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Zoologia. - -  Remarks on the skull morphology of  the endangered Ethiopian jackal,  Ca- 

his simensis Riippel 1838. Nora di LORENZO ROOK e Mm~a LuIsa AzzaRoLI P u c c E r n ,  

presentata(*) dal Socio A. Azzaroli. 

AJ~srr~a(:'r. - -  The study of a skull of Canis simensis R/ippel 1838, an endangered species endemic to the 
Ethiopian highlands, belonging to the old collections of the Museo Zoologico <~La Specola>~ of the Universi- 
~, of Florence, gave us the starting stimulus for this research. The results of morphological and biomethri- 
cal analyses carried out on a sample of 13 skulls of this rare and little known species are reported here. Al- 
though characterized by peculiar features. Canis simensz} is closely related with jackals. 

Kt-;Y WORDS: CaHis sir Mammalia; Carnivora; Skull morpholoN'; Ethiopia. 

Ri,xssL:>4"ro. - -  Note sulla molJblogkz o'aniale dello sczacallo etiopico l)z pericolo di estinzione, Canis simen- 
sis Rrppel 1836'. Lo studio di un cranio di Canis simensis Rfippel 1838, una specie endemica degli altipiani 
etiopici, appartenente alle vecchie collezioni del Museo Zoologico <<La Specola~) ha fornito 1o spunto per 
questa ricerca. Vengono qui riportati i risultati di uno studio morfologico e biometrico su un campione di 
13 cranii di questa specie tara e poco conosciuta. Sebbene presenti caratteristiche peculiari, Canis simensis 
risulta in stretta relazione con gli sciacalli. 

INTI',OD U(;TION 

The concept of  the family Canidae has never been challenged. The same cannot be 
asserted for its genera and species, which are still the source of argument, particularly 

at generic level. 
This is the case of the Simien jackal. Gray (1868) placed this species in the monospecif- 

ic genus Sl?nenia, with the combination S. simensis, and was followed by some students (e.g. : 
Allen, 1939; Thenius, 1969), while others place it within the jackals in Canis. Clutton-Brock 

et a/.(1976), basing on a numerical analyses of  external and osteometric characters, ob- 
tained a high similarity in cranial and dental characters of this species with those of the side- 

striped jackal Canis adustus. These authors therefore do not accept the generic separation 
and retain the Simien jackal in the genus Canis. Placing the Simien jackal in a separate 
genus would express a great uncertainty on the affinities of  this species, as it would imply 

that this form is philogenetically distant from the wolf, as well as from jackals. 
De Beaux (1922) remarked that in the Simien jackals living on the western side of  

the Rift Valley (Simien and Gojjam) the nasals do not reach the line joining the posteri- 
or margins of  the maxillofrontal sutures, while the nasals of  Simien jackals from eastern 
populations (Arrsi and Bale) extend back of  this line. Basing on this skull structure De 
Beaux considered these populations as taxonomically separate and named the first one 
Canis simensis simensis and the second one Canis simensis citemii. His conclusion was 

substantiated by Yalden et al. (1980). 
The species is still poorly known and the number  of  specimens in Museum collec- 

tions is scanty, we thought therefore that more detailed information would be of  inter- 

(*) Nella seduta del 13 giugno 1996. 
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est. Most  papers about the Simien jackal, or <<Simien fox>>, as it is currently called, deal 

with its distribution and behaviour (cf. Morris and Malcom, 1977; Yalden et aL, 1980; 

Hillman, 1986; Gottel l i  and Sillero-Zubiri, 1992) but  so far the skull morphology has 

been dealt  with brief  generic remarks or little more, In order  to fill this gap we tried a 

morphological  comparison of  the skull of  Canis simensis ssp. with African jackals and 

European wolf and fox, with the aim to assert the closest systematic relationships 

among these species. For  such comparison we were able to study 13 skulls of  Canis 

sirnensis. Whi le  the present paper  was almost concluded we received the last two papers  

by Gottel l i  et al. (1994) and by Sillero-Zubiri  and Gottel l i  (1994), in which biochemical  

analyses associate C. simensis to the European wolf rather than to African jackals. W e  

are bound  to say that the result of  our research does not agree with Gottelli  and Sillero- 

Zubiri 's  conclusions. 

~'dlATI~]RIAI.S A N D  M E T I I O D S  

In the present research 13 Canz7 sz?ne,szk skulls were considered (tab. I). Compari -  

son was made with the following species: Canzk adustus (Sundevall 1846), CanA" tree- 

"['\ltil! 1. - LL~': :Jj .rtr skuiLv of Canis simensis. 

Museum Inventory umber Locality Sex 

I Zool. Mus., 13718 Senneti plateau 
Florence University 

11 The British bluseum 23.10.10. I Arssi, Balc 
(N.[ t.), London 

[]1 "Ille British Museum 24.8.7.11 Arssi, Bale 
(N.H.), London 

IV Tlle British Museum 36.5.20.4 Arssi, Bale 
(N.ff.), London 

V The British Museum 24.8.7./0 Gojjam 
(N.I [.), London 

VI The British Museum 24.8.7.12 Argin, Simien 
(N.H.), London 

VII Tile British Museum 42.8.15.11 Abissinia 
iN.H.), London 

VIII The British Museum ex PCM A.99 Lake Tana 
(N.H.), London 

LX Mus. Cir. St. Nat. C.E. 818 Arssi, Bale 
<<G. Doria>,, Genoa 

X Mus. Cir. St. Nat. C.E. 17800 Dabarif 
<<G. Doria>>, Genoa 

Mus. Cir. St. Nat. C.E. 17801 Dabarif 
,<G. Doria>>, Genoa 

X][I The British Museum 22.1.24.1 Lake Zwai 
(N.H.), London 

Nat. History Mus., M 1987 105 M 600 Arssi, Bale 
Addis Ababa Univ. 

M 

F 

F 

F 

- -  Type 
{Gray, 1868) 

M 

M Type C s. c#,',ffi 
(De Beaux, 1922) 

F 

M 

F 



Fig. 1. - CaneS simensis from the Zoological Museum of the University of Florence (ZMF 131718). a) basal, 
b) lateral, c) cranial, d) occipital views. 0.6• 
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sr)melas Drake Brockman 1910, Canis aureus L. 1758, Canis lupus L. 1758 and Vulpes 
vulpes L. 1758. Data were obtained by the study of collections in the Natural History 
Museum, Dpt.s of Zoology and Palaeontology in London, Musde Guimet d'Histoire 
Naturelle in Lyon, Naturhistorisches Museum in Basel, Addis Ababa University Natu- 
ral History Museum, Museo Civico di Storia Naturale <<Giacomo Doria~ in Genoa and 
Zoological Museum of the Florence University <<La Specola>~. 

All the Canis simensis skulls considered in the present research are well preserved, 
with no breaks nor missing parts and belong to young/adult animals, with the exception 
of the skull in Florence University (fig. 1) which belongs to an old animal and was pre- 
sumably collected on the ground long after death: the bone is whitish and porous, the 
distal extremity of the maxillaries was probably gnawed by animals, all incisors, right 
upper carnassial and P~ are missing; only the left mandible is present with the tip slight- 
ly eroded, all incisors, carnassial and the small M3 are missing. 

Cranial and dental measurements were taken by dial slide gauges, with the accuracy 
of 0.05 ram. The study was carried out through the analyses of logarithmic ratio-dia- 
grams (L.R.), and through the morphological study and comparison of the skulls 
(M.L.A.P.). Resolution came accordingly. 

MORPHOLOGICAL D E S C R I P T I O N  A N D  C O M P A R I S O N S  

Skull and mandible. - A simple look at the skull of C. simensis shows that the 
species belongs under the jackals; even considering its larger size, its closest affinities 
are with C. aureus, C. mesomelas and C. adustus, while it differs from V. wdpes and from 
C. k~pus. Notwithstanding its similarities with the jackals, C. simensls shows definite dif- 
ferentiations: it is of large size, though not as large as C. klpus, and has a greatly elon- 
gated muzzle (figs. 2-5); this has caused its anterior premolars P 1/1,  P 2 /2 ,  and to 
some extent also P 3 /3  to be more or less widely spaced (figs. 2, 3, 6, 7): an obvious 
adaptation to chase small, swift animals, in what concerns the ~.'rontal bones a morpho- 
logical analysis of the Simien jackal excludes this species from the fox group: in the 
Simien jackal the postorbital processes of the frontal bone do not have the small de- 
pression which characterizes the tack of frontal sinuses (figs. 4, 5): within the living 
canids this character is only found in the genera Vulpes, Alopex and Otocyon. Frontal si- 
nuses mark the difference also between C. simensis and Canis lupus, as in this last 
species the frontals appear almost inflated. The postorbital processes of the frontal 
bones are triangular in shape and less convex than in jackals and wolf, while in the fox 
they terminate in short protruding rods (figs. 4, 5). 

The zygomatic arcade in C. simensis is more slender than in jackals and distinctly 
less protruding than that of the wolf; the palate is also narrow (figs. 2-7). The nasals of 
the specimens considered extend cranially beyond or behind the line joining the mar- 
gins of ma~villofrontal sutures, according to De Beaux assertion concerning the varia- 
tions of this character in the two subspecies of C. simensis: in the type specimen of C. s. 
cz?ernii (CE 318; fig. 5) the nasals extremities lie slightly beyond the maxillofrontal su- 
tures while in specimen MF 13718 the nasals extend well beyond the maxillofrontal su- 
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tures; both animals were collected in the Bale Mountains; in all specimen of C. s. shnen- 

sis from Gojjam the nasals extremities lie behind the above said sutures (cf. also Yalden 
et al., 1980). 

The profile of the skull is almost linear on the forehead, slightly concave on the 
nose and the snout is elongate; it does not show the buiging (orehead nor the (acial 
angle (deflection of the braincase relative to the muzzle) which characterizes the wolf 
(figs. 3, 4). 

The braincase is elongated as compared with fox and jackals, though not so elongat- 
ed as in the wolf; the general shape differs from that of the wolf and is similar to jackals, 
though more slender. In the bregma region the sagittal crest splits frontally into two 
ridges. In C simensis as well as in jackals these ridges diverge from the bregma with an 
angle of approximately 65 ~ , proceeding laterally and downward to form the posterior 
margin of the postorbital processes; in C. simensis, in jackals and fox these ridges are 
well defined, while in the wolf they appear smoothly rounded. Still in the wolf the two 
ridges start from the bregma, proceed parallel and diverge on the parietal bones only 
after 15-20 mm. In the fox the splitting of the sagitta[ crest begins more backwards, 
from the lambdoid suture. In the occiput of Canis s#nensis the sagittal crest protrudes 
strongly from the back of the braincase and appears very, elongated as compared with 
jackals and fox and different in shape; the infraorbital foramina are elongated, though 
not as much as in other jackals, where they are narrow (a fissure in C. aureus and in C 
mesoneek~s), and not as widely open as in C. lupus. The bullae are nearly oval but 
proportionally smaller as compared with the skull, and also smaller than in the wolf 
(figs. 6, 7). 

The mandible is slender, its depth at the posterior edge of the carnassial is con- 
tained 12 times in the total length; the lower profile is straight all along the dental row 
and starts rising gently below M~ (fig_ 9). 

Teeth. - Dental formula: I 3/3,  C 1/1, P 4/4 ,  M 2/3.  The incisors form a regu- 
lar row of closely spaced teeth, they increase a little in size from I 1/1 to I 3 /3  whose 
length is about 1/3 of the length of the canines. Both upper and lower canines are well 
developed. There are four premolars in the maxilla and four in the mandible, both up- 
per and lower premolars are widely spaced, the diastema between them gradually in- 
creases in rostrat direction; the premolars immediately preceding the carnassials are al- 
most:in contact with them. P 1/1 are very, small, nearly conical and single rooted, the 
other premolars are larger, with a trenchant profile, and double rooted; their size in- 
creases in caudal direction. The upper carnassial p4 is smaller than the lower carnassial 
M1 (figs. 2, 3, 6, 7, 9). 

C. simensis does not share the distinctive dental characters of Canis lupus. In fact, 
since the Middle Pleistocene, dogs with wolf-like affinities show as a derived character 
a lower carnassial with a strongly developed paraconid (Torre, 1967; Rook and Torre, 
1996a); this cusp of M~ increases in size and rises above the main cups of the lower pre- 
molars. Jackals and foxes bear a plesiomorphic lower carnassial with the paraconid rela- 
tivelv low, which never rises above the main cusps of the lower premolars. 
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A N A L Y S E S  T H R O U G I I  L O G A R I T I  I M I C  I b V I T I O - D [ A G P v \ M  

The  compar i sons  of  Canis simensis carried out  through logari thmic ra t io-d iagrams 

are l imited to the wolf  (Canis lupus) and to the  three  species of  jackals: the go lden  jack- 

al (C. aureus), the  black backed  jackal (C. mesomelas) and the s ide-str iped jackal (Canis 

adustus). As a s tandard  for compar i son  in the analyses by rat io-diagram, the m e a n  o f  the 

s tudied sample  for golden jackal was used. The  set o f  m e a s u r e m e n t s  is the one  used  by 

Ber ta  (1988), with some additions.  Descr ip t ion  o f  the measu remen t s  are given in tabs. 

t l - IV  and i l lustrated in fig. 10. In tabs. V-VII  is given the comple te  set o f  m e a s u r e m e n t  

for the s tud ied  sample.  

TAms 17[. - Description of cramal measurements. See aLvo fig. 1. 

1. Maximal height. Greatest height from the basal plain to the highest point of the interparietal 
conjunction. 

2. Length, posterior C/to foramen magnum notch. Distance from posterior border of canine alveolus to 
foramen magnum notch. 

3. Greatest length. Length from anterior tip of premaxillae to post~_'rior point of inion. 
4. Length of nasals. 
5. Maxillary toothrow length. Distance from anterior edge of alveolus of pi to posterior edge of alveolus 

of M e . 
6. Maxillary and premaxillary length. Distance from anterior edge of alveolus of I L to posterior edge of al- 

veolus of M e. 
7. Length M e to bulla. Minimum distance from posterior edge of alveolus of M e to depression in front of 

bulls. 
8. Length ip4 to M e. Maximum distance between outer sides of p4 to M e. 
9. Zygomatic width. Greatest distance across zygomata. 

1{) Width of occipital condyla. 
tl. Braincase width. Maximum breadth of braincase across level of parictotcmporaI sutures. 
12. Occipital shield width, blaximal breadth of the occipital shield at the paraoecipital processes. 
13. Orbital constriction. Width across frontals at constriction behind orbits. 
i4. Frontal shield width. Maximum breadth across postorbital processes of frontals. 
15. Postorbital constriction. Width across frontals at constriction behind postorbital processes. 
16. Maximum skull width across cheek teeth. Greatest breadth between outer sides of pas. 
17. Palatal width at P~ s. Minimum width between inner margins of alveoli of first upper premolars. 
18. Facial depth, maxillau toothrow to orbit. Minimum distance from alveolar margin of M ~ to most ven- 

tral point of orbit. 
19. Jugai depth. Minimum depth of jugal anterior to postorbital process, at right angles to its anterio-po- 

sterior axis. 
20. Rostrum length. Length from anterolateral margin of infraorbital canal to anterior tip of premaxillae. 
21. Suborbital length. Length from anterolateral margin of infraorbital canal to orbit margin. 
22. Bulls length. Length from medial lacerate foramen to suture of buila with paraoccipital process. 
23. Bulla width. Width of butla, measured at right angles to length (22). 
24. Bullae width. Distance bet~veen the two more external point of bullae. 
25. Length of mandible. Distance from posterior edge of alveolus of It to posterior edge of angular process. 
26. Mandibular toothrow. Length distance from anterior edge of alveolus of canine to posterior edge of M~. 
27. Height of mandible. Maximum distance between highest point of coronoid process and base of angular 

process perpendicular to the toothrow. 
28. Depth of mandible below M~. Distance from alveolar margin of M~ at protoconid to ventral border of 

mandible transverse to long axis ramus. 
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p* p2 p.~ L Maximum length 

W Maximum width measured at right angles to length 

p4 L Maximum length 

W Maximum width measured from protocone to anterolabial extremity of the tooth 

M 1 M 2 L Maximum length. Distance from anterior margin of the paracone to posterior margin 

of the metacone 

W Maximum width. Distance from labial margin of the anterolabial corner of the crown 

to lingual margin of tile tooth 

pLp~ Length from the anterior margin of P~ to posterior edge of p4 protocone 

NI~-NI" Distance from anterior margin of the paracone of NP to posterior margin of the recta- 

cone of M 2 

T.uu.1r IV. -- Descriptivn oj  [,wcr dentz?e'on nzc~L~zm'mc'nt.v. 

PE P2 P, Pa L biaximum length 

W Maximum width measured at right angles to length 

NI~ L Maximum length. Distance from antcriormost point on the paraconid to posterior 

margin of the talonk{ 

W Maximum width measured at right angles to length 

Trig Trigonid length. Distance from antcriormost point on thc paraconid to posterior base 

of metaconid 

Tal TaJonid length. Distance from the posterior base of the mctaconid to the posterior ed- 

ge of the tooth 

NI, NL L ,Maximum length 

W Maximum width measured at right angles to length 

PrTrig  Length from the anterior margin of P~ to the posterior base of carnassial metaconid 

TalI-M~ Length from the posterior base of carnassial metaconid to the posterior edge of 

M~ 
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Fig.  10a. - D i a g r a m  o f  Caraz~" skull, i l lus t ra t ing  cranial  m e a s u r e m e n t s .  
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Fig. 10b, - Diagram of Cane} skull and mandible, illustrating cranial and mandibular mcasur~:n~cnts. 
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[:ig.  1 I. - L o g a r i t h m i c  r a t i o - d i a g r a m s  fo r  c r an i a l  m e a s u r e m e n t s .  S c c  t ab .  II. a n d  fig.  l 0  Io r  c r a n i a l  m e a s u r e -  

m e n t  d e s c r i p t i o n .  

Sku!l and neandz~le (fig. 11). - On an overall view of this diagram, C. shnensi~ seems to 
be somewhat closer, on the average, to C. adustus. Conversely, C. mesomeLzs shows charac- 
ters closer to C. aureus. C simensis shows an overall size larger than that of other jackals, es- 
peciaUy in the total length of the skull (measurements 1, 2, 3 and 9) and has a greatly elon- 
gated facial re ,on (measurements 20, 21); the nasals (measurement 4) are also elongated 
(like in C. acktstus). As mentioned in the Introduction a subspecific division of the Simien 
jackal based on the relative length of this bone was suggested by De Beaux (1922); in early 
phases of this study, the two subspecies were retained as separate samples but, as they did 
not differ significatively, we grouped all C simensis specimens into one specific sample. Up- 
per and lower toothrow length is significant (measurements 5, 6, 26). The occipital 
condyles (measurement 10) and the orbital (measurement 13) and postorbital (measure- 
ment 15) constrictions are wide. The rostral tapering of the skull is given by the narrow 
width of the skull across cheek teeth (measurements 16, 17), the relatively small facial 
depth (measurement 18) and by the very. small jugal depth (measurement 19). Upper and 
lower camassials are very. short, as well as the p4-M2 lengh (measurement 8). Bullae are 
broad (measurement 23). The mandible ramus is greatly elongated (measurement 25) and 
shows a reduced depth (measurement 28). 

Dentition. - The Simien jackal is characterized by relatively short upper carnassials 
(fig. 12A) and by an elongated trenchant part of the cheek-teeth (pl_p4). The diagram 
further evidences the great development of crushing teeth M l and M 2 in C. adusUls. The 
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Fig. 12. - L o g a r i t h m i c  r a t i o -d i agvams  (or denta l  m e a s u r e m e n t s .  A:  uppe r  den t i t ion ,  I3: lower  den t i t ion .  See  

tabs.  I l I  and  [V for den t i t i on  m e a s u r e m e n t  descr ip t ion .  

ratio between PLP a and MI-M 2 in C. simensis and C. a&tstus are inverted, as in the 
lower toothrow. 

On the whole the lower dentition of C. simensis is close to that of other jackals. The 
diagram (fig. 12B) shows the relative shortening of second and third molar in C. lne- 
somelas. About C. adustus, this form is peculiar for its very short trigonid in the carnas- 
sial and the well developed crushing part of the toothrows; C. simensk has a ratio 
Pl-Trig/Tal-M 3 greater than that of other jackals. It is interesting to note the inversion 
of proportion in Pl-Trig (trenchant part of the cheek-teeth) and TaI-M~ (crushing part 
of the cheek-teeth) between C. shnensis and C. adustus. 
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C O N C L U S F V E  I ~ M A R K S  

Nothing is practically known about the origin of the Simien jackal, which is geo- 
graphically restricted to small areas on the Ethiopian plateaux. Some hypotheses may 
be made on the basis of the distribution of fossil canids in the Old World. 

It is clear from the fossil record that dogs originated during the Miocene in North 
America (cf. Tedford, 1978). A first spread of dogs into Eurasia and Africa occurred in 
the Turolian (latest Miocene) with forms comparable to the North American EuLTon 
davM. More or less sporadic finds throughout Europe indicate that these forms sur- 
vived into the Pliocene, represented by the species Eucyon adoxus and Eucyon 
odessanus, until the Perpignan faunal unit, the MN 15 unit of the European mammal 
biochronologic scale (Rook, 1992, 1993). Forms closely related to this group have also 
been found in Pliocene deposits in China (Tedford and Qiu, 1996) and in Early 
Pliocene of Transbaikalia (Sotnikova and Kalmipov, 1991). This group of dogs does not 
belong to the genus Cams <,sensu stricto>, but rather to a stem characterized by some 
primitive features. The conclusion that this group of dogs represents a new genus was 
reached independently by Tedford and Taylor (unpublished; personal communication 
in Berta, 1988) and by one of the writers (Rook et al., 1991; Rook, 1992, 1993) and has 
been formalized with the new generic name by Tedford and Qiu (1996). 

The earliest known Gmis <<s.s.>> occurs in North America in latest Hemphillian (Early 
Pliocene) deposits with the species Canis t<vophagus. The dispersal of Canis in the Old 
World occurred during the middle Pliocene. According to Flynn et al. (1991), Tedford 
et al. (1991) and to direct study of the Frick collection in the American 
Museum of Natural History, New York (Rook, 1993), the occurrence of a Canis ex gr. C. 
etruscus (a primitive wolf:like form) is documented in China from deposits dated 3 m.y., 
while the smaller Canis ex gr. C. amensk occurs in slightly younger deposits. 

The early form of rniddle sized dog in North America (C lepop,bagus) has been inter- 
preted as a direct ancestor of the extant coyote (Johnston, 1938; Kurtdn, 1974). Tl,~e more 
or less contemporaneous forms of Eurasia (Canis ex gr. C. arnensis) were at first regarded 
as early jackals (Torre, 1967, 1979; Kurtdn, 1968) and later, given that they are closely re- 
lated with the North American contemporary forms, as Eurasian representatives of the coy- 
ote (Kurten, 1974; Torre, 1979). Obviously C [epophagus and C amensk are closely related 
and could at least be recognized as semispecies, thus representing the extremes of the geo- 
gaphic range of one taxon (C. arnensis representing the spread in the Old World of C. lep- 
ophagus populations). However neither is a true coyote or a true jackal; they are the ances- 
tors of both: coyote and jackals represent the evolution in North America and in Old 
World of forms which were originally very close. 

In Central and Western Asia, in Europe and in Africa the first occurrence of true 
dogs is documented later than in the East Asia. Basing on Sotnikova (1989 and personal 
communication) a jackal-like dog (Canis kuruksaenszX') occurs at Kuruksai (Tadzikistan), 
a locality dating back about 2.5 m.y. In Africa the first confirmed occurrence of jackals 
(Canes mesomelas) is recorded in Member 4 at Sterkfontein, a locality dated about 
2.6 m.y. (Turner, 1990). 



300 L .  R O O K  - M .  L .  A Z Z A R O L I  P U C C E T T I  

It appears clear that modern dogs occurred in East Europe and Africa since the ear- 
ly Late Pliocene. Ecological reasons or geographical barriers were supposed to explain 
the delay of dogs arrival in Western Europe, until the Early Pleistocene (beginning of 
Late Villafranchian, at approximately 1.8 m.y.). Actually, recent findings and reconsid- 
eration of old collections allow to recognize the occurrence of modern dogs (the wolf- 
like Canis etruscus and the smaller Canis arnensis) in western Europe in Middle Vil- 
lafranchian faunal assemblages (latest Pliocene), at the time of the Sen~ze faunal unit 
(Rook and Torre, 1996b). 

African fossil dogs are unfortunately poorly known. It appears however evident that 
during Early and Middle Pleistocene at least two Canis species were present in Africa, 
one close to C. mesomelas, and the second one of a large size form closely related to the 
European Canis (Xenocyon)falconen" group (Turner, 1990; Rook, 1994). C. adustus was 
tentatively identified only from one site in South Africa (Ewer, 1956; Turner, 1990), 
while there is no evidence of the occurrence of C. aureus South of the Sahara before the 
end of the Pleistocene (Turner, 1990). 

Lacking further evidence from fossil records, it may only be inferred that in the 
highlands of Ethiopia some jackal population gave rise to forms adapted to montane 
environments and specialized for hunting small mammals, especially rodents and tago- 
morphs. It is interesting to note that most of the grass rats and hares which are the main 
prey of the Simien jackal, are also endemic to the Ethiopian mountains (cf. Morris and 
Malcom, 1977; Azzaroli Puccetti, 1987; Azzaroli Puccetti et al., 1996). 

On the basis of either morphological comparisons and of fossil evidence, a close re- 
lationship of C. simensis with the gray wolf or the coyote more than to the jackals (as 
suggested on the basis of biochemical analyses) sounds unsatisfactory. We can only 
note as conclusive remark that when animals with deep differences in morpholog7 and 
behaviour appear genetically very similar, this requires reconsideration of further ge- 
netical and phenetical approach. 
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