
Bollettino de/la Societa Paleontologica ltaliana 40 (2), 2001 ISSN 0375-7633 293-302 Modena, Giugno 2001 

Outside Africa: Middle Pleistocene Lycaon from Hayonim Cave, Israel 

Mary C. STINER 
Department of Anthropology 
University of Arizona, Tucson 

F. Clark HOWELL 
Laboratory of Human 
Evolutionary Studies 

University of California, Berkeley 

Bienvenido MARTINEZ-NAVARRO 
Venta Micena 

Granada 

Eitan TCHERNOV 
Department of Evolut ionary Systematics 

The Hebrew University, Jerusalem 

Ofer BAR-YOSEF 
Department of Anthropology 

Harvard University, Cambridge 

KEY WORDS - Lycaon, Canidae, Hayonim Cave, Middle Pleistocene, Western Asia. 

ABSTRACT - In 1997 a nearly complete adult hemi-mandible of the genus Lycaon (Canidae) was found in the early Middle Paleolithic 
layer of Hayonim Cave, Israel. Dating to oxygen isotope (181160) stage 6, or ;erhaps late stage 7, of the later middle Pleistocene, this is the only 
unequivocal example of the genus recorded outside of the African continent for any period. The mandible includes three permanent molars, most 
of the horizontal ramus, and the condyle. ft was not in anatomical connection with the cranium at the time of discovery, or with any other skele­
tal parts. The mandible's morphology is primitive, retaining ancestral features in the dentition and a very robust horizontal ramus. This fossil 
Lycaon occurs in general stratigraphic association with early Middle Paleolithic artifacts and fauna, but it bears no tool marks or burning dam­
age. This unique find raises new questions about the origin, evolution, and dispersal of the genus Lycaon. 

RJASSUNTO - [Fuori dall'Africa: ii Lycaon del Pleistocene medio della grotta di Hayonim, lsraele] - Ne! 1997 gli scavi nei livelli 
in/eriori de/ Pleolitico medio de/la grotta di Hayonim (Jsraele) hanno portato al ritrovamento di una emimandibola quasi comp/eta attribuibile 
al genere Lycaon (Canidae). Questo ritrovamento, rifaribile al Pleistocene medio finale, stage isotopico ('"11' 0) 6 o forse fine de[ 7, costituisce l'u­
nico chiaro segnale de/la presenza del genere Lycaon al di faori del continente Africano. La mandibola, ritrovata isolata, conserva i tre molari 
definitivi, ii ramo orizzontale quasi completo ed ii condilo. fl reperto, caratterizzato da un ramo orizzontale mo/to robusto, e morfologicamente 
primitivo, mantenendo tratti ancestrali nella morfologia dentaria. Questo licaone fossile, trovato in associazione con fauna ed industria litica del 
Paleolitico medio antico, non presenta tracce di macellazione o di bruciature. Si tratta di un ritrovamento unico, che apre nuovi interrogativi su 
origine, evoluzione e dispersione del genere Lycaon. · 

RESUMEN- [Fuera de Africa: Hallazgo de Lycaon en el Pleistoceno medio de Hayonim Cave, Israel] - En 1997 foe encontrada una 
hemimandibula bastante comp/eta correspondiente al genero Lycaon (Canidae) en los niveles mds bajos de/ Paleolitico medio de Hayonim Cave 
(Israel). La datacion por isotopos de oxigeno ('81160) indica el estadio 6, o quizds la parte final del estadio 7, de/ Pleistoceno medio tardio. Este es 
el unico ejemplo de este genero registrado faera de/ continente africano en cualquier periodo. Dicha mandibula incluye los tres molares perma­
nentes, la mayoria de la rama horizontal y el condilo. Fue hallada aislada sin conexion anatomica con el crdneo o con otras partes esqueletales. 
La morfologia de la mandibula es primitiva, conserva algunas caracteristicas anatomicas ancestrales en la denticion ademds de una rama hori­
zontal muy robusta. Este fasil de Lycaon se encuentra en asociacion con fauna e industria litica del Paleolitico medio temprano, pero no presen­
ta marcas de descarnacion o de haber sido quemada. Este uni co haliazgo induce nuevas cuestiones sob re el origen, evolucion y dispersion def genero 
Lycaon. 

INTRODUCTION 

An isolated, nearly complete right hemi-mandible 
of Lycaon (Text-fig. 1) was recovered in 1997 from 
near the base of the early Middle Paleolithic layer (E) 
of Hayonim Cave, in the western Galilee of northern 
Israel. Hayonim Cave contains bone-rich cultural 
horizons as young as the Holocene (Bar-Yosef, 1991; 
Belfer-Cohen & Bar-Yosef, 1981) and as ancient as the 
earliest Middle Paleolithic (Bar-Yosef, 1998; Meignen, 
1998). The sedimentary layer chat yielded the Lycaon 
mandible corresponds to oxygen isotope stage 6, or 
perhaps late stage 7 (following Shackleton & Opdyke, 
1973), of the middle Pleistocene epoch. Presented 
below are a description of the fossil, its taxonomic sea-

tus and stratigraphic context, and morphometric com­
parisons to modern Lycaon pictus populations and rel­
evant Pleistocene canid fossils. The presence of Lycaon 
in Hayonim Cave is remarkable, as it is the only clear­
cut example recorded outside the African continent for 
any period. Would be exceptions reported from mid­
dle Pleistocene sites of central Europe (Kurten, 1968) 
have been reclassified to ocher genera - L. lycaonoides 
at Stranska Skala in the Czech Republic and 
Gombastzog in Hungary (in Kurten, 1968, p. 113) are 
attributed to Canis (Xenocyon), as first described by 
Kretzoi (1938) in the latter site. The rich fauna! series 
from Hayonim Cave, and the Lycaon fossi l's general 
association with early Middle Paleolithic artifacts, help 
to set this unique find in community context. 
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FOSSIL DESCRIPTION 

The right hemi-mandible from Hayonim (H­
K.21-547) preserves part of the anterior and the com­
plete posterior alveolus of the P3, and both P 4 alveoli 
of the premolar series; no premolar elements are pre­
sent. All three molar elements (Mi, M 2 and M 3) are 
preserved, along with most of the horizontal ramus 
and the mandibular condyle (Text-fig. 1). The anteri­
or-most section of the mandible and the top of the 
second lower molar were broken and lost recencly, 
owing to the difficulty of excavating the brecciated 
sediments in this portion of the site. The dentarium 
bone is high and robust. Presence of the third lower 
molar in the Hayonim specimen excludes Cuon 
(Cregut-Bonnoure, 1996; Ewer, 1973; Kurten, 1968, 
p. 111). The carnassial hypoconid of the M 1 is large 
and the entoconid nonexistent. These observations, 
along with the morphology of other cusps on the 
lower second molar and the relatively short distance 

between the M 3 and posterior margin of the 
mandibular condyle as compared to wolves (Text-fig. 
2), exclude Canis. In fact the lower dentition, as well 
as the thickness and outward cant of the anterior-dor­
sal horizontal ramus, very closely resemble modern 
Lycaon pictus. The only major exceptions are the sub­
stantially greater mandibular depth of the fossil spec­
imen and a relatively large M 3 (see below). 

M 1 - The labial face in the area of the trigonid of 
the lower first molar is partly destroyed. The cusps of 
the protoconid, the paraconid, and the metaconid are 
partly destroyed as well, but it still is possible to see 
that the protoconid is higher and more robust than 
the paraconid, as is typical of Lycaon dental anatomy. 
The metaconid is a small peak situated in the postero­
lingual face of the protoconid. The talonid has one 
principal cusp, the hypoconid, situated in a lateral­
external position, the apex of which is partly 
destroyed. The lingual area of the talonid has a typi­
cal internal cingulum and a small fold that induces a 

Text-fig. 1 - Partial right hemi­
mandible of the Ha­
yonim canid found at 
489 cm below datum 
in square Kllc (H­
Kll-547, Layer E) in 
the central excavation 
area during the 1997 
field season, cleaned 
and stabilized: (a) lin­
gual view; (b) lateral 
or buccal view. Note 
chat the breaks on the 
posterior portion of 
the mandible (ascen­
ding ramus) occured 
while the bone was 
relatively fresh. The 
breaks on the an cerior 
portion, and extend­
ing through the M ,, 
occurred during exca­
vation from brecciat­
ed sediments; scratch­
es on the mandible 
surface also are from 
excavation damage. 
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very small entoconid, a primitive character present in 
the ancestral species Canis (Xenocyon) falconeri. A 
small crest is present between this internal talonid 
micro-cusp and the base of the metaconid. Another 
small crest unites the mesial face of the hypoconid 
with the distal face of the protoconid. 

M 2 - The second lower molar is practically bicus­
pidace. In the crigonid, only the protoconid, the main 
cusp of chis element, is clearly developed; the meta­
conid and paraconid are very small (and residual) but 
present. In the calonid, only the external cusp (the 
hypoconid) is present, and the internal area is repre­
sented by the classic cingulum. The protoconid and 
hypoconid are united by a small crest. 

M 3 - The third molar is round and monocuspi­
date. Comparative data in Af pendix la show chat its 
proportions exceed those o extant Lycaon popula­
tions, whereas the other molars generally do not. 

FOSSIL CONDITION AND STRATIGRAPHIC CONTEXT 

The Lycaon mandible (H-K21-547) comes from a 
lower stratigraphic unit of Layer E, 489 cm below 
datum in the central excavation trench of Hayonim 
Cave (Text-fig. 3). It occurs in general association with 
early Middle Paleolithic flint artifacts and hearth ash 
and a diverse vertebrate fauna dominated by moun­
tain gazelle ( Gazella gazella), fallow deer (Dama 
mesopotamica), and Mediterranean spur-thighed tor­
toise (Testudo graeca) (Seiner & Tchernov, 1998). 
Although the mandible bears no clear traces of human 
modification, it occurs within 20 cm of the base of 
chis chick(> 1.5 m) bone-rich layer. Radiometric daces 
by thermo-luminescence and electron-spin-resonance 
techniques yield an average age of 170,000 years 
before present for Layer E but with a substantial error 
range (Valladas, personal comm.; Rink, personal 
comm. June, 2000). Size variation in the tortoises 
(Seiner et al., 1999, 2000) and microfaunal associa­
tions (T chernov, 1981, 1992, 1994) indicate that the 
mandible is probably 200,000 years or older (cf. 
Valladas et al., 1998; Schwarcz & Rink, 1998). 

The mandible was isolated from the rest of the 
skeleton in antiquity, and its coronoid process was 
torn away at chat time. The dog's ocher body parts 
must have been widely scattered prior to burial of the 
mandible and perhaps never reached the cave, since 
no other parts of the body were found within the 
large area excavated. Taphonomic analyses attribute 
the associated herbivore and reptile faunas principal­
ly or wholly to hominids (Stiner & T chernov, 1998); 
burning damage is common, some bones have cut 
marks on them, and cone fractures are far too abun­
dant to have been produced by carnivores (sensu 
Stiner, 1994, pp. 106, 153-156). Few if any traces of 
gnawing by large carnivores have been encountered 
(«1 % of total macromammal NISP), although car­
nivore skeletal remains are present in very low num­
bers (Tab. 1). What damage can be found on large 

carnivore bones is confined to burning and/or cut 
marks from human tools. The taphonomic history of 
the Lycaon mandible is unclear, however, as it lacks 
the kinds of damage needed to diagnose modifying 
agency. Not without interest, it occurs in a portion of 
the sediment column where bones are fewer, yet rela­
tively unaffected by dissolution (Stiner et al., 2001). 
Only two coprolices (f robably from hyena) have been 
found in the centra excavation trench, and these 
occur between the depths of 575-580 cm bd, fully 1 
m below where the Lycaon mandible or most other 
bones were found. The possibility chat the Lycaon 
mandible is unrelated to anthropogenic debris in the 
cave can not be excluded, since long accumulation 
times are indicated for the assemblages overall. 
However, its location is somewhat marginal to the 
total bone distribution. 

LYCAON EVOLUTION 

Lycaon, Canis, and Cuon are closely related genera, 
and all may have diverged from a common ancestor in 
the Pliocene (Kurten, 1968, p. 111; Wayne, 1993). 
Unlike Cuon, the fossil chronology of Lycaon prior to 
the late Pleistocene is poorly known (Kurten, 1968; 
Savage, 1978), and there is virtually no information 
linking Miocene to Pleistocene canids. Thus, while 
recent Lycaon is exclusively African, the geographic dis­
tribution of its predecessors is unclear (see Savage, 
1978, p. 255). Re-evaluation of current fossil catalogs 
and the systematics of the Early and middle Pl~istocene 
large canids of Africa and Eurasia is needed. 

Canis africanus Pohle from Olduvai and Canis atrox 
Broom from Kromdraai A must be considered conspe­
cific, based on similarities in anatomy to the European 
fossil species, Canis (Xenocyon) /alconeri. The latter is 
well known from many Early Pfeistocene assemblages, 
although it appears under a variety of synonyms such 
as C. (X) falconeri at Venta Micena, Cueva Victoria 
(Martfnez-Navarro, 1992a,b; Palmqvist et al., 1999), 
and Pirro Nord (Rook, 1994); Canis (X) sp. at 
Apollonia-1 (Koufos & Kostopoulos, 1997); Xenocyon 
lycaonoides at Untermassfeld (Sotnikova, in press); and 
Canis sp. similar in size to C. falconeri at 'Ubeidiya 
(Ballesio, 1986). Canis atrox is recorded in North 
Africa at Ain Hanech (Arambourg, 1979), but men­
tions of Lycaon or "cf Lycaon sp." from the Kalochoro 
Member in the Nachukui Fm. (West Turkana) in 
Africa (> 1.88 MYA) are based on a trigonid fragment 
of the lower carnassial that could be Lycaon, but prob­
ably is not (Harris et al., 1988, pp. 35-36). 

The relation of the Early Pleistocene C. (X) fal­
coneri and Canis africanus to Lycaon is reasonably 
clear. Lycaon is the only recent canid with a 
cecradactyl forelimb - a very reduced facet on the 
Mell where chis element articulates with the Mel. In 
his general revision of Canis (Xenocyon) ex gr. fal­
coneri, Rook (1994) notes chis character in one Early 
Pleistocene specimen from Pirro Nord in Italy. Some 
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Text-fig. 2 -

M. C. STINER et al. 

The Hayonim Lycaon mandible (darkest specimen 
at bottom of trio) compared to modern Lycaon pic­
tus (top of trio) and Canis Lupus (middle speci­
men). (a) General mandible configurations, noting 
the shorter distance between the maximum poste­
rior extension of the mandibular condyle and the 
posterior edge of the M , alvaeolus in modern and 
middle Pleistocene Lycaon relative co that of mod­
ern C. Lupus. (6) Derail of rhe molars. 

authors argue chat Canis {Xenocyon) falconeri of 
Europe, C. (X) antonii of Asia, and C. (X.) afticanus 
of Africa should be included in the genus Lycaon on 
grounds of morphological similarity. However, there 
are some differences between C. (X.) falcpneri and 
Lycaon in overall size (the first being larger) and in the 
teeth, since Lycaon has lost the encoconid in the 
calonid of the lower carnassial, and C. (X.) falconeri 
has a small one. Overall, the tendency is to preserve 
the name C. (X) afticanus for the Early Pleistocene 
African members of chis lineage and to accept the 
designation Lycaon for the middle and late 
Pleistocene forms. However, unreported material 
from Olduvai Gorge suggests that chis conclusion 
may be an oversimplification. 

The other middle and lace Pleistocene hypercar­
nivorous canid of Eurasia, Cuon ( C. stelhini; C. 
priscus; C. alpinus) is a Simocyonidae and has a dif­
ferent anatomy (e.g., Baryshnikov, 1996), including 
remarkable reduction of the molar series, with the 
third lower molar being completely absent (Cregut­
Bonnoure, 1996; Ewer, 1973; Kurten, 1968, p. 111). 
While the Pleistocene mammal communities of 
Africa tend to be distinct from those of Europe 
(Cooke, 1972, p. 115), the links between some Asian 
and African lineages, such as Cuon, may have been 
more fluid than previously supposed. Lycaon is pre­
ceded in early Pleistocene Africa by a large wolf-like 
canid that went extinct, and it is assumed that Lycaon 
took over part or all of its vacated niche (Bigalke, 
1972, p. 161). Lycaon was especially widely distrib­
uted in Africa during the middle Pleistocene, from 
Algeria to the southern Cape (Kurten, 1968, p. 114; 
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Savage, 1978, p. 254) in Africa, and now we have 
clear evidence that it existed in western Asia as well. 
The Lycaon specimen from Hayonim Cave appears to 
be the only securely identified example in western 
Eurasia. However, a distal left tibia of a late middle 
Pleistocene canid from Yarimburgaz Cave in western 
Turkey (Howell, unpublished data; Farrand & 
McMahon, 1997) may represent a second non­
African example; it is distinct from Cuon, C. lupus or 
C. (X) falconeri. This specimen (A.40, #2) comes 
from the lower level ( 14) in the upper chamber of 
Yarimburgaz Cave, but its correlation with cave bear 
and hominid occupations of the lower chamber have 
not been determined. 

COMPARISONS TO MODERN LYCAON PICTUS 

The dental dimensions (mm) of the M 2 of the 
Hayonim specimen fall within the size ranges of mod­
ern African populations of Lycaon pictus (Text-fig. 4), 

East Africa 
Southern 

Africa 
Central 
Africa 

measurement type mean sd mean sd mean sd 

M,,L(mm) 

M,, B (mm) 

body weight (kg) 

10.04 .82 10.29 .69 11.00 1.0 

7.25 .53 7.46 .40 8.13 .34 

22.22 3.19 27.82 5.18 

(L) length; (B) breadth. 

Source: Girman et al. (1993, p. 455), based on a total of 47 indi­
viduals (males and females combined) from skeletal collections 
at the British Museum of Natural Hisrory in London and 
Smithsonian Institution in Washington, D. C. 

Tab. 1 - Dental measurement and body weight statistics for the 
lower second molar of modern Lycaon pictus skeletal 
populations from East, Southern, and Central Africa 
(males and females combined). 

Text-fig. 3 - The stratigraphic posi­
tion of the Lycaon 
specimen (large ar­
row) among the total 
distribution of piece­
plotted bones in the 
central excavation area 
of Hayonim Cave. 
Note that the nearly 
empty vertical trough 
in the center of the 
sediment column is 
due to dissolution (see 
Seiner et al., 2001) 
and does not extend 
to the area containing 
the mandible. 

but best resemble those of the smaller-bodied 
Southern and East African skeletal samples (Tab. 1) 
documented by Girman et al. (1993). Text-figures 5 
and 6 compare first and second lower molar measure­
ments for males and females in a different Southern 
African sample (Tab. 2) collected by Kieser and 
Groeneveld (1992). Here some differences in tooth 

0 East African population 
□ Southern African population 
"' Central African population 
• Hayonim individual 

9.0 

8.5 

E 
8.0 

E, 
.c 
'o 7.5 "' ~ 
.0 

~ 
7.0 

6.5 

6.0 

8 9 10 11 12 13 

M2 length (mm) 

Text-fig. 4 - Length (L, or anterior-posterior) and breadth (B, or 
bucco-lingual) comparisons of the lower second 
molar (means and sd in mm) of three modern pop­
ulations of Lycaon pictus to chose of the Hayonim 
mandible. Measurements of modern skeletal popu­
lations from East, Central, and Southern Africa are 
from Girman etal. (1993, p. 455). 
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measurement (mm) 

B 

M,,L 

B 

horizontal ramus height 
below carnassial notch of M , 

horizontal ramus breadth 
below carnassial notch of M , 

(L) length; (B) breadth. 

Hayonim 
specimen 

H-K21-547 

23.8 

9.5 

10.1 

7.4 

31.8 

14.2 

mean 

25.25 

10.25 

10.73 

7.37 

24.76 

12.71 

modern Southern African population 

males females 

sd mean sd 

.98 23.81 .96 

.27 9.81 . 15 

.31 11.26 .39 

.40 7.41 .36 

1.69 23.33 1.60 

.81 12.84 .95 

Source: Kieser & Groeneveld (1992, p. 134), based on 18 males and I 6 females in the collections of the Transvaal Museum in Pretoria 
and the General Anatomy Museum at Witwatersrand University. 

Tab. 2 - Comparison of osteometric measurements of the Hayonim mandible to those for a modern Lycaon pictus skeletal population 
from Southern Africa. 

o South African males 
o South African females 
• Hayonim individual 

10.75 ~--------- ----------, 

10.50 

E 
10.25 _§, ---, 

.c 
'o 
"' ~ 
.0 l -:I 10.00 

9.75 ,-r 
9.50 

22 23 24 25 26 27 

M, length (mm) 

Text-fig. 5 - Length (L) and breadth (B) comparisons of the 
lower first molar (means and standard deviations 
in mm) of males and females in one modern 
Lycaon pictus skeletal population from Southern 
Africa to those of the Hayonim mandible. 
Measurements of modern skeletal samples are from 
Kieser & Groeneveld (1992, p. 134). 

o South African males 
□ South African females 

L • Hayonim individual 

8.00 

7.75 

7.50 
E 
_§, • .c 
'o 7.25 "' ~ 
.0 

,:f 
7.00 --0 

I 

1 

6.75 -< 

6.50 L 

9.5 10.0 10.5 11 .0 11 .5 12.0 12 .5 

M2 length (mm) 

Text-fig. 6 - Length (L) and breadth (B) comparisons of the 
lower second molar (means and standard devia­
tions in mm) of males and females in one modern 
Lycaon pictus skeletal population from Southern 
Africa to the Hayonim mandible. Measurements 
of modern skeletal samples are from Kieser & 
Groeneveld (1992, p. 134). 
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shape are apparent, as the M 1 of Hayonim specimen 
falls within the modern morphometric range in length 
but not in breadth, and the M 2 differs from the mod­
ern sample in its length but not its breadth. More 
striking is the height of the Hayonim mandible (Text­
fig. 7), which is far greater than for the modern Lycaon 
population - 1.5 x, or about 3 standard deviations 
from the norm - yet whose medio-laceral thickness 
only slightly exceeds the modern morphomecric 
range. [Both measurements were positioned below the 
carnassial notch of the M 1, following Kieser and 
Groeneveld (1992)]. Canis (X) falconeri of Ven ta 
Micena, for which we have analogous measurements, 
also possessed a very robust mandible. As noted above 
the M 3 of the Hayonim specimen is larger than chose 
of recent L. pictus populations, and is comparable to 
the dimensions of C.(X) folconeri (Appendix 1). 

Thus, while the Hayonim specimen merits the 
generic assignment of Lycaon, it was a somewhat dif­
ferent animal than its modern counterpart, retaining 
an archaic pattern of robusticity consistent with that 
of Canis (Xenocyon) folconeri. Greater relative mandi­
bular robusticity is also known in certain other mam­
malian lineages of the early and middle Pleistocene 
(Tchernov, 1968). Whether subsequent gracilization 
is attributable to changes at the species level or a dis­
tinct biomechanical architecture is debateable; the 
pattern seems to follow orthogenetic (chronocline) 
changes and could derive from some complex of 
intra-community coevolution (Tchernov, 1968). 

LYCAON BIOGEOGRAPHY AND ECOLOGY 

Lycaon pictus, the sole surviving representative of 
its genus, was widespread in subsaharan Africa until 
very recently, avoiding only chick rain forest and the 
driest deserts (Girman et al., 1993). Built for speed 
and endurance, these wild dogs are obligate meat­
eaters with unique hunting and social adaptations 
(Ewer, 1973, p. 41; Moehlman, 1986), and they are 
the most successful hunters on average of all of the 
modern can ids (Estes & Goddard, 1967; Kruger et 
al., 1999). The dispersal capabilities of L. pictus pop­
ulations within Africa are great, owing to the large lit­
ters supported by each pack (Ewer, 1973; Fanshawe, 
1989; Maddock & Mills, 1994), vast territories 
(Fuller & Kat, 1990), and the ability to traverse long 
distances in short periods (McN utt, 1996). 

These facts about Lycaon raise the question of why 
the genus did not spread easily into Eurasia. Such 
behavior has been described for the Early Pleistocene 
form of C. (X) folconeri at the site of Venta Micena 
(Palmqvist et al., 1999). And other large predators, 
such as felids and hyenids, dispersed from Africa more 
than once during the Pleistocene, hominids among 
them (Mardnez-Navarro & Palmqvist, 1995, 1996; 
Turner, 1984, 1986a). There is now a long list of 
African taxa which extended their ranges to western 
Asia, particularly among the artiodactyls (pigs [2], hip-

Io South African males 
□ South African females 
• Hayonim individual 

16 -----------------

15 

.c 

°g 14 
!I! 
-"' 
<ii 
:j 
-"' 
'g 13 

"' ~ 

12 

20 

Text-fig. 7 -

22 24 26 28 30 

• 

-----,----
32 34 

Comparison of mandibular height and breadth 
(means and standard deviations in mm) of males 
and females in one modern Lycaon pictus skeletal 
population from Southern Africa to the Hayonim 
mandible. Beith measurements are aligned with the 
carnassial notch of the M ,. Measurements of mod­
ern skeletal samples are from Kieser & Groeneveld 
(1992, p. 134). Additional small filled circles rep­
resent three individuals of Canis (X) falconeri from 
Venta Micena, which also possessed a vety robust 
mandible of similar proportions. 

pos [2/3], giraffes [1], antelopes [at least 4 tribes, 5 gen­
era], but also murid rodents [2] and viverid carnivores. 

Two factors may contribute to the up-to-now per­
ception of Lycaon as an exclusively African group. 
First, Lycaon is a numerically rare species that lives at 
low population densities in the eastern and southern 
African ecosystems it currently inhabits (e.g., 
Woodroffe & Ginsberg, 1999), greatly limiting its 
paleontological visibility. Second, Canis lupus and 
Cuon alpinus, two other social hunting canids, have 
occupied vast areas of the northern hemisphere for 
some time. Their predecessors may have limited 
expansions of Lycaon populations during much of the 
Pleistocene and Holocene. Cuon and Lycaon are espe­
cially similar in their ecology (Kurten, 1968, p. 114), 
and Cuon is well documented in some areas of west­
ern Asia and Europe from the middle Pleistocene 
onward (Baryshnikov, 1996; Creguc-Bonnoure, 1996; 
Kurten, 1968). Today, Lycaon pictus is the more trop­
ically adapted of the pair (Girman et al., 1993, p. 
458), perhaps explaining its apparently brief strati­
graphic span in western Asia, and its complete absence 
from Europe. Africa is the most uniformly tropical 
and sub-tropical of all modern continents, with 78% 
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horizontal ramus height behind the: 0 
0 

specimen LM , BM, LtrigM , LM, BM, LM, BM, LM ,-M, MCB P, M, M, M , 

lycaon: 

Hayonim H-K.21-547 23.8 9.5 17.2 IO. I 7.4 5.4 5.3 40.4 28.3 31.1 34.6 37.0 35.6-36.7 
OM-75161.m. 21.8 9.1 15.5 9.0 7.2 - 34.2 29.3 24.7 26.3 26.9 29.0 
OM-7516 r.m. 21.4 9.1 15.6 9.3 7.1 4.4 4.4 34.5 29.2 24.3 26.7 26.5 29.1 
OM-74241.m. 24.6 9.4 16.5 11.0 7.6 5.0 4.7 39.2 30.6 23.2 25.2 26.5 29.8 
OM-7424 r.m. 25.1 9.4 16.6 10.9 7.6 - - 40.0 30.4 22.9 24.6 27.1 29.9 
OM-74251.m. 23.8 9.0 17.1 11.1 7.5 5.1 4.3 39.2 31.0 23.2 25.6 26.5 30.4 
OM-7425 r.m. 23.6 9.0 16.9 10.6 7.1 5.0 4.5 39.3 31.7 23.5 25.9 27.1 30.3 
OM-74361. 22.2 8.5 15.6 9.8 6.9 4.5 4.5 36.5 27.8 22.0 23.9 24.3 27.9 
OM-7436 r. 22.9 8.4 15.5 9.9 6.9 4.6 4.6 36.6 27.4 21.7 23.7 24.2 27.0 
OM-73731. 23.7 8.7 16.0 IO. I 7.2 - 36.8 27.6 23.0 24.7 24.5 27.2 
OM-7373 r. 23.3 8.5 16.5 9.4 6.9 4.4 4.0 35.9 28.8 22.2 23.5 23.6 26.0 
OM-78891. 22.3 8.5 15.8 8.5 6.3 34.6 24.9 21.5 22.9 24.0 27.0 
OM-74261.m. 23.7 8.7 16.3 IO. I 7.3 4.6 4.5 37.7 27.7 20.9 23.5 24.4 28.8 
OM-7426 r.m. 23.1 8.8 16.2 9.7 7.1 4.6 4.4 36.9 27.8 20.5 23.2 25.0 28.4 
M-40441. 27.7 10.6 19.4 10.7 7.8 5.0 4.7 43.0 29.2 20.3 26.4 27.9 29.6 
M-4044 r. 27.5 10.8 19.6 11.0 7.9 4.9 5.4* 43.2 27.0 20.4 26.6 27.8 30.1 
M-40021. 26.9 IO. I 17.7 II.I 8.4 5.1 4.7 40.5 31.0 24.9 27.6 29.0 32.6 ~ M-4002 r. 26.1 10.0 18.3 11.3 8.4 5.1 4.3 41.0 31.6 23.0 25.8 29.2 31.5 0 M-6198 r. 23.3 9.2 15.9 8.5 6.8 3.9 3.2 34.7 - -

VJ 
Canix {Xenocyon) falconeri: :::j 

Venca Micena VM-7000 r. 11.3 20.5 - - - - 32.0 32.5 - - ~ 
Venca Micena VM-7000 I. 27.6 11.0 20.1 12.1 8.7 5.2 4.8 44.0 34.6 31.4 32.1 37.4 38.4 :,;, 

Venta Micena VM-2255 I. 24.5 10.0 18.3 12.7 8.6 5.9 5.1 43.2 27.6 31.5 32.1 34.9 37.2 ~ 

Venca Micena VM-2256 r. 25.3 9.9 18.4 11.9 8.3 6.2 5.3 42.6 - 31.3 32.7 35.9 37.5 
;:, ,...._ 

Venta Micena VM-2257 I. 28.6 11.1 13.9 9.4 6.6 5.7 
Cueva Victoria CV-sn-a r. 29.5 12.0 - 11.7 9.1 
Cueva Victoria CV-sn-b r. 27.5 10.0 11.0 8.0 
Upper Valdarno IGF-865 I. 28.8 11.4 19.3 13.0 9.8 6.6 5.7 - 32.9 
Uprier Valdarno IGF-865 r. 28.0 11.7 18.9 13.1 9.2 6.7 5.9 - 32.0 
Co le Curci MUC-204 - 13.0 9.2 
Pirro Nord PN-47 - - - 10.0 7.5 
'Ubediya UB Jl-23 10.6 7.5 
OLD-II (BMNH) M-15017 25.1 10.0 18.8 10.8 7.8 
OLD74 Bed-I-87 I. 28.0 11.0 19.2 11.2 8.6 5.3 5.3 43.5 31.3 32.4 37.8 
OLD-II (BMNH) M-15018 I. 10.0 7.8 
OLD-II (BMNH) M-15019 I. - 10.0 7.8 
Kromdraai A KA-1288 r. 28.0 11.2 19.3 
Campbell pore 

AMNH-96580 I. 28.4 12.0 20.2 12.6 9.2 
AMNH-96579 I. 28.3 11.2 I 8.8 12.7 8.8 

Fan Tsun AMNH-97052 I. 30.5 12.0 22.0 12.0 9.6 6.2 6.1 
Fan Tsun AMNH-97052 r. 12.2 - 12.6 9.0 6.7 6.4 

Appendix 1 - Merrie comparisons (mm) of the Hab°nim mandible to those of recent Lfecaon pictus samples and late Pliocene-early Pleistocene Canis {Xenocyon) falconeri. (L) length; (B) 
breadth; (MCB) mandibular condyle readth; (I) left; (r) right; (m) mandib e; (*) asymmetrical individual whose right tooth is significantly la~er than the left. (OM) National 
Museum of Kenya; (M) Hebrew University of Jerusalem. Metric data collected by Martinez-Navarro with the exception of specimens from ueva Victoria (from Pons-Moya 
& Moya-Sola, 1978), Colle Curci, Old-II M-150181, Old-II M-15019, Campbellpore 965791, and Fan Tsum 97052 (from Rook, 1994), and Kromdraai (from Turner, 19866). 
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of its area falling within the equatorial bands, and 
96% of its lands lie below 1500 mASL (Girman etal., 
1993). Moisture availability is highly variable, but 
savanna/steppe (19%) and open woodland (31%) 
constitute much of the recent environments of chis 
continent (Keast, 1972, p. 451); much of its desert 
lands (30%) could also have been well-vegetated habi­
tats suitable for wild dogs prior to the Holocene. 
These conditions ultimately may have selected for 
characters in recent Lycaon chat are specific to Africa. 

SUMMARY AND IMPLICATIONS 

The Lycaon mandible from Hayonim Cave retains 
ancestral dental features . The tiny entoconid of the 
M 1 is pleisiomorphic. A larger version of this feature 
occurs in Canis (X) falconeri, but it is entirely absent 
in modern Lycaon. Pleisiomorphy is also evidenced 
for the M 2 • While the sizes of the M 1 and M 2 of the 
Hayonim specimen are generally consistent with 
those of modern Lycaon pictus, these teeth have some­
what different proportions. The horizontal ramus of 
the Hayonim mandible is much higher dorso-ven­
trally relative to thickness than is observed for any 
modern Lycaon population, and the M 3 is relatively 
large. These last two features bear a strong resem­
blance to the ancestral species, Canis (X) falconeri. 

The presence of Lycaon in western Asia during the 
late middle Pleistocene re-opens the question of 
where and over how large an area chis distinctive 
genus evolved. The mandible from Hayonim Cave 
associates with a relatively dry phase of the lace mid­
dle Pleistocene and a mix of Eurasian and Afro­
Arabian community elements. Biogeographic inter­
pretations of the Hayonim specimen must remain 
tentative with respect to the "directionality" of popu­
lation incursions. This unique case provides a new 
point of departure for exploring Pleistocene canid 
evolution, and raises hope for understanding the early 
history of an enigmatic lineage. 
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