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a  b  s  t  r  a  c  t

This  paper  describes  the  skeleton  of  Canis  lupus  found  in Layer  7  of  Grotta  Mora Cavorso
(Latium,  central  Italy),  correlated  with  the  MIS  3.  Research  on  the deposition  dynamics  of
this find  is  still  in progress,  but  the  action  of human  or other  predators  can be excluded.
This  specimen  consists  of a near complete  articulated  skeleton,  lacking  only  the  calvarium.
The age  at  death  was  estimated  at  around  six  years  old. Preliminary  morphometric  analyses
and comparisons  with  samples  of  Italian  Late Pleistocene  wolf  and  extant  Apennine  wolf
(C. lupus  italicus)  remains,  show  that the dimensions  of  the  teeth  and long  bones  are  among
the biggest  known  from  the  Italian  Late  Pleistocene  and  larger  than  the  extant  Apennine
wolf.

©  2016  Académie  des  sciences.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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r  é  s  u  m  é

Cette  étude  porte  sur  un  squelette  de  Canis  lupus  retrouvé  dans  le  Niveau  7  de la  Grotta
Mora  Cavorso  (Latium,  Italie  centrale),  corrélé  avec  le  MIS  3. Les  dynamiques  de  dépôt
sont actuellement  en  cours  d’étude,  bien  qu’on  puisse  exclure  l’action  de  l’homme  ou
d’autres prédateurs.  Ce  spécimen,  auquel  il manque  la  calotte  crânienne,  était  en  connexion
anatomique.  L’âge  au décès  est  de six  ans  environ.  Des  analyses  morphométriques  prélimi-

naires et des  comparaisons  effectuées  avec  d’autres  loups  du  Pléistocène  supérieur  italien,
ainsi que  sur  un  échantillo
les dimensions  des  dents
supérieur  italien  et plus  g
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randes  que chez  le loup  actuel  des  Apennins.
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1. Introduction

This paper describes the Late Pleistocene skeleton of a
wolf from Grotta Mora Cavorso (Jenne, Simbruini Moun-
tains, central Italy), anatomically articulated but lacking its
calvarium.
Grotta Mora Cavorso (Fig. 1A) is located in the territory
of Jenne (Latium, central Italy), at 715 m a.s.l., along the
upper Aniene River Valley. This site is mostly known for

Fig. 1. Grotta Mora Cavorso: A) location of the site; B) plan of the cave with location
and  their height above sea level.
Fig. 1. Grotta Mora Cavorso : A) localisation du site ; B) planimétrie de la grotte a
archéologiques et de leur altitude au-dessus du niveau de la mer.
 15 (2016) 941–949

holding the largest human burial deposit of Early Neolithic
central Italy (Rolfo et al., 2012 with references).

Extant wolf, Canis lupus, probably originates in the early
Middle Pleistocene of Beringia (Tedford et al., 2009) and it
reaches western Europe during the second half of middle
Pleistocene (Boudadi-Maligne, 2012; Bertè and Pandolfi,

2014). C. lupus first occurs in Italy in the late Middle Pleis-
tocene of Polledrara di Cecanibbio (Rome), correlated with
the Marine Isotope Stage 9 (MIS 9) (Palombo et al., 2003).

 of the soundings; C) stratigraphic sequences of archaeological soundings

vec la localisation des fouilles ; C) séquences stratigraphiques des fouilles
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ecords of C. lupus are relatively abundant in the Italian
ate Pleistocene, under both temperate-warm and cold cli-
ate conditions, and the species persists into the Holocene

Petronio et al., 2011; Sansalone et al., 2015).
C. lupus is currently distributed throughout Eurasia and

orth America. Its presence in Italy is ascertained in the
pennines and part of the western Alps, and probably in
orth-eastern Italy (Ciucci and Boitani, 2003; Lapini et al.,
010; Mech and Boitani, 2010). It is also found in the Sim-
ruini Mountains, mainly in wooded areas with access
o pastures and valleys between 800 and 1600 m.  a.s.l.
Bernardini et al., 2005).

. The Grotta Mora Cavorso

Grotta Mora Cavorso is a karst cavity, inside the Sim-
ruini Mountains Regional Natural Park, which holds a
uccession of rooms and ducts. Following the fortuitous
iscovery of human bones inside the cave, archaeological

nvestigations started by Tor Vergata University of Rome.
Excavations of the entrance room (Fig. 1B) started

n 2007 and provided interesting information suggest-
ng a longer sequence of human frequentation of the site
Fig. 1C), including a Late-Pleistocene sequence (Salari
t al., 2011, 2014). In particular, soundings B1, B2, C
nd D held, with some discontinuities, archaeological and
alaeontological finds ranging from the Late Pleistocene
o historical times (Rolfo et al., 2013, 2016, and references
herein).

Sounding B2 in Room 1 yielded Holocene levels (Lay-
rs 1–4), which were archaeologically associated with
he Neolithic, the Bronze Age and the historic period. In
hese layers, bones of domestic and wild species were
ound, including a few wolf remains from the Bronze Age
3762 ± 340 BP, CNR Montelibretti – 849 C) and from the
–6th centuries AD (Rolfo et al., 2013, 2016, and refer-
nces therein). Layer 5 is the most recent Pleistocene layer,
adiometrically dated to 13,460 ± 50 BP (CNRS Lyon–4568).

ithin this layer, an Epigravettian flint industry and abun-
ant Lateglacial mammal  remains were found. Layer 6 is
bout 60-cm thick and has been associated with the Last
lacial Maximum, according to its stratigraphic position
nd faunal assemblage (Rolfo et al., 2016; Salari et al., 2011,
014).

Below this, Layer 7 showed a significant chronological
iatus and different climate conditions. The semi-complete
keletons of a chamois, studied using the same biochrono-
ogical approach as this work (Salari et al., 2014), and a

armot were found. The faunal assemblage of this layer
lso includes Lepus sp., Capra ibex, Cervus elaphus elaphus,
us scrofa,  Arvicola amphibius,  Glis glis,  Microtus arvalis and
ther micromammal remains. Several finds of C. lupus,
ncluding a fragmented calvarium, were also discovered
herein and radiometric dating performed on a fragment
f this skull proved it older than 43,500 years BP (Beta
nalytic Inc., Miami  – 365375).

The lower portion of Layer 7 held the skeleton of C. lupus

escribed in this work. The associated fauna and the above-
entioned radiometric dating suggested correlation of this

ayer with a temperate oscillation of MIS  3 (Salari et al.,
014; Rolfo et al., 2016). So far, human artefacts or activities
15 (2016) 941–949 943

have not been detected in this layer, although archaeolog-
ical investigations are still ongoing.

A few wolf remains have also been retrieved in other
sectors of the cave (Sounding B1 and D) and have been
stratigraphically attributed to the Lateglacial and the Early
Holocene (Rolfo et al., 2016; Salari et al., 2011).

3. Materials and methods

The excavation of the specimen was carried out during
the 2014 campaign in Sounding B2, bottom of Layer 7, at
an average depth of −191 cm.  Each bone was  assigned a
find number and recorded with its grid coordinates and
depth within a 1 × 1 m excavation grid system. Finds were
mostly concentrated in grid square b2. The soil was fully
sieved with a 2 mm mesh in the field.

All the bones of C. lupus from Grotta Mora Cavorso
have been examined at the Laboratory of Prehistory of the
University of Rome Tor Vergata. The comparative samples
of extant Apennine wolf, C. lupus italicus,  were sourced
from the Scientific Services’ Office of the “Ente Autonomo
Parco Nazionale d’Abruzzo, Lazio e Molise” (=PNALM) of
Pescasseroli. Late Pleistocene wolf remains from Ingarano
and Avetrana were sourced from the Department of Earth
Science of Sapienza University of Rome (Appendix 1).

Measurements of wolves from Late Pleistocene and
Holocene of Grotta Mora Cavorso, Ingarano and Avetrana
and of extant Apennine wolves from PNALM were taken by
the authors with a vernier digital calliper, according to the
methodology of von den Driesch (1976). Other measure-
ments of C. lupus from several Late Pleistocene sites of Italy
and from the Holocene site of Grotta delle Ossa (Trieste
Karst, in Škocjan, Slovenia) were taken from the literature
(Table 1).

Comparisons were made based either on single skeletal
elements, mean values or, where the samples were rel-
atively numerous and/or with wide variability, with the
minimum, maximum and mean values. The age of death
was estimated according to Gipson et al. (2000); the body
mass and the body length was  calculated according to
Boudadi-Maligne (2010, tables 20 and 21):

• log body mass = log (length × breadth of lower carnas-
sial) × 1.0701 − 1.1596;

• log body mass = log maximum length of mandible ×
2.8816 − 4.9853;

• log body mass = log greatest length of radius ×
2.9445 − 5.2903;

• log body mass = log greatest length of tibia ×
2.6615 − 4.7585;

• log body length = log (length × breadth of lower carnas-
sial) × 0.32852 − 0.6343;

• log body length = log maximum length of mandible ×
0.7629 − 1.5357;
• log body length = log greatest length of radius ×
0.8666 − 1.8166;

• log body length = log greatest length of tibia ×
0.7054x − 1.4768.
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Table 1
List of comparative sites, their age and geographic area.
Tableau 1
Liste des sites comparés, leur datation et zone géographique.

Site Age Geographic area References

Melpignano - Maglie Late Pleistocene, MIS  5 Apulia Sardella et al., 2014; Bertè and Pandolfi, 2014
San Sidero 3 Late Pleistocene, MIS  5 Apulia De Giuli, 1983
Avetrana (layers 5–6) Late Pleistocene, MIS  5 Apulia Pandolfi et al., 2013; this work
Valle Radice Late Pleistocene, MIS  4 Latium Biddittu et al., 1967
Grotta Sant’Agostino Late Pleistocene, MIS  4-3 Latium Tozzi, 1970
Grotta Tina Late Pleistocene, MIS  4-3 Campania Martini et al., 1974
Ingarano Late Pleistocene, MIS  4-3 Apulia Bertè and Pandolfi, 2014; this work
Sternatia Late Pleistocene, MIS  4-3 Apulia Rustioni et al., 1994
Grotta Romanelli Late Pleistocene, MIS  4-3 Apulia Sardella et al., 2014; Bertè and Pandolfi, 2014
Grotta Veja A Late Pleistocene, MIS  3 Veneto Bertè and Pandolfi, 2014
Caverna Pocala Late Pleistocene, MIS  3 Friuli Venezia Giulia Bertè and Pandolfi, 2014
Buco del Frate Late Pleistocene, MIS  3 Lombardy Bertè and Pandolfi, 2014
Avetrana (layer 8) Late Pleistocene, MIS  3 Apulia Bertè and Pandolfi, 2014; this work
Riparo di Fumane Late Pleistocene, MIS  3-2 Veneto Cassoli and Tagliacozzo, 1991

Liguria
Apulia 

Sloven

The latter preserved all the long bones connections and
partial carpal connections. The right foot was close to the
right radius. The metacarpal and carpal bones were found
grouped together, whilst some phalanges were missing.
Caverna Arene Candide Late Pleistocene, MIS  2 

Grotta Paglicci Late Pleistocene, MIS  2 

Škocjan Holocene, Iron age

Finally, the withers height was calculated following the
methodology proposed by Harcourt (1974) for prehistoric
domestic dogs.

4. Taphonomic observations

The dimensions of specimen 2823 match those of a
wolf or a large domestic dog. It is evident that this is
not a deposition of an archaic domestic dog for both the
archaeological and chronological context and the morpho-
logical characters. The sub-rectilinear profile of the lower
mandibular edge, the alignment of the premolars, as well as
a hypoconid of the lower carnassial much greater than the
entoconid indeed, exclude archaic domestic dog (Bonifay,
1971; Ciucci and Boitani, 2003; Germonpré et al., 2015).

The skeleton was well preserved in a reddish clay layer,
not very compact and with small rock inclusions, about
50 cm thick and rich in vertebrate remains. The specimen
occupied about 1 m2 and was lying below a large natural
chimney. The bones showed an advanced state of fossili-
sation, with a yellow patina and overall good robustness,
except for the most fragile bones such as ribs and the right
scapula. The specimen was lying on its left side and showed
almost full anatomical articulation (Fig. 2); teeth are all
permanent and the long bone epiphyses are all fused to
their diaphysis. The skull, of which only the lower mandible
and some upper teeth were preserved, was aligned but
not connected to the spine, due to the dislocation of the
two cervical vertebrae posterior to the axis. However, the
matching position between the mandible and the body
indicates a minimal impact of post-depositional move-
ments. The absence of the calvarium remains unexplained.
The presence of the upper canine, correctly seated in the
mandibular diastema between the lower canine and the
p1 (Fig. 3A), suggests that the removal of the calvarium fol-
lowed the dismembering of the carcass and preceded its

full burial. The central axis of the torso was in a good state
of preservation, with a fragmentary sternum and most of
the ribs still present. Atlas and axis were leaning against the
mandible, with the first being overturned and having the
 Cassoli and Tagliacozzo, 1994
Boscato, 1994; Bertè and Pandolfi, 2014

ia Riedel, 1977

facette that articulates with the cranium facing upwards,
and the second still in its correct anatomical position. The
remaining part of the spine was  in full anatomical articula-
tion between the second thoracic and the first four lumbar
vertebrae. All the other cervical vertebrae were shifted but
present, whereas the last four lumbar and most of the cau-
dal ones were missing.

The right scapula, the only one recovered, was smashed
next to the first thoracic vertebrae and lacked the shoulder
joint. The poor preservation caused fragmentation at the
time of the retrieval.

The collarbones, which were not in connection, were
lying at the sides of the spine. The pelvis was  almost com-
pletely missing and only a few left coxal fragments were
found next to the proximal epiphysis of the femur. The fore-
limbs, located alongside the body, had lost their connection
with the thorax. The right limb, lacking the ulna and the
humeroradial joint, was slightly overlapping the left one.
Fig. 2. Grotta Mora Cavorso, Sounding B2: the skeleton of wolf.

Fig. 2. Grotta Mora Cavorso, Fouille B2 : le squelette du loup.
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Fig. 3. Grotta Mora Cavorso, Sounding B2: the skeleton

Fig. 3. Grotta Mora Cavorso, Fouille B2 : le squelette d

xcept for the left radius, all the long bones of the fore-
imbs are fractured along the diaphysis. Hindlimbs, found in
rouch position, are more incomplete and disturbed. Both
imbs miss a large part of tarsal and metatarsal bones and
halanges, with those identified being quite widespread

n the area (Fig. 3B). Their position appears to indicate a
hift of these remains along the south-north axis, possibly
aused by water flow or small mammal  disturbance. Over-
ll, the left portion of the skeleton was better preserved, i.e.
he side on which the body was lying and that was probably
rst buried in the sediments.

The degree of skeletal articulation, including that of
everal small bones, suggests a rather fast burying of the
arcass, most likely caused by the sediments falling from
he overlying chimney. The missing elements must have
een lost before the burial completed.

At present, the arrangement dynamics of the wolf can-
ot be fully explained, although some hypotheses can be
rawn. Human or predator action is not visible, therefore a
all through the chimney of the carcass or of the live animal
ould be considered. This hypothesis is corroborated by the
resence of other semi-complete skeletons, of a chamois
nd a marmot, in the same area (Salari et al., 2014). How-
ver, the absence of compound fractures, expected in this
ype of fall, might instead suggest a natural death of the car-
ivore, after sheltering in the cave. In this case, the fractures
f almost every long bone diaphysis might be explained by
he pressure exerted by the sediments, and the shift of the
ervical joint and of some phalanges by the aforementioned
ost-depositional disturbance. Future investigations at the
ite might provide new information about the taphonomic
ynamics of the context and shed light on this question.

The calvarium of C. lupus found prior to the skeleton

xamined in this work and identified at the same depth yet
wo metres northward, is not referable to the same indi-
idual, based on different tooth wear and the presence of
he two first upper premolars.
f; A) detail of the mandibles; B) detail of the hind foot.

A) détail des mandibules ; B) détail de la patte arrière.

5. Descriptions and comparisons

Upper incisors of this wolf (Specimen 2823) are small
and their dimension increases outwards. The front (labial)
surface is smooth and rounded, the back (lingual) one is
concave; first and second incisors are trilobate, the third
has one long and sharp lobe. The upper canine is relatively
robust, slightly curved. The mesio-distal section is ellip-
tical and its diameter (13.8 mm)  is consistent to those of
females of PNALM, while males have a mesio-distal diame-
ter comprised between 14.3 and 15.0 mm.  These values are
larger than those of Grotta S. Agostino (12–13.5 mm;  mean
12.7 mm)  although there is not any information about the
sex of the latter specimens. The P1 is small, with a simple
and ogival crown.

The mandible is robust, with a high coronoid process.
The condyle process is slightly oblique to the mandibular
axis. The angular process is short and almost horizontal,
the lower edge of the horizontal ramus is sub-rectilinear,
with a slight convexity towards the molars. Maximum
length (angular process–infradentale: ∼184 mm)  is longer
than the extant wolves of the PNALM (162–175 mm,  mean
167.5 mm)  and comparable with the mean value of the
Iron Age C. lupus from Škocjan (186.2 mm).  Basing on this
measurement, using Brinkman and Dahar’s indexes (von
den Driesch, 1976), the basal length of the skull (basion
- prosthion) was  estimated between 218.4 and 232.7 mm.
Experimental confirmation of the estimates was provided
by the skulls of the extant wolves of the PNALM, especially
with regard to the mean value of the Brinkman indexes,
whereas the Dahar index tends to overestimate the calcu-
lated basal length of the skull compared to the measured
one (Table 2).
The lower incisors are bilobate and increase in dimen-
sion outwards. The lower canine is similar to the upper
one, except for the slightly rounder mesio-distal section
and the cusp facing outwards. The lower jugal teeth have
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Table 2
Basal length (basion - prosthion) of skull, measured and calculated accord-
ing  the Brinkman and Dahar indices (von den Driesch, 1976).
Tableau 2
Longueur basale (basion - prosthion) du crâne, mesurée et calculée selon
les  indices de Brinkman et Dahar (von den Driesch, 1976).

Specimen Measured Brinkman Dahar

MC  2823 218.4 232.7
PNALM 112 197.0 195.8 197.3
PNALM 113 210.0 211.5 218.2
PNALM 123 198.0 200.5 203.1

Table 3
Measurements (mm)  of post-cranial remains of the specimen 2823 from
Grotta Mora Cavorso and of some Late Pleistocene, Holocene and living
wolves. Measurement abbreviations: GL: greatest length; GLC: greatest
length from caput (femur); Bp: breadth of proximal end; Dp: depth of
the  proximal end (humerus); SD: smallest breadth of the diaphysis; Bd:
breadth of distal end.
Tableau 3
Mesures (mm)  de restes postcrâniens de l’Échantillon 2823 de Grotta
Mora Cavorso et de certains loups du Pléistocène supérieur, de l’Holocène
et  vivants. Abréviations des mesures : GL : longueur maximale ; GLC :
longueur à partir du caput (fémur) ; Bp : largeur de l’extrémité proxi-
male ; Dp : épaisseur de l’extrémité proximale (humérus) ; SD : largeur
minimale de la diaphyse ; Bd : largeur de l’extrémité distale.

Humerus GL Dp SD Bd

Mora Cavorso 28223 dx 207.0 52.2 14.8 40.9
Mora Cavorso 28223 sn 15.0 40.9
PNALM min  177.0 49.2 14.8 40.4
PNALM max  203.0 53.2 16.8 44.4
PNALM med  193.5 51.6 15.6 42.8
Škocjan med  221.6 56.0 17.6 44.9
Grotta Tina 199.0 51.8 14.5 39.5
Radius GL Bp SD Bd
Mora Cavorso 28223 dx 201.0 23.8 17.5 31.1
Mora Cavorso 28223 sn 198.0 24.4 17.5 30.3
Mora Cavorso Bb3 216.0 24.7 17.8 33.0
PNALM min 176.0 21.2 15.2 29.4
PNALM max  200.5 23.8 16.1 31.7
PNALM med  187.6 22.5 15.6 30.4
Škocjan med  217.1 24.8 17.1 33.5
Valle Radice 183.5 20.1 14.5 28.4
Grotta Sant’Agostino 196.0 23.0 31.0
Femur GLC Bp SD Bd
Mora Cavorso 28223 sn 223.0 50.8 16.0 39.1
PNALM min  198.0 45.1 14.8 37.5
PNALM max  216.0 51.2 17.5 41.1
PNALM med  208.5 48.5 15.9 39.2
Škocjan med  233.8 52.0 17.8 44.1
Avetrana 8 208.0 42.2 15.0 35.8
Tibia GL Bp SD Bd
Mora Cavorso 28223 dx 226.0 41.6 16.5 28.7
Mora Cavorso 28223 sn 225.0 41.1 16.4 28.7
Mora Cavorso Bb3 240.0 49.2 18.5 30.6
PNALM min 196.0 40.2 15.0 24.0
PNALM max  227.0 45.4 16.8 29.3
PNALM med  211.0 42.2 15.9 27.8
Škocjan med  239.0 45.9 16.5 29.8
Melpignano 206.0 15.0 25.6
PNALM 125 201.0 202.0 200.8
PNALM 194 197.0 194.5 204.8
PNALM 221 196.6 201.9

usually greater mesio-lingual diameter (length) than the
vestibular-lingual diameter (breadth). Premolars increase
in dimension backwards, with the first having a simple
crown, the others having two secondary mesial cusps. The
first one leans on the second, the third on the fourth, which
is slightly imbricate with the first molar. The latter, i.e.
the carnassial, is big, has a high crown and is divided in
two parts: a cutting front (trigonid) and a grinding back
(talonid). The m2  is slightly smaller and has three main
cusps. The m3  is rounded and similar in size to the first
premolar.

The length of the m1 (28.9 mm)  is longer than in
the extant wolves of the PNALM (26.3–27.8 mm,  means
27.2 mm)  and is among the longest of the comparative
ones, whereas the width (11.0 mm)  is relatively small
(Fig. 4). This tooth was probably not very robust, yet very
sharp. The trigonid length/total tooth length ratio shows
a possible strong carnivore tendency (Boudadi-Maligne,
2010; Petronio et al., 2006). The value obtained (71.3%)
falls in the range of the extant wolves of the PNALM
(69.2–72.6%; mean 71.8%). It is on average longer than
the Pleistocene wolves of Grotta Romanelli (68.7–70.9%,
mean 70.3%) and Ingarano (67.5–73.8, mean 70.0%), smaller
than the other Pleistocene wolves of Grotta Mora Cavorso
(72.2–77.3%, mean 74.5%), but comparable with that of the
historical age of this cave (71.9%).

Overall, the tooth wear shows that the wolf died at about
six years. The wear stage of canines, lower carnassials and
first and second incisors match this estimate. The left i3 is
less worn (4–6 years), whereas the wear of the right one
is so strong that reaches the external lobe (∼8 years), indi-
cating that the animal had anomalous chewing behaviour,
for instance gnawing bones mostly on one side.

Limb bones are robust, slender and with promi-
nent muscle attachments. The distal scapula shows a
net coracoid apophysis and relatively deep glenoid cav-
ity. The humerus is sub-rectilinear, with the diaphysis
slightly expanding towards the extremities; in the prox-
imal portion, which is more developed anteroposteriorly,
the deltoid mark is oblique; in the distal epiphysis, the
supratrochlear foramen is located just above the condyle,
in a median position. The radius is rectilinear, with the
diaphysis flattening anteroposteriorly and elliptical epi-

physes; the proximal one shows a central depression, the
distal one is slightly rounder and ends in a lateral exten-
sion (styloid apophysis). The right radius has a slightly
smaller proximal epiphysis and is ∼3 mm longer than the
Grotta Paglicci 232.0 27.9
Caverna Arene Candide 213.0 14.7 28.6

left one (Table 3), whereas the other measurements of the
left and right bones are almost identical. No bone malfor-
mations or neo-formations are present. The ulna is curved
towards the extremities, with a distally narrowing diaph-
ysis; the proximal extremity is wide and robust, with the
top of the olecranon showing a groove and with a rather
prominent beak. The femur is rectilinear; in the proximal
area, the caput is detached from the bone body and the
third trochanter is laterally dislocated. The tibia is elon-
gated, with a tibial ridge reaching the proximal fourth of
the bone, which gives it a slender aspect. The diaphysis is
almost rectilinear and ends with a slightly widening distal
epiphysis.
Lengths of the limb bones are generally longer than
extant wolves of the PNALM and of the other Pleistocene
Italian wolves, but shorter than Škocjan and of the other
wolves from Layer 7 of Grotta Mora Cavorso (Table 3). The
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Fig. 4. Scatter diagram of breadth versus maximum length of lower carnassial (mm) of the Specimen 2823 from Grotta Mora Cavorso (=MC) compared
with  some Late Pleistocene, Holocene and living wolves.
Fig. 4. Diagramme de dispersion de la largeur et de la longueur maximale de la carnassière inférieure (mm)  de l’échantillon 2823 de Grotta Mora Cavorso
(=MC),  par rapport à celles des loups du Pléistocène supérieur, de l’Holocène et de loups vivants.

Fig. 5. Scatter diagram of slenderness index (smallest breadth of the diaphysis × 100/maximum length) versus withers height (cm) according to Harcourt
(1974)  of the specimen 2823 from Grotta Mora Cavorso compared with some Late Pleistocene, Holocene and living wolves; A) humerus [withers
height = (maximum length × 3.43 − 26.54)/10]; B) radius [withers height = (maximum length × 3,18 + 19,51)/10]; C) femur [withers height = (maximum
length  × 3,14 − 12,96)/10]; D) tibia [withers height = (maximum length × 2,92 + 9,41)/10].
Fig. 5. Diagramme de dispersion de l’indice d’élancement (la plus petite largeur de la diaphyse × 100/longueur maximale) par rapport à la hauteur au garrot
(cm)  selon Harcourt (1974) de l’échantillon 2823 de Grotta Mora Cavorso par rapport à des loups du Pléistocène supérieur, de l’Holocène et de loups vivants ;
A)  humérus [hauteur au garrot = (longueur maximale × 3,43 − 26,54)/10] ; B) radius [hauteur au garrot = (longueur maximale × 3,18 + 19,51)/10] ; C) fémur
[hauteur au garrot = (longueur maximale × 3,14 − 12,96)/10] ; D) tibia [hauteur au garrot = (longueur maximale × 2,92 + 9,41)/10].
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maximum diameters of the epiphyses and minimum one of
the diaphysis (i.e. the transverse diameters, except for the
anteroposterior one of the humerus proximal epiphysis)
fall instead in the variability pattern of the extant wolves of
the PNALM, more often close to their maximum values, but
they are always smaller than Škocjan’s Holocene wolves
(Table 3). These measurements are comparable with the
other Pleistocene wolves, except for the radius from Valle
Radice, whose values for the transverse diameters are also
smaller, and for the more robust radius and tibia of the
other wolves from Layer 7 of Grotta Mora Cavorso (Table 3).

In order to draw a picture of the specimen’s original
aspect, withers height (ranging between 65.4 and 68.7 cm,
with a mean of 67.3 cm), estimated from various bones, and
the slenderness index of each item were considered (Fig. 5).
As can be noted, the specimen analysed in this work falls
almost always to the right side of the graphs, because of the
medium-high lengths, and in the middle-bottom region,
except for the radius, due to the long and slender limbs.
Extant wolves of the PNALM, with a withers height ran-
ging between 57.9 and 67.2 cm and a mean of 62.9 cm,  fall
instead mainly to the left side and in the middle-top part of
the graphs, due to shorter and relatively more robust limbs.
The other Pleistocene wolves from Grotta Mora Cavorso
were likely to be taller and more robust than Specimen
2823, that from Grotta Tina would be of average height with
slender limbs, those from Valle Radice and Melpignano of
modest height with relatively robust limbs, whereas the
Holocene wolves from Škocjan would be the biggest and
most slender.

Maximum limb and mandible lengths, along with the
lower carnassial surface, were also used to estimate the
body mass (ranging between 30.3–34.8 kg, with a mean of
32.6 kg) and length (ranging between 150 and 156 cm,  with
a mean of 153.3 cm)  of Specimen 2823. The same method-
ology showed that the extant wolves of the PNALM’s body
mass would likely range between 21.0 and 33.5 kg, and
the body length between 135 and 155 cm,  with a mean of
146 cm.

According to Toschi (1965) the weight of the extant
European wolves ranges between 25 and 50 kg, with a
mean of 31.9 kg, whereas Boudadi-Maligne (2010) reported
that for the Portuguese extant wolves it probably ranges
between 27.5 and 39.0 kg, with a mean of 31.9 kg. Based
on a sample of Apennine wolves that died between 1974
and 1990, the body length on average ranged between 109
and 148 cm and the withers height between 49 and 73 cm
(Ciucci and Boitani, 2003).

Values of body mass and withers height of Specimen
2823 thus fall in the variability pattern of the extant wolves,
whereas the body length is significantly longer.

6. Conclusive considerations

The specimen that lived during the MIS  3 was proba-
bly a 6-year-old female. Its withers height probably ranged
between 65 and 69 cm,  body length between 150 and

156 cm and body mass between 30 and 35 kg. It showed
robust mandible and hindlimbs, longer and more slender
forelimbs, and a similar height/mass ratio to the mod-
ern Apennine wolves, but a more slender body overall.
 15 (2016) 941–949

Morphometric data show that it is not the biggest Pleis-
tocene individual from Grotta Mora Cavorso, although it is
better preserved and suitable to an extensive study, and
it still falls among the biggest Italian wolves published in
literature.

The remains, concentrated in a limited area and mostly
in anatomical articulation, were well preserved and in
an advanced state of fossilisation, bearing no traces of
human or animal action. However, the orientation of the
specimen and the absence of some bones indicate slight
post-depositional disturbance prior to the burial of the car-
cass. The dynamics of deposition of the specimen are not
clear and future investigations are necessary to shed light
on this query. Currently a natural death of the wolf, volun-
tarily sheltered in the entrance of the cave, seems the most
likely hypothesis and the fracture of most of the long bone’s
diaphyses may  be explained by the soil pressure. However,
the fall of the animal, dead or alive, from the overlying nat-
ural chimney cannot be firmly excluded. This hypothesis
could be supported by the discovery of a chamois and mar-
mot  skeletons in the upper zones of the same layer 7 (Salari
et al., 2014).

With regard to the methodologies used to calculate
body mass, length and the withers height, it has to be noted
that the values proposed in this work are estimates and that
wolves’ dimensions and body proportions are highly vari-
able. For example, extant Portuguese wolves’ condylobasal
length of the skull and maximum mandible length are
longer than the Italian wolves, whereas their upper canines
and lower carnassials are smaller (Boudadi-Maligne, 2010,
tabs 23 and 24); Bulgarian and Polish wolves, as well as
those from the Russian district of Smolensk, are bigger
than the Portuguese and Italian ones, although their pro-
portions vary slightly (Boudadi-Maligne, 2010, tabs 23 and
24). The dimensions of the skeletal elements of the Spec-
imen 2823 from Grotta Mora Cavorso are overall greater
than the sample of extant wolves of the PNALM, therefore
body mass and length values, as well as the withers height,
were expected to be greater than (or, at least, close to the
maximum values of) the extant Apennine wolves. This is
only the case for the body length estimate. However, for
the withers height an underestimated value was  expected,
as Harcourt’s (1974) methodology had been elaborated for
prehistoric domestic dogs rather than for the wolves. Dis-
crepancies between the body mass and length of the other
two  estimates, elaborated by Boudadi-Maligne (2010) for
Pleistocene wolves, might be explained with the relative
exiguity of the Apennine wolves sample. Alternatively and
more likely, the combined utilisation of actually measured
values (Ciucci and Boitani, 2003) and estimates from the
sample of extant wolves of the PNALM, might have caused
a slight overestimation of the body length, as well as a slight
underestimation of the body mass.
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ppendix A. Appendix A

List of the examined specimens:

specimen 2823: 2 first and 2 second upper incisors, left
third upper incisor, left upper canine, left first upper pre-
molar, 2 mandibles with all teeth, atlas, axis, 5 cervical, 12
thoracic, 3 lumbar, 3 sacral and 3 caudal vertebrae, 4 ster-
nal segments, 22 ribs, right scapula, 2 clavicles, 2 humeri,
2 radii, left ulna, carpal bones, 2 first, 1 right second, 1
left third, 1 right fourth and 2 fifth metacarpal bones,
fragmented left coxal, left femur, 2 tibiae, left fibula, left
calcaneus, left talus, tarsal bones, left second, 2 third,
right fourth and 2 fifth metatarsal bones, 12 first, 10 sec-
ond and 5 third phalanges (specimens from n. 2823/1 to
2823/124);
other Grotta Mora Cavorso wolf remains (specimens n.
Bb3, Bc3, 06est, 105B3, 1185, 1836, 1852, 2744, 2755,
2756, 2924, 2927 and some without number);
ingarano (specimens n. 508, 509, 511, 634, 635,915 e
5095) and Avetrana (specimens n. A8C1, A8C4, 8-13, 8-
17 and some without number) stored in the Department
of Earth Science of “Sapienza” University of Rome;
C. lupus italicus (specimens n. 112, 113, 122, 123, 125,
126, 128, 194, 197, 200, 207 and 221) stored at the Sci-
entific Service Office of “Ente Autonomo Parco Nazionale
d’Abruzzo, Lazio e Molise” of Pescasseroli.
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