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Mammuthus meridionalis (Mammalia, Proboscidea, Elephantidae)
from the “Sabbie Gialle” of Oriolo (Cava La Salita, Faenza, Northern
[taly) and other European late populations of southern mammoth.

MARCO P. FERRETTI!
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ABSTRACT

New finds of Mammuthus meridionalis from “La Salita di Oriolo™ quarry
(Faenza, Emilia Romagna, Italy) are described. The “Sabbie gialle™ outcrop-
ping at Oriolo yielded several mammal species pointing out an early Galerian
age (late Early Pleistocene) for the whole assemblage. A comparison with the
tvpe population of M. m. meridionalis from Upper Valdarno (Tuscany: Italy:
Tasso Faunal Unit: early Early Pleistocene) and younger samples from Italy
and other European localities allows to draw a possible scenario of the late
evolution of the southern mammoth. On the basis of the systematic study two
distinct lineages of southern mammoth are recognised. One, currently known
only from Italy. is represented by several findings. among which are the Oriolo
specimens and those referred to M.m. vestinus, characterized by large size.
specialized skull and primitive dentition. A second group of forms. making its
first occurrence in the early Galerian, presents instead derived dental mor-
phology and is here referred to as M.meridionalis ex gr. tamanensis. During
the middle Galerian (early Middle Pleistocene) the latter is replaced through-
out Eurasia by the more evolved steppe mammoth M.trogontherii, a probable
off-shoot of this group. while the forms belonging to the M.m.vestinus group
became extinet without descendants.

RIASSUNTO

Sono descritti nuovi resti di Mammuthus meridionalis raccolti nelle “Sabbie
gialle™ affioranti a Cava La Salita di Oriolo (Faenza). L’associazione a mam-
miferi presente nei depositi di Cava La Salita ¢ attribuibile nel suo insieme al
Galeriano inferiore (parte finale del Pleistocene inferiore). Il confronto con la
popolazione tipo di M.m.meridionalis del Valdarno Superiore (unita faunistica
Tasso: parte basale del Pleistocene inferiore) e con campioni piu recenti di
elefante meridionale provenienti da varie localita italiane ed europee, permet-
te di ricostruire le fasi piu recenti dell’evoluzione di questa specie. In base allo
studio sistematico sono state riconosciute due linee evolutive. La prima, finora
segnalata solo in Italia attraverso vari ritrovamenti tra cui quello di Oriolo ¢
quelli piu antichi riferiti alla sottospecie M.m.vestinus, comprende forme di
grande taglia, cranio specializzato e dentatura primitiva. La seconda, che com-
pare per la prima volta nel Galeriano inferiore ¢ rappresentata dalle forme del
gruppo M.m. ex gr. tamanensis, che si distinguono per i caratteri evoluti dei
molari. Nel Galeriano medio (parte inferiore del Pleistocene medio) gli ultimi
rappresentanti di quest’ultima linea vengono sostituiti da M.trogontherii, una
forma piu derivata e probabile discendente di questo gruppo. mentre la linea
legata a M.m.vestinus si estingue completamente.

Introduction

Several large mammal remains were recovered from the “Sab-
bie gialle™ outcropping at the “La Salita di Oriolo™ quarry
(Faenza, Emilia Romagna, Italy). The “Sabbie gialle” Forma-
tion of the north-eastern Apennine, stratigraphically overlays
the Early Pleistocene “Argille Azzurre™” and has been divided
into two distinct sedimentary cycles by Marabini et al. (1987a,
b) and Colalongo et al. (1982). According to the authors the
first cycle represent the regressive closure of the marine clays,
the second a minor transgressive cycle, unconformably overly-
ing the preceding one and characterised by shore-line deposi-
tional structures. The section exposed at “*La Salita di Oriolo”
represents the upper part of the second depositional cycle
which makes up the bulk of the “Sabbie gialle”. The fossil ma-
terial. collected in several years by the personnel of the

“Museo Civico di Scienze Naturali” of Faenza, initially in col-
laboration with the late Dr. G. Giusberti of the “Istituto di
Antropologia™ of the University of Bologna, includes remains
of Stephanorhinus, Equus, Hippopotamus and Bison cf.
shoetensacki (Masini et al. 1995), besides those of the southern
mammoth described in the present paper. The mammal re-
mains where deposited in a shore-front environment near the
mouth of a river, that likely transported the carcasses to the
sea (Marabini et al. 1987b). Preliminary observations of the
fossils, retrieved from several levels through the succession, in-
dicate an age from latest Villafranchian to early Galerian (late
Early Pleistocene). A recent magnetostratigraphic investiga-
tion performed on a 20 m section outcropping at “La Salita di
Oriolo™ quarry, evidenced a transition from reversed to nor-
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Fig. 1. Biochronological setting of the considered localities.

mal polarity in the central part of the succession (Torre et al.
1996) in agreement with the paleomagnetic data presented by
Marabini et al. (1995). Part of the fauna pertains to the lower
reversed interval, while the remainder, including the ele-
phants, were retrieved from the levels above the polarity re-
versal, near the top of the “Sabbie gialle”. However the paleo-
magnetic analysis does not clarify whether the paleomagnetic
event should be referred to Jaramillo, as suggested by the
fauna, or to the Matuyama-Brunhes transition, consistent with
the “Milazzian™ age (Middle Pleistocene) proposed by Vai
(1984) and Marabini et al. (1987a) for the upper sequence of
the “Sabbie gialle™ .

In the present work the remains of southern mammoth
from “La Salita di Oriolo™ quarry (Faenza) are described. In
addition, M.meridionalis samples from other Italian and Euro-
pean late Villafranchian (Tasso and Farneta Faunal Units) and
early Galerian (Colle Curti and Slivia F. U.) localities are dis-
cussed (Fig.1). Comparisons are based upon morphological
and metrical characters of dentition, skull and mandible.

Abbreviations. MSNF “Museo di Storia Naturale”, Faenza:
IGF “Museo di Geologia e Paleontologia”, Florence: MPM

504 Marco P. Ferretti

“Museo di Paleontologia dell’Accademia Valdarnese del Pog-
gio”, Montevarchi: MCSNV “Museo Civico di Storia Natu-
rale”, Verona; MCICS “Museo Civico™ of Imola. (Scarabelli
Collection): MSN “*Museo di Scienze Naturali”, University of
Camerino: IQW Institut fiir Geowissenschaften Bereich Quar-
tarpaldontologic, Weimar.

Systematics

Order Proboscidea Illiger 1811
Family Elephantidae Gray 1821
Subfamily Elephantinae Gray 1821
Genus Mammuthus Brooks 1826

Mammuthus meridionalis (Nesti, 1825)

Site: “La Salita di Oriolo™ (Faenza, Emilia Romagna, Italy)
Age: early Galerian (Colle Curti Faunal Unit?; late Early
Pleistocene)

Material

The elephant is represented at “La Salita di Oriolo™ by three
specimens. The first consists in a skull with mandible and is de-
scribed below. An incomplete right tibia and a fragmental rib
were collected from two distinct level above that of the skull.
The remains of the first individual were collected together in a
single block (Fig.2). Sediment was then removed only from the
upper and lateral sides of the fossil which is still partly embed-
ded in the sandy matrix. The ventral portion of both the skull
(palate and basicranium) and the mandible are. therefore, not
visible at present.

Description

Skull (Fig. 3) — The skull does not show significant compres-
sive deformations, but is heavily damaged especially on the
right side (the right zygomatic arch, the dorso-lateral portion
of the right premaxillary and the majority of the neuro-cranial
portion, are missing) and at the level of the perinasal region,
whilst the cranial vault is completely lacking. It is remarkable
for its large size (Tab.l). if dental age is considered (see
below). The alveolar portions of the premaxillaries (Fig. 3B)
are well developed: they are long and parallel proximally but
tend to flare distally. The interalveolar fossa is deep, due to
the strong development of the tusks. The premaxillaries are
not completely fused on the mid-line distally. Of the frontal
only the uppermost part is present. This is antero-posteriorly
concave and relatively narrow between the temporal crests. In
lateral view the skull appears rather elongated antero-posteri-
orly (Fig. 3A). The zygomatic arch is robust. The large left in-
fraorbital foramen is still obstructed by sediment. The bony
process of the maxillar forming the lateral and ventral walls of
the foramen is relatively thin, but well extended antero-poste-
riorly. Viewed from above and slightly from behind (Fig. 3C) it



is possible to observe the base of the nucal fossa, relatively
narrow and with a squared section. The left portion of the
neural cranium display a well developed occipital bulge.
Though the upper part of the skull is not present, judging from
the preserved portion, it can be argued that the position of the
skull vertex should not have been so caudally displaced as in
the holotype of M.m.vestinus (see below) but rather positioned
as in the skulls of M.m.meridionalis (Fig.6B) from Upper Val-
darno (Tuscany, Italy, Tasso Faunal Unit, early Early Pleis-
tocene).

Tusks — The left tusk, lacking the apex, seemingly did not
undergo to any intra-alveolar rotation. It exits from the alveo-
lus directed downward and laterally. Then it twists upwardly
and, in the last portion, medially according to a pattern typical
for Mammuthus. The maximum diameter of the left tusk, mea-

Fig. 2. Cranium and mandible of M.meridionalis
from La Salita di Oriolo quarry (Faenza) in situ.
Abbrev.: md: mandible: It: left tusk: pm: premaxil-
laries: rt: right tusk.

Fig. 3. Cranium of M.meridionalis from La Salita
di Oriolo quarry (Faenza): A: left lateral side: B:
anterior side; C: postero-dorsal view of the neu-
rocranium. Proposed reconstruction of missing
parts shown by dashed lines.

sured at its emergence from the alveolus, is 200 mm. The right
tusk was found outside its sheath, along the right side of the
skull (Fig. 2). The pulp cavity is visible at the proximal end.
Moving apically the transverse section changes from circular to
elliptical.

Mandible (Fig.4; Tab.2) — The mandible lacks only the
condyles and the coronoid processes. The tooth in use is the
M2 (see below) which does not reach the mesialmost portion
of the alveolar region, where traces of the first molar alveolus
are present. Very likely the M1 was already shed before the
animal died. The mesialmost plates of the still unerupted M3
are visible behind the M2. The mandible presents the typical
features of M.meridionalis. The corpus is rather long and its
labial side moderately inflated. The symphysis bears a well de-
veloped beak, only moderately downwardly inclined. The as-
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Tab. 1. Measurements, in millimetres, of the cranium of M.meridionalis from La Salita di Oriolo quarry (Faenza, Emilia Romagna, Italy) and other specimens
from late Villafranchian (Tasso F.U. and Farneta F.U.) Italian localities. Measures according to von den Driesch (1976) partly modified.

Specimen
Measures Oriolo Upper Valdarno  Upper Valdarno  UpperValdarno Scoppito Farneta Farneta
MSNF ¢ IGF 1050 IGF 1054 IGF 1049 (Maccagno, 1962) IGF 15081 IGF 10957
Tooth in use M2 M2 M3 M3 M3 - -
1. Total length - - - 1250 1540 - -
2. Tusk alveolus length 780 507 - 715 850 920 -
3. Greatest breadth
of neurocranium = 622 863 - - - 911
4. Breadth of tusk alveoli
between infraorbital foramina 461 412 492 491 520 595 -
5. Greatest breadth
of tusk alveoli 640 425 - - 540 635 -
6. Cranial height - - 874 735 - - -
7. Length of zygomatic arch 503 - 362 379 - - -
8. Maximum tusk diameter 200 83 - 188 238 = 234

Tab. 2. Measurements, in millimetres, of the mandible of M.meridionalis from La Salita di Oriolo quarry (Faenza, Emilia Romagna. Italy) and other specimens
from late Villafranchian (Tasso F.U. and Farneta F.U.) Italian localities. Measures according to von den Driesch (1976). partly modified.

Specimen

Measures Oriolo Upper Valdarno Upper Valdarno Scoppito
MSNF m MPM | IGF 83 (Maccagno, 1962)
Tooth in use M2 M2 M2-M3 M3
1. Length from the angle 790 660 678 670
2. Length: infradentale-anterior origin of ascending ramus 477 362 391 440
3. Horizontal length of symphysis 110 9 127 -
4. Maximum breadth between interalveolar crests 72 76 112 -
5. Length: gonion caudale-oral border of the alveolus
of the mesialmost cheektooth 569 495 540 -
6. Length: oral border of the alveolus of the mesial-
most cheektooth-anterior origin of ascending ramus 292 230 266 -
7. Length: oral border of the alveolus of the mesialmost
check-tooth-infradentale 255 210 210 -
8. Length: gonion caudale- most oral point of the
anterior margin of the ascending ramus 275 - - 320
9. Height of the mandible at midpoint of the cheektooth row - 140 -140 190
10. Greatest thickness of the body at midpoint of cheektooth row -163 - -144 -
11. Breadth between the most lingual points of the trigoni retro-molari 267 188 270 -
12. Breadth between anterior margin of ascending rami 646 - 650 504
13. Mandibular breadth: gonion laterale-gonion laterale 551 526 540 -

cending rami do not tend to incline medially, but are parallel.
Judging from the morphology of the incisura sigmoidalis, the
coronoid processes almost reached the level of the condyles.
The anterior margins of the ascending rami, though not per-
fectly preserved, appears straight and not forwardly projected
as in most M.m.meridionalis mandibles (Fig. 4 D).

Lower molars (P1.1, Fig. 1-2) — The teeth in use are the M2
accordingly to their plate formula (PF) and occlusal breadth
(FB; see Table 3 for measurements). The teeth are complete
and moderately worn. They have 11 plates, the first 10 in use.
The occlusal surface is narrow, with a maximum diameter (FB)
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of 73 mm. Only the first 34 plates show a complete enamel
loop, while the following ones are still divided into rings. In
particular the central plates tend to form three rings of sub-
equal size. The enamel is rather thick and forms few rounded
folds.

The characters displayed by the Oriolo elephant clearly
point out to M.meridionalis. According to the tooth in use, the
overall size and robustness of the tusks it probably represents
an adult male in its prime. The position of the Oriolo specimen
with respect to the various recognised subspecies of the south-
ern mammoth is discussed further below.



Fig. 4. Mandibles of M.meridionalis. Mandible
from La Salita di Oriolo quarry (Faenza) A: ante-
rior view: B: left lateral view: C: occlusal view.
Mandible of M.m.meridionalis (1GF 53) from

Other Italian late Villafranchian (Farneta Faunal Unit) and
early Galerian (Colle Curti and Slivia F.U) M.meridionalis
finds

M. meridionalis vestinus (Azzaroli 1972)

Sites: Madonna della Strada, near Scoppito (L’Aquila, Abruz-
70); Farneta (Val di Chiana, Toscana)

Age: Late Villafranchian (Farneta Faunal Unit), Early Pleis-
tocene; (Azzaroli 1977; Azzaroli et al. 1988)

Azzaroli (in Ambrosetti et al. 1972; 1977) attributes an almost
complete skeleton from Madonna della Strada near Scoppito
(L"Aquila, Abruzzi), already described by Maccagno (1962) as
“E”meridionalis, to a new subspecies of southern mammoth
M.meridionalis vestinus, for its derived cranial morphology and
very large size, even though it does not differ from the type
form from Upper Valdarno as regards dental characters. Az-
zaroli (1977) assigns to M.meridionalis vestinus also the ele-
phants remains from the surrounding of the Abbey of Farneta
in the Chiana Valley. The material, housed in the paleontolog-
ical museum of Florence (IGF), includes two fragmented
skulls, isolated molars, post-cranials and a partial skeleton be-
longing to an old individual. This with some other specimens
are very large sized, in some cases exceeding the size range ob-
served in M.m.meridionalis from Upper Valdarno. On the
other hand molars are morphologically and metrically fully
comparable with those of the latter subspecies.

The Scoppito skull was found heavily damaged, particular-
ly in the fronto-parietal region (Maccagno 1962) and thus its
morphology should be evaluated with caution. More reliable is

Upper Valdarno, Italy D: lateral view. Arrows
highlight the different shape of the anterior mar-
gin of the ascending ramus in the Oriolo and
Upper Valdarno mandibles.

one of the cranial remains from Farneta (IGF 10957), better
preserved and only slightly deformed. It consists of the brain
case which shows a strong vertical development, very concave
frontals and laterally bulging parietals (Fig. 5 A-B;). These
characters match with the diagnosis of M.m.vestinus proposed
by Azzaroli (1977).

M. meridionalis cf. vestinus

Site: Pietrafitta (Perugia, Umbria)

Age: Late Villafranchian (Farneta Faunal Unit, Early Pleis-
tocene; Ficcarelli et al. 1996; Gentili et al. 1996).

The numerous elephant remains collected from the lignite of
Pietrafitta, housed in the premises of the local E.N.E.L. mine,
have been referred to M.m.vestinus by several authors (Torre
et al. 1992; Gentili et al. 1996). However such an attribution,
led partly by the supposed equivalent ages of the Scoppito and
Pietrafitta faunas, cannot be definitively confirmed until the
skulls retrieved from this locality are restored. Concerning the
dental characters, the Pietrafitta population falls, both mor-
phologically and metrically, within the range of variability ob-
served in the Upper Valdarno sample (Tab.4), except for
slightly thinner enamel and smaller coronal width means in the
upper and lower M3. This last character determines slightly
higher hypsodonty index (K:GH/GB) values. Such differences
actually make the Pietrafitta M3 more progressive than those
from Upper Valdarno. The M1 and M2 are, on the contrary,
more conservative. The only evidence that could indicate
M.m.vestinus is the extremely large size of some long bones
and tusks from this site (Ferretti 1997).

European late populations of southern mammoth 507
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Fig. 5. Cranium and premaxilla (tusk alveoli) of M.m.vestinus from Farneta
(Val di Chiana, Italy). Cranium (IGF 10957) A: anterior view: B: left lateral
view: premaxilla (IGF 15081) C: anterior view.

Mammuthus sp.

Site: Colle Curti (Colfiorito basin, Macerata, Marche)
Age: early Galerian (Colle Curti F.U). late Early Pleistocene
(Ficcarelli & Silvestrini 1991; Torre et al. 1996)

The few elephant remains collected from Colle Curti (Colfior-
ito Basin, Macerata) in the Umbro-Marchean Apennine, very
likely belong to a single individual. The material consists of a
fragmentary tusk, two dorsal vertebrae, two ribs and the in-
complete shafts of an humerus and a femur. The animal was
not fully mature as demonstrated by the not yet completed os-
sification of vertebrae and ribs. Consistently the tusk, consist-
ing only of the proximal extra-alveolar portion, seems to per-
tain to a juvenile individual even if it could also represent a
small female. This is the only element for a systematic diagno-
sis. The section is elliptic. The evident torsion of the longitudi-
nal axis and the flattening of the dorso-lateral side are both
mammuthine characters. In this features both M.meridionalis
and M.trogontherii are very similar. However the first occur-
rence of the latter species is attested only from association
younger than Colle Curti, while the presence of various “Vil-
lafranchian™ taxa in the Colle Curti assemblage (Ficcarelli &
Mazza 1990; Ficcarelli et al. 1996) would make an attribution
to M.meridionalis more likely.

M.aff. meridionalis (evolved form)

Site: Rio Pradella, “Sabbie gialle” formation, Imola (Emilia
Romagna,)

Age: middle Galerian (Slivia F.U.?), early Middle Pleistocene
(Azzaroli & Berzi 1970; Masini et al. 1995)

508 Marco P. Ferretti

Among the large mammals remains of the so called “Sabbie gi-
alle™ of Imola fauna elephants are represented by an evolved
M. meridionalis form (Azzaroli e Berzi 1970: Masini et. al.
1995). In particular one upper and one lower M3, probably be-
longing to the same individual. are characterised by elevated
plates number (16 including talons). relatively thin enamel
(2.6 mm) and high hypsodonty index (Tab. 3). The small di-
mensions of the two teeth is partly responsible of the high
lamellar frequency index (DLI). computed as the quotient be-
tween number of plates and greatest mesio-distal length (GL:
cf. Lister & Joysey 1992). Particularly progressive is the oc-
clusal surface morphology characterised by narrow enamel
loops (P1.1, Fig.4). The Imola fauna is typical of the early mid-
dle Galerian (early Middle Pleistocene) and derives from, at
least. three levels. The two M3 likely pertain to the most recent
one (Masini et al. 1995). The molars were assigned to M.cf.
meridionalis by Azzaroli & Berzi (1970) who considered them
similar to the “mutation cromerense” created by Depéret e
Mayet (1923) for some molars from the Cromer Forest Bed
formation and from various coeval French localities. Nonethe-
less, given the present state of knowledge (see below), the
Imola elephant can be reasonably determined only as M. aff.
meridionalis (evolved form).

M .cf. meridionalis

Site: Soave, Monte Tenda (Verona, Veneto)
Age: middle Galerian (Slivia F.U.), early Middle Pleistocene
(Masini et al. 1994)

The elephant molars from this locality (Tab. 3) have been re-
ferred to M.trogontherii by Masini et al. (1994), and regarded
as the probable first occurrence of this species in Italy by
Palombo (1994).

However, even though the fragmentary state and paucity of
the material do not allow a satisfactory attribution, they seem
to fit better an attribution to M.meridionalis. In particular one
upper M2 (MCSNV 10688) from Soave is almost complete and
displays the typical characters of the southern mammoth (Tab.
3). None of the teeth present particular derived features.

Evolved M.meridionalis populations from various European
localities

Various M.meridionalis samples from late early Pleistocene
and early middle Pleistocene European localities display ad-
vanced characters, mostly in dental morphology, respect to the
type population from Upper Valdarno and accordingly are re-
garded by some authors as separate subspecies. Some of them
are discussed below and compared to the Italian findings pre-
viously described.



Tab. 3. Measurements, in millimetres, of M.meridionalis molars from various Italian localities. GL = greatest mesio-distal length; FL = occlusal length; GB =
greatest bucco-lingual breadth; FB = occlusal breadth; GH = greatest height; PF = plate formula (including talons); DLI = lamellar density index (PF/GLx100); Q

= functional lamellar index (U/FL x 100): K = hipsodonty index (GH/GB).

Locality Specimen Tooth GL FL GB FB GH PF U ET DLI Q K

[.a Salita di Oriolo MSNF r M/2 right - 172 - 72 - 11 10 3.0 - 55 -
MSNF | M/2 left - 169 82 83 - 11 10 3.0 - 5.6 -

Soave (M. Tenda) MSNV 10688 M/2 right 206 -120 90 76 115 12 8 3.0 5.8 -6.6 1.3
MSNYV 222 M/3? - - -87 - 126 »5 - 3.0 - - -
MSNV 221 M lower > 49 - 84 - - >3 -1.9 6.1 - - -
MSNV 12288 M/3 right >160 - 105 - 122 >6 - 3.1 38

Imola MCI 7644 M/3 left 235 120 90 83 158 16 7 24 6.6 5.8 1

(Rio Pradella) MCI 7645 M/3 left =255 -163 91 89 120 -14 9 2.6 5.5 5.5 1.3

M.meridionalis voigtstedtensis (Dietrich 1958)

Locality: Voigtstedt (Thuringia, Germany)
Age: middle Galerian, early Middle Pleistocene (Kahlke 1965;
Azzaroli et al. 1988; Maul 1990)

Dietrich (1958, 1965). in his description of the elephants mo-
lars from Voigtstedt (Thuringia, Germany) pointed out their
intermediate characters between M. meridionalis and M. tro-
gontherii, concluding they belong to an evolved subspecies of
the former, which he names M.meridionalis voigtstedtensis.
The teeth, like most of the Voigtstedt-Edersleben fauna prob-
ably derive all from the same level, namely the “Lehmschicht”,
that according to German authors correlates to the beginning
of the Brunhes paleomagnetic epoch (Kahlke 1965; Wiegank
1981; Maul 1990; Kahlke & Mania 1994). The sample displays
a large amount of variability (Tab. 4), in part due to the low
number of specimens representing each tooth category and to
their fragmentary state, but indeed could be consistent with
the possibility it represents a transitional form. Some of the
Voigtstedt molars actually do not differentiate from that of
Upper Valdarno. Some others, though still morphologically
similar to the latter, are derived in some characters as hyp-
sodonty and lamellar frequency. Finally, a few of the teeth fall
within the variability range of M.trogontherii (Tab. 4).

M.m.tamanensis (Dubrovo 1964)

Site: Siniaya Balka (Taman peninsula, Russia)
Age: early Galerian, late Early Pleistocene (Vangengeim et al.
1991)

M.meridionalis tamanensis is characterised by having quite
hypsodont molars and by M3 possessing, on the average, a
higher number of plates than the type population from Upper
Valdarno (Dubrovo 1992; Lister & Joysey 1992; Lister 1996a;
Tab.4). Differences in enamel thickness and lamellar frequen-
cy are, however, less significant. The type specimen of M.m.
tamanensis, a female skull with mandible (Dubrovo 1964),

shows that no particular morphological modification occurred
in the time interval that separates the two samples.

M.m.depereti (Coppens & Beden 1982)

Site: Saint-Prest (Eure-et-Loire, France)
Age: early Galerian, late Early Pleistocene ( Bonifay 1969;
Coppens & Beden 1982; Azzaroli 1983)

Coppens & Beden (1982) erected the subspecies M.m.depereti
for the elephant material from Saint Prest (Eure-et-Loire,
France), previously described as “E”.meridionalis “mutation
de Saint-Prestien” by Deperét & Mayet (1923). Coppens &
Beden (1982) do not report the means of the dental variables
they measured, but only their observed range without distin-
guishing between upper and lower molars. This makes com-
parisons with other samples uncertain. The new subspecies
seems to be characterised by a somewhat smaller tooth size
and by an increased plate number compared to typical
M.meridionalis (Tab. 4). It distinguishes from M.m.tamanensis
in maintaining a relatively low crown. Less clear is whether the
mammoth from Saint-Prest is also differentiated in its enamel
thickness with respect to M.meridionalis from Upper Val-
darno. The ranges given by the two French authors for M2 and
M3 are shifted toward lower values compared to the Upper
Valdarno sample, but this could be related to the smaller size
of the Saint-Prest specimens.

The elephant material from the Cromer Forest-bed Forma-
tion outcropping at Kessingland (Norfolk, East Anglia) was as-
cribed by Pontier (1908) and then by Deperet & Mayet, (1923)
to an evolved form of the southern mammoth, named there-
after M.m.cromerensis by Osborn (1942). A recent revision of
the material from the Cromer Forest bed revealed, however,
that the species represented at Kessingland is the more
evolved M.trogontherii (Lister 1996b, 1998 pers. com.).

Recently Malez & Lenardic-Fabic (1988) described a new
subspecies of southern mammoth, M.m.adriaticus, on the basis
of an upper M3 and a femur shaft, collected from the sea bot-
tom between the isles of Rab and Lagging in the northern
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Tab. 4. Descriptive statistics of the biometric parameters of the M2 and M3 of the various M.meridionalis populations considered and of M.trogontherii from Siis-
senborn (Germany. middle Pleistocene). u = upper molars: | = lower molars: N = number of specimens.

Breadth (GB) Plate Formula®

Mean Range N

Mean Range

Enamel Thickness Frequency Index® Hypsodonty Index*

Species/Locality Tooth N N Mean Range N Mean Range N Mean Range
M.meridionalis
Upper M3 u 29 101 83-123 27 14 11-16 33 32 2.6-39 24 54 4.3-6.2 13 13 1.0-1.6
Valdarno 1 12 91 81-113 19 14 12-16 19 3.0 24-37 10 5.1 3.9-59 6 13 1.0-1.6
M2 u 15 89 80-103 15 11 10-12 17 2.7 2.2-34 14 52 4.5-59 114 1.1-1.6
1 383 82- 86 4 11 11-11 3 28 2.7-29 3 54 5.3-5.6 3 13 1.2-1.3
Pietrafitta M3 u 4 93 84-103 3014 13-16 4 29 2.6-33 2 54 4.4-65 3 14 1.3-1.5
1 5 8 75- 94 6 14 12-15 6 29 2.7-3.1 2 53 5.0-5.7 113 -
M2 u 4 84 73- 95 4 11 8-12 3 27 2.6-29 3 54 4.8-5.8 2 13 1.2-14
1 29 84- 96 2 1 10-12 3 29 2.6-3.0 2 53 4.4-6.2 2 12 1.0-1.4
Saint Prest! M3 10 - 88-105 10 - 15-17 10 - 2.4-37 10 - 4.6-6.1 10 - 1.1-1.4
M2 10 - 74-102 10 - 10-11 10 - 2.3-35 10 - 4.7-6.6 - - -
Siniaya Balka® M3 u 12104 85-115 5 18 16-20 12 3.0 2240 1258 4.7-6.7 5 15 1.3-1.8
1 - 82-122 - 18 16-20 - - 2540 - - 4.0-6.0 - - -
M2 u - - - - 11-15 - - - - 4.5-6.5 - - -
1 - - - - - 11-15 - - 2.0-35 - - 4.0-6.5 - - -
Voigtstedt M3 u 2 91 75-107 1 15? - 2 33 3.0-3.6 2 67 66-68 2 14 1.3-1.5
1 3 95 95- 96 1 15 - Z 29 2.7-32 1 5.0 - 2 14 1.3-1.5
M2 u 1 76 - 1 >12 - 1 18 - 1100 - - - -
1 = = = 2 = - — - - - - - .
M.trogontherii
Siissenborn M3u 47 97 82-116 4520 15-23 46 2.3 1.9-3.0 a8 717 5.5-9.1 43 18 1.3-23
1 40 94 73-114 36 19 15-23 42 23 2.0-29 40 56 4.4-7.0 34 16 1.3-2.3
M2u 23 85 68-103 20 15 13-16 17 20 1.6-2.4 23 75 6.2-8.3 19 19 1.3-2.2
1 10 72 65- 82 9 IS 13-17 10 19 1.5-2.2 10 74 6.3-9.1 9 1.7 1.6-2.0

* Including talons

 Lamellar frequency index (DLI), according to Adam, (1953).

¢ Hypsodonty index (K), according to Aguirre, (1968).

! Data from Coppens & Beden, (1982).

2 Data from Dubrovo, (1964), Lister and Joysey, (1992) and Lister. (1996a).

Adriatic sea. However, from the figures and the measurements
given by the authors, an attribution to Elephas (Palaeolox-
odon) antiquus is more likely, as already suggested by Palom-
bo (1994).

Discussion

The primitive dental characters of the Oriolo mammoth seem
to exclude the possibility that it belongs to one of the derived
subspecies of southern mammoth such as M.m.tamanensis. On
the other hand the large size, the particular morphology of the
mandible and the cranial features, would not exclude a rela-
tionship of the Oriolo mammoth with M.m.vestinus.

In order to try to clarify the systematic position of the Ori-
olo elephant and its relationships with the various populations
of southern mammoth so far considered, the major morpho-
logical changes which characterized the evolution of M.merid-
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ionalis from the latest Villafranchian to the late early Galerian
are discussed.

Size change — Changes in size are better detected on cranial
and post-cranial remains than on teeth. However the scanty
material at our disposal suggests caution with the comparisons.
Samples younger than that from Upper Valdarno, which rep-
resent the typical form, seem to have undergone to an incre-
ment in overall size. The Pietrafitta population, which repre-
sents one of the richest samples, is characterised by greater di-
mension of the tusks, long bones and vertebrae, but carpal
bones, which are best represented elements, do not differ from
the values of the Upper Valdarno sample (Ferretti 1997). The
largest among the Italian specimens of M.meridionalis are
those referred to the subspecies vestinus belonging to the Far-
neta F.U (late Villafranchian). The specimen from Oriolo,
which is more recent than the Farneta F.U., also displays large



size. M.m.voigtstedtensis post-cranial is not known. However
M.m.tamanensis, which is a closely related form, seems also
characterised by a large body size (cf. Azzaroli 1977). M.m. de-
pereti is known only from teeth and few mandibles. According
to the measurements on the molars this form should have been
similar or slightly smaller than M.m.meridionalis, a characteris-
tic which separates this subspecies from the other late
M.meridionalis samples so far considered. A trend toward a
larger size would be consistent with the very large dimension
of M.trogontherii, the supposed descendant of M.meridionalis.
The few skeletons referred to M.trogontherii (Lister 1996a)
and the type material from the middle Pleistocene site of
Siissenborn, Germany (Ferretti 1997), show in fact that this
species was somewhat larger than M.m. meridionalis.

Skull/mandible morphology — Complete skulls of M.meridion-
alis are extremely rare. Moreover one has to account for the
great variability in cranial morphology occurring in elephants
between immature and adult, male and female. Also poorly
known is the skull of M.trogontherii. However, the general
trend displayed by the genus is toward an antero-posterior
shortening of the neural portion of the skull, an anterior shift
of the vertex and a flattening of the fronto-parietal region
(Maglio 1973; Fig. 6). The premaxillaries became more and
more slender and downward pointing along with the relative
reduction of the diameter of the tusk. The Italian material re-
ferred to M.m.vestinus shows instead a trend which emphasises
the “meridionaloid” pattern: i.e. further posterior displace-
ment of the skull vertex, forefront very concave, parietal
domes extremely expanded, skull antero-posteriorly elongated
(Azzaroli 1977; Fig. 5 A-B; Fig. 6 C). Premaxillaries are some-

Fig. 6. Modification of the cranium in the European
Mammuthus lineage. A: M.gromovi, Liventsovka,
Russia (Middle Pliocene: redrawn from Garutt &
Bajguseva, 1981). B: Upper
Valdarno, Italy (Tasso F.U.; early Early Pleistocene.);
C: M.m.vestinus (reversed), Farneta, Italy (Farneta
F.U.. middle Early Pleistocene); D: M.m.tamanensis,
Siniaya Balka, Russia (late Early Pleistocene: redra-
wn from Dubrovo, 1964): E: M. trogontherii chosari-
cus, Tarquinia, Italy (late Middle Pleistocene; redra-
wn from Ambrosetti, 1964).

M.m.meridionalis.

what proportionally slender, but the tusks became enormous.
The skull from Oriolo shows a typical M. meridionalis mor-
phology and in the shape of the premaxillaries it resembles
M.m.vestinus (Fig. 5 C). A complete skull of M.m. tamanensis
is unknown except for the holotype, which is rather crushed
and belongs to a relatively young specimen, probably a female
(Dubrovo 1964). Its morphology does not show significant dif-
ferences respect the skulls from Upper Valdarno (Fig. 6B, D).
Mandibles of M.meridionalis are better represented. The nu-
merous mandible from Pietrafitta and that of M.m.tamanensis
(Dubrovo 1964) agree with those of the typical form from
Upper Valdarno and are characterized by a long and slender
corpus, and a well developed beak. Characteristically more-
over the anterior margin of the ascending ramus, where the
temporal muscle inserts, is antero-posteriorly expanded in its
upper half (Fig. 4D). Differently the mandible of M.m.vestinus
from Scoppito and that of the Oriolo specimen posses a
straight anterior margin (Fig. 4B). In M.trogontherii and
M.primigenius the expanded portion tends to reduce, thanks
also to a progressive dorsal shift of its base. The occurrence of
this derived morphology in M.m. vestinus is in contrast with
the evolution of the skull, that seems to specialize in a direc-
tion not leading to M.trogontherii (Fig. 6E). However the sam-
ple from Pietrafitta, referred to M.m. cf. vestinus, would
demonstrate the rarity of the derived morphotype within this
subspecies.

Dental evolution — On the basis of dental characters M.merid-
ionalis samples younger than the Tasso F.U. can be divided
into two groups. One is formed by M.m.vestinus, the Oriolo
specimen and probably the sample from Monte Tenda
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M.m.cf.vestinus?

< ?

SLIVIA F.U. (0.8 my)
C

ISERNIA F.U. (0.7 my)

D

Fig. 7. Proposed evolutionary and distributional pattern of the M.meridionalis-M.trogontherii lineage in Europe from early Pleistocene (Tasso F.U.) to middle
Middle Pleistocene (Isernia F.U.). The four maps also show the distribution of the main localities discussed in the text, according to their age: 1: Upper Valdarno:
2: Oriolo: 3: Siniaya Balka: 4: Saint Prest; 5: Imola; 6: Soave (Monte Tenda); 7: Voigtstedt: 8: Ponte Galeria: 9: Siissenborn: 10: Tiraspol.

(Soave). This group does not show any marked tendency to in-
crement in plate number and hypsodonty, but retains the prim-
itive condition. A second group is represented by M.m. tama-
nensis and M.m.voigtstedtensis. The material from Imola, here
referred to M. cf. meridionalis (evolved form) probably be-
longs to such a group. These latter forms are derived in pos-
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sessing more hypsodont molars bearing a greater number of
plates. With respect to these characters M.m.tamanensis and
M.m.voigtstedtensis are intermediate between M.m.meridion-
alis and M.trogontherii. M.m.depereti is close to M.m.merid-
ionalis and M.m.vestinus, but is slightly more progressive in its
plate formula. It could represent both a first differentiation



from M.m.meridionalis toward the M.m.tamanensis group of
forms. or an independent form from north-western Europe. In
general the M3 are the teeth which seems to evolve more
rapidly, but this does not constitute the rule, as in some cases
the intermediate molars, mostly M1 and M2, are more pro-
gressive. The pattern of change in the means of biometric pa-
rameters in the passage from M.m.meridionalis to the form re-
lated to M.m. tamanensis is patchy. This is particularly evident
in the trend of reduction of the enamel thickness (ET:; Tab. 4).
In fact in some cases a decrease of the average of ET is
recached through the loss of the morphotype which displays the
most elevated values (e.g. Voigtstedt) , while in others the en-
tire range shifts toward lower values (e.g. Saint Prest). In a
third case only the minimum is lowered (e.g. Siniaya Balka).

Conclusions

As a result of the present systematic study a preliminary pic-
ture of the final evolution of European M.meridionalis can be
drawn (Fig. 7). From a systematic point of view, while in the
first part of the late Villafranchian (Tasso F.U.) all the fossil
material from Eurasia seems ascribable to M.m.meridionalis
(Fig. 7A), at the beginning of the Galerian (Colle Curti F.U.)
two distinct groups can be recognised (Fig. 7B). One, currently
known only from Italy, is represented by various findings,
among which are the Oriolo specimens, and is characterised
by large size and primitive dentition. This form could indeed
represent the descendant of M.m.vestinus from the latest Vil-
lafranchian (Farneta F.U.) of Italy. A second group of forms
making its first occurrence in the early Galerian (Colle Curti
F.U.), presents instead derived dental morphology together
with a comparable increment in body size. It includes
M.m.tamanensis and M.m.voigtstedtensis, which according to
their characters may actually represent a single taxon. This was
already suggested by Maglio (1973) who grouped this forms in
his M.meridionalis Bacton Stage. However, as pointed out by
Lister (1996a) the material from Bacton, in particular a com-
plete skull, does not show particularly derived characters.
M.meridionalis tamanensis, is, on the other hand, surely de-
rived in its dental characters and is well documented by abun-
dant dental and skeletal material at Siniaya Balka (Russia) and
by two almost complete skeletons from the C.S.I1 (Garutt 1954;
Garutt & Safronov 1965). For these reason I propose to group
these subspecies under the name M.meridionalis ex gr. tama-
nensis in order to stress their strong affinity until their system-
atic position is not definitely clarified. M.meridionalis ex gr.
tamanensis was widespread through north-eastern Europe and
possibly northern Asia (Vislobokova et al. 1995). It probably
represents a form adapted to a more open biotope than those
occupied by M.m.meridionalis and M.m.vestinus, and its diffu-
sion seems to be related to the strong climatic deterioration
which produced, at the end of the early Pleistocene, the faunal
renewal which marks the transition from the Villafranchian to
the Galerian Mammal Ages (Azzaroli et al. 1988; Gliozzi et al.
1997). At the beginning of the middle Galerian (Slivia F.U.;

Fig. 7C), M.meridionalis ex gr. tamanensis entered Italy, as it is
documented by the Imola specimens, and is recorded also
from Spain (Aguirre & Morales 1990) and the Levant (Tcher-
nov & Shoshani 1996). On the other hand the Monte Tenda
(Soave) findings could demonstrate the survivorship in Italy of
the phyletic line related to M.m.vestinus up to the Slivia F.U.
(Fig. 7C). These are probably the last occurrence of M.merid-
ionalis in Europe, which is replaced, in younger deposits, as
Siissenborn in Germany, Tiraspol in Moldova (Dubrovo 1975)
and Ponte Galeria in Italy (Ambrosetti 1967), by M.tro-
gontherii (Fig. 7D), which probably originated from a popula-
tion of the M.m.tamanensis group.

Postscriptum: In a recent article by Amorosi et al. (1998), the
middle Pleistocene shallow marine deposits cropping out in
the northern Apennines piedmont area, traditionaly known as
“Sabbie Gialle” (yellow sands), have been formally described
and named Imola Sands.

Acknowledgements

I thanks all the persons who let me study material in their charge: Dr. G.P.
Costa (MSNF), Dr. M. Pacciarelli (MCI), Prof. P. Ambrosetti (Perugia), Prof.
D. Torre and Dr. E. Cioppi (IGF). Dr. G.Billi (MPM), Dr. R-D Kahlke
(IQW), Mr. M. Magnatti (MSNC), Dr. R. Zorzin and the late Prof. Sorbini
(MCSNV). I am grateful to Dr. A.M. Lister and Prof. G. Ficcarelli for the crit-
ical reading of the manuscript and for their suggestions. I wish to express my
gratitude to the following persons for their help: Dr. L. Abbazzi, Dr. P. Ar-
genti, Dr. F. Fanfani, Dr. S. Gentili, Dr. F. Ikome, Dr. S. Marabini, Prof.
F.Masini, Dr. C. Mezzabotta, Dr. L. Rook and Dr. M. Sami. Finally I would
like to dedicate this work to G. Giusberti, an exceptional scientist and a truly
missed friend. Work supported by M.U.R.S.T. grants.

REFERENCES

AbpAM, K.D. 1953: Zur Phylogenie der pleistozinen Elefanten Europas. Actes
du IV Congres International du Quaternaire (INQUA) 2. 1077-1085,
Roma.

AGUIRRE, E. 1968: Revision Sistematica de los Elephantidae. por su morfolo-
gia y morfometria dentaria. Part. 1. Estud. Geol. 24, 109-167.

- & MoraLEs. J. 1990: Villafranchian faunal record of Spain. Quartir-
paldont. 8, 7-11.

AMBROSETTI, P. 1964: L’Elephas primigenius di Tarquinia (Lazio settentri-
onale). Geologica Romana 3, 367-382.

- 1967: Cromerian fauna of the Rome area. Quaternaria 9, 267-283.

- AzzARrOLIl, A, BONADONNA, F.P. & FoOLLIERI, M. 1972: A scheme of
Pleistocene chronology for the tyrrenian side of central Italy. Boll. Soc.
Geol. It. 91, 169-184.

AMOROSI, A., CAPORALE, L., CIBIN, U., COLALONGO, M.L.. PasiNI, G.. Riccl
LuccHl, F., SEVERI, P. & Valani, S.C. 1998: The Pleistocene littoral de-
posits (Imola Sands) of the northern Apennines foothills. Giornale di Ge-
ologica. ser. 3°. 60, 83-118. Bologna.

AzzAROLL, A. 1977: Evolutionary patterns of Villafranchian elephants in cen-
tral Italy. Mem. Accad. Naz. Lincei, Cl. Sci. Fis. Mat. Nat. 8, 14/4, 149-168.

- 1983: Quaternary mammals and the “end-villafranchian™ dispersal event.
A turning point in the history of Eurasia. Palacogeogr. Palaeoclimatol.
Palacoecol. 44, 117-139.

- & BERrz1, A. 1970: On an Upper Villafranchian fauna at Imola, Northern
Italy. and its correlation with the marine Pleistocene sequence of the Po
plain. Palacontographia Italica 66, 1-12.

European late populations of southern mammoth 513



- . pE Giuel, C., FICCARELLL, G. & TORRE. D. 1988: Late Pliocene to carly
mid:Pleistocene mammals in Eurasia, faunal succession and dispersal
events. Palacogeogr. Palacoclimatol. Palacoecol. 66, 77-100.

BoxiFaY. M. F. 1969: Faunes quaternaires de France. Actes du VIII® Congr.
de I'INQUA. 127-142. Paris.

CoLALONGO, M.L., Riccr LuccHl, F.. GUARNIERL, P. & MaNciNt, E. 1982: 11
Plio-Pleistocene del Santerno (Appennino romagnolo). In: Guida alla ge-
ologia del margine appenninico padano (Ed. by CREMONINI, G. & Riccl
Luccnr Fo). 161-166. Guide Geol. Reg. S G. 1. Bologna.

CoppENS. Y. & BEDEN, M. 1982: Mammuthus meridionalis depereti n. subsp.
Mammalia, Elephantidae, nouveau Mammouth du Pléistocene inférior
d’Europe occidentale. C.R. Acad. Sc. Paris, Series 11, 294, 291-294.

DipereT, C. & MAYET, L. 1923: Les éléphants pliocénes. Pt 11, Ann. Univ.
Lvons 1/42.89-213.

DieTrICH. W. O. 1958: Ubergangsformen des Sidelefanten (Elephas merid-
ionalis Nesti) im Altpleistozan Thuringens. Geologie 7. 797-807. Berlin.

- 1965: Fossile Elefantenziahne von Voigtstedt in Thiiringen. Paldontolog..
Abh. A, 2(2/3),523-535.

DRIESCH. A.. VON DEN 1976: A guide to the measurement of Animal bones
from Archaeological sites. Peabody Museum, Harvard University. Bull. 1.
1-136.

Dusrovo. LLA.. 1964: Slony roda Archidiskodon na territorii SSSR. Pal.
Zhurn. 3. 82-94, Moskwa.

- 1975: Mammuthus trogontherii trogontherii Pohlig aus dem Pleistozéan von
Tiraspol. Quartarpaldont. 1. 125-155.

- 1992: Fossil elephants from the Commonwealth of Indipendent States. In:
The Hot Spring Mammoth Site. A decade of field and laboratory research
in Paleontology. Geology and Paleoecology (Ed. by Agenbroad, L.D. &
Mead. J.I). 426-451.

FERRETTI, M.P. 1997: Gli clefanti del Plio-Pleistocene dell'Italia. Doctoral the-
sis, Modena. Bologna. Firenze and Roma Universities, 118 pp.

FiccarerLl G. & Mazza, P. 1990: New fossil findings from the Colfiorito
basin (Umbria-Marchean Appennine). Boll. Soc. Geol. It. 29, 245-247.

— & SILVESTRINI, M. 1991: Biochronologic remarks on the local fauna of
Collecurti. Boll. Soc. Paleont. It. 30, 197-200.

- Masing F., TORRE, D. & MAzzA, P. 1996: The mammals of the latest Vil-
lafranchian in Italy. In: The carly middle Pleistocene in Europe (Ed. by
TURNER, C.). Proc. SEQS Cromer Symp., Norwich, U.K, 3-7 September
1990. 263-272.

GARUTT, V.E. 1954: Juzhnij slon Archidiskodon meridionalis (Nesti) iz Pliot-
sena severnogo poberezha Azovskogo Morya. Trudy komiss. po Izuch.
Chetvertichnogo Perioda X. 2. 1-77.

- & SAFRONOV, L.N. 1965: Nakhodka skeleta juzhnogo slona Archidiskodon
meridionalis (Nesti) bliz g. Georgievska (Severnyj Kavkaz). Bjull. Komiss.
po Izuchen Chetvertichnogo Perioda 30, 39-88.

— & BAJGUSEVA, V.S. (1981) — Archidiskodon gromovi Garutt et Alexeeva
der ilteste Elefant der Mammutlinie in Eurasien. Quartérpalaont. 4. 7-18.

GENTILL S., ABBAZZI, L., MASINI, F., AMBROSETTI, P., ARGENTI. P. & TORRE,
D. 1996: Voles from the Early Pleistocene of Pietrafitta (central Italy. Pe-
rugia). Acta zool. cracov. 39/1. 185-199. Krakow.

Guriozzi, E.. ABBAZZI, L.. ARGENTI, P., AzzAroLl, A.. CaLol, L., CAPASSO
BarBaTo. L.. D1 StEFANO. G.. Esu. D.. FiccareLLl, G.. GIrRoTTI, O,
Kotsakis, T., MasiNI, F.. MAzza, P.. MEZZABOTTA, C.. PALOMBO, M.R..
PETRONIO. C.. ROOK. L., SALA, B., SARDELLA, R., ZANALDA, E. & TORRE.
D. 1997: Biochronology of selected large Mammals, Molluscs and Ostra-
cods from middle Pliocene to late Pleistocene in Italy. The state of the
Art. Riv. It. Paleont. Stratigr. 10/3. 369-388.

KAHLKE, H-D. 1965: Die stratigraphische Stellung der Faunen von Voigtstedt
in Thiiringen. Paldont. Abh., Abt. A 2(2/3). 691-692.

KAHLKE, R.-D., & MANia, D. 1994: Komplexe Interglazialfundstellen Thiirin-
gens. Exkursion B2. DEUQUA-Tagung Leipzig. 1994. Altenbg. nat. wiss.
Forsch. 7. 357-377. Altenberg.

LISTER, A. M. 1993: The stratigraphical significance of deer species in the
Cromer Forest-bed Formation. J. Quat. Scie. 8, 95-108.

- 1996a: Evolution and Taxonomy of Eurasian mammoths. In: The Pro-
boscidea. Evolution and Palaeoecology of Elephants and their Relatives
(Ed. by SHOSHANI, J. & TAssY. P.). 203-213. Oxford Univ. Press.

514 Marco P. Ferretti

- 1996b: The stratigraphical interpretation of large mammal remains from
the Cromer Forest-bed Formation. In: The early Middle Pleistocene in
Europe (Ed. by TURNER, C.). Proceeding of the SEQS Cromer sympo-
sium. Norwich, U.K.. 3-7 September 1990, 25-44.

- L& Jovsey, K. AL 1992: Scaling effect in elephant dental evolution: the ex-
ample of Eurasian Mammuthus. In: Structure, function and evolution of
teeth (Ed. by SmitH P. & TcHERNOV EL), 185-213. Freund. Tel-Aviv.

MAccaGNO, AM. 1962: L' Elephas meridionalis Nesti di contrada Madonna
della Strada. Scoppito. (L."Aquila). Accad. Sci. Fis. Mat. Napoli, Atti 4/3,
1-132.

MAGLIO, V.J. 1973: Origin and evolution of the Elephantidae. Trans. Amer.
Philos. Soc., n. series, 63/3, 1-149.

MALEZ, M. & LENARDIC: FABIC, J. 1988: New subspecies of the southern ele-
phant Mammuthus meridionalis n. ssp. from the bottom of the Adriatic
Sea, Croatia. Yugoslavia. Palaont. Yugosl. 37, 1-36.

MARABINIL, S.. LENAZ, R. & VAL G.B. 1987a: Pleistocene superiore e Olocene
del margine pedeappenninico romagnolo: rapporto preliminare. Rend.
Soc. Geol. It. 10, 33-37.

- . CosTA, G.P., GiusBERTI, G.. SAMI. M., TaviaNni. M., Riccr Luccnn F. &
Val. G.B. 1987b: Rinvenimento di un cranio di Elephas nella parte alta
delle “sabbie gialle™ presso Faenza. Rend. Soc. Geol. It. 10, 55-58.

- . Taviani, M., Vai, G.B. & ViGLioTTl, L. 1995: Yellow sand facies with
Arctica islandica, lowstand signature in an early Pleistocene Front-Appe-
nine basin. Giorn. Geol., series 3. 57/1. 259-275.

MasinL F.. Rook. L.. ABBAZZI. L.. AMBROSETTI, P.. AZZAROLI. A., FICCAREL-
L1 G.. GENTILL S.. KOTsAKIS, T.. SALA, B. & TORRE. D. 1996: Mammalian
faunas of selected Villafranchian localities of Italy. In: Revisione del Vil-
lafranchiano nell’area-tipo di Villafranca d’Asti (Ed. by CARRARO, F.). Il
Quaternario 9/1, table 2.

- . ABBAZZI, L., FERRETTI, M. & MAzzA. P. 1995: Fauna a mammiferi ter-
restri dalle “Sabbie gialle™ Quaternarie di Imola. In: Musei Civici di
Imola. La collezione Scarabelli. 1 Geologia (Ed. by PACCIARELLL. M. &
Val, G.B.). 314-326. Casalecchio (Bo).

Maut, L. 1990: Biharische Kleins, ugerfunde von Untermassfeld, Voigtstedt
und Sussenborn und ihre chronologische Stellung im Rahmen der bi-
harischen Micromammalia - Faunen Europas. PhD Thesis. Math.Natur-
wiss. Fak. der Humboldt-Universitit, Berlin, 138 pp.

OsBORN, H.F. 1942: Proboscidea, Vol. 2. 805-1676. New York. Amer. Mus.
Nat. Hist.

PaLomBo, M.R. 1994: Gli elefanti del Pliocene superiore e del Pleistocene del-
I'ltalia centrale peninsulare. alcune considerazioni. Studi Geol. Camerti,
vol. speciale. “Biostratigrafia dell’Italia centrale™. Parte B, 447-458.

PONTIER, G. 1908: Remarques sur I'Elephas meridionalis et I'Elephas antiquus
d’Angleterre. Ann. Soc. Geol. du Nord 37, p. 54.

TcHERNOV, E. SHOSHANI. J. 1996: Proboscidean remains in southern Levant.
In: The Proboscidea. Evolution and Palacoecology of Elephants and their
Relatives (Ed. by SHOSHANI, J. & Tassy, P.). Oxford Univ. Press, 225-233.

ToRRE. D.. FICCARELLI, G.. MASINI, F., ROOK, B. & SALA. B. 1992: Mammal
dispersal events in the Early Pleistocene of Western Europe. Courier
Forschung-Institut Senckenberg 153, 51-58.

— . ALBIANELLL, A, BERTINI. A, FICCARELLL, G.. MASINIL F.. & NAPOLEONE,
G. 1996: Paleomagnetic calibration of Plio-Pleistocene mammal localities
in central Italy. Acta zool. cracov. 39/1. 559-570. Kracow.

Val, G.B. 1984: Quando barrivano sul Castellaccio gli ultimi elefanti. Pagine di
vita e storia imolesi 2, 195-219. CARS, Imola.

VANGENGEIM, E. A.. VEKUA, M. L.. ZHEGALLO. V. L. PEUSNER, M. A_
TAKAKISHVILL I. G. & TESAKOV. A. V. 1991: Position of the Taman faunal
complex on the stratigraphical and magnetochronological scale. Byull.
Komm. Izucheniyu Chetvertichnogo Perioda 60, 41-52.

VISLOBOKOVA. 1. A., SOTNIKOWA, M. V. & ERBAEVA, M. A. 1995: The Vil-
lafranchian mammalian faunas of the asiatic part of former USSR. Il Qua-
ternario 8/2, 367-376.

WIEGANK, F. 1981: Paldomagnetische Untersuchungen zur Klarung der strati-
graphischen Position und des absoluten Alters pliopleistozaner
Ablagerungen im Siidwesten der DDR. Quartirpaldontol. 4, 179-187.

Manuscript received June 30, 1998
Revision accepted March 26, 1999



Plate 1

Fig. 1. M.meridionalis from La Salita di
Oriolo quarry (Faenza). Lower right M2,
occlusal view.

Fig. 2. M.meridionalis from La Salita di
Oriolo quarry (Faenza). Lower left M2,
occlusal view.

Fig. 3. M. aff. meridionalis (evolved form)
from Imola (Bologna, Italy). Upper left
M3, lingual view.

Fig. 4. M. aff. meridionalis (evolved form)
from Imola (Bologna, Italy). Lower left
M3, occlusal view.
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