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ABSTRACT
Amphicyonidae are a common element of carnivoran faunas in the early and 
middle Miocene of Eurasia and North America, but by the Messinian they had 
become extinct there, except possibly on the Indian subcontinent. In Africa, 
amphicyonids are poorly known from a scattering of records from the late 
Oligocene to the late Miocene. In this paper, we describe the last-surviving 
amphicyonid in Africa, from Messinian-age sediments (dated c. 6.5-5.3 Ma) of 
Ethiopia (Gona) and Kenya (Lothagam and possibly Lemudong’o). Th is new 
taxon shows unique adaptations to hypercarnivory in the lower molars and was 
small for an amphicyonid, dentally about the size of a coyote, Canis latrans.

RÉSUMÉ
Le dernier amphicyonidé (Mammalia, Carnivora) en Afrique.
Les Amphicyonidae sont des éléments courants dans les faunes de carnivores du 
Miocène inférieur et moyen d’Eurasie et d’Amérique du Nord, où ils s’éteignent 
avant le Messinien, à l’exception peut-être du sous-continent indien. En Afrique, 
les amphicyonidés sont peu connus, avec un petit nombre de sites de l’Oligo-
cène supérieur au Miocène supérieur. Dans cet article, nous décrivons le dernier 
survivant des amphicyonidés en Afrique, de sédiments d’âge messinien (daté 
d’environ 6,5-5,3 Ma) d’Éthiopie (Gona) et du Kenya (Lothagam et peut-être 
Lemudong’o). Ce nouveau taxon montre des adaptations hypercarnivores tout 
à fait particulières sur les molaires inférieures et était relativement petit pour un 
amphicyonidé, ses dents ayant la taille de celles du coyote Canis latrans. 
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INTRODUCTION

Th e fossil record of Amphicyonidae in Africa is, to say 
the least, patchy and diffi  cult to interpret. Th e earliest 
records may be an isolated incisor from Malembe, 
Cabinda Province, Angola, possibly of late Oligocene 
age (Hooijer 1963) and fragmentary remains from 
Moroto II, Uganda (earliest Miocene, > 20 Ma), re-
ferred by Pickford et al. (2003) to ?Cynelos sp. However, 
the earliest well-preserved remains of amphicyonids 
are from the early Burdigalian (c. 20 Ma) of eastern 
and southern Africa. Savage (1965) described two 
species of amphicyonid from eastern African sites that 
he referred to the new genus Hecubides: H. euryodon 
Savage, 1965 and H. macrodon Savage, 1965. Th e 
former is known from a series of localities, includ-
ing Songhor, Rusinga, Chamtwara, Mfwangano, 
and Napak, all dated from the early Burdigalian to 
the early Langhian. Th e latter species, which as the 
name implies diff ers by being larger, is known from 
fewer localities, including Rusinga, Kalodirr, and Kip-
saraman. Schmidt-Kittler (1987) noted that Savage 
had emphasized similarities between his Hecubides 
 Savage, 1965 and the European amphi cyonid Cynelos 
lemanensis (Pomel, 1846), and synonymized Hecubides 
under the latter generic name. Recently, Morales et 
al. (2007) proposed resurrecting Hecubides as distinct 
from Cynelos Jourdan, 1862. However, the diff erences 
are slight and as the material is limited and Cynelos 
itself in dire need of revision, we shall not here use 
the name Hecubides for these taxa. 

Morales et al. (2008) have recently reviewed the 
carnivore fossil record of the lower Miocene locali-
ties in the Sperrgebiet of southern Namibia. Th ese 
sites are approximately coeval with the oldest sites 
including C. euryodon (Savage, 1965) in eastern 
Africa. Several of these Namibian sites have yielded 
remains of amphicyonids, which Morales et al. 
(2008) have referred to the genus Ysengrinia Gins-
burg, 1965, well known from the lower Miocene 
of western Europe and elsewhere. Ysengrinia is also 
known from the slightly younger (middle Burdigal-
ian) locality of Arrisdrift in Namibia, in the form of 
the species Y. ginsburgi Morales, Pickford, Soria & 
Fraile, 1998. Arrisdrift also records the presence 
of a second amphicyonid, referred by Morales et 
al. (1998) to Amphicyon giganteus (Schintz, 1825). 

Unlike the medium or small (for Miocene amphi-
cyonids) species of Cynelos, the Namibian mate-
rial is very large. A further very large Burdigalian 
amphicyonid, is known from the eastern African 
localities of Buluk and Fejej, but this material has 
yet to be described.

North Africa, too, has Burdigalian amphicyo-
nids, in the form of cf. Amphicyon giganteus and 
the aberrant Afrocyon burolleti Arambourg, 1961 
from Jebel Zelten, Libya and a recently described 
Cynelos sp. from Wadi Moghara, Egypt (Morlo 
et al. 2007). Th e relationships of A. burolleti to 
other African amphicyonids, as well as to other 
Amphicyonidae in general, are obscure. 

Th e middle Miocene (Langhian and Serraval-
lian) amphicyonids of Africa are more restricted, 
both in terms of number of records and in their 
taxonomic affi  nities. Due to a dearth of localities, 
there are no southern African amphicyonids from 
this time period, but representatives of the family 
have been found in both eastern and North Africa. 
All of these have been referred to the genus Agnoth-
erium Kaup, 1833. In eastern Africa, A. kiptalami 
Morales & Pickford, 2005 has been reported from 
Kabarsero, Ngorora Formation, Member D (Mo-
rales & Pickford 2005a). A related, undescribed 
form is known from Fort Ternan (Morales & 
Pickford 2005a). In North Africa, fragmentary 
remains tentatively referred to the European spe-
cies A. antiquum Kaup, 1833 have been reported 
(Kurtén 1976; Ginsburg 1977). All of these forms 
are of medium size.

In the Upper Miocene, fi nally, amphicyonids 
are somewhat better represented, though this may 
simply be an eff ect of a greater number of locali-
ties, coupled with the longer time span of the up-
per Miocene compared to the middle Miocene. 
North Africa records another aberrant form from 
the Tortonian of Oued Mya 1, Algeria, Myacyon 
dojambir Sudre & Haretenberger, 1992, of un-
certain affi  nities (Sudre & Hartenberger 1992). 
A probably somewhat younger Tortonian form 
has been reported from the Namurungule For-
mation, Samburu Hills (described as Ursidae or 
Amphicyonidae by Tsujikawa [2005], but clearly 
of amphicyonid affi  nities; cf. Werdelin & Peigné 
[in press]). Both of these are large species.
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Th e youngest African amphicyonids are of Messin-
ian age. Werdelin (2003) reported fragmentary 
remains of a large amphicyonid, recorded only as 
Amphicyonidae sp. A, but with general similarities 
to Amphicyon sp., from the lower Nawata Forma-
tion, Lothagam, Kenya. Another amphicyonid is 
recorded from Toros-Menalla in Chad (Peigné et al. 
2008). However, the youngest amphicyonid mate-
rial thus far described from Africa comes from the 
Upper Nawata Formation, Lothagam, in the form of 
a broken mandibular ramus with damaged m1 and 
alveoli for m2 and m3 described as Amphicyonidae 
sp. B (Werdelin 2003). Additional material that can 
be referred to this taxon has now been recovered 
and forms the subject of this contribution.

MATERIAL AND METHODS

Th e material described herein comes from several east-
ern African localities. Material from Gona is housed 
in the National Museum of Ethiopia, Addis Ababa 
(NME). Material from Lothagam and Lemudong’o 
is housed in the Department of Paleontology, Kenya 
National Museums, Nairobi (KNM). Comparative 
material of Cynelos euryodon and C. macrodon (Savage, 
1965) is housed in the Kenya National Museums, 
in the Uganda Museum, Kampala (UM), and in the 
Department of Palaeontology, Th e Natural History 
Museum, London (BMNH). Measurement data on 
these specimens is either original or from the publica-
tions of Savage (1965) and Schmidt-Kittler (1987). 
Additional measurement data on comparative ma-
terial of the European amphicyonid species Cynelos 
lemanensis, C. helbingi (Dehm, 1950), C. schlosseri 
(Dehm, 1950), and C. rugosidens (Schlosser, 1899) 
were generously provided by Dr Stéphane Peigné.

Measurements used are Lm1: greatest mesiodistal 
length of m1; Wm1: greatest buccolingual width of 
trigonid of m1; Lm2: greatest mesiodistal length of 
m2; Wm2: greatest buccolingual width of m2; LM1: 
greatest mesiodistal length of M1; WM1: greatest 
buccolingual width of M1 normal to LM1; LM2: 
greatest mesiodistal length of M2; WM2: greatest 
buccolingual width of M2 normal to LM2. All 
measurements are in millimetres. Ltm1: mesiodistal 
length of trigonid of m1.

Standard bivariate techniques are used in the quan-
titative analyses. Regressions are major axes and confi -
dence ellipses of comparative samples are all 95%. All 
analyses and plots were done in Aabel, ver. 2.4.2.

SYSTEMATICS

Order CARNIVORA Bowdich, 1821
Family AMPHICYONIDAE Haeckel, 1866

Genus Bonisicyon n. gen.

TYPE SPECIES. — Bonisicyon illacabo n. sp. by present 
designation

ETYMOLOGY. — In honour of Dr Louis de Bonis in 
recognition of his many contributions to the study of 
fossil carnivores.

DIAGNOSIS. — As for type species.

Bonisicyon illacabo n. sp.
(Fig. 1A-F)

Amphicyonidae sp. B – Werdelin 2003.

Simocyon sp. — Howell & García 2007: 124.

HOLOTYPE. — HMD1/P11 from Gona, Ethiopia, right 
m1. Fig. 1A-C herein (NME).

ETYMOLOGY. — From the Afar illacabo, end (as in “the 
end of the story”), a noun in apposition. Th e last syl-
lable is stressed.

GEOGRAPHICAL RANGE. — Eastern Africa (Ethiopia, 
Kenya).

STRATIGRAPHIC RANGE. — Latest Miocene, c. 6.5-5.3 Ma 
(Messinian; ~MN13 equivalent).

LOCALITIES. — Hamadi Das (HMD), Escarpment (ESC), 
and ?Asbole Dora (ABD), Gona (Ethiopia), Upper 
Nawata Formation, Lothagam (Kenya), ?Lemudong’o 
(Kenya).

MATERIAL EXAMINED. — Gona (Afar Autonomous Region, 
Ethiopia): HMD1/P11, isolated right m1 (holotype); 
ESC2/P224, isolated left m2; ABD1/P35, damaged right 
M2. Lothagam (Turkana District, Kenya): KNM-LT 
23944, a partial right horizontal ramus with roots of p4, 
a broken m1, the alveolus for m2 and the anterior part 
of the alveolus for m3; Lemudong’o (Narok District, 
Kenya): KNM-NK 45780, isolated left M1.
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DIAGNOSIS. — Amphicyonidae of small size; carnassial 
shear on m1 entirely mesiodistal; m1 hypoconid formed 
into elongated crest, separated from trigonid by a narrow 
postvallid notch and eff ectively a part of the carnassial 
shear; m1 metaconid in evidence only as a bulge on the 
lingual side of the protoconid; m1 relatively wide and 
bulbous at the base of the crown; m2 broad and short.

DESCRIPTION

Material referred to Bonisicyon illacabo n. sp.
HMD1/P11, right m1 (Fig. 1A-C). Th is specimen 
is a very well preserved right m1. Th ere is some sedi-
ment clinging to the specimen in places, but other-
wise the preservation is pristine. Th e tooth is robust, 
with a trigonid that is about twice the length of the 
talonid. Th e mesial root is broken about 5 mm below 
the crown, but otherwise the tooth is complete. It is 
nearly unworn, with only some blunting of the apices 
of the main cusps. Th e widest part of the tooth is 
just mesial to the apex of the hypoconid. Mesial to 
this point the tooth is nearly equally wide until just 
mesial to the base of the metaconid remnant, then 
it tapers to the carnassial notch, where there is an 
in-turning on the lingual side, then is equally wide 
until just mesial to the paraconid apex, mesial to 
which it tapers rapidly but smoothly to the mesial-
most point of the tooth. Distal to the widest point 
the tooth tapers gradually in width to the distal end 
of the hypoconid, then tapers abruptly but smoothly 
to the distal end of the tooth. 

Th e trigonid consists of a well-developed para-
conid and protoconid, and a metaconid that has 
been reduced to little more than a bump on the 
lingual face of the protoconid. Th e mesial face of 
the paraconid slopes almost vertically down to the 
mesialmost point of the tooth, which is just dorsal 
to the crown/root juncture. Th e paraconid cristid is 
very short and the paraconid is much lower than the 
protoconid and even lower than the point where the 
(almost entirely reduced) metaconid apex joins with 
the protoconid. Th e carnassial notch is acute but not 
very deep. Th e protoconid is tall and mesiodistally 
longer than the paraconid. Th e preprotocristid is 
well developed and is slightly expanded dorsally 
about midway between the apex of the tooth and 
the carnassial notch. Th e postprotocristid is much 
more vertically oriented than the preprotocristid 
and meets the talonid at what can only be termed a 

posterior carnassial notch. Carnassial shear is almost 
entirely mesiodistal, with only a very slight angle 
between paraconid and protoconid. As noted, the 
metaconid is almost entirely reduced. It can best 
be discerned in its distal part, where it is partially 
separated from the protoconid by a shallow groove. 
No cristids are developed on the metaconid.

Th e talonid is entirely dominated by the hypo-
conid, which is almost as long as the protoconid 
and located directly distal to it. It is elongated into 
a cristid that runs the entire length of the talonid, 
ending with a nearly vertical face that drops to the 
distal end of the tooth. Th e hypoconid is about ⅔ 
the height of the protoconid. Th e lingual part of 
the talonid consists of a lingual cristid that includes 
what are probably poorly developed entoconid and 
entoconulid. Th is cristid is separated from the hy-
poconid by a narrow, shallow groove. 

Th e anterior root is broken, as noted. At the 
crown level the two roots are about equally long 
mesiodistally, with the posterior perhaps slightly 
longer. Th ere is no basal cingulum, merely a mod-
est out-bulging of the enamel. 

Lm1: 18.9; Wm1: 9.7; Ltm1: 12.0.

ESC2/P224, isolated left m2 (Fig. 1D-F). Th is 
tooth has been subjected to considerable chemi-
cal weathering, and hence the preservation is less 
favorable than that of the previous specimen. Th e 
specimen is coated with white residue of this process 
and is considerably pitted. Although the cuspids 
appear relatively unworn, it is not possible to state 
with certainty whether this is the case or whether 
some moderate wear is present. 

Th e m2 is a rounded rectangle in occlusal view, 
with the distal end tapering more than the mesial, 
which is cut-off  in a slightly oblique line from buc-
cal (mesialmost) to lingual. Th e trigonid consists 
of a protoconid and metaconid with no hint of of 
a paraconid. Th e protoconid is the tallest trigonid 
cuspid and has distinct pre- and postcristids. Th e 
metaconid is not developed into a cuspid, but forms 
a low crest along the lingual side of the tooth. Th e 
enamel bulges basally on the buccal side below 
the protoconid but not on the lingual side below 
the metaconid. Th e area between the two trigonid 
cuspids forms a shallow valley but no basin. 



779

Th e last amphicyonid (Mammalia, Carnivora) in Africa

GEODIVERSITAS • 2009 • 31 (4)

A

B

C

D

E

F

G

FIG. 1. — Molars of Bonisicyon illacabo n. gen, n. sp.: A-C, HMD-1-P11 (holotype), right m1, Hamadi Das, Gona, Ethiopia; D-F, ESC-
2-P224, left m2, Escarpment, Gona, Ethiopia; G, ABD-1-P35, damaged right M2, Asbole Dora, Gona, Ethiopia; A, D, lingual views; 
B, E, buccal views; C, F, G, occlusal views. Scale bar: 10 mm.

Th e buccal bulge of the enamel continues on to 
the talonid beneath the hypoconid. Th e latter is large 
and crest-like and separated from the protoconid 
by a shallow valley but no distinct postvallid notch. 
Th ere is no entoconid and the lingual half of the 
talonid is formed into a shallow, nearly fl at basin.

As in the case of the m1 the anterior root is 
broken and the posterior nearly complete. Th e 
posterior root appears to have been much the larger 
of the two.

Lm2: 12.4; Wm2: 9.4.

KNM-LT 23944, a partial right mandibular cor-
pus with broken m1 (after Werdelin 2003: fi g. 2): 
the ramus is long and relatively slender. It is both 
deepest and thickest beneath the m1 talonid. Th e 
ramus is broken anteriorly at the anterior end of 
the anterior root of p4 and posteriorly just at the 
point where the horizontal ramus begins to ascend 
to the coronoid process. Th e latter break continues 
posteroventrally and the ventral half of the ramus 
is about 30 mm longer than the dorsal half. Poste-
rior to m2 the ramus becomes noticeably thinner. 
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Th e anterior end of the masseteric fossa can be felt 
by tactile inspection rather than seen and lies pos-
terior to the tooth row. Th e fourth lower premolar 
was a relatively short and probably quite slender 
tooth. Th e lower carnassial is short, with the talo-
nid making up about one third of the total length 
of the tooth. Th e trigonid is relatively short given 
the size of the ramus. Neither trigonid cuspid can 
be clearly distinguished because of a strong, nearly 
horizontal wear facet that runs from the mesial end 
of the trigonid to the distal end of the talonid. Th e 
talonid has a single, well-developed and probably 
trenchant cuspid. Th ere is no buccal cingulum, 
only a slight marginal swelling at the talonid. Th e 
m2 was, to judge from the alveoli, a broad tooth 
of about 14 mm length. Th e m3 alveolus is much 
smaller than either alveolus of m2.

Material referred to cf. Bonisicyon illacabo n. sp.
KNM-NK 45780, isolated left M1 (Howell & 
García 2007: fi g. 3). Th e crown of this complete 
tooth is a triangle that is pinched in the center, 
about level with the buccal end of the prepro-
tocrista. Th e trigon has three cusps. Th e largest 
is the paracone, which is a substantial, pyramidal 
tooth with distinct pre- and postparacristae. Th e 
metacone, though still a substantial cusp, is more 
crest-like. It has a short premetacrista and a longer 
postmetacrista. Th ese two cusps are bounded me-
sially, buccally, and distally by a cingulum that is 
broad mesially and tapers gradually to the distal 
end, where the postmetacrista nearly reaches the 
distal margin of the tooth. Th e protocone is a low 
crescent with substantial pre- and postprotocristae. 
Th e space between the trigon cusps is deep but not 
formed into a fl at basin. Lingually, the protocone 
has crenelated enamel and descends gradually to a 
broad cingulum that is largest centrally and tapers 
both mesially and distally. 

LM1: 13.4; WM1: 16.9 (after Howell & García 
2007).

ABD-1-P35, damaged right M2 (Fig. 1G). Th e 
tooth is missing the parastyle and a part of the 
paracone and paracrista. Much of the morphology 
of the preserved parts of the tooth is obscured by 
white weathering residue clinging to the occlusal 

surface. In occlusal outline the tooth as preserved is 
rectangular. It might be expected that the parastyle 
would have extended mesially beyond the mesial 
cingulum. Th e general relief of the tooth is low. It 
has three trigon cusps, a low paracone, a very low 
metacone, and a low protocone that forms a blunt 
ridge together with the pre- and postprotocristae. 
Th e metastyle is well developed and is surrounded 
by a cingulum. Th e crown buccal to the protocone 
forms a broad shelf with low-lying area followed 
buccally by a broad buccal cingulum.

WM2 at level of protocone: c. 11.

COMPARATIVE ANALYSIS

Ideally, the affi  nities and antecedents of Bonisicyon 
n. gen. would be resolved by a cladistic analysis of 
relationships. However, since all the material avail-
able consists of isolated teeth or, in the case of the 
Lothagam specimen, of a damaged mandibular 
corpus with a single broken tooth, very few char-
acters are available on which such an analysis could 
be based. Th e character matrix on which Peigné et 
al. (2008) based their study of Magericyon Peigné, 
Salesa, Antón & Morales, 2008, for example, in-
cludes only three of 18 characters that can be coded 
in the available material of Bonisicyon n. gen. Th us, 
establishing a framework for a cladistic analysis is 
not possible unless more complete material becomes 
available in the future, and instead we have carried 
out a traditional comparative analysis to try to es-
timate the position of Bonisicyon n. gen. relative to 
other Amphicyonidae.

MORPHOLOGICAL COMPARISONS

Th e m1 with low paraconid, tall protoconid, and 
talonid dominated by a large hypoconid and broad 
almost nonexistent entoconid set on a posterolingual 
talonid shelf, the m2 with hypoconid as the only 
talonid cusp, formed into a low crest, the presence 
of an m3, the M1 with subtriangular shape and 
broad cingulum shelf surrounding the lingual mar-
gin of the tooth, all indicate that these specimens 
belong to the Amphicyonidae. Th e only other pos-
sible taxonomic allocation would be, as suggested 
by Howell & García (2007), to Simocyon Wagner, 
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1858. However, the M1 of Simocyon, though simi-
lar to that of generalized Amphicyonidae (and the 
Lemodung’o specimen described above), diff ers in 
several respects, even taking into account structural 
evolution within the Simocyon lineage. In the lat-
ter taxon the metacone has a less developed post-
metacrista and a more developed metaconule (in 
S. primigenius Roth & Wagner, 1854 in some cases 
also a paraconule: Wang 1997: fi g. 7 top). In the 
M1 from Lemudong’o, these features are developed 
as in typical Amphicyonidae. Setting the paracone-
metacone pair as the horizontal, the mesial face of 
M1 in Simocyon tapers mesiodistally to the lingual-
most point of the tooth, which is distinctly distal 
to the tooth midline. In the Lemudong’o specimen 
the mesial face of the tooth is nearly parallel to the 
distal face, both tapering gradually to the lingual-
most point, which is set close to the tooth midline. 
In Simocyon, the protocone is set much closer to the 
mesial face of the tooth than to the distal face (cf. 
Werdelin 2005: text-fi g. 3G), in the Lemudong’o 
specimen the protocone is set near the middle of the 
tooth. In Simocyon, the lingual cingulum extends 
distolingually, but is excluded from the mesial face 
of the tooth by the protocone. In the Lemudong’o 
specimen the lingual cingulum runs around the entire 
lingual side of the tooth without interruption from 
the protocone. In all these features the Lemudong’o 
tooth is of typical amphicyonid morphology and can 
positively be identifi ed as belonging to that family. 
Its size matches perfectly with that of the m1 and 
m2 from Gona and it is reasonable to infer that they 
belong to the same taxon, especially given the rarity 
of small-medium Amphicyonidae in the African late 
Miocene fossil record. Since any similarities between 
the mandibular dentition described above and that 
of Simocyon are entirely due to plesiomorphy, we 
can conclude that the material truly belongs in the 
Amphicyonidae.

It thus remains to determine the taxonomic status 
and phylogenetic position of the described mate-
rial, if at all possible. As noted, the fossil record 
of Amphicyonidae in Africa is poor and irregular, 
while the fossil record of Amphicyonidae in the 
late Miocene globally is very poor. In Europe and 
North America, only a handful of amphicyonids 
occur in the late Miocene, and by c. 9 Ma they 

had become extinct on those continents (Viranta 
1996; Hunt 2002). In Asia, specifi cally the Indian 
subcontinent, the family survives longer, however. 
In the Siwaliks of India and Pakistan, amphicyonids 
are known from probably Messinian (< 7.4 Ma) 
levels (Pilgrim 1932; Barry et al. 1982; Peigné et 
al. 2006). Peigné et al. (2006) refer these forms to 
Amphicyon lydekkeri Pilgrim, 1910 and Amphicyon 
palaeindicus Lydekker, 1876, though their generic 
affi  nities may require revision. What is clear, is that 
these latest Asian amphicyonids are large forms, 
either identical or similar to Amphicyon. Th us, they 
are quite diff erent from, and can have nothing to 
do with, Bonisicyon illacabo n. gen., n. sp.

Judging by the later Miocene evolution of Am-
phicyonidae on the northern continents, then, it 
is more than likely that Bonisicyon illacabo n. gen., 
n. sp. is a true African endemic, derived from African 
antecedents that migrated to the continent in the 
early or middle Miocene. Th e African fossil record, 
briefl y reviewed above, includes only a handful of 
amphicyonid genera. Of these, Amphicyon, Ysen-
grinia, and Myacyon Sudre & Hartenberger, 1992 
can immediately be excluded from any relationship 
with Bonisicyon n. gen. Th e former two have a more 
crushing dentition with shorter cutting blade, well-
developed metaconid, and longer talonid on the 
m1 and broader upper molars with larger buccal 
cusps. Myacyon has a very peculiar m1 with shallow 
carnassial notch that is quite diff erent from the m1 
of any other amphicyonid. Afrocyon, on the other 
hand, has some features that are reminiscent of 
Bonisicyon n. gen. in the m1, especially the more 
reduced metaconid than in, e.g., Amphicyon, as well 
as the relatively short talonid. However, Afrocyon, 
like Amphicyon, Ysengrinia, and Myacyon, is a much 
larger animal and has an elongated m2 quite diff er-
ent in proportions from that of Bonisicyon n. gen., 
and a very tall and relatively transversely thin man-
dibular ramus quite unlike that of the Bonisicyon 
n. gen. specimen from Lothagam.

Th e two remaining amphicyonid genera with which 
Bonisicyon n. gen. may share affi  nities are Cynelos 
and Agnotherium. As noted above, the latter genus 
is known from the middle Miocene of North and 
eastern Africa. Th e North African fi nds have been 
referred to Agnotherium cf. antiquum Kaup, 1833 
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and are comparable in size and morphology to this 
European species. Th e eastern African A. kipta-
lami is similar in size to A. antiquum but diff ers 
in several features of the skull and dentition, such 
as the less developed upper carnassial blade and 
the apparently shorter snout (Morales & Pickford 
2005). Nevertheless, the two are quite close. Th e 
youngest eastern African, and the material that is 
closest in size to Bonisicyon illacabo n. gen., n. sp. 
consists of three isolated teeth from Fort Ternan 
(c. 14 Ma). Th ese teeth, m1, P4 and M1, are inter-
mediate in size between A. kiptalami and Bonisicyon 
n. gen. and their morphology, particularly that of 
P4 and M1 clearly identifi es them as belonging 
to a small species of Agno therium (Morales & 
Pickford 2005). However, the morphology of the 
comparable teeth, m1 and M1, diff ers completely 
from Bonisicyon n. gen. 

In Fort Ternan Agnotherium the m1 paraconid 
is relatively short and low, with highly developed 
pre- and postparacristids (Fig. 2). In Bonisicyon 
n. gen. the paraconid is relatively taller and more 
bulbous but not so trenchant. Th e protoconid of 
Fort Ternan Agnotherium is very tall, with a sharply 
pointed apex and very sharp pre- and postproto-
cristids. In Bonisicyon n. gen. the protoconid is 
lower and blunter. In Fort Ternan Agnotherium the 
metaconid is an individualized cuspid set at the 
distolingual corner of the protoconid and extend-
ing distally to form the distalmost point of the 
trigonid. It is a small, sharp cuspid. In Bonisicyon 
n. gen. the metaconid has been reduced to a bulge 
on the lingual face of the protoconid and is not an 
individuated cuspid at all. Th e talonid is broken 
just posterior to the apex of the hypoconid in the 
Fort Ternan Agnotherium, but what remains indi-
cates that the hypoconid was tall and sharp, not 
an elongated crest as in Bonisicyon n. gen. 

Th e Fort Ternan Agnotherium M1 is damaged and 
abraded, but what is left diff ers from the referred 
Bonisicyon n. gen. specimen from Lemudong’o in 
the rounded and very tall paracone and metacone 
and the relatively more slender lingual shelf in-
corporating heavily worn protocone and a small 
protoconulid just lingual to the paraconid.

Given all these diff erences, we can exclude Agno-
therium from the ancestry of Bonisicyon n. gen. 

Th e last African amphicyonid genus to consider 
is Cynelos despite the extensive temporal gap 
between it and Bonisicyon n. gen.; the youngest 
known Cynelos in Africa is c. 15 million years 
old (C. minor Morales & Pickford, 2008 from 
Kipsaraman ; Morales & Pickford 2008), i.e. 9 
million years older than Bonisicyon. Th ere are 
three described species of African Cynelos (we are 
not at this point considering whether the African 
forms merit generic distinction as Hecubides Sav-
age, 1965). Of these, two, Cynelos macrodon and 
C. minor, are only known from a few isolated 
teeth and will only be considered incidentally 
here. Th e third, C. euryodon, is better known and 
will form the main basis for comparison with 
Bonisicyon n. gen.

Th e m1 of Bonisicyon n. gen. resembles that of 
C. euryodon in several respects. However, most of 
these are shared primitive characteristics such as 
the proportions between trigonid and talonid, the 
relative size of paraconid and protoconid, the large, 
crest-like hypoconid and almost completely reduced 
entoconid, etc. Th ey also diff er in many respects, 
most prominent of which is the wholly reduced 
metaconid of Bonisicyon n. gen. Th e hypoconid 
is also much more strongly developed in the new 
taxon than in C. euryodon, as is the paraconid. In 
Bonisicyon n. gen. there is a distinct, sharp notch 
between protoconid and hypoconid, whereas in 
C. euryodon there is a much more gradual transition 
from protoconid to hypoconid. In C. euryodon the 
widest part of the m1 is level with the middle of 
the metaconid or slightly mesial to this point, in 
Bonisicyon n. gen. it lies further distally, possibly 
as a result of the reduction of the metaconid.

Th e m2 of C. euryodon is structurally very similar 
to that of Bonisicyon n. gen. though in the former 
the metaconid is less developed and the hypoconid 
more cusp-like. In addition, the m2 of Bonisicyon 
n. gen. is relatively shorter and wider, though the 
diff erence is slight (see below).

Th e M1 of Bonisicyon n. gen. is to all intents and 
purposes indistinguishable from that of C. euryodon 
except that its lingual end is somewhat wider and 
parallel-edged than in the latter taxon, in which 
the mesial and distal edges taper more gradually 
in a buccal to lingual direction.
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A

C

B

FIG. 2. — Left m1 KNM-FT 3379 of Agnotherium sp. from Fort 
Ternan, Kenya: A, lingual view; B, buccal view; C, occlusal view. 
Scale bar: 10 mm.

METRIC COMPARISONS

To further circumscribe the morphology of Bonisi-
cyon n. gen. relative to some other amphicyonids, 
Figure 3 shows a series of bivariate diagrams of 
dental proportions. Since we have established 
that Bonisicyon n. gen. is most comparable to 
Cynelos in size and shape, it is with this taxon 
that comparisons have been made.

Figure 3A shows the relationship between length 
and width of m1. In size, Bonisicyon n. gen. speci-
men HMD1/P11a matches a small C. lemanensis. 
Th e Bonisicyon n. gen. specimen has a broader 
m1 than the majority of other specimens, espe-
cially those of C. euryodon, and is only rivaled 
by some specimens of C. lemanensis. It may not 
be coincidental that the two C. lemanensis speci-
mens with broad premolars are the two in the 
sample from the late Oligocene of Gaimersheim, 
Germany and the two oldest specimens referred 
to the species. Th ese are only provisionally re-
ferred to C. lemanensis. It is also worth noting 
the considerable variation among the C. euryodon 
specimens, with specimen KNM-SO 1107 from 
Songhor (Schmidt-Kittler 1987: text-fi g. 3a) be-
ing considerably smaller than the remaining m1 
of the species.

Figure 3B shows the length of the m1 trigo-
nid relative to the total length of the tooth. Th e 
diagram shows the trigonid of Bonisicyon n. gen. 
to be relatively short (i.e. the talonid is relatively 
long), but it is not outside the range of variation 
of European Cynelos, nor of C. euryodon. In the 
latter sample KNM-SO 1107 again stands out for 
its short m1 with short trigonid (long talonid).

Figure 3C shows the relationship between length 
and width of m2. Th e diagram shows the m2 
of Bonisicyon n. gen. specimen ESC2/P224a to 
be about the size of a small C. lemanensis and 
somewhat wider than most Cynelos. However, the 
majority of specimens of C. euryodon also have 
relatively broad m2. Th is holds true for the three 
Rusinga specimens KNM-RU 4393 (Schmidt-
Kittler 1987: text-fi g. 2b, incorrectly given as 
RU 4394), KNM-RU 2956 (Schmidt-Kittler 
1987: text-fi g. 2c), and CMF 4027 (Savage 1965: 
fi g. 52). Th ese are also somewhat younger than 
the other illustrated C. euryodon and may indicate 

some morphological evolution within the lineage. 
At all events, the m2 of Bonisicyon n. gen. does 
not diff er markedly in its proportions from m2 
of Cynelos spp.

In Figure 3D, fi nally, are shown the relative 
length and width of M1. Th e Bonicisyon n. gen. 
M1 KNM-NK 45780 is of about the size of a 
medium C. lemanensis, i.e. relatively slightly larger 
than the m1 and m2 discussed above. It is also 
clearly mesiodistally longer and buccolingually 
shorter than Cynelos spp., with the exception 
of C. euryodon, some specimens of which are of 
similar proportions to Bonisicyon n. gen. 

DISCUSSION

Th e most distinctive feature of Bonisicyon illacabo 
n. gen., n. sp. is, of course, the morphology of the 
holotype m1. Both m2 and M1 are broadly similar 
to other small- to medium-sized amphicyonids 
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such as Cynelos spp., but the m1 shows a number 
of autapomorphic features that clearly suggest 
generic-level distinction and make it diffi  cult to 
pinpoint the exact phylogenetic relationships of 
this genus.

Th e tooth exhibits a curious mixture of features 
associated with increasing hypercarnivory and 
features that run counter to such an evolution. 
Among the former are the more equal size of 
paraconid and protoconid, the loss of the meta-
conid, the development of the hypoconid into a 
tall, shearing crest, the closing of the postvallid 
to form a notch of nearly the same morphology 
as the carnassial notch between paraconid and 
protoconid, and the strictly mesiodistal carnassial 
shear that incorporates the hypoconid. Yet these 
features are not accompanied by other features 
generally associated with hypercarnivory, such 
as a narrower tooth, taller trigonid cuspids and 
shortened talonid. Th e trigonid cuspids are quite 
blunt, especially compared with other relatively 
hypercarnivorous amphicyonids, such as Fort 
Ternan Agnotherium (Fig. 2) and Magericyon from 
Batallones-1 in Spain (Peigné et al. 2008). Th e 
tooth (and m2) is broad compared to otherwise 
similar amphicyonids (Fig. 3A, C), and the talonid 
is relatively long (Fig. 3B), much longer than in, 
e.g., Agnotherium and Magericyon. 

Finally, it may be noted that although the data 
are poor at best, there are some features of Boni-
sicyon n. gen., such as the broad lower molars 
and well-developed M1 protocone, that may, 
together with the lack of evidence of a Bonisicy-
on-like form outside Africa or of a migration of 
Amphicyonidae into Africa after the early mid-
dle Miocene, argue for a derivation of the genus 
from early Miocene African amphicyonids such 
as C. euryodon. If this is the case, there may be 
merit in resurrecting Hecubides for these forms, 
as suggested on other grounds by Morales et al. 
(2007). However, this line of evidence will not be 
truly useful until intermediate forms are recovered 
from the African late early and middle Miocene. 
Given the present evidence, Bonisicyon illacabo 
n. gen., n. sp. stands distinctly apart from other 
Amphicyonidae in Africa as well as in the late 
Miocene globally.

DATING, ENVIRONMENT, AND THE EXTINCTION 
OF AMPHICYONIDAE

All of the fossils of Bonisicyon illacabo n. gen., n. sp. 
discussed above are Messinian in age. Th e Lothagam 
specimen is from the Upper Nawata Formation, 
dated c. 6.5-5.0 Ma, with the base better dated than 
the top (McDougall & Feibel 1999). By compari-
son with other faunas of similar age, it seems to us 
unlikely that the upper Nawata Formation includes 
Pliocene elements, so the top of this time slice is 
here taken as 5.3 Ma. Th e Lemudong’o specimen 
is dated c. 6.1-6 Ma (Ambrose et al. 2007b). Of 
the Gona specimens, those from ABD and HMD 
are dated 6.4-6.2 Ma, while the ESC specimen is 
dated 6.0-5.5 Ma (Kleinsasser et al. 2008; Quade et 
al. 2008). Th us, the time span of the species judged 
from the available fossils is constrained to a time slice 
of about 0.5 Ma either side of 6 Ma. Th e youngest 
specimens are the Lothagam mandibular ramus 
and the ESC m2 from Gona. Th ese latest Miocene 
specimens are likely to represent the youngest known 
amphicyonid specimens, unless the Siwalik mate-
rial mentioned above can be shown to be younger, 
which at present appears unlikely. If this is correct, 
the last amphicyonid, at least in Africa, became ex-
tinct at the very end of the Miocene, and in its small 
size and derived dental characters is quite diff erent 
from the last amphicyonids from Europe and Asia, 
which were very large omnivores (see review above). 
Although the available material leaves little room for 
certainty, we would like to conclude by presenting 
a scenario for why this last amphicyonid had these 
attributes and why it became extinct.

Th e mid-Vallesian crisis (see, e.g., Fortelius et al. 
1996) was a time of major environmental change that 
led to a substantial turnover of mammals in western 
Europe. Th e environmental change, characterized 
by an extension of open habitats and retraction of 
forests, led to a decrease in the diversity of browsers 
and of carnivores tied to closed habitats. Among the 
latter were the Amphicyonidae, the last of which 
were very large forms of mainly omnivirous dental 
aspect. Th ey are all but gone from western Eurasia 
by MN 11 (Viranta 1996). Th e same story holds 
true in its essentials for the Indian subcontinent and 
Africa. In the latter continent, with the exception 
of Bonisicyon n. gen., all the late Miocene amphi-
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FIG. 3. — Bivariate diagrams comparing the metrics of Bonisicyon illacabo n. gen., n. sp. with those of African Cynelos Jourdan, 
1862 and selected species of European Cynelos  of comparable size. The ellipses are 95% confi dence ellipses of C. helbingi (Dehm, 
1950)  (solid line) and C. lemanensis (Pomel, 1846) (dashed line): A, length versus width of m1; note the relatively great width of the 
m1 of Bonisicyon n. gen.; B, total length of m1 versus trigonid length; the correlation is high here and the confi dence ellipses were 
omitted as they obscure the symbols; the trigonid of the m1 of Bonicisyon is relatively short; C, length versus width of m2. Note 
by comparison with A that the m2 of C. helbingi is relatively short compared to that of Bonisicyon n. gen., African Cynelos, and 
C. lemanensis. Note also that the width of the m2 of Bonisicyon n. gen., like that of the m1, is relatively great; D, length versus width 
of M1. Note that here, as in A-C, the size of the Bonisicyon n. gen. tooth is close to that of a small C. lemanensis and also that, like 
African Cynelos, it is relatively buccolingually short. Symbols: 1, HMD1/P11a; 2, Lemundong’o KNM-NK 45780; 3, Gona ESC2/P224a; 
●, C. euryodon (Savage, 1965); ○, C. lemanensis; □, C. rugosidens (Schlosser, 1899); ■, C. macrodon (Schlosser, 1899); +, C. helbingi; 
×, C. schlosseri (Dehm, 1950).

cyonids, including Myacyon dojambir and unnamed 
amphicyonids from Samburu Hills, Lothagam, and 
Toros-Menalla (cf. Werdelin & Peigné in press) are 
very large forms. 

Th e exception to the pattern is Bonisicyon n. gen. 
From the available remains, we can state that it is a 
small form (for an amphicyonid) and trending dis-
tinctly to hypercarnivory. Th e environmental context 

of the Bonisicyon n. gen. specimens is poorly known, 
as is generally true of East African late Miocene locali-
ties. Th e Upper Nawata may best be characterized 
as a mixed environment, though trending towards 
open habitat (Leakey et al. 1996). Th ere are two 
fossiliferous layers at Lemudong’o that suggest a 
transition from more closed to more open habitat 
(Ambrose et al. 2007a). Unfortunately, the exact 
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provenance of the KNM-NK 45780 specimen is not 
known. Only from Gona do we have a more consist-
ent environmental signal. Recent isotope studies there 
(Levin et al. 2008) suggest that the environment at 
the HSD and AMD sites was bushland to grassland, 
rather than forest. Th is may suggest a habitat shift in 
this last amphicyonid, or at least that it was adapted 
to a diff erent habitat spectrum than the large-sized 
forms that preceded it. Th is adaptation to a new 
dominant habitat type may have been successful, 
but at about the same time, the fi rst medium-sized 
canids (jackal- to coyote-sized species of Eucyon Ted-
ford & Qiu, 1996) reached Africa (e.g., Morales et 
al. 2005). By then, the Canidae Fischer, 1817 family 
had a long history of adaptation to open habitats 
(Andersson & Werdelin 2003) and we suggest that 
this new competitor was the death-knell for the last 
amphicyonid, despite the late attempt to adapt to 
changing circumstances.

Th is scenario is clearly speculative and needs to 
be validated in a number of ways, of which two are 
the most obvious. First and foremost, more fi nds 
of late Miocene African amphicyonids are needed, 
especially of the postcrania, to see if the adaptational 
story holds up. Second, habitat diff erences between 
localities with and without Bonisicyon n. gen. or 
related forms should be studied (though it must be 
kept in mind that these forms are rare and absence 
of evidence isn’t necessarily evidence of absence). 
Nevertheless, the possibility that the last amphi-
cyonid may have been successful in adapting to 
the changing environment if not for immigration 
of a competitor is intriguing.
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