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Abstract :- Fossils of the bat-eared fox, Ofocyon, have been found at various localities in Southern and
Eastern Africa, often in archaeological contexts. In Namibia the genus has previously only been
recorded from four Holocene localities. We herein describe a specimen from Kombat, Otavi Mountains,
which is likely to be of Pleistocene age. The origin of the bat-eared fox lineage is still poorly understood.
One scenario in the literature, which has been contested, is that it originated in Eurasia (or ultimately
North America) and then spread to Africa before going extinct in Eurasia. Our preferred interpretation
is that the earliest phases of the evolution of bat-eared foxes as a distinct lineage from other canids
occurred in Africa during the Early Pliocene, because, by the mid-Pliocene a species is known from the
Upper Laetoli Beds (3.85-3.6 Ma) Tanzania, and an Early Pleistocene species (Prototocyon recki) is
known from Olduvai Bed I, Tanzania (ca 2.0-1.8 Ma) and the lineage is quite common in southern
African Late Pliocene, Pleistocene and Holocene localities.
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Introduction

The Namibia Palacontology Expedition, morphology of the molar crowns (Kieser,
a collaborative project between the Geological 1995), a thick pelage, and large ears (hence the
Survey of Namibia, Windhoek, and the Centre common name of the species).
de Recherche en Paléontologie, Paris (CR2P), Clark (2005) postulated that the large
has been carrying out palacontological research ears of Otocyon megalotis might play a role in
in the country since 1991. Screening of uncon- thermo-regulation, an adaptation to the arid en-
solidated sediments in the ‘A’ fissure at Kombat vironment it lives in. However, field observa-
E-900 (Fig. 1, 3, 4) has yielded abundant fossils tions indicate that its large ears are used to lo-
including the first remains of equids and canids cate underground insects, such as harvester ter-
recorded from the deposits. mites (Hodotermes mossambicus) that com-

This paper describes and interprets the prise one of its main sources of food and other
canid fossil from the site and discusses the ori- cryptic insects such as beetles (Stuart et al.,
gin of the bat-eared foxes. It is hypothesised that 2003). In support of the latter idea the authors
they may well have originated in southern wrote that "the distribution of harvester termites
Africa during the Early Pliocene, evolving from .... and bat-eared fox .... in southern Africa,
a species of Canidae that had dispersed to Africa when superimposed on a map, show a 95%
(from North America via Eurasia) in the Latest overlap."
Miocene or Early Pliocene. After bat-eared foxes had evolved in

The main evolutionary tendencies of the southern Africa, it is inferred that they then
bat-eared fox group include a slight reduction in spread northwards to East Africa during the
body size, the acquisition of accessory molars middle of the Pliocene, but did not disperse as
and the development of an «insectivorous» far as the Tropic of Cancer nor to Eurasia.
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Previous Work

The fossiliferous fissure fillings at Kom-
bat, Otavi Mountains were first described by
Pickford and Senut (2010) who estimated that
the deposits in the ‘A’ fissure at E-900 were Ho-
locene, but, following recent collections from
the infillings, it is more likely that they are of
Late Pleistocene age. A sedimentary infilling in
the nearby ‘C’ fissure contains similar unconso-
lidated deposits and a variety of lithic imple-
ments and waste flakes of Middle Stone Age as-
pect.

Fossil remains of bat-eared foxes have
been recorded from a number of localities in
Southern and Eastern Africa (Avery, 2019;
Savage, 1978; Werdelin and Peigné, 2010) (Fig.
1, 2; Table 1). Most of the records (13 from
Pleistocene deposits, 10 of Holocene age) are
simple mentions in faunal lists. An exception is
the genus and species, Prototocyon recki Pohle,

Otocyon

Holocene
Pleistocene

White Paintings
Rock Shelter

1928, from the Early Pleistocene of Tanzania,
which is known from cranial elements (Pohle,
1928) and an almost complete mandible (Petter,
1973) (Fig. 7).

Because of the general lack of descrip-
tions and illustrations of the fossils attributed to
Otocyon, we herein describe and illustrate the
specimen from the Kombat ‘A’ fissure. Even
though the representation of bat-eared foxes at
the site is currently based on a single fossil, the
Kombat specimen prompts enquiries about the
origins of the lineage, mainly because the spe-
cimen is substantially larger than any of the ex-
tant material available for study, and it is sligh-
tly larger than the extinct species Prototocyon
recki (Fig. 8). The possibility thus exists that
extant bat-eared foxes are smaller than their
Pleistocene and Pliocene ancestors.

Lainyamok
Olduvai Gorge

s Lincola Cave
. \Sterkfontein

- -\\Tobias Cave
Equus Cave

Pinnacle Point

Plover’s Lake
Swartkrans

Figure 1. Distribution of fossil localities that have yielded remains of Ofocyon and Prototocyon. Pleistocene sites
are named; for locations and names of Holocene sites see Fig. 2. The white dotted outlines depict the distribution

of extant Otocyon megalotis.
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Country  Locality Latitude Longitude Flikshr | Hoto: References
cene cene
Kenya Lainyamok 01°49'5 36°10°E X o  Pols and Deing, 1995
. Kombat E-500 R - .
Mamibia Fissure 'A! 19°42'3 1744 % o This paper
South Afica  Boegoeberg 28°45'S 16°M°E b o Klein et al |, 1999
South Afnca  Cave of Hearths 24°10°'8 29°11'E X 0 Savage, 1978
: Lincoln Cave — e Reynolds et al ., 2003, 2007, Wadley,
South Afnca (Steridoniein) 26°01's 2T°44°E X o 2015
Armsirong, 2016; Marean et al .,
South Afica  Pinnacle Point H1'8 22°05°E X o 2004; McGrath et al |, 2015; Recior
and Reed, 2010; Wadley, 2015
Brophy et al ., 2006, 2014; De Rufer
z etal, 208; McKes et al | 1995;
South Anca  Plo Lak 25°59'3 ZT°4TE ; : ' '
Vers Lare . ®  Reynolds, 2010; Thackeray and
Watson, 1994; Wadley, 2015
Ewer, 1958; McKee et al, 1995;
} ; ('Regan, 2007, Reynolds, 2010;
South Afca  Sterkionfed 26°01'8 ZT°A4E
s 3 ®  Reynolds and Kibi, 2011; Reynokds
etal., 2003, 2007; Turner, 1987
Ewer, 1958; McKee et af ., 1995;
South Afmca  Swartkrans 26°02'S 27°43'E X o Reynolds, 2010; Turner, 1993;
Walson, 1993
South Afnca  Tobias Cave (Taung)  27°37'S 2°3FE X o  Mchee, 1954
; ey S Dehghani, 2008; Werdelin and
Tanzania Lasiol 03°13'5 3IH*1'E X 0 Dehghani, 2011
Tanzania Olduvai Gorge 02°59°'5 a2 E x 0 Pefter, 1973; Pohle, 1928
Bofswana g}h;f“"i"gs Rock  ygesgs  21°30E X X Robbins, 1990: Robbins ef al , 2000
} o o Klein et al ., 1991; Kuhn et &, 2015;
South Afnca  Equus Cave 21°3rs 24°38°E x X McKee et al. 1995
Botswana Cascas 19°475 2 ME o X Wilmsen, 1989
Botswana Divuyu 18°45'5 21°44'E o X Denbow, 2011; Turner, 1987
Botswana Mafapaneng 19°5 23°E o ¥ Turner, 1987
Botswana Ngoma 18°45'S 21°45'E o x  Turner, 1988
MNamibia Big Elephant Shefier 21°478 15°40°E 0 x  Wadley, 1979
Namibia Bremen 25°8 1f5E o x Cruz-Unbe and Klein, 1981-1583
Mamibia Maguans Andalusia 25°5 16°E o ¥  Gruz-Unbe and Klein, 1581-1983
Mamibia Sinped Girafle Sheller 217488 15°42°E 0 X Plug, 1979
South Afica  Abbofs Cave 31°97S  24°39E 0 g AL TR e Fog
Sampson, 1996
: . Beaumont and Boshier, 1974; Klein
South Amca  Doornfonfed 28°128 23°02°E > ' '
rriomeEn ¢ 1979 Thackeray et al_, 1983
South Aca  KNS-3C 013 17T°14°E 0 X Dewar, 2007
South Amca  Schroda 22°11'8 29°25°E o X Plug, 2000; Voigt, 1960
South Afica  Spoeg River 30°18's 17°16°E o x  Webley, 2001a, 2001b
: 67 km W of Ifgi and o e
Tanzania WNW of Kimaéinde 05°41°5 J3°53°E o X Reck and Pohle, 1922

Table 1. Localities having yielded fossil remains of Otocyon and other bat-eared foxes (x - present; o - no record)
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Geological and Palaeontological Contexts

The bedrock in the Kombat E-900 area
consists of Proterozoic dolostones and phyllite/
shales that were subsequently mineralised with
diverse sulphides during the Proterozoic
(Deane, 1995; Nghoongoloka et al., 2020).

Southern African Holocene Localities
Otocyon megalotis

@ Matlapeneng
@ striped Giraffe Shelter
@ Big Elephant Shelter

Maguans

@® Equus Cave
@ Doornfontein

KN3-6C
Spoeg River Abbot's
Cave

Figure 2. Southern African Holocene localities ha-
ving yielded remains of Otocyon megalotis; image
of bat-eared fox from Skinner and Smithers (1990)

During the Cenozoic Era, near-surface
fissures and caves developed in the dolostone of
the Upper Hiittenberg Formation, and as a result
the E-900 zone at Kombat is characterised by

R

narrow fissures and small caves that have acted
as receptacles for sediments of diverse kinds
(Pickford and Senut, 2010; Fig. 3, 4). The latter
authors estimated the age of the fissure fillings
as Recent, but subsequent surveys suggest that
the ‘A’ fissure filling, which is unconsolidated,
is more likely to be Late Pleistocene in age. The
nearby ‘C’ fissure at E-900 yields lithic imple-
ments of Middle Stone Age aspect, and there are
older well-indurated fissure fillings near the
vehicle adit of the mine. The Asis Ost cave brec-
cia, which is close by, is of Late Pleistocene to
Recent age on the basis of the faunal remains
that it has yielded.

The sedimentary infilling of the ‘A’ fis-
sure at E-900 consists of unconsolidated dark
brown, sandy to clayey sediment rich in small
euhedral quartz crystals and small angular clasts
of bedrock (dolostone and phyllite/schist) deri-
ved from the subjacent Proterozoic bedrock.
Fossils are scattered randomly in the sediment,
many of them being broken into fragments. The
fossils are generally dark brown to black, but
many have turquoise or green colouration due
to copper minerals that have impregnated the
bone or enamel and dentine of the teeth.

A comprehensive list of localities that
have yielded fossil remains of bat-eared foxes is
given in Table 1. The fauna currently known
from fissure ‘A’ is listed in Table 2.

Figure 3. Kombat E-900 open pit showing the positions of fissures ‘A’, ‘B’ and ‘C’ in dolostones of the Upper
Hiittenberg Formation; fissure ‘B’ is poorly fossiliferous and the ‘C’ fissure contains abundant Middle Stone Age

lithic implements and waste flakes.
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Figure 4. The ‘A’ fissure at Kombat E-900 with its infilling of fossiliferous dark brown sediment (image taken

in May, 2024)

Amphibia Petromus
Ophidea Others
Lacertidae Lagomorpha
Aves Pronolagus sp.
Chiroptera Chrysochloridae
Erinaceidae Hyracoidea
Carnivora Procavia capensis
Felidae (Leopard?) Macroscelidea
Canidae ?Petrodromus?
Otocyon cf megalotis Perissodactyla
Rodentia Equidae
Otomyinae Equus sp.
Steatomys Artiodactyla
Aethomys Bovidae
Pedetes Antidorcas sp.
Petromyscus 2 other spp.
Table 2. Faunal List - Kombat E-900 ‘A’ fissure
Material and Methods

GSN KOM 80’24 is an isolated lower
molar from the *A’ fissure at the Kombat E-900
pit, Otavi Mountainland, northern Namibia
(Fig. 5). It is coloured turquoise and black due
to impregnation of copper, iron and manganese
into the enamel.

The specimen was compared with mate-
rial of extant Otocyon megalotis (Fig. 6) and
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with a cast of the extinct species Prototocyon
recki from Olduvai Gorge, Bed I, Tanzania (Fig.
7), housed at the Palaeontology Collection, Mu-
séum National d’Histoire Naturelle, Paris
(Petter, 1973). Reference was also made to the
literature (Koyasu, 1993; Kieser, 1995), which
deals with the dentition of Ofocyon megalotis.
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Measurements of teeth were taken with with a Sony Cybershot digital camera, and
sliding calipers to the nearest tenth of a milli- treated with Photoshop Elements 15 to increase
metre (Table 3). Photographs were captured contrast and to remove unwanted background.

Systematic Palaeontology
Order Carnivora Bowdich, 1821
Family Canidae Fischer von Waldheim, 1817
Genus Otfocyon Miiller, 1836
Species Otocyon cf megalotis Desmarest, 1822
Material. KOM 80’24, left m/2 (Fig. 5).

Locality and Age. Kombat E-900, ‘A’ Fissure (19°42°35’S : 17°43°55”’E), Late Pleistocene (Fig. 3,

4).
Description

The crown of KOM 80°24 is ovoid in oc- The entoconid is smaller than the hypoconid
clusal view, with the anterior part slightly broa- and is slightly compressed transversely and is
der than the posterior part. The protoconid and positioned obliquely with respect to the trans-
metaconid are well developed both in volume verse axis of the tooth. Between the two cusps
and in height, with the metaconid being the tal- of the talonid there is a small, low, cuspid. There
ler of the two cusps. The mesial valley is nar- is a weak pre-entoconid cristid and distally the
row, bordered buccally by a mesial cristid that hypoconulid closes the talonid valley, which is
extends towards the low, vestigial paraconid deep.
positioned in the centreline of the tooth. The The crown is 7.0 mm in mesio-distal
basal cingulum on the protoconid is well deve- diameter, the mesial lophid is 5.0 mm broad,
loped. The talonid is shorter and narrower than and the distal lophid is 4.5 mm broad.

the trigonid, and is dominated by a large hypo-
conid that is almost as tall as the protoconid.

5mm

Figure 5. Stereo images of GSN KOM 80°24, left m/2 of Otocyon sp. From Kombat E-900 (fissure ‘A’), Otavi
Mountainland, Namibia. A — lingual view, B — occlusal view, C — buccal view

Discussion

The strong development and height of the the latter forms tend to have relatively
trigonid cusps (protoconid-metaconid) and the elongated, narrower, m/2s with low talonid
talonid (hypoconid-entoconid) of the Kombat cusps. On this basis, even though the Kombat
molar are characters that occur in posterior fossil seems rather large for Otocyon megalotis
lower molars of Ofocyon megalotis, being (ca 20% greater than the mean of m/2 : Table 3;
features that distance it from molars of other Fig. 8) its morphology agrees closely with the
extant canids such as Vulpes, Lupulella and corresponding teeth of this species.

Nyctereutes and their fossil species. In addition,
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Catalogue Number Locality

MNHN 2007-19 Cap de Bonne Espérance
MNHN 1973-135 Ethiopia

MNHN 1973-136 Ethiopia

MNHN 1972-392 Ethiopia

MNHN 1933-2794  Ethiopia

MNHN 1933-115 Ethiopia

MNHN 1969-481 Ethiopia

MNHN 1977-19 Somalia

MNHN 1965-205 Ménagerie

MNHN 2007-19 Cap de Bonne Espérance
MNHN 1973-135 Ethiopia

MNHN 1973-136 Ethiopia

MNHN 1972-392 Ethiopia

MNHN 1933-2794  Ethiopia

MNHN 1933-115 Ethiopia

MNHN 1969-481 Ethiopia

MNHN 1977-19 Somalia

MNHN 1965-205 Ménagerie

Tooth Mesio-distal  Bucco-lingual
length breadth
m/2 It 5.5 44
m/2 It 5.4 4.0
m/2 It 49 3.5
m/2 It 6.0 4.2
m/2 It 5.7 4.2
m/2 It 5.6 3.8
m/2 It 5.6 4.2
m/2 rt 5.3 4.0
m/2 rt 5.4 44
m/3 It 49 4.2
m/3 It 5.0 4.0
m/3 It 4.8 3.9
m/3 It 5.2 4.0
m/3 It 5.0 4.2
m/3 It 47 35
m/3 It 5.2 3.9
m/3 rt 5.5 4.0
m/3 rt 5.1 4.0

Table 3. Measurements (in mm) of posterior lower molars of Otocyon megalotis housed in the Collection of
Comparative Anatomy, Muséum National d’Histoire Naturelle (MNHN), Paris (It — left; rt — right)

In Otocyon megalotis the m/2 tends to be
somewhat larger than the m/3 but in the biva-
riate plots there is overlap of the measurements
of these teeth (Fig. 8). In addition the talonid of
the m/2 is usually only slightly narrower than
the trigonid, whereas in the m/3 the talonid is in

general noticeably narrower than the trigonid.
The molar from Kombat has a relatively narrow
talonid which resembles the proportions seen in
m/3s of Otocyon megalotis, but its overall cus-
pal morphology indicates that it it more likely
to be an m/2.

C

Figure 6. Stereo occlusal views of lower cheek teeth (p/3-m/4) of extant Otocyon megalotis. A — MNHN 1965-
205 (right teeth reversed), B— MNHN 1973-135 (right teeth reversed), C — MNHN 1969-481 (left teeth).
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Figure 7. FLK N1 761, left mandible of Prototocyon recki from Olduvai Bed I, Tanzania (cast in MNHN, Paris);
A — lingual view, B — buccal view, C — stereo occlusal view of p/3-m/2 and alveolus of m/3 (enlarged)

N =
E © Prototocyon recki m/2
5 _la % Otocyon cf megalotis Kombat *
& Otocyon megalotis m/3
e Otocyon megalotis m/2
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o
e oo ®
4 — S 0000
¢ *
ll [ ] ,"
35 | ........ g‘\ - .,_.--_,_’ e .
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I I I I I I
4 45 5 55 6 6.5 7

Figure 8. Bivariate (length-breadth) plots of posterior lower molars (m/2 and m/3) of extant Otocyon megalotis
(MNHN collection) and the Kombat fossil. Measurements of Prototocyon recki are from Petter (1964). Our
measurements of the m/2 in a cast of Prototocyon recki in the MNHN are 5.6 x 5.1 mm.

General Discussion

The presence of accessory molars in the Petter, 1964, 1973; Ewer, 1965; Clutton-Brock
small African canid, Ofocyon megalotis, has et al., 1976; Koyasu, 1993; Kieser, 1995; Nel
intrigued zoologists for well over a century and Maas, 2004).

(Huxley, 1880; Lydekker, 1884; Winge, 1895; Whilst it has been almost universal for
Carlsson, 1905; Matthew, 1924; Pilgrim, 1932; zoologists to classify the genus Ofocyon in the
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family Canidae, there has been little consensus
regarding the question of its relationships to
other genera of canids (Tedford et al., 1995). Is
it a member of a separate subfamily -
Otocyoninae - distinct from other dogs -
Caninae (Clutton-Brock et al., 1976) - or is it a
form derived from a Vulpes-like ancestor, and
thus a Caninae? (Carlsson, 1905). Both views
are available in the literature.

Much of the debate revolves around the
presence of accessory molars in Otocyon
(Lydekker, 1884; Koyasu, 1993) and the obser-
vation that the molars show morphology deri-
ved towards an insectivorous diet (Petter, 1964,
1973; Kieser, 1995). These factors have been
interpreted in contrasting ways, the accessory
molars and molar morphology being cited either
as primitive retentions (plesiomorphies; Hux-
ley, 1880) or as derived characters (apo-
morphies) (Winge, 1895; Carlsson, 1905).
Skinner and Smithers (1990) summarised the si-
tuation succinctly when they commented that
« The ancestors of the wild dog and the bat-
eared fox are unknown and there are no clues
to the links between Miocene and Pleistocene
canids ».

Although not explicitly stated in the lite-
rature, there seems to have been an underlying
assumption on the part of most authors who
have written about the origin of bat-eared foxes,
that the canid lineage from which they des-
cended was already of small dimensions. How-
ever, the fossils from the Pleistocene of Tanza-
nia (Petter, 1973) and now from Kombat, sug-
gest that the ancestral lineage may have been
somewhat larger (10-20% greater) than the
extant Otocyon megalotis, a possibility that
opens up new avenues of interpretation of
hitherto doubtfully identified fossil post-cranial
bones, for example, some of the specimens from
Swartkrans, South Africa, identified as Canidae
indet. by Watson (1993).

When commenting on the small Pleisto-
cene canid described by Bose (1880) from the
Pinjor-Markanda area, Siwalik Hills, India,
Lydekker (1884) wrote « The most probable in-
terpretation of the genetic affinity of Canis cur-
vipalatus is that it is a form derived from the pri-
mitive ancestral stock of Otocyon ...». The
supposedly primitive nature of Otocyon inferred
by Lydekker (1884) was based on the presence
of additional molars when compared to other
canids. In his logic, Lydekker (1884) was adhe-
ring to Huxley’s (1880) view that Otocyon is a
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primitive form, the presence of M4/ being inter-
preted by him as a survival of the dentition of
ancestors of the Canidae and carnivorous mar-
supials (see Pilgrim, 1932). This interpretation
was vigorously challenged by Winge (1895)
and, even though Carlsson (1905) supported the
systematic viewpoint of Lydekker (1884) she
considered that the presence of extra molars in
Otocyon was a derived condition, and not the
retention of a primitive feature.

In tune with Lydekker’s (1884) view,
Pohle (1928) wrote that the small canid from the
Pleistocene of Pinjor, India, could represent the
base of the Ofocyon lineage. He proposed that it
was most probably a descendant of Notho-
cyon curvipalatus (Bose) via Prototocyon recki
Pohle to Otocyon megalotis (Desmarest). Under
this interpretation, the base of the Otrocyon
lineage would be a genus that originated in
North America (Nothocyon Wortman and
Matthew, 1899). However, Wang and Tedford
(1992) transferred this genus to the Arctoidea
and some of the species included in it were
transferred to Leptocyon (a primitive canid)
(Tedford et al., 2009).

Pilgrim (1932) discussed the issue of
Canis curvipalatus in detail, and even though he
wrote that « Pohle’s (1928) view that the three
species form a genetic group seems to be
justified » ... he concluded that « it appears
better that the Indian fossil species should be
distinguished by a generic name of its own, and
for this I propose that of Sivacyon ». By doing
so, Pilgrim (1932) effectively excluded the
possibility that the Otocyon lineage descended
directly from a North American genus. Geraads
et al. (2015) in contrast, considered that
Sivacyon was closely related to Vulpes (sensu
stricto) and concluded that there was «no
reason to connect it to Otocyon as has
sometimes been done ».

Of historical interest is the phylogeny of
Thenius and Hofer (1960) that positioned Oto-
cyon close to Nyctereutes, Speothos, Dusicyon
and Chrysocyon, but with a question mark at the
base of its lineage. In their phylogeny, the ulti-
mate ancestral canid from which Otocyon was
thought to derive was Cynodesmus, a North
American Miocene genus according to the
authors. The Vulpes and Fennecus group was
positioned further off from Ofocyon than the
Nyctereutes-Dusicyon group (Fig. 9).
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Hesperacyon

Quaternary Pliocene Miocene

Oligocene

Otocyon

Miocene Pliocene Quaternary

Figure 9. Phylogeny of the Canidae based on Thenius and Hofer (1960). Note the question mark at the base of the

Otocyon lineage. « + » signifies the extinction of a lineage.

On the basis of observations on fossils
from Olduvai Gorge, Tanzania, discovered after
the work of Pohle (1928), Petter (1964) discus-
sed the origin of the bat-eared fox lineage. She
concluded that Pohle’s genus and species Pro-
totocyon recki was indeed distinct from Ofo-
cyon.

Unlike Pohle (1928) and Petter (1964)
however, Ewer (1965) considered that the Ol-
duvai bat-eared fox belonged to the same genus
as the extant Otocyon megalotis, as the combi-
nation Otfocyon recki. In her interpretation, the
differences in cranial and dental features bet-
ween the fossils and extant specimens repre-
sented interspecific variations rather than higher
level distinctions. In response, Petter (1973)
who had examined additional fossils from Ol-
duvai Gorge, including a mandible, considered
that Prototocyon recki was indeed distinct at the
genus level from Otocyon. Its dentition is
somewhat more primitive than that of Otocyon
megalotis as noted by Pohle (1928), but overall,
she concluded that the species P. recki was a
typical bat-eared fox, but with one molar fewer
in the upper and lower jaws than Otocyon
megalotis, among other features such as
differences in the length of the symphysis and
the relative development of the subangular
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process.

Citing the publications of Wayne et al.
(1987) and Wayne and O’Brien (1987), Tedford
et al. (1995) pointed out that in the Canidae, dif-
ferent data sources led to different phylogenies.
As concerns the bat-eared fox, they wrote
« Problem taxa include the foxes Urocyon and
Otocyon, considered sister taxa and members of
the Vulpini clade osteologically, but either as
members of the Canini clade (with Fennecus) on
chromosome morphology or in a basal unre-
solved multichotomy with other canines on al-
lozyme evidence ».

Werdelin and Peigné (2010) wrote that
« The Canidae are exclusive to North America
until the late Miocene, after which Eucyon- and
Vulpes-like taxa appear in Western Europe,
Asia, and Africa ..... Recently, Morales et al.
(2005) described from Lukeino (ca. 6 Ma) what
was then the oldest canid of Africa, Eucyon in-
trepidus. Even more recently, however, a foxlike
canid has been discovered from older sediments
in Chad (Toros-Menalla, ca. 7 Ma; Bonis et al.,
2007). The family reaches southern Africa in the
early Pliocene and northwestern Africa in the
mid-Pliocene. The final radiation of the Cani-
dae (Caninae) in the Pleistocene is seen mainly
in eastern Africa, but also in South Africa and
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Algeria ». However, the dating of the Chad ma-
terial is not secure, the assemblage of fossils
from Toros Menalla consisting of surface finds
ranging in age from 10 Ma to 4 Ma (Pickford,
2008a). It is thus insecure to consider that
Vulpes-like canids existed in Africa during the
Late Miocene, even though other canids (Eu-
cyon) are well represented in the continent, in
Kenya at Lukeino (Morales et al., 2005) and Le-
mudong’o (Howell et al., 2007).

The earliest plausibly well-dated occur-
rences of Vulpes in Africa are from the Pliocene
of the Mursi Formation, Ethiopia (ca 4 Ma,
Geraads et al., 2015), Makapansgat (Ewer,
1957) and Matjihabeng (De Ruiter et al., 2010)
South Africa, and possibly Ahl Al Oughlam,
Morocco (Geraads, 1997, 2008) with younger
material known from various sites in northern,
eastern and southern Africa (Avery, 2019;
Werdelin and Peigné, 2010).

Several recently published phylogenetic
scenarios, including some based on molecular
biology, appear to place Ofocyon as the most
primitive member of the family in its own clade
(Clutton-Brock et al., 1976) but others (Zrzavy
and Ri¢ankova 2004) classify it close to Vulpes,
Nurocyon and Nyctereutes, but in varying
positions depending upon the data analysed.

On the basis of cranial and dental char-
acters, and using numerical analysis, Clutton-
Brock et al. (1976) generated a centroid linkage
dendrogram (Fig. 10) in which Otocyon was
positioned at the base of the canid radiation, far
removed from Vulpes, Urocyon and Nycter-
eutes, but closer to Cuon, Speothos, Lycaon,
Dusicyon and Canis.

On the basis of chromosomal data Wayne
et al. (1987) positioned Otocyon close to Uro-
cyon and Fennecus, but far from Nyctereutes
and Vulpes, whereas Wayne and O’Brien
(1987) on the basis of allozyme data positioned
Otocyon close to Urocyon and Nyctereutes, far
from Vulpes and Fennecus, and well removed
from Speothos and Lycaon.

In contrast, basing their cladogram on
morphological data, Tedford et al. (1995, figs 8
and 9) positioned Otocyon and Urocyon close
together, with Nyctereutes close to Speothos,
but far from Fennecus and Vulpes. In their
figure 2, however, Tedford et al. (1995)
positioned Otocyon close to Urocyon and
Vulpes, but distanced it from Nyctereutes and
Speothos, with Cuon and Lycaon even further
removed from it (Fig. 10).
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Tedford et al. (2009) positioned Otocyon
and Prototocyon far from Canini, but closer to
Urocyon and slightly further from Vulpes.

Westbury (2018) placed Ofocyon close to
Nyctereutes and Vulpes, with Urocyon further
off, and with Cuon, Speothos, Lycaon and Canis
even further off (Fig. 10).

On the basis of all unweighted characters
analysed, Zrzavy et al. (2018) positioned Oto-
cyon close to Nyctereutes and Nurocyon and to
some, but not all, species of Vulpes, with Cuon,
Canis and Speothos far removed from it. Using
nHC and molecular characters (Fig. 10), the
same authors proposed that Ofocyon was close
to Nurocyon, Nyctereutes and Vulpes, with Uro-
cyon some way off, followed by Canis, Cuon,
Lycaon and Speothos, along with a diversity of
other canid taxa.

On the basis of mitochondrial DNA
analyses, Geffen et al. (1992) wrote that « The
grey fox, Urocyon cinereoargenteus, and the
bat-eared fox, Otocyon megalotis, are not
closely related to each other or to any of the
sampled fox taxa » (Fennecus, Vulpes). Thus, in
their view, Otfocyon is an outlier in canid
phylogeny, not closely related to other fox-like
taxa.

In contrast, Bardeleben et al. (2005)
hypothesised that Ofocyon was close to Nyct-
ereutes. They wrote « Differences between trees
derived from the nuclear data and those from
the mitochondrial data include the grouping of
the bush dog and maned wolf into a clade with
the South American foxes, the grouping of the
side-striped jackal (Canis adustus) and black-
backed jackal (Canis mesomelas) and the
grouping of the bat-eared fox (Otocyon
megalotis) with the raccoon dog (Nyctereutes
procyonoides) ».

After analysing morphological and mol-
ecular datasets, Zrzavy and Ricankova (2004)
wrote that « Otocyon and Nyctereutes are the
most problematic canid genera, causing an
unresolved branching pattern of Otocyon,
Vulpes, Nyctereutes and DC (dog-like canid)
clades » whereas, on the combined basis of
morphology, behaviour, genes and fossils,
Zrzavy et al. (2018) concluded that « Otocyon,
Nyctereutes and Nurocyon form a clade ». This
proposal is interesting because Nurocyon
Sotnikova, 2006, is a large canid first described
from Chono-Kariakh in Transbaikalia, Mon-
golia (Pliocene, MN 14) (Rook, 2009).
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Cranial and dental characters
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Figure 10. Four ‘phylogenies’ of Canidae containing Otocyon. For ease of reading, Otocyon, Vulpes and
Nyctereutes have been highlighted in green, blue and brown respectively.

Thus the debate about the affinities of
Otocyon within the Canidae remains unres-
olved, even though diverse approaches to
phylogeny reconstruction have been attempted
including classic comparative anatomy (Hux-
ley, 1880; Thenius and Hofer, 1960; Tedford et
al., 1995), numerical methods (Clutton-Brock
et al., 1976), and molecular biology (Barde-
leben et al., 2005; Westbury, 2018; Zrzavy et
al., 2018).
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The uncertainty about the phylogenetic
position of Otocyon reflects that concerning the
uncertainty of the position of jackals in general,
and, above all, that of the hunting dog, Lycaon.

In our opinion, Otocyon is most likely to
be a Vulpini. But we note that Fennecus zerda
presents certain similarities to Otocyon mega-
lotis (and to Prototocyon recki) in the morpho-
logy of the m/1 and m/2 (large broad talonid in
the m/1; m/2 with the metaconid hypertro-
phied). However, the similarities between the
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upper dentition of Otfocyon and Fennecus are
weaker.

The role of biogeography in the origin of
Otocyon has been less frequently evoked in the
literature, but historically early scenarios tended
to look towards Asia (Lydekker, 1884) or Asia
and North America (Pohle, 1928) as the region
where the lineage originated. It is widely accep-
ted that the Family Canidae (including Canini
and Vulpini) is of North American origin (Ted-
ford et al., 1995; Werdelin and Peigné, 2010)
and that it dispersed to Eurasia and eventually
to Africa during the latter part of the Miocene,
reaching Kenya by ca 6 Ma (Eucyon intrepidus,
described by Morales et al., 2005 and Rook,
2009). In this sense, the ancestors of Otocyon
were ultimately of North American origin, but
when the peculiarities of the dentition and man-
dible, along with the enlarged ears, dense furry
pelage and relatively small body dimensions are
taken into account, the most likely region in
which the genus became distinct from other li-
neages of canids, was in Sub-Saharan Africa, in
particular Southern Africa. Such a possibility
has not previously been clearly articulated.

In support of a southern origin of the bat-
eared fox lineage is the observation that Oto-
cyon moults its fur on an annual basis. Such an
adaptation is common in taxa that survive in
higher latitudes where seasonal climatic
changes are dominated by a winter/summer
cycle, but is less common in tropically adapted
species in which the alternations are more of a
wet season/dry season nature. The bat-eared fox
grows thick fur during the cooler months of the
southern winter and moults it at the onset of the
warmer months (Skinner and Smithers, 1990).

If the above biogeographic and develop-
mental scenarios are valid, then Ofocyon would
be an exclusively African lineage and has
remained so ever since its origin. It possibly
descended from a form such as Eucyon Tedford
and Qiu (1996) which was one of the earliest
members of the family Canidae to disperse to
the African continent, the oldest securely dated
specimen being aged ca 6 Ma (Eucyon intrep-
idus, Lukeino Formation, Kenya; Morales et al.,
2005). This scenario would imply a moderate
reduction in body dimensions, modifications of
dental morphology and the acquisition of extra
molars and other featuressuch as the length of
the mandibular symphysis (Petter, 1973).

Alternatively, the possibility exists that a
currently unknown Vulpes-like form may have
dispersed from North America to Africa via
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Eurasia during the Early Pliocene. The earliest
Vulpes-like canids in North America date from
ca 7 Ma, and genera such as Metalopex and
Urocyon are known in that continent from the
Latest Miocene and Pliocene respectively
(Tedford et al., 2009). In Africa (discounting
the Chad fossil, the age of which is poorly
constrained), Vulpini are known from the mid-
Pliocene of Mursi, Ethiopia (Geraads et al.,
2015), and Makapansgat, South Africa (Ewer,
1957), and younger sites (Avery, 2019).

The supposed Late Miocene dating of the
Toros-Menalla (Chad) specimens (Bonis et al.,
2007) is doubtful. If correct, however, then it
would imply an exceptionally rapid dispersal of
Vulpes to Africa after the origin of the lineage
in North America.

Whatever the case, the evolution of
Prototocyon and Otocyon implies the develop-
ment of additional molars, the modification of
molar cuspal morphology and the proportions
of the posterior teeth towards a more insect-
ivorous diet, modification of the subangular
process of the mandible where the digastric
muscle inserts (Tedford er al., 1995; Skinner
and Smithers, 1990; Clark, 2005), elongation of
the mandibular symphysis (Petter, 1973), and
very probably the enlargement of the ears, as
well as the evolution of a more dense pelage and
bushier tail. Because bat-eared foxes live and
breed in underground dens their limbs are
relatively short when compared with those of
other foxes and jackals, but the metatarsals are
long (personal observations) suggesting that the
ancestor probably had longer femur and tibia
than the extant form.

If the Pliocene and Pleistocene bat-eared
foxes were somewhat larger (10-20%) than the
extant forms, as indicated by the Olduvai and
Kombat specimens, then some of the canid post-
cranial fossils previously excluded from the
group, because they were larger than those of
Otocyon megalotis, could belong to it. Among
the many fossils from the South African cave
sites such as Swartkrans, that have been listed
as « canid indet. » (Watson, 1993) because they
were slightly too big to match their counterparts
in Otocyon megalotis, there could be some that
represent ancient bat-eared foxes.

At present, Otocyon occurs in two dis-
junct regions of Sub-Saharan Africa (Fig. 1) se-
parated by more than 1000 km (Skinner and
Smithers, 1990). The greatest area of distribu-
tion is Southern Africa, but the species is also
widespread in the drier parts of Eastern Africa.
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All fossils attributed to Otocyon and
Prototocyon have been found within the same
zones as the living species. The currently
available fossil record, when combined with the
apparent absence of fossils of bat-eared foxes
from Northern Africa, the Middle East and
Eurasia, suggests that the lineage evolved in
Southern Africa, and then, like several other
mammals (Pickford, 2008b) spread northwards
to the more arid parts of East Africa, but did not
disperse any further. This scenario accords with

other biogeographic evidence which suggests
that Southern Africa was an important centre of
evolution (Pickford, 2004, 2008b) and not an
evolutionary cul-de-sac as some people have
thought.

From a palacoenvironmental perspective
the presence of Otocyon at Kombat E-900
accords with the other faunal elements (Table 2)
suggesting that the climate and vegetation was
comparable to what it is today - semi-arid
woodland-savannah with summer rainfall.

Conclusions

The sedimentary infilling of the ‘A’
fissure at Kombat E-900, Otavi Mountainland,
Namibia, has yielded a rich and diverse assemb-
lage of fossil vertebrates which, taken together,
indicate a Late Pleistocene age. The nearby ‘C’
fissure with a similar sedimentary infilling
contains lithic implements and waste flakes that
suggest a broad correlation to the Middle Stone
Age. The ‘B’ filling is poorly fossiliferous, but
the few specimens that it has yielded are similar
to material in the ‘A’ fissure.

Among the fossils from the ‘A’ fissure,
there is a lower molar attributed to a bat-eared
fox on the basis of the close morphological
similarities that it shares with posterior lower
molars of the extant species Otocyon megalotis.
However, the Kombat tooth is appreciably
larger (ca 20%) than the mean of the corres-
ponding element in the extant species. Given the
restricted nature of the sample, however, we
refrain from naming a new species, and attribute
the specimen to Otocyon cf megalotis.

The observation that some fossils of
Pleistocene bat-eared foxes (Prototocyon recki
and the Kombat fossil) are somewhat larger
than the corresponding parts of the extant
species suggests that there has probably been a

reduction in body size in this lineage through
geological time.

Finally, following the dispersal of the fa-
mily Canidae from North America to Africa
(via Asia) at the end of the Miocene (with forms
such as Eucyon and of vulpines during the Plio-
cene), it is plausible that Otocyon evolved ex-
clusively within Africa (more likely Southern
Africa than East Africa) and did not sub-
sequently disperse to other continents, nor even
to parts of Africa north of the Tropic of Cancer.

A holistic approach to the origin of the
bat-eared fox lineage, taking into account its
skeletal and dental morphology, molecular bio-
logy, behaviour, body dimensions, physiology
(including seasonal adaptations such as moul-
ting), as well as its admittedly relatively sparce
fossil record, indicates that it most probably
evolved in Southern Africa from a lineage of
canids that dispersed to Africa during the latest
Miocene, probably ultimately from North Ame-
rica via Eurasia.

For a period of over two centuries, scena-
rios based on only one or two of the data sources
have failed to resolve the issues concerning
canid phylogenetics and systematics.
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