar
foramen on the humerus, and reduction of
metatarsal I and loss of its phalanges. Autapo-
morphies of the Vulpini include nasals that do not
extend posterior to the maxillary–frontal suture;
enlargement of the m2 metaconid so that it
exceeds the protoconid in size, producing a
convex lingual outline to the tooth; and further
reduction of the M1 parastyle and loss of its
union with the preparacrista. In a reversal relative
to late Leptocyon species, but synapomorphic
within the vulpines and canines, the M2 of
Metalopex retains the primitive presence of a
metaconule and postprotocrista.

Metalopex new genus

DIAGNOSIS. As for the monotypic species.
TYPE SPECIES. Metalopex merriami sp. nov.
ETYMOLOGY. Greek: meta, near, and alo-

pex, fox.
DISCUSSION. Metalopex differs principally

from both Vulpes and the Urocyon Baird, 1857,
group in its unique M2, which lacks a post-
protocrista but retains the metaconule; in retain-
ing the primitive form of the upper incisors, in
which I3 still has a medial cusp; in its relatively
derived enlargement of the mastoid process; and
in the uniquely enlarged m3, which retains the
trigonid and talonid. Nevertheless Metalopex
appears to be the sister taxon of Urocyon. They
are united by such synapomorphies as m2 with
elongate talonid (.90% of trigonid length); the
M1 narrow for its length; and the presence of
protostylids on m1 and m2, which is a unique
feature.

The above features mark an early divergence
within the Vulpini that gives rise to two clades:
one that contains the Vulpes clade and the
Urocyon clade that contains Metalopex. The
former reached Eurasia near the beginning of
the Pliocene (Qiu and Tedford, 1990), and the
latter reached Asia and Africa in the early
Pleistocene as Prototocyon Pohle, 1928 (P.
curvipalatus (Bose), 1880, of the Upper Siwaliks
of India and Prototocyon recki Pohle, 1928, of
Olduvai Gorge, Bed I, Tanzania). In Africa,
Prototocyon species gave rise to the living
Otocyon megalotis (Desmarest, 1822) as an
endemic taxon. In our previous analysis (Tedford

et al., 1995) Otocyon Müller, 1836, has a sister
relationship with Urocyon. Although a member
of this clade, Metalopex is more basal and stands
as a sister taxon to both Urocyon and Otocyon.

Metalopex merriami new species
Figure 1A–I; Tables 1 and 2

Tephrocyon, near T. kelloggi, Merriam 1911:
238.

Vulpes sp., Becker and McDonald 1998:33.

DIAGNOSIS. Derived features that distinguish
Metalopex from Vulpes are: mastoid process
large; M1 and M2 more quadrate in shape,
anteroposteriorly long relative to width; M2
without postprotocrista; p2 isolated from longer
diastemata than other premolars; m2 large
relative to m1, more posteriorly extended ante-
rolabial cingulum, and talonid longer relative to
trigonid; m3 uniquely elongate, trigonid longer
than talonid, that is, relatively large paraconid
shelf and protoconid and metaconid situated
more posteriorly.

Primitive characters retained by Metalopex
include: marked depression on frontals adjacent
to postorbital process, which denotes an absence
of frontal sinus; basioccipital wide, bulla small,
strong medial and lateral cusplets on I2 and
medial cusplet on I3; M2 metaconule present
despite reduction and loss of connecting post-
protocrista; m1 talonid lacks transverse crest
between entoconid and hypoconid, and also lacks
hypoconulid; and m2 with paraconid or para-
cristid.

HOLOTYPE. F:AM 49282, partial cranium
with alveolus of I3–M2, detached premaxillary
fragment with I1–2, and left partial ramus with c
alveolus–m3 (p1 alveolus and m1 broken),
Figure 1A–D, F, G, from 3 miles (,5 km) north
of Line Quarry, just north of the Oregon–Nevada
boundary line, Thousand Creek Formation (early
Hemphillian), Harney County, Oregon.

REFERRED MATERIAL. From near the type
locality, Thousand Creek Formation (early Hem-
phillian), Humboldt County, Nevada: F:AM
61016, partial left ramus with m1 and m2–m3
both broken (Fig. 1E). From UCMP Locality
1103, Thousand Creek Formation, Humboldt
County, Nevada: UCMP 12542 right m2 (Mer-
riam, 1911:fig. 7).

From Mitchell Road, UCMP Locality V4825,
Rattlesnake Formation (early Hemphillian),
Wheeler County, Oregon: UCMP 41084, isolated
left M1 and M2.

From Star Valley, IMNH locality 67001,
sediments interbedded with Banbury Basalt (early
Hemphillian), Owyhee County, Idaho: IMNH
24584, partial right ramus with p4–m2; IMNH
27866 partial left ramus with c, p1–4; IMNH
trigonid of left m1 (Becker and McDonald,
1998).
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Figure 1 Metalopex merriami gen. et sp. nov., early Hemphillian, Oregon, Nevada, and Nebraska. A–D, Type skull,
F:AM 49282: A, lateral view, reversed; B, occlusal view, reversed; C, dorsal view, from both sides; D, occipital view,
reversed. E, Ramal fragment, F:AM 61016,occlusal view. F–G, Ramus, F:AM 49282: F, occlusal view; G, lateral
view. H–I, Ramus, UNSM 26098: H, occlusal view, reversed; I, lateral view, reversed.
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From Kern River, LACM (CIT) locality 49,
Kern River Formation (early Hemphillian), Kern
County, California: LACM 55217, partial left
ramus with c (alveolus)–m2 (p1 alveolus, p2
broken and p3–4 alveoli).

From Gabaldon Badlands, 4 miles (,6 km)
south of Rio Puerco station (late Clarendonian or
early Hemphillian), Valencia County, New Mex-
ico: F:AM 107607, two fragments of right ramus
with c–p2 all alveoli, p3, p4 root, and m1–2 both
broken (Lozinsky and Tedford, 1991:25, fig. 18D).

University of Nebraska State Museum locality
Ft-48 (early Hemphillian), Ash Hollow Forma-
tion, Frontier County, Nebraska: UNSM 26135,
left premaxilla with I1–3, right and left ramal
fragments with c alveolus–p4; UNSM 521-47,
partial left ramus with c alveolus, p1, p2–3 both
broken, p4 root and m1–3 alveoli; UNSM 26136,
left m1; UNSM 52247, left maxillary fragment
with P2–3, protocone root of P4; and UNSM
419-47, right maxillary fragment with M1–2.
From locality Ft. 49: UNSM 26098, right ramus
with c–p1 alveoli, p2–m1 (p2 broken), m2 broken
and m3 alveolus (Fig. 1H and 1I).

AGE AND DISTRIBUTION. Latest Clarendo-
nian or early Hemphillian of New Mexico; early
Hemphillian of California, Idaho, Nevada, Ore-
gon, and Nebraska.

ETYMOLOGY. Named for John C. Merriam,
pioneering vertebrate paleontologist of western
America.

DESCRIPTION AND COMPARISONS. In the
holotypic skull (F:AM 49282), the premaxilla,
maxilla, nasals, and frontals are incomplete, and
the basicranial area is crushed and broken. The
skull is elongate, larger than that of Vulpes
stenognathus Savage, 1941, and approximates
the size of Eucyon davisi (Merriam, 1911). Unlike
Vulpes, the contour of the maxillary surface above
P1–3 is convex, as in E. davisi. Furthermore, the
skull differs from that of V. stenognathus and is
similar to that of E. davisi, in the wider and more
arched palate and the greater dorsoventral height
of the maxilla. Unfortunately the frontals are
broken, obscuring the maxillary–frontal suture,
but the remnants do not contradict the extension
of the suture beyond the posterior end of the
nasals. A fragment of the frontal with the
postorbital process shows the primitive frontal
depression adjacent to the process as in Vulpes.
Moreover, the frontal fragment also reveals that
M. merriami lacks the frontal sinus that is present
in Eucyon. Enough of the frontals are present to
show that the temporal crests join anterior to the
parietal suture to form a moderately low sagittal
crest similar to that in both V. stenognathus and E.
davisi. The supraoccipital shield is broad, with the
inion broader than in V. stenognathus and similar
to that of E. davisi. The foramen magnum and
occipital condyles are larger than in V. stenog-
nathus and E. davisi, and the mastoid process is
knoblike and enlarged as in members of the
Canini. Although the basioccipital area is badly
broken, it appears to have been relatively wider
than in both V. stenognathus and E. davisi, and the
broken tympanic bullae show that the bullae were
small relative to the size of the skull.

Table 1 Measurements (mm) of upper dentition of

Metalopex merriami gen. et sp. nov.

F:AM

49282*

UCMP

41084

UNSM

419-47

UNSM

522-47

LP2 7.8 — — 7.6

LP3 8.5 — — 8.9

LP4 13.5 — — —
WP4 5.0 — — —

LM1 10.7 9.9 11.3 —

WM1 11.4 10.9 11.8 —

LM2 8.1 7.4 7.5 —
WM2 9.3 9.6 8.2 —

L, length or anteroposterior diameter; W, width as
transverse diameter with the use of standard reference
points (Wang et al., 1999).
* Holotype.

Table 2 Measurements (mm) of lower dentition of Metalopex merriami gen. et sp. nov.

F:AM

49282*

F:AM

61016

LACM

55217

IMNH

24584

IMNH

27886

UNSM

26098

UNSM

26135

UNSM

26136

UCMP

12542

Lp2 8.0 — 5.8 — 6.9 6.2 8.0 — —

Lp3 8.6 — 7.0 — 7.9 7.0 8.4 — —

Lp4 9.8 — 7.6 8.5 9.2 8.5 9.6 — —
Wp4 4.0 — — 3.3 3.5 3.6 4.0 — —

Lm1 15.5 15.6 13.5 14.6 — 13.9 — 14.2 —

Wgm1 — 6.0 5.3 5.0 — 5.2 — 5.1 —
Wdm1 6.1 6.4 6.2 5.4 — 5.4 — 5.3 —

Lm2 9.5 10.0 9.0 8.8 — 7.8 — — 10.0

Wm2 5.5 — 5.4 5.5 — — — — 5.5

L, length or anteroposterior diameter; W, width or transverse diameter; Wg, width of trigonid m1; Wd, width of
talonid, m1, with the use of standard reference points (Wang et al., 1999).
* Holotype.
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A premaxillary fragment (UNSM 26135) has an
unworn I2 and I3. The I2 has a well-developed
medial and lateral cusplet, and the I3 has a well-
developed medial cusplet but no lateral cusplet.
Both incisors have a lingual cingulum, and there is
a broad lingual shelf on I3. The complexity of the
upper incisors exceeds that of E. davisi, Leptocyon
vafer (Leidy, 1858), and V. vulpes, but the I3 is not
enlarged as it is in the Canini. Compared with both
V. stenognathus and E. davisi, the P1–3 are smaller
relative to the length of the carnassial, more widely
spaced, more slender, anteroposteriorly shorter,
and taller crowned. They also lack accessory
cusps, but the P3 has a posterior cingular cusp.
Morphologically, the P4 closely resembles that of
V. stenognathus and E. davisi, with the anterior
border slightly notched because of the projection
of the anterobuccal corner and the strong anteri-
orly directed protocone. The P4, however, is
smaller relative to the molars than in both of the
above, and it is more slender than that of E. davisi.
Unlike V. stenognathus and E. davisi, the M1 and
M2 in M. merriami are quadrate in shape, being
anteroposteriorly long relative to their width. They
are relatively low crowned, the labial border is
strongly indented between the paracone and
metacone, and there is a prominent buccal
cingulum. The protocone of M1 is relatively large,
and a postprotocrista extends to a well-developed
metaconule. The hypocone is a long and ridgelike
swelling of the posterolingual cingulum that ends
posteriorly at the metaconule and extends anteri-
orly to join the anterolingual cingulum across the
protocone to the base of the paracone. The M2 of
M. merriami is even more quadrate than the M1,
and the metaconule is present, but there is no
postprotocrista connecting it with the protocone.
As in the M1, the lingual cingulum from the M2
hypocone extends posteriorly to the metaconule
and anteriorly to the paracone.

In M. merriami, the p2–4 are slender and tall-
crowned for their length, and only p4 consistently
possesses a posterior cusp. The p2 is isolated from
the adjacent premolars by larger diastemata, as in
species of the Urocyon group. Compared with V.
stenognathus and E. davisi, the m1 is relatively
short and robust, with the trigonid shorter relative
to the length of the tooth. Furthermore, the
paraconid is more oblique and the metaconid is
larger and higher relative to the height of the
protoconid than in either of these taxa. The m1
talonid is broad, with a relatively low and nearly
subequal entoconid and hypoconid. Allowing for
wear, the hypoconid is still smaller and lower
crowned than that of both V. stenognathus and E.
davisi. The m2 is elongate and larger relative to the
length of the m1 than that of V. stenognathus and
E. davisi. A well-developed anterolabial cingulum
extends posteriorly across the protoconid and ends
on the anterior face of the hypoconid. The m2
trigonid is elongate, with a paraconid that is larger

than that of V. stenognathus and larger than that
usually found in E. davisi. The protoconid and
metaconid are situated more posteriorly than in V.
stenognathus, with the larger metaconid situated
posterior to the protoconid. Compared with both
V. stenognathus and E. davisi, the m2 talonid is
relatively longer and wider. In M. merriami, the
m3 is also larger and more elongate than that of
both V. stenognathus and E. davisi. Uniquely, the
protoconid and metaconid are distinct subequal
cusps that are situated more posteriorly than those
of V. stenognathus or E. davisi, and the trigonid is
longer than the talonid.

DISCUSSION. Size and morphology vary con-
siderably within and between the local samples we
identify as M. merriami. The fragmentary materi-
als from UNSM locality Ft-48, for example,
pertain to four individuals, two of which (UNSM
26098 and 26135) can be usefully measured and
are indicated in Tables 1 and 2. The measured
specimens are at the extremes of size variation in
the dimensions of the lower dentition. The
additional materials from the same locality fall
between the measured values, indicating nearly
continuous variation. The larger end of the range
clearly overlaps the holotype of M. merriami
(UNSM 522-47 includes alveoli of M1–2, and
these are the size of F:AM 49282). We therefore
have referred this material to M. merriami.

CONCLUSIONS

1. A new genus and species of fox, Metalopex
merriami, defined here, is rare in fossil
deposits but appears to have been widespread
in western North America and in the Great
Plains in the later Clarendonian and early
Hemphillian (8–10 Ma). Metalopex merriami
is similar in size to its sister vulpine, Vulpes
stenognathus, and to the earliest canine,
Eucyon davisi, which together represent an
early phase in the history of the clades that
contain the living foxes and wolves. At that
time, the borophagine canids (Wang et al.,
1999) were beginning their decline in diversity
and only species of large body size remained,
and this might have released ecospace to
small- to medium-sized generalist canids.

2. The earliest appearance of the Vulpini and
Canini in the late Clarendonian provides a
minimum date of about 10 Ma for this
divergence, a time that is not very far removed
from the molecular estimates of 12.5 Ma
(Bininda-Emonds et al., 1999) on the basis of
living representatives.
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