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The 1.977 Ma site of ‘Malapa’ (Gauteng, South Africa) has yielded important new fossils, including the
type specimens of the new hominin species Australopithecus sediba. Recently, we reported the first
Carnivora specimens to have been recovered from the site. That sample included members of Felidae,
Herpestidae and Hyaenidae. That first report also included three associated small canid specimens (an M,,
arib and a posterior mandibular fragment including the P;, M;, coronoid, condylar and angular processes)
that we attributed to Vulpes cf. V. chama. In this paper, we compare these specimens to a broad sample of
modern and fossil foxes and conclude that these specimens are distinct enough to be referred to a new

species, here described and named Vulpes skinneri.

Keywords: Mammalia, Carnivora, Canidae, Vulpes, Australopithecus sediba, Pliocene, Pleistocene, South

Africa

INTRODUCTION

The site of Malapa was first discovered in 2008 and reported
in 2010 (Berger et al., 2010; Dirks et al., 2010). The locality has
since gained recognition as the type site for a new species of
hominin, Australopithecus sediba (Berger et al., 2010). Subse-
quently, the completeness of some of the Au. sediba specimens
and their importance to human evolution have been demon-
strated, along with a reconstruction of their possible diet
(Carlson et al., 2011; Kibii et al., 2011; Kivell et al., 2011; Zipfel et
al., 2011; Berger, 2012; Henry et al., 2012). The accompanying
fauna, much of which remains unpublished, is extensive. The
Carnivora were recently published (Kuhn et al., 2011), based
on 81 identified specimens representing five families and
including both extinct species such as the “false” sabertooth
cat, Dinofelis barlowi, and still extant forms such as the leopard
(Panthera pardus), black-footed cat (Felis nigripes) and brown
hyaena (Parahyaena brunnea) (Kuhn et al., 2011). Of special note
was the referral of three specimens to Vulpes cf. V. chama, and
this component of the fauna forms the subject of this
contribution.

The evolutionary history of foxes (Tribe Vulpini) is much
less well understood than that of the larger dogs of the Canis
group. The most extensive studies to date of extant dog
species (Zrzavy & Ricankovd, 2004; Lindblad-Toh et al., 2005)
have found the Vulpini to be paraphyletic, with the grey and
island foxes (genus Urocyon) as the sister group to all other
extant Canidae (Figure 1). The remaining Vulpini (here
Vulpini sensu stricto) form a monophyletic group that is the
sister to the tribe Canini (South American “foxes” + Canis
group). The Vulpini sensu stricto includes the genera Vulpes
(true foxes, including species that have previously been
placed in the genera Fennecus and Alopex), Otocyon (bat-eared
fox), and Nyctereutes (raccoon dog). The phylogenetic position
of the latter has been debated for many years (Tedford et al.,

1995, Reynolds, 2012) and most morphological analyses have
placed it with the South American canids. However, mole-
cular analyses now place it firmly within the Vulpini.

The fossil record of Vulpini sensu stricto is generally poor.
The tribe is likely to have originated in North America from
Leptocyon-like ancestors (Tedford et al., 2009) sometime in the
early Late Miocene. The earliest Vulpini known to date is
Metalopex macconnelli from the Late Clarendonian (c. 10.5 Ma)
of California (Tedford & Wang, 2008), though this taxon may
be more closely related to Urocyon than Vulpini (Figure 2).
Somewhat younger species with a firmer connection to
Vulpini are Vulpes stenognathus and V. kernensis from the
Hemphillian (c. 9 Ma) of Oklahoma and California, respec-
tively (Tedford et al., 2009). Vulpini must have left North
America no later than about 8 Ma (due to the presence of
Vulpes riffautae in Africa, see below), but this migration is not
documented in the fossil record of Eurasia, where the earliest
Vulpini are of early Pliocene age (Qiu and Tedford, 1990). The
subsequent fossil record of Vulpini in Eurasia is fragmentary
until the Late Pliocene, but includes V. alopecoides, V. praecorsac,
V. beihaiensis and V. chikushanensis, as well as several species of
Nyctereutes (Tedford and Qiu, 1991).

The oldest fox in Africa is Vulpes riffautae from the Late
Miocene (c. 7 Ma) of Toros-Menalla, Chad (de Bonis et al,
2007). This may, in fact, be the oldest canid found outside
North America, rivalled only by “Canis” cipio from approxi-
mately coeval sediments in Spain (Crusafont Pair6, 1950).
After this time, the Vulpini of northern, eastern and southern
Africa appear to follow separate evolutionary trajectories.
Vulpes riffautae is clearly distinct from all living foxes, but its
phylogenetic relationships within the tribe are not known.

Nyctereutes spp. has been reported from several regions of
Africa. In North Africa, N. abdesalami, an undoubted
Nyctereutes close to Eurasian species, has been reported from
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Figure 1. Simplified cladogram of extant Canidae, following Lindblad-
Toh et al. (2005).

Ahl al Oughlam, Morocco (Geraads, 1997), while in eastern
Africa ?N. barryi from Laetoli, Tanzania and N. lockwoodi from
Dikika, Ethiopia have been referred to the genus (Geraads
et al., 2010; Werdelin and Dehghani, 2011). All of the above are
of Pliocene age — though Ahl al Oughlam may be very slightly
younger than the Plio-Pleistocene boundary. In South Africa
another species of raccoon dog, N. ferblanchei, has been
described from several clearly Pleistocene sites, including
Kromdraai A (type site) and “Kromdraai-Coopers” (or “KA
2”), and Sterkfontein Mb 5. The species was originally
described as a species of jackal by Broom (1948) and
subsequently transferred to Nyctereutes by Ficcarelli et al.
(1984). A contrary view has, however, recently been expressed
by Reynolds (2012), who believes that the material should be
referred to a species of jackal or fox (ironically, in the current
molecular phylogenetic scheme, Nyctereutes is a fox).

The bat-eared fox, Otocyon, is poorly represented in the fossil
record. It is not known from North Africa and only from a

Leptocyon maithewi
Urocyon spp.
Metalopex macconneili
Other Metalopex
Prototocyon

Otocyon

Nyctereutes

Vulpes stenognathus
Other Vuipes

Canini

Figure 2. Cladogram of Vulpini, including some fossil taxa mentioned
in the text. Modified after Tedford et al. (2009).
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single Pleistocene record in South Africa, at Plovers Lake. In
eastern Africa it is known from a single record at Laetoli
(Werdelin and Dehghani, 2011) and from more extensive
material at Olduvai, Tanzania (Petter, 1973). Both of these
records have been referred to the genus Prototocyon, which is
only doubtfully distinct from Otocyon. The extant genus has
been reported from the Middle Pleistocene of Lainyamok,
Kenya (Potts and Deino, 1995).

The genus Vulpes, on the other hand, is poorly known from
North and eastern Africa, but relatively frequently reported
from South Africa. Apart from Middle and Late Pleistocene
records of V. wvulpes, the genus is only known from a single
North African record, a group of specimens from Ahl al
Oughlam thought to be close to V. rueppelli (Geraads, 1997).
The eastern African record is even poorer. It is restricted to an
undescribed skull from the Mursi Fm., Ethiopia that may be a
Vulpini, and a likewise undescribed Vulpes sp. mandible
fragment from Koobi Fora, Kenya. In South Africa, by contrast,
two extinct species of Vulpes have been described, and there are
also a number of records of fossil V. chama. The extinct species
are V. pattisoni from Taung (the status of this species is discussed
below) and V. pulcher from Kromdraai A and Swartkrans
(Broom, 1939, Broom, 1948, Ewer, 1956). Finally, V. chama has
been reported from various times in the Pleistocene: Drimolen,
Elands Bay Cave, Elandsfontein Main Site, Makapansgat Mbs 3
and 4, Plovers Lake, Saldanha Sea Harvest, Sterkfontein,
Swartklip, and Swartkrans (Werdelin and Peigné, 2010).

MATERIALS AND METHODS:

The specimens we describe herein are the posterior man-
dibular fragment (Figure 3), an M, (Figure 4) and a rib (Figure
5) that were originally referred to Vulpes cf. V. chama (Kuhn
et al., 2010; Kuhn ef al., 2011).

Comparative data (Table 1) were obtained from extant
specimens housed at the American Museum of Natural
History, New York (AMNH), the Palaeosciences Centre at
the University of the Witwatersrand, Johannesburg (U.W.),
the small mammal collection and zooarchaeology collection at
the Ditsong Museum of Natural History, formerly the
Transvaal Museum, Pretoria (TM or AZ), and the Swedish
Museum of Natural History, Stockholm (SMNH). Data were
collected from several species of Vulpes, representing the
genus’ modern body size range (from V. zerda to V. vulpes — ~
1 kg and up to 14 kg, respectively; Lariviere, 2002, Lariviere
and Pasitschniak-Arts, 1996), including all specimens of V.

Figure 3. Holotype specimen U.W. 88-812. Views: A, Superior; B,
Lateral; C, Medial; D, Posterior. Scale is 10 mm x2 mm.
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Table 1. Comparative sample size, means and standard deviations. See Figure 6 for description of measurements.
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V. chama V. macrotis V. pallida V. velox V. vulpes V. zerda N. procyonides O. megalotis V. pattisoni V. pulcher V. riffautae
(N=32) (N=4) (N=3) (N=9) (N=9) (N=10) (N=2) (N=10) (N=1) (N=2)? (N=2)°
U.w. 88-812, 814 Yz o Y T Vi T YZi o Vi T Y o Vi T YZi o Y Y o u T
p4 L 6.68 6.76 059 759 042 562 050 727 064 928 098 511 0.34 6.61 0.26 539 048 790 050 6.65 0.05
p4 W 3.12 3.16 0.41 317 034 249 023 321 026 404 048 219 0.30 3.08 0.08 3.16 0.15 320 0.00 245 0.05
m1 L 10.26 10.70 0.77 10.43 0.81 8.74 056 1149 065 1437 150 740 086 11.35 045 6.24 0.51 13.05 0.95 10.30
m1 Tri L 6.33 7.07 066 748 057 545 076 827 027 962 1.00 501 040 7.02 0.23 344 0.35 7.00
m1 W 4.88 486 0.51 451 042 400 038 478 035 584 050 347 0.21 455 0.10 412 0.36 480 0.20 4.00
m2 L 6.47 5.79 0.61 454 025 491 026 492 0.51 6.34 042 471 0.99 522 0.07 513 0.61 6.96 6.55 0.55 550 0.00
m2 W 5.22 459 055 374 028 318 041 419 037 500 037 352 0.27 400 0.20 448 0.27 528 4.70 3.60
Sub m1 H 14.92 1640 129 1394 182 1254 146 1593 151 2079 153 1082 054 1588 052 1491 1.13
Sub m1 W 5.41 527 048 579 146 373 014 567 050 682 0.73 365 0.21 6.22 0.81 528 0.35
Cor-Ang 30.50 28.03 141 2566 0.79 2279 270 30.01 2.08 37.89 225 2053 094 3057 0.62 29.98 2.62
Con-Ang 14.42 1270 1.07 12.01 093 10.57 051 1433 151 16.69 1.11 947 044 2292 999 1546 1.69
Con W 10.62 10.20 0.78 10.04 043 9.06 1.07 1140 057 1447 120 780 062 1256 028 1237 0.64
Con DV 3.79 3.76 045 3.83 0.71 339 028 413 063 546 086 289 0.32 513 0.52 5.71 0.66

2 From Ewer, 1956. Data listed without standard deviations are from one of the two specimens.

b From de Bonis et al., 2007. Data listed without standard deviations are from one of the two specimens.
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Diagnosis

Canidae similar in size to V. chama. Lower carnassial trigonid
mesiodistally short and tall, hypoconulid small, closely
associated with hypoconid and separated from entoconid.
Angular process of mandible substantial and low relative to
the condyle and coronoid processes. Second lower molar
large, especially relative to carnassial trigonid. Lower fourth
premolar lacking distal accessory cuspid.

Holotype

U.W. 88-812: posterior left mandibular fragment including
P, and M; housed at the Palaeosciences Centre, University of
the Witwatersrand.

Referred specimens

U.W. 88-814: Left M, also housed at the Palaeosciences
Centre.

U.W. 88-813: Left rib, probably R3 also housed at the
Palaeosciences Centre.

Etymology

V. skinneri, honouring the late Professor John Dawson
Skinner, long-time director of the University of Pretoria
Mammal Research Institute and author of many seminal
works on African mammals, including all three editions of
The Mammals of the Southern African Subregion (Smithers and
Skinner, 1983; Skinner and Smithers, 1990; Skinner and
Chimimba, 2005).

Occurrence
Early Pleistocene (1.977 Ma), Malapa Cave, Sterkfontein
Valley, Gauteng, South Africa.

Description

U.W. 88-812 is a posterior left mandibular fragment includ-
ing P, and M;j, alveoli for M, and M;, and all posterior
mandibular morphology including angle, condyle, coronoid
process and mandibular foramen. The specimen is broken
anterior to P4 and is missing some of the mesial P4 alveolus.
U.W. 88-814 is a complete left M, crown including most of the
distal root. U.W. 88-813 is a complete left rib, probably R3. All
three specimens were found in the same breccia block, which
is devoid of other similarly sized specimens. They are likely to
belong to a single individual. Consistent with other fossils
from Malapa, the specimens do not exhibit taphonomic
degradation (i.e. no insect damage, carnivore chew marks
or perimortem abrasion).

The P, is fairly tall, though well within the range of other
Vulpes (Table 1). Like most similarly sized canids, it has no
mesial accessory cuspid. Though it has a distinct and sharp
postcingulid (common in small canids), its complete lack of a
distal accessory cuspid appears to be unique among all small
canids.

Though the M, is not particularly tall, its short length —
particularly that of the trigonid — makes it appear so (Figures
3 and 6). Indeed, it is nearly as tall as it is long (Table 1).
Though broken, the base of the metaconid is nearly as long
mesiodistally as that of the paraconid, suggesting that these
two cusps were of similar height (Figure 6). The hypoconid is
slightly taller than the entoconid and there is a very small
hypoconulid (Figure 3 — particularly visible in lateral view)
that is closely associated with the hypoconid and separated
from the entoconid.

Figure 6. Mandibular measurements in superior and medial view.
These measurements were taken in addition to standard L, W, and H
(measured from the cementoenamel junction on the buccal side of the
tooth to the top of the highest buccal cusp point) on P4, M4 and M,. In
this rendered image, the paratype M, (U.W. 88-814) has been added
to the holotype specimen (U.W. 88-812) and the metaconid and
anteromedial P4 alveolus have been reconstructed (broken line). Con
W = maximum width of the condyle, Con-Ang = minimum distance
from the top of the condyle to the bottom of the angle, Con DV =
maximum dorsoventral height of the condyle, Cor-Ang = minimum
distance from the top of the coronoid process to the bottom of the
angle, m1 Tri L =length of the carnassial trigonid from the front of the
paraconid to the back of the metaconid, Sub m1 H =height of the
mandible from the carnassial notch to the bottom of the corpus
perpendicular to the corpus (from Hartstone-Rose et al., 2007
Hartstone-Rose, 2008), Sub m1 W =width of corpus at Sub m1 H.
Scale is 10 mm x2 mm.

A complete left M, crown with most of the distal root intact
(U.W. 88-814 Figure 4) is similar in dimensions to the M,
alveolus present in the U.W. 88-812 mandible and we believe
it is from the same individual. It has four distinct cusps and a
strong buccally oriented mesiobuccal cingulum that appar-
ently extends much further distally than in V. chama. (With a
larger sample size, this might indeed be a good character to
distinguish V. chama from V. skinneri) Because of this
cingulum, the trigonid is wider than the talonid. The proto-
conid and metaconid are of almost equal height. The
entoconid is taller than the hypoconid and connected to it
by a distinct postentoconulid. Unlike most V. chama and other
vulpines, there are no other cuspulids or distinct cingulids.
Though the mesiolingual shelf is more substantial than that
found in V. chama, in all other respects (including its
simplicity) it is within the morphological range of V. chama.

The simple oval M; alveolus present on U.W. 88-812
measures 3.0 mm mesiodistally and 2.1 mm buccolingually.
As in most canids, the coronoid process rises from the corpus
at roughly 45°. It is narrower at its coronal point than in some
V. chama (compare Figure 7 A and B) but within the range of
this highly variable morphology. Likewise, the posterior
margin of the coronoid process is more concave than in
many vulpines, but again within the morphological range of
many specimens. It is not hook-shaped as in O. megalotis (cf.
Figure 7 E.). The condyle is nearly identical to that of V. chama,
though the angle is slightly more substantial than in most
cape foxes. The mandibular angle is also lower in the Malapa
specimen (see next section). The mandibular foramen is
unremarkable as is the corporal cross section.

U.W. 88-813 is a left rib — probably the 3rd. It possesses a
complete head that has two facets, separated by a crest, for
articulation with the corresponding as well as preceding
vertebral body costal facets. The neck appears cranio-caudally
flattened, with two margins (internal/ventral and external/
dorsal) and two surfaces (cranial and caudal). Both the dorsal
and the ventral margins are concave ventrally. The neck is
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Figure 7. Medial view of fox mandibles. A, U.W. 88-812; B, V. chama
(BPI/C 621 — Bernard Price Institute, University of the Witwatersrand);
C, V. zerda (AMNH 70126); D, V. vulpes (AMNH 18245); E,
O. megalotis (AMNH 114270). Note: although the P, distal accessory
cuspid is not readily visible on some of these specimens (particularly
the smaller specimens), it is present on all these individuals — and all
comparative specimens studied for this manuscript — when viewed in
occlusal or lateral views. This medial view was selected for this
comparison as it better shows the M; morphology (particularly the
base of the metaconid) and the posterior mandibular morphology —
which is partially obscured by breccia in lateral view (Figure 1). Scale
is 10 mm x2 mm.

narrow proximally and widens distally at the tubercle. The
tubercle is well developed and protrudes from the dorsal
margin. There is a well-developed articulating facet on the
tubercle for articulation with the transverse process of the
corresponding vertebra. The tubercle position corresponds
with the dorsal angle of the rib. The shaft is flattened and has
two margins (internal/medial and external/lateral) and two
surfaces (cranial and caudal). There is a slight torsion resulting
in an obliqueness of the shaft. The transverse axis of the shaft
lies closer to the cranio-caudal plane. This orientation of the
axis causes the cranial surface to face externally/laterally and
the caudal surface to face slightly internally/medially. The
shaft is narrow proximally, widens distally and appears more
flattened as the costal pit (for the costal cartilage) is ap-
proached. A shallow costal groove is visible on the caudal
surface of the proximal half of the shaft. The cranial surface is
roughened compared to the smoother caudal surface. Two
breaks are visible, one immediately distal to the tubercle and
the second proximal to the mid-shaft region. These breaks
occurred during preparation of the specimen and do not affect
the measurements of the parts of the rib.

The differences between the features of the ribs of V. chama
and O. megalotis are subtle (Figure 5). However, based on the
observed non-metric features, there is a closer affinity of UW.
88-813 with V. chama than with O. megalotis. The main metric

variable (from our admittedly small sample of two O. megualotis
and four V. chama) that supports this affinity is neck shape
(neck ventro-dorsal/cranio-caudal). By this ratio, O. megalotis
exhibits a rounder cross-section ratio of x=1.25 (¢ =0.002)
than either U.W. 88-813 (1.52) or V. chama (1 =1.52, ¢ =0.18).
This qualitative and quantitative affinity extends to other
morphologies and measures but the intraspecific variability
exhibited by the ribs of modern foxes does not allow this
element to be very diagnostically useful. Based on its
taphonomic association with U.W. 88-812 and 814 (these three
specimens come from the same breccia block and are the only
carnivoran material from Malapa of this size range), and the
fact that this rib falls within the morphospace of vulpines of
this size, we believe that it is parsimonious to include it in
V. skinneri.

The Malapa fox can be qualitatively distinguished from the
larger African canids (genera Canis sensu lato and Lycaon) by its
smaller size. Likewise, it is larger than the North African
fennec fox (V. zerda). It can be distinguished from the genera
Otocyon and Nyctereutes, both of which were potentially
present in southern Africa around 2 Ma (though the raccoon
dog is disputed; Reynolds, 2012), by its lack of a subangular
lobe. It is also dentally distinct from both taxa, especially
Otocyon which has a supernumerary molar and hypocarnivor-
ous teeth with tall, piercing cusps (Figure 7). It is morpholo-
gically similar to V. chama, though it differs in some metric
comparisons. Importantly, it differs from all these taxa (and
perhaps all modern canids) in its complete lack of a distal
accessory cuspid on the fourth lower premolar, a feature not
found in any canid we have studied, nor by others in large
samples of V. vulpes (Szuma, 2002; Nentvichova and Andera,
2008). It also differs from all modern Vulpes in the height of
the M; metaconid; though broken, it was clearly more than
half the height of the protoconid.

Metric comparisons

Quantitatively, the Malapa fox falls within the size range of
V. chama for all linear metrics and is metrically more similar in
size to V. chama than it is to other members of the genus
(Figure 8). However, it is distinguishable from V. chama by
several ratios (and is more similar in relative proportions to
V. zerda, though considerably larger; Figure 8). The most
substantial quantitative difference between the Malapa fox
and V. chama is the relationship between the size of the M, (a
geometric mean of M, L and W) and the length of the M;
(particularly its trigonid). This ratio emerges as an important
factor in a PCA, including all of the specimens in the sample
and all dental lengths and widths (Figure 9 and Table 2). In
the bivariate plot of PC 1 (accounting for 68.8% of the
variation and driven entirely by size — though influenced
more by the P, and M; than the M) and PC 2 (accounting for
13.7% of the variation and predominantly driven by an
inverse relationship between M, measurements and M;
lengths — L and Trigonid L), V. skinneri is outside of the range
of V. chama. Thus, based on a global analysis of all specimens
and all dental lengths and widths, the Malapa fox is beyond
the periphery of the range of what may be its modern
descendent. (PC 3, driven by an inverse relationship between
P4 measurements and M, L, does not sort any of the species
into logical patterns and is therefore not shown.)

When the driving factors of PC 2 (M; trigonid length
inversely related to M, area) are examined separately, this
positioning of the Malapa fox in the periphery of the range
of V. chama is confirmed (Figure 10). The fact that the
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similar in shape to V. zerda. Importantly, V. skinneri and V. chama are no more similar than other species in the data set that are generally agreed

to be distinct species.

relationship between the M; trigonid length and the M,
occlusal area is driving this variation — particularly that it
separates V. skinneri from V. chama — is important. Though it
may seem inappropriate to compare a length and an area in
this manner simply to illustrate an emergent statistical
finding, these variables are functionally significant, in that
the M; trigonid is the functional region that relates most
specifically to the consumption of flesh (Van Valkenburgh,
1989, 1996; Hartstone-Rose, 2008), while the molar grinding
surfaces (M; talonid, M, and Mj; areas) are the regions that
correspond most directly to omnivory in carnivorans (Hart-
stone-Rose, 2008). By this measure, V. skinneri, with its large
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Figure 9. Bivariate plot of first two dental principal components. All
specimens were equally weighted and P4, M4 and My length, width, and
M trigonid length were included. Eigenvectors in Table 2. Asterisk =
U.W. 88-812/814, c = V. chama, p = V. pallida, z = V. zerda, m = V.
macrotis, e = V. velox, v=V. vulpes, squares = O. megalotis, tri-
angles = N. procyonoides. None of the other fossil specimens were
complete enough to include in the principal components analyses.

M, area relative to its M; trigonid length, may have been more
omnivorous than the slightly more hypercarnivorous
V. chama.

Simple comparisons also bear this out. For instance,
V. skinneri is the only species of Vulpes to have an M, that is
much longer than the M; trigonid. Furthermore, the length of
the M; talonid, combined with the length of the M, (i.e. the
crushing regions that are preserved in these specimens), is
more than 1.6 times the length of the M; trigonid, while this
ratio is ‘only’ 1.3 in V. chama.

Though not driving forces in the variation (i.e. they do not
emerge as major factors in any principal components), the
heights of the condyle and coronoid processes also clearly
separate the Malapa fox from V. chama when plotted against
another size variable — especially the small M; lengths (Figure
11). Given that both condyle and coronoid heights are
measured from the inferior margin of the mandibular angle
(Figure 6), the similarity of the segregation of the Malapa fox
from the V. chama sample by both these variables is less
attributable to the height of the condyle and coronoid than it
is to the size and ventral projection of the angle. In other
words, these metrics (as seen in Figure 11 and the similar Con-
Ang graph, not shown) quantify the size of the apparently
more substantial mandibular angle present in the U.W. 88-812
specimen (compare Figure 7 A and B).

Table 2. Dental principal component eigenvectors.

Variable PC 1 PC 2 PC 3

p4 L 0.41966 —0.24174 —0.02692
p4 W 0.36830 0.18810 —0.50819
m1L 0.41133 —0.36775 0.14859
m1 Tri L 0.39046 —0.46149 0.09213
m1 W 0.41813 0.10915 —0.19600
m2 L 0.29665 0.39136 0.80206
m2 W 0.32211 0.62681 —0.16951

*Boldface numbers indicate the most significant variables determining the structure of PC2
and PC3.
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DISCUSSION

Two extinct species of fox have been described from the
South African Early Pleistocene cave sites, both of them by
Broom (1939, 1948). One, Vulpes pulcher from Kromdraai A and
possibly Swartkrans), is noted by both Broom (1939) and Ewer
(1956) to be significantly larger than extant V. chama. Even
though Figure 8 shows this to be true only of certain variables,
dentally the Malapa specimen is closer in size to the extant
species. This size difference, as well as the differences in
dental proportions, makes it unlikely that the Malapa fox is
conspecific with V. pulcher. Additionally, the P,’s of both
specimens of V. pulcher (KA 1289 and SK 236, both in the
Ditsong Museum collection) have the distal accessory cusp,
which is noticeably absent from the Malapa specimen.

The second species is V. pattisoni, described by Broom (1948)
on the basis of a lower jaw fragment with an M, and alveoli
for C;-M; (Broom, 1948, Figure 15 A, B; here reproduced as
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Figure 11. Bivariate plot of M4 Trigonid L against the Height of the
Coronoid Process. The plot of M4 Trigonid L against the Height of the
Mandibular Condyle looks very similar. See Figure 7 for key.

Figure 12. lllustrations that accompanied Broom’s (1948) description
of V. pattisoni (A and B; Figure 15 in Broom, 1948) and photograph of
type specimen (C). The scale bar (10 cm) corresponds to the
photograph.

part of Figure 12). Broom's (1948) description of the specimen
is as follows (in its entirety):

This little fox is almost exactly the same size as the living Vulpes
chama, but the teeth as judged by the sockets differ appreciably.
The canine in the fossil form is distinctly larger than in the living
V. chama, and the first premolar is much nearer to the canine. As
will be seen by the drawings given the fossil form differs
considerably from that in V. chama in the arrangement of the
teeth. From the front of the first premolar socket to the back of the
2nd molar the measurement is 41.5 mm (pp. 22-23).

We are not entirely sure what Broom (1948) meant in saying
that the arrangement of the teeth in V. pattisoni differs
considerably from that in V. chama. However, we believe
that his comment boils down to a statement that the
diastemata between the cheek teeth are smaller in the fossil
than in the extant species. This is confirmed by first-hand
study of the specimen, housed in the Ditsong Museum of
Natural History, Pretoria (Figure 12 C).

Thus, Broom (1948) provides two characters on which to
diagnose V. pattisoni: a larger lower canine than in V. chama
and cheek teeth more crowded together. Neither of these
characters can be considered particularly significant or diag-
nostic, not only with regard to comparisons between
V. pattisoni and V. chama, but between the former and any
small species of Vulpini. Our inspection of the holotype of
V. pattisoni confirms that Broom’s figure is fairly accurate
regarding the M, morphology (compare the drawings with
the photograph in Figure 12). However, the M, of V. pattisoni
is much larger than any of the species in our comparative
sample (Figure 8). Its proportions are also different from the
M, of V. skinneri in that it is relatively more slender than the
M, of V. chama (the standard in Figure 8), while the M, of
V. skinneri is broader. Though M, is highly variable in some
vulpines (e.g. V. vulpes; Szuma, 2002), we believe that its size
and proportions in the V. pattisoni holotype, and the size and
crowding of the alveoli of its other teeth, suggest two things:
first, that the Malapa fox is not conspecific with V. pattisoni,
and second, that the V. pattisoni holotype is likely a juvenile,
which would explain the relatively crowded cheek teeth. In
summary, the Malapa fox material does not match any of the
named fossil Vulpini from South African sites.
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Malapa has yielded some of the most important fossils to be
found in South Africa in recent years. The Au. sediba specimens
continue to reveal significant information about hominin
evolution. The taphonomic preservation at the site — substan-
tially better than material from any other site in the Cradle of
Humankind World Heritage site — has resulted in an accumu-
lation of specimens that are remarkably complete (several
mammalian families are represented by collections of multiple
skeletal elements from single individuals) and exquisitely
detailed (including microscopic structures not often preserved).
The carnivore sample (Kuhn et al., 2011) exemplifies both of
these phenomena, preserving associated elements of a felid, a
hyaenid and now a canid, as well as preserving small detail
including the first recorded fossil specimen of the diminutive
Felis nigripes and now this delicate fox. Though only these three
elements (mandibular fragment, M, and rib) have been
recovered thus far, these specimens show clear evidence of a
new species: V. skinneri, which is similar in size to the modern
V. chama, but has a large M, relative to the M, trigonid, and a
more substantial mandibular angle. Most distinctively, V.
skinneri completely lacks a distal accessory cuspid in its Py — a
morphological condition apparently unique among all canids.
Thus, V. skinneri is the second new species (after Au. sediba) to
be described from this site.

ACKNOWLEDGEMENTS

We would like to thank Kristen MacNeill and Amanda
Heckler of Pennsylvania State University, Stephany Potze,
Teresa Kearney and Shaw Badenhorst of the Ditsong Museum
of Natural History, and Bernhard Zipfel of the University of
the Witwatersrand. We would also like to thank two
anonymous reviewers who provided highly valuable sugges-
tions and insights. AHR is funded by Pennsylvania State
University. LW is funded by the Swedish Research Council.
The following institutions and many individual sponsors all
provided funding for the excavations and research conducted
at Malapa: The Gauteng Provincial Government, South
African Department of Science and Technology, the South
African National Research Foundation, the University of the
Witwatersrand, the Andrew W. Mellon Foundation, the Africa
Array Program, the United States Diplomatic Mission to South
Africa, the National Geographic Society. The Nash family
generously provides access to the site.

REFERENCES

BERGER, L.R. 2012. Australopithecus sediba and the earliest origins of the
genus Homo. Journal of Anthropological Sciences 90: 1-16.

BERGER, L.R., DE Rurter, D.J., CHURCHILL, S.E., ScHmID, P., CARLSON,
KJ., Dirks, P. & KiBn, J.M. 2010. Australopithecus sediba: a new species
of homo-like Australopith from South Africa. Science 328: 195-204.

Bownpich, T.E. 1821. An Analysis of the Natural Classification of Mammalia
for the Use of Students and Travellers. Paris, J. Smith.

BrooMm, R. 1939. A preliminary account of the Pleistocene carnivores
of the Transvaal caves. Annals of the Transvaal Museum 19: 331-338.

BrooM, R. 1948. Some South African Pliocene and Pleistocene
mammals. Annals of the Transvaal Museum 21: 1-38.

Carrson, KJ., Stour, D., JasaasnaviLl, T., de RUITER, D.]., TAFFOREAU,
P., CarisoN, K. & BerGer, L.R. 2011. The Endocast of MHI,
Australopithecus sediba. Science 333: 1402-1407.

CRUSAFONT PAIRO, M. 1950. El primer representante del género Canis
en el Pontiense eurasiatico (Canis cipio nova sp.). Boletin de la Real
Sociedad Espariola de Historia Natural, Seccion Geoldgica 48: 43-51.

de Bonis, L.D., PEIGNE, S., Likius, A., MACKAYE, H.T., VicNAUD, P. &
BrUNET, M. 2007. The oldest African fox (Vulpes riffautae n. sp.,

Canidae, Carnivora) recovered in late Miocene deposits of the Djurab
Desert, Chad. Naturwissenschaften 94: 575-580.

Dirks, P., KB, J.M., KunnN, B.F., STEININGER, C., CHURCHILL, S.E.,
KraMERS, ]J.D., PICKERING, R., FARBER, D.L., MERIAUX, A.S., HERRIES,
AIR., KNG, G.C.P. & BERGER, L.R. 2010. Geological setting and age of
Australopithecus sediba from Southern Africa. Science 328: 205-208.

EWwER, R.F. 1956. The fossil carnivores of the Transvaal caves: Canidae.
Proceedings of the Zoological Society of London 126: 97-119.

FiccareLLl, G., TOrRrRE, D. & TURNER, A. 1984. First evidence for a
species of racoon dog, Nyctereutes Temminck, 1838, in South African
Plio-Pleistocene deposits. Bollettino della Societa Paleontologica Italiana
23: 125-130.

FiscHER VON WALDHEM, G. 1817. Adversaria Zoologica. Mémoires de la
Societé Impériale des Naturalistes de Moscou 5: 368—428.

Frisch, J. L. 1775. Das Natur-System der vierfiiligen Thiere in
Tabellen, darinnen alle Ordnungen, Geschlechte und Arten, nicht
nur mit bestimmenden Benennungen, sondern beygesetzten un-
terscheidenden Kennzeichen angezeigt werden zum Nutzen der
erwachsenen Schuljugend. Glogau, Giinther.

GeraADS, D. 1997. Carnivores du Pliocéne terminal de Ahl al
Oughlam (Casablanca, Maroc). Geobios 30: 127-164.

GERAADS, D., ALEMSEGED, Z., BoBE, R. & ReeD, D. 2010. Nyctereutes
lockwoodi, n. sp., a new canid (Carnivora: Mammalia) from the middle
Pliocene of Dikika, Lower Awash, Ethiopia. Journal of Vertebrate
Paleontology 30: 981-987.

HARTSTONE-ROSE, A. 2008. Evaluating the hominin scavenging niche
through analysis of the carcass-processing abilities of the carnivore
guild. PhD dissertation, Duke University.

HARTSTONE-ROSE, A., de RUITER, D.]., BERGER, L.R. & CHURCHILL, S.E.
2007. A saber-tooth felid from Coopers Cave (Gauteng, South Africa)
and its implications for Megantereon (Felidae, Machairodontinae)
taxonomy. Palaeontologia Africana 44: 99-108.

HempricH, F.G. & EHRENBERG, C.G. 1828-1834. Symbolae physicae,
seu icones et descriptiones corporum naturalium novorum aut minus
cognitorum quae ex itineribus per Libyam, Aegyptium, Nubiam,
Dongalam, Syriam, Arabiam et Habessiniam, pars zoologica II, anima.
Berlin, Officina Academica.

Henry, A.G., UNGAR, P.S., Passey, B.H., SPONHEIMER, M., Rossouw,
L., BAMFORD, M., SANDBERG, P., de RUITER, D.]. & BERGER, L. 2012. The
diet of Australopithecus sediba. Nature 487: 90-93.

KiBi, J.M., CHURCcHILL, S.E., ScHmID, P., CarLsoN, KJ., REep, N.D., de
Rurter, D.J. & BERGER, L.R. 2011. A partial pelvis of Australopithecus
sediba. Science 333: 1407-1411.

Kiver, T.L., KiBn, J.M., CHURCHILL, S.E., ScHMID, P. & BERGER, L.R.
2011. Australopithecus sediba hand demonstrates mosaic evolution of
locomotor and manipulative abilities. Science 333: 1411-1417.

Kunn, B.F., WERDELIN, L., HArRTsTONE-ROSE, A. Lacruz, R. &
BERGER, L.R. 2011. Carnivoran remains from the Malapa hominin
site, South Africa. PLoS ONE 6: 1-11.

Kunn, B.F., WERDELIN, L., HARTSTONE-ROSE, A., LACRUZ, R. & BERGER,
L.R. 2010. Carnivora associated with Australopithecus sediba, Malapa,
Gauteng, South Africa. Journal of Vertebrate Paleontology, 119A.

LARIVIERE, S. 2002. Vulpes zerda. Mammalian Species 714: 1-5.

LARIVIERE, S. & PASITSCHNIAK-ARTS, M. 1996. Vulpes vulpes. Mammalian
Species 537: 1-11.

LinoBLap-ToH, K., WaDE, C.M., MIkkeLSEN, T.S., KarrLsson, EK.,
Jarrg, D.B., KamaL, M., CLamp, M., CHANG, ].L., KuLBOKAS, E.J., ZoDY,
M.C., MauckLs, E., Xie, X.H., BREeN, M., WAYNE, R.K., OSTRANDER,
E.A., PonTING, C.P., GALIBERT, F., SMiTH, D.R., DEJONG, P.J., KIRKNESS,
E., ALvARrez, P., Biaci, T., BRockmaN, W., BUTLER, J.,, CHIN, C.W.,
Cook, A., Cury, ., DALy, M.J., DEcaPrIO, D., GNERRE, S., GRABHERR,
M., KeLLis, M., KLEBER, M., BARDELEBEN, C., GOODSTADT, L., HEGER, A.,
Hirrg, C., Kiv, L., Koeprri, K.P.,, PARkER, H.G., POLLINGER, ].P.,
SEARLE, S.M.]., SUTTER, N.B., THOMAS, R., WEBBER, C. & LANDER, E.S.
2005. Genome sequence, comparative analysis and haplotype struc-
ture of the domestic dog. Nature 438: 803-819.

NENTVICHOVA, M. & ANDERA, M. 2008. Dental anomalies and dental

variations in the red fox Vulpes vulpes in the Czech Republic. Acta
Theriologica 53: 217-228.



Downloaded by [The Library, University of Witwatersrand] at 00:38 22 January 2013

Hartstone-Rose et al.: A new species of fox from the Australopithecus sediba type locality 9

PETTER, G. 1973. Carnivores pléistocenes du ravin d’Olduvai (Tanzanie).
In Leakey, L.S.B., Savage, R]J.G. & Coryndon, S.C. (Eds), Fossil
Vertebrates of Africa, Vol. 3. London, Academic Press. pp. 44-100.
Porrts, R. & DEINO, A. 1995. Mid-Pleistocene change in large mammal
faunas of East Africa. Quaternary Research 43: 106-113.

Quu, Z. & Teprorp, RH. 1990. A Pliocene species of Vulpes from
Yushe, Shanxi. Vertebrata PalAsiatica 28: 245-258.

ReynoLps, S.C. 2012. Nyctereutes terblanchei: the raccoon dog that
never was. South African Journal of Science 108: 64-73.

SKINNER, ].D. & CamimvBa, C.T. 2005. The Mammals of the Southern
African Subregion, 3rd edn. Cambridge, Cambridge University Press.
SKINNER, J.D. & SmitHERS, R.H.N. 1990. The Mammals of the Southern
African Subregion, 2nd edn. Pretoria, University of Pretoria.
SMiITHERS, R.H.N. & SKINNER, J.D. 1983. The Mammals of the Southern
African Subregion Pretoria, University of Pretoria.

Szuma, E. 2002. Dental polymorphism in a population of the red fox
(Vulpes vulpes) from Poland. Journal of Zoology 256: 243-253.

Teprorp, RH. & Qiu, Z. 1991. Pliocene Nyctereutes (Carnivora:
Canidae) from Yushe, Shanxi, with comments on Chinese fossil
raccoon-dogs. Vertebrata PalAsiatica 29: 179-189.

Teprorp, R.H., TAYLOR, B.E. & WaNG, X. 1995. Phylogeny of the
Caninae (Carnivora: Canidae): the Living Taxa. American Museum
Novitates 3146: 1-37.

TeprorDp, RH. & WaNG, X. 2008. Metalopex, a new genus of fox
(Carnivora: Canidae: Vulpini) from the late Miocene of western North

America. In Wang, X. & Barnes, L.G. (Eds), Geology and Vertebrate
Paleontology of Western and Southern North America. Contributions
in honor of David P. Whistler. Los Angeles, CA, Natural History
Museum of Los Angeles County. pp. 273-278.

TeprFORD, R.H., WANG, X. & TAYLOR, B.E. 2009. Phylogenetic systema-
tics of the North American fossil Caninae (Carnivora: Canidae).
Bulletin of the American Museum of Natural History 325: 1-218.

VAN VALKENBURGH, B. 1989. Carnivore dental adaptations and diet: a
study of trophic diversity within guilds. In Gittleman, J.L. (Ed.),
Carnivore Behavior, Ecology, and Evolution. Ithaca, New York,
Cornell University Press. pp. 410—436.

VAN VALKENBURGH, B. 1996. Feeding behavior in free-ranging, large
African carnivores. Journal of Mammalogy 77: 240-254.

WERDELIN, L. & DEHGHANI, R. 2011. Carnivora. In Harrison, T. (Ed.)
Paleontology and Geology of Laetoli: Human Evolution in Context.
Volume 2: Fossil Hominins and the Associated Fauna. New York,
Springer Science and Business Media. pp. 189-232.

WERDELIN, L. & PEIGNE, S. 2010. Carnivora. In Werdelin, L. & Sanders,
W.J. (Eds), Cenozoic Mammals of Africa. Berkeley: University of
California Press. pp. 609-663.

ZirrEL, B., DEsILvA, ].M., Kipp, R.S., CarRLsON, K.J., CHURCHILL, S.E. &
BERGER, L.R. 2011. The foot and ankle of Australopithecus sediba. Science
333: 1417-1420.

ZrzAvY, ]. & RicANkoVA, V. 2004. Phylogeny of Recent Canidae
(Mammalia: Carnivora): relative reliability and utility of morphologi-
cal and molecular datasets. Zoologica Scripta 33: 311-333.





