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modification is still difficult to establish, 
due to lack of comparative modern data 
from natural contexts.  

From direct field observations mainly 
achieved in Poland (Fosse et al., 2004, 2011), 
the United States (Haynes, 1981; Prucca, 
2003) and Spain (Esteban-Nadal et al., 2010; 
Yravedra et al., 2011), the present paper 
attempts to make a survey on 1) taphonomic 
status of pleistocene wolf, 2) bone damages 
noticed on modern ungulates carcasses (red 
deer, bison) and 3) wolf scat contents in 
Poland. Those taphonomic considerations 
should provide interesting data in order to 
identify the fossil wolf as a bone 
accumulator and to distinguish its bone 
modification from typical meat/bone eaters 
(hyenids). 
 
 
Pleistocene and Holocene sites with wolf 
remains: a taphonomic survey 
 
From ecological, paleontological and 
zooarchaeological records, Quaternary sites 

Introduction 
 
Although modern wolf (Canis lupus) kill-sites 
from North America have been used to 
characterize the general taphonomic 
signature for all large carnivores (skeletal 
parts, toothmarks…: Binford, 1981; Haynes, 
1981), neotaphonomic studies developed 
for the last thirty years have mainly 
focused on hyenids. It could be explained by a 
conjunction of ecological (hyenids are 
terrestrial mammals whose diet is balanced 
from meat and bone consumption), 
paleobiological (fossil hyena dens have 
been identified from early XIXth century 
in Europe) or even ideological 
considerations (reconstruction on subsistence 
during Plio-Pleistocene times in Africa). 
However, in Eurasian open air and cave 
sites, large Canids (and especially Canis) are 
systematically identified among Carnivora 
taxa and might therefore be considered as 
potential taphonomic agents in ungulate 
bone accumulations. Influence of (large) 
canids in fossil bone assemblage formation/

Large carnivore neotaphonomy is used to provide guidelines for understanding fossil bone assemblages. 
However, few studies have been carried out on the taphonomic signatures of wolves (Canis lupus) in their 
natural settings. From 2001 to 2007, 56 wolf feeding places were studied in 2 geographic areas of Poland 
(Bialowieza, Bieszczady). We recorded ecological aspects such as prey selection, time span of carcasses 
use, scavengers’ activity and the identification of prey from ungulate hairs found in scats, and taphonomic 
considerations, such as the number and type of bone remains, intensity of tooth modification on carcasses and 
the effect of digestion on skeletal elements observed in scats. Localities studied included kill sites (4 
C. capreolus and 20 C. elaphus in Bialowieza, 29 C. elaphus in Bieszczady) and scavenging sites (10 B. 
bonasus carcasses in Bialowieza). In order to characterize taphonomically impact of wolf on medium- and 
large-size ungulates, the general bone modifications recorded in this study are compared with data from 
North American and Iberian wolf feeding sites as well as from other large carnivore (Crocuta) den 
contents. 

 
Keywords: TAPHONOMY, WOLF, BONE DESTRUCTIONS, SCATS 



199 

 

                                                                                                                                                              Fosse et al.  

Modern wolf: neotaphonomic consideration 
on denning 
 
Although interesting information on the 
characteristics of modern wolf dens can be found 
in works in biology or ecology, no precise record 
is exploitable in a taphonomic perspective. Even 
if use of dens by males should be specified, it is 
however proved that females look for shelters to 
give birth in (late) spring. The occupation of rock 
shelters seems rare, majority of studies 
highlighting use of sandy (or clayed) enlarged 
dens. These tunnels present a small entrance 
(40x50 cm on average) for a depth about 3m 
(Trapp, 2004; Trapp et al., 2008; Kowaleski, 
2009). The duration of occupation is correlated 
with latitude and altitude in which wolf packs 
live. Of short duration (approximately 44 days 
on average) in temperate zones (Fuller, 1989 ; 
Ciucci & Mech, 1992; Cluff et al., 2002; 
Alfredeen, 2006), the occupation of a den can 
spread out over several months, covering spring 
and summer, in the most northern regions of the 
northern Hemisphere (Mech & Merrill, 1998). In 

yielding wolf remains could be ranked into two 
main categories (Figure 1), that can be described 
as follows: sites in which occurrences of wolf are 
involontary and sites in which these presence is 
volontary. In former sites, wolf has been naturally 
trapped (complete skeletons) or consumed by 
Humans (cutmarks) or, much more commonly, 
by Hyenids (toothmarks); in the latter ones, wolf 
could be considered as a partial taphonomic 
agent having contributed to the modification of a 
bone assemblage. Classification of sites could be 
deduced either from bone contexts or from 
ichnological ones (identified footprints on 
paleofloors; see Figure 2). Scavenging available 
flesh and bones from carcasses left by Humans 
and other non anthropogenic Mammals (natural 
traps yielding reindeer, moose or bison bones, 
cave bear sites) might be relatively common. 
The latest case, true ungulate bone 
accumulations made by wolf, are suspected in a 
few cases but it remains unclear, mainly because 
of presence from other Carnivore species. Based 
on these observations, wolf could appear more as a 
scavenger than as an important bone accumulator. 

 Bialowieza Bieszczady T  Bialowieza TOTAL 

 C. elaphus C. elaphus   B. bonasus   
humerus (MNE) 16 20 36 9 45 
humerus (NISP) 16 29 45 9 54 
radio-ulna (MNE=NISP) 3 18 21 11 32 
radius (MNE=NISP) 10 8 18  18 
metacarpal (MNE=NISP) 11 24 35 8 43 
femur (MNE) 13 15 28 9 37 
femur (NISP) 13 19 32 9 41 
tibia (MNE) 14 33 47 8 55 
tibia (NISP) 14 36 50 8 58 
metatarsal (MNE=NISP) 19 26 45 7 52 

TOTAL (MNE) 86 144 230 52 282 

TOTAL (NISP) 86 160 246 52 298 

Table 1. Number of bones identified on wolf kill-sites in Poland. MNE = minimum number of elements; 
NISP = number of identified skeletal parts. 
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Figure 1. Taphonomic status of Pleistocene wolf (Canis lupus). Bold=wolf known as a taphonomic 
agent; normal=probable role of wolf on a bone assemblage. 
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Figure 2. Chauvet Pont s’Arc cave (France): a survey from wolf paleontology and ichnology 
(field observations with M. Philippe and † M.A. Garcia). 
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 In order to obtain information on the 
rate of bone damage, carcasses were either 
removed after a few hours of exposure or 
left exposed during two or three weeks (in 
winter); this differential time span of food 
availability for carnivores constitutes the main 
condition in the skeletal representation and 
bone scattering (especially appendicular 
elements). The whole Polish sample (Bialowieza 
and Bieszczady) concerns 55 deers and 10 
bisons (Fosse et al., 2004, 2011), the North 
American sample 10 white-tailed deer and 9 
bisons (Haynes, 1981; Prucca, 2003). In 
Bieszczady, 1200 scats, prepared (without 
sieving) for specific identification of preys 
(W. Smietana), were also analyzed in a 
taphonomic perspective. Data resulting 
from these two collections were compared 
between them, then with a sample recently 
achieved in Spain (Yravedra et al., 2011). 
Also, scat contents from Bieszczady were 
compared with a coproscopic analysis (sieved) 
of wolf scats in Spain (Esteban-Nadal et al., 
2010) and then compared with cervid and 
large bovid bones, most probably regurgitated 
by fossil spotted hyena (Crocuta crocuta 
spelaea). Principal aim of this research is to 
identify the taphonomic signature of fossil 
wolf in European karstic deposits. 
 
 
Results 
 
Osteological composition of wolf kill-sites 
(or scavenging sites) is closely linked to several 
biological parameters concerning predators 
(number of wolves consuming, time span of 
carcass consumption), prey (age, weight, 
sanitary state) and climatic context (temperature, 
number of days with snow cover, high 
summer temperatures, activities of 
arthropods and other invertebrate scavengers). 
Carcasses located and then removed quickly 

Poland (Bialowieza), dens are occupied between 
13 and 74 days, between the middle of May and 
the end of July (Theuerkauf et al., 2003). 
Females can re-use the same den over several 
years, at least 6 years (Czerwertynski, 1997). 
Inside dens, there seems to be no bone (Peterson, 
1977; Kowaleski, ibid; Prucca, 2011), feeding of 
cubs is provided by milky origin or regurgitation 
of meaty pieces. In rare cases, and following the 
example of the spotted hyena (Crocuta), some 
bones were found near the entrance. To date, 
neither accumulation nor concentration of bones 
has been described. Characterization of bone 
destruction presented below deals with wolf kill-
sites and scat contents, found near Ungulate 
carcasses or randomly. 
 

 
Samples from modern wolf:  material and 
methods 

 
As all social carnivores, wolves developed 
specific foraging behavior (predation and 
scavenging) allowing them to consume an 
important spectrum of vertebrates. In Poland 
(respectively Bialowieza in the northeast 
and Bieszczady in the southeast), red deer 
(Cervus elaphus) is the main prey (Okarma, 
1995; Jedrzejewski et al., 2000, 2001; 
Smietana & Klimek, 1993; Smietana, 2005); 
in Bialowieza, the European bison (Bison 
bonasus) is an important additional resource 
(scavenging of adults' carcasses: Selva, 2004). 
In North America, a similar spectrum of 
predation is observed; the white-tailed deer 
(O. virginianus) and the bison (B. bison) are the 
main preys of wolves in Wood Buffalo NP, 
Isle Royale NP and Forest Lake NP (Haynes, 
1981, 1982). The studies undertaken in the 
two Polish regions allowed to establish 
important reference collections for the 
taphonomic characterization of wolf.  
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food supply (meat). The consumption begins 
with opening of belly until the rib cage and 
then continues by shredding of skin and 
some meat of rear legs. This consumption 
sequence, unvarying in its general stages 
(i.e. Blumenschine, 1986), affects only few 
bones. On fresh carcasses, destructions 
concern mainly distal extremities of ribs 
(chewings, pittings, punctures) and vertebral 
spines (punctures essentially). Damage on 
long bones appears limited, both in term of 
toothmark diversity and intensity (Table 2, 
Figure 3B): only one humerus and a femora 
(belonging to the same carcass) present 
typical scooping out of cancellous bone 
(sensu Sutcliffe, 1970) on their proximal 
end (Figure 3C). Cortical parts of these 
bones present some scores on their 
metaphysis and shaft. The most intense 
destructions (isolated punctures) concern 
essentially thin parts of postcranial elements 
(cranial part of scapulae, extremities of 
innominates (ilium); Figure 3C). Globally, 
bones remain intact on the ground and are 
exposed to weathering over several years. A 
carcass, exposed over at least 6,5 years 
(during 1980 days, see Fosse et al., 2004:fig. 
3), presents, compared with Behrensmeyer 
(1978)’s model, an important chronological 
gap of deterioration (effect of the substratum? 
forest context?); indeed, although annual 
climatic variations are very important in 
Poland, modification of osseous surfaces 
seem “delayed” in comparison with the 
African model, bones remaining well 
preserved better and longer (Figure 3D). 
 
 
The red deer 
 
In spite of cyclic fluctuations (Kamler et al., 
2007), red deer is the main prey of wolves, 
both in Bialowieza and in Bieszcady. From 

for trace analysis are quite logically less 
damaged by wolves than those exposed to 
other taphonomic processes more than a week. 
In the first case, carcasses often present a low 
number of anatomical units (sensu Haynes, 
1981), confined in a few square meters area; 
appendicular segments are still articulated 
with axial skeleton and long bones are 
globally intact (only meat was consumed). In 
the second case, hierarchical and repeated 
consumption by wolves pulls an important 
dislocation of a carcass and a bone 
scattering up to 500 meters from the kill-
site; in that case, carcasses consist mainly in 
axial skeleton (head, vertebrae, innominates, 
ribs). Nevertheless, a certain variability of 
skeletal distribution can be observed, related 
to biological and taphonomic factors mentioned 
above; there is consequently no typical pattern 
(sensu Binford) of abandoned elements by 
wolves (or by other large carnivores). 

 
 

The bison 
 
Although two skeletons of young bisons (< 6 
months old each) were collected and yielded 
numerous wolf toothmarks, the sample 
presented here concerns only adult individuals 
(n=10). In Bialowieza, consumption of adult 
bison is quite common during winter (Selva, 
2004). The climatic context (number of 
freezing days, frozen intensity, time and 
thickness of snow cover, decay… (cf. Guthrie, 
1992) and see Figure 3A) and also cause of 
animal death (natural vs predation) induce 
variations in meat/bone exploitation by 
wolves.  
 Some carcasses were visited for 
several consecutive weeks. Bison bodymass 
(more than 400 kg for adult females and 600 
kg for males respectively, Krasinska & 
Krasinski, 2002) does provide an important 
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strategy allows wolf packs to hunt deers of any 
ages, predominance of the most vulnerable 
individuals (youngs and old adults) seem to 
prevail. Other hunted ungulates are 
respectively the wild boar (S. scrofa) and the 
roe deer (C. capreolus). These two species 
are quite common both on kill-sites and in 

tooth wear stages raised on 14 complete 
carcasses, it seems that 6 individuals were 
fawns (based on the eruption phase from 
lower first molars), 3 individuals were adults 
(with slightly worn permanent teeth) and 5 
were senile males or females (very worn 
upper and lower molars). Although hunting 

 Bison bonasus 

 

N
ISP

 B
ialow

ieza 

%
 

%
 conservation 

%
survival 

T
 gnaw

ed 

%
 gnaw

ed 

%
gnaw

ed/bones 

T
 scooping out 

T
 scores 

T
 pits 

T
 punctures 

humerus prox              
humerus shaft (fgt)             
humerus dist + shaft 1            

humerus complete 8    1   1 1 1 1 
T humerus 9   20.0 9.2 4 1.6 8.9 1 1 1 1 
radius-ulna complete 11        2    
T radius-ulnae 11               2     

mtcp complete 8            

T metacarpals 8            
femur prox                       
femur shaft (fgt)             
femur cylinder             
femur prox + shaft             
femur dist + shaft 1        1  1 
femur complete 8       2 2 2 2 
T femurs 9 3.7 28.1 9.2 10 4.1 31.3 2 3 2 3 
tibia shaft (fgt)             
tibia dist + shaft             
tibia complete 8        2  1 
T tibiae 8 3.3 16.0 8.2 3 1.2 6.0   2   1 
mtt prox + shaft             
mtt complete 7       1 1 1 1 
T metatarsals 7 2.8 15.6   4 1.6 8.9 1 1 1 1 
TOTAL 44       21     4 9 4 6 

Table 2. Frequency and type of damages produced by wolf on bison long bones in Poland. 
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Figure 3. Taphonomic data from bisons scavenged/killed by wolf in Bialowieza (Poland). 
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Digested bones 
 
In Bieszcady, wolf scats were collected and 
prepared to identify specifically the prey. 
Analysis of 1200 scats allowed to collect 60 
samples (i.e. 5 %) containing determinable 
bone fragments, belonging to the red deer 
then to the wild boar and roe deer. A total of 
292 bones was identified, anatomically and 
specifically (Figure 5). The red deer is the 
most common species (n=136) and it is 
represented only by unfused bones, while 
species of smaller size (wild boar, n=100 and 
roe deer, n=56) are identified from bones 
belonging to adult and non adult individuals. 
The skeletal distribution is similar for each 
species: isolated vertebral disks (belonging 
to young individuals), carpals, tarsals, sesamoids 
and (unfused) phalanxes dominate clearly 
samples. First phalanxes are abundant and 
reduced to their half distal part for the red 
deer or the wild boar, whereas this small bone 
appears usually complete for the roe deer. 
Third phalanxes are reduced to their proximal 
part for the red deer and are complete for 
other species. The chemical deteriorations 
are difficult to recognize, these parts being 
protected by hooves. Portions of long bones 
(femoral head of roe deer, distal fragments 
of the unfused tibiae of wild boar) are rare. 
Modifications of bone surfaces consist of 
lustring of the articular surfaces or partial 
dissolution of compact bones (scaphoids, 
talus). These modifications are slight to 
moderate. Identification as ingested parts is 
in many cases only based on the fact of 
having been found in scats. 
 
 
Discussion 
 
Analysis of ungulates consumed by wolves in 
Poland allows to complete field data observed 
in North America (Binford, 1981; Haynes, 1981; 

scat contents (cf. below). Meaty long bones 
(humerus, femorae) present destructions, 
mainly localized on their proximal epiphysis 
(Figure 4C); the lower segments (radius/
tibias-phalanges) are intact. In these kill-sites, 
anatomical articulations are frequent. 
 The bone composition on a kill-site 
also depends on the number of wolves 
consuming a carcass and the time span of 
use (Figure 4A). Important variations were 
found, according to these parameters and 
according to the seasons (persistence of 
edible parts related to the temperature). 
Although destructions observed on deer 
bones are more important than those found 
on bison ones, it is necessary to note the 
importance of sub-complete elements, in 
particular distal appendicular segments 
(radius-ulnae, tibiae, cf. Figure 3). Heads 
(skulls, mandibles) and axial elements 
(vertebrae, girdles) present more damages 
(in particular punctures) than appendicular 
bones (mainly destroyed by scores and pits, 
cf. Figure 4B). Skulls are damaged first of 
all at the level of their nasal parts and then 
of their occipital condyles or parietal bones 
(opening of the braincase). Skulls reduced 
to the state of palatal fragments are rare. 
Complete mandibles are numerous; partial 
destructions are found on the base of the 
horizontal ramus either on condyles or 
extremity of the ascending one. Vertebrae 
are systematically toothmarked (punctures 
on apophyses and spines). Scapulae and 
innominates, often sub-complete, present 
deteriorations only at their extremities 
(separation of the legs from the carcass 
towards secondary feeding areas). Scapulae 
are damaged at their cranial extremities, and 
exceptionally around glenoid cavities; 
innominates provide all toothmarks (scores, 
pittings, punctures), concentrated on iliums, 
ischiums and sciatic parts. No damage was 
observed near their acetabular cavities. 
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observed on red deer carcasses in Poland 
also provides interesting remarks; many long 
bones are complete and/or slightly damaged. 
This observation, which prevails as well for 
rich meaty bones (humerus and especially 
femur) as for the poorer ones (radius, tibia, 
metapodials), is also found in some wolf 
kill-sites (n=22) from northern latitudes 
(Magoun & Valkenburg, 2001) and seems 
different from observations made in Forest 
Lake NP (Haynes, 1981; Prucca, 2003). 
Inter-predator competition for food access 
could explain this different pattern of bone 
destruction. Indeed, for these samples, it 
was noticed that complete long bones were 
rare. While low fracturation of long bones 
seems to be the rule for wolf sites in 
European natural context, a much stronger 
destruction was recorded in other samples. 
In Poland, the absence of long bones 
consumption could be explained by regular 
predation of red deers (every wolf pack 
consumes on average of 0.78 ungulate a 
day, or a whole animal every 1.32 days, 
Jedrzejewska & Jedrzejewski, 1998:206), a 
carcass became unprofitable being therefore 
quickly left. In North America (Haynes' 
samples), stronger seasonal constraints as 
well as a less high biomass could lead to a 
much more intense consumption of long 
bones. The influence of prey availability on 
bone consumption rate was already observed 
in other predators, such as the spotted hyena 
(Fourvel & Mwebi, 2011). In Republic of 
Djibouti, it was noticed that hyenas reduced 
only few long bones of goat (82 % of these 
elements are (sub-) complete and 6% are 
cylinders), mainly because of an important 
prey availability (abundant domestic livestock 
and numerous carcasses). On the contrary, 
in Kenya, hyenas, evolving in natural settings, 
consume more strongly bones; cylinders 
were there abundant (23% of total long bones 

Magoun & Valkenburg, 2001; Prucca, 2003) 
dealing with skeletal parts, sequences of bone 
reduction or consumption data (location of 
toothmarks, typology, intensity). Binford’s 
model (1981:229, fig. 5.18) presented, from a 
combination of wolf kill-sites from Alaska 
and kill-sites of African large carnivores, an 
over-representation of axial elements (skulls, 
vertebrae, girdles) in acquisition or hunting sites, 
whereas appendicular bones are transported to 
the den (or consumed in situ?). This over-simple 
dichotomy cannot be retained because many 
modern and fossil case studies present 
intermediate skeletal distributions whereas 
their function (denning sites) is clearly 
attested. Structuring of wolf kill-sites, based 
on 21 sites in Alaska (data deduced from 
Binford, 1981:211-213, table 5.01), is globally 
found in Poland (Figure 6), even if the degree 
of carcass consumption seems lesser; “soft” 
elements (humerus prox.) or easily edible parts 
(extremities of innominates and ribs, articular 
bones, phalanxes) are less represented than 
robust bones, usually abandoned. 
 The North American kill-sites (Binford's 
samples) and Polish one present a relatively 
similar cranial/postcranial ratio, deer carcasses 
being often sub-complete with at least 2 or 3 
remaining legs (Haynes, 1981; Fosse et al., 
2004). On the other hand, the wolf "model" 
seems distinct from what was observed in hyena 
dens (Fosse et al., 2011; Fourvel, 2012) where 
small ungulates (Caprinae, Antilopinae) are 
represented by numerous cranial elements and 
a balance between axial and appendicular 
elements. Identification of the site function 
seems difficult based only on skeletal 
distribution analysis (for a sized-identified 
species). For larger species (horse in Spain: 
Yravedra et al., 2011; bisons in North America 
and Poland; Haynes, 1981; Fosse et al., 2004), 
appendicular skeleton is systematically well 
represented. Fracturation of bone remains 
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humerus prox   3 3 1.2 6.7 3.1 3 1.2 6.7  1 1 1 
humerus shaft (fgt)   3 3 1.2 6.7 3.1         

humerus dist + shaft 8 12 20 8.1 44.4 20.4 8 3.3 17.8  1 5 2 
humerus complete 8 11 19 7.7 42.2 19.4         

T humerus 16 29 45 18.3 100.0 45.9 11 4.5 24.4   2 6 3 

radius-ulna complete 3 18 21 8.5 100.0 21.4 6 2.4 28.6  1 4 1 
T radius-ulnae 3 18 21 8.54 100.0 21 6 2.4 29   1 4 1 

radius prox 1  1 0.4 5.6 1.0 1 0.4 5.6   1   
radius prox + shaft 1 1 2 0.8 11.1 2.0 1 0.4 5.6   1   

radius dist + shaft 2  2 0.8 11.1 2.0         

radius complete 6 7 13 5.3 72.2 13.3 3 1.2 16.7  2  1 

T radius 10 8 18 7.3 100.0 18.4 5 2.0 27.8   2 2 1 

mtcp complete 11 24 35 14.2 100.0 35.7 4 1.6 11.4  3 1   
T metacarpals 11 24 35 14.2 100.0 36 4 1.6 11   3 1   

femur prox   1 1 0.4 3.0 1.0         

femur shaft (fgt)   2 2 0.8 6.1 2.0         

femur cylinder 2 2 4 1.6 12.1 4.1         

femur prox + shaft   3 3 1.2 9.1 3.1 1 0.4 3.1 1     

femur dist + shaft   5 5 2.0 15.2 5.1 1 0.4 3.1 1     

femur complete 12 5 17 6.9 51.5 17.3 6 2.4 18.8    6 

T femurs 14 19 33 13.4 100.0 33.7 8 3.3 25.0 2     6 

tibia shaft (fgt)   3 3 1.2 6.0 3.1         
tibia dist + shaft 3 10 13 5.3 26.0 13.3 5 2.0 10.0  1 4   
tibia complete 11 23 34 13.8 68.0 34.7 3 1.2 6.0   1 2 
T tibiae 14 36 50 20.3 100.0 51.0 8 3.3 16.0   1 5 2 

mtt prox + shaft 3 3 6 2.4 13.3 6.1         

mtt complete 16 23 39 15.9 86.7 39.8 7 2.8 15.6  3  4 
T metatarsals 19 26 45 18.3 100.0   7 2.8 15.6   3   4 

TOTAL 87 159 246 100     49     2 12 18 17 

Table 3. Frequency and type of damages produced by wolf on red deer long bones in Poland. 
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Figure 4. Taphonomic data from red deer killed by wolf in Bialowieza and Bieszczady areas (Poland). 



210 

   Bone modification by modern wolf  

 

bones, and 2) the consumption mark intensity. 
Four types were recorded on the Polish bone 
material: scooping out, scorings/furrowings, 
pittings, punctures. These modifications are 
relatively uncommon (20% of long bones 
are gnawed) and principally localized on the 
extremities. This particular localization could 
reflect the dislocation of the legs. In hyena 
dens from Republic of Djibouti, an more 
important diversification of tooth marks (7 
types: scooping out, scorings/furrowings, 
pittings, punctures, crenulated edges, chewing, 
lunate-scars) was noticed. The tooth mark 
frequency is also more important on hyenas’ 
kill-sites (from 25 to 30%). These modifications 
concern each skeletal part (cranial, axial and 
appendicular skeleton) without any real 

and 19 % belonging to Antelopes) and less than 
45 % of bone are (sub-) complete (and 37% 
belonging to antelopes). In Poland, bone 
fragmentation (in particular appendicular 
elements) is low (n of complete bones = 178, 
72 % for red deer). Ecological data suggest 
a ratio of 30 red deers and 5 bisons for 10 
km2 (from Selva, 2004) or respectively 390 kg 
and 250 kg of biomass available per square 
kilometer (considering an average weight 
of 130 kg for a deer and 500 kg for a bison). 
This high ratio limits phenomena of food 
stress and thus the rate of bone reduction. 
 The comparison of toothmarks resulting 
from bone consumption by wolves and hyenas 
allows various comments concerning 1) the 
tooth mark diversity and localization on 

Figure 5. Frequency and morphology of ingested bones by modern wolf from Poland. 
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Stiner et al., 2012 for pumas). These studies 
were developed in order to establish 
actualistic models for comparison with 
palaeontological samples. Recently an 
exhaustive research on bone remains 
recovered in scats of extant wild wolves was 
realized (Esteban-Nadal et al., 2010) but 
essentially focused on numerous unidentified 
specimens. The skeletal part distribution 
observed in scat contents from Bieszcady 
allows to develop basis of a comparative 
study of (extant and extinct) large predators’ 
digestion effects on bones. Actually, there is 
no study focused on cave hyena coprolites 
contents (only palynological studies were 
made). Here is presented a first inventory of 
ingested bones by this predator from two 
Pleistocene sites (Lunel-Viel and Les Plumettes, 
respectively dated from Middle and Upper 
Pleistocene). These bone remains, found within 
paleontological samples and not directly 

distinction (Fourvel, 2012). The specialization 
of hyena in bone consumption and dentition 
of canids less adapted to bone crushing 
could justify these taphonomic differences. 
The bone consumption by (large) canids 
provides principally pittings while teeth of 
hyenas (juvenile?) produce more important 
and diverse gnawing marks. Nevertheless, this 
hypothetical distinction must be confirmed 
with other analysis of various bone samples. 
The inventory and the analysis of identified 
bone remains found in scats constitute a new 
approach in the (neo-) taphonomic studies, 
for all Carnivores species and especially for 
the wolf. Indeed, previous works on that 
point (from extant species) was punctually 
focused on rare scats contents from both 
natural and artificial contexts (Klippel et al., 
1987 for wolves; Chase, 1990 for coyotes; 
Kolska Horwitz, 1990 for striped hyenas, 
dogs and wolves; Martin & Borrero, 1997 or 

Figure 6. Comparative  distribution of Ungulates bones found in Large Carnivore sites (wolf & hyena). 
SK = skull; MD = mandible; VERT = vertebrae; SCP = scapula; IN = innominate; HM = humerus; 
RDU = radioulna; CPL = carpals; MTC = metacarpal; FM = femur; TB = tibia; TSL = tarsal; MTT = metatarsal; 
PH = phalange; p = proximal; d = distal. 
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point, these first observations suggest that 
only (fossil) hyenas are able to ingest various 
skeletal remains attributed to medium-size 
ungulates (cervids: half-complete metapodial, 
humerus distal ends and principally carpals 
and tarsals (among which a complete calcaneus) 
and phalanxes). This carnivore could also 
ingest numerous small bones from large bovids 
articulations (carpals, tarsals and phalanxes) 
or large carnivores, (half-complete metatarsus 
IV of P. spelaea revealing digestion marks). 
No other vertebrate groups (neither mammals 
nor avian) presents such osteophageous 
capacities. Furthermore, the modifications of 
bone surfaces resulting of gastric corrosion 
seem clearly stronger on ingested bones by 
hyenas than other vertebrate. Even if ingested 

from coprolites, suggest that they potentially 
result from regurgitation. Comparison of the 
digested elements from these two particular 
contexts (extant wolves and extinct hyenas; 
see Figure 7) clearly reveals the differences 
in inter-specific bone assimilation/ingestion 
concerning: 1) prey size class and 2) size of 
ingested bones. Indeed, one bison first phalanx 
was found in wolf scat (Haynes, pers. obs.; 
cf. Figure 7) but it is extremely rare and this 
case is clearly exceptional. In fact, all 
identified specimens recovered in scats, 
were attributed small- (adult) and medium-
size (juvenile) ungulates. In contrast, ingested 
bones, coming from fossil spotted hyena 
dens, belong to medium- (adult cervids) and 
large-size (adult bovids) ungulates. At this 

Figura 7. Comparative data on postcranial elements ingested by modern wolf and fossil spotted hyena. 
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