
ABSTRACT

Middle and Upper Palaeolithic sites, where mam-
moths dominate the faunal assemblages, are 
mainly found in Central and Eastern Europe. At 
these sites concentrations of skulls, tusks and long 
bones, interpreted as deliberate constructions, of-
ten occur. Rare instances of weapon tip fragments 
embedded in mammoth bones provide direct ar-
chaeological evidence of human hunting. Indirect 
evidence, such as the accumulation of mammoth 
bones from multiple individuals with specific 
ontogenetic ages, occurs more frequently. Based 
on the eruption sequence and wear of deciduous 
premolars from mammoth calves, we examined 
whether a season of death could be deduced from 
the characteristics of the dentition. Our results 

suggest that the mammoth hunt was not restricted 
to the cold half of the year.

15.1	 INTRODUCTION

Middle and Upper Palaeolithic sites, where mam-
moth bones dominate the mammal assemblage, 
are often interpreted as the camps of mammoth 
hunters. These sites are mainly found in Central 
and Eastern Europe, such as Dolní Vĕstonice 
and Předmostí (Přerov-Předmostí) in the Czech 
Republic, Mezhirich and Mezin in the Ukraine, 
and Kostënki-1/I, Kostënki-11/Ia and Yudinovo 
in Russia, and date in general to the Gravettian 
and Epigravettian. At these sites, accumulations of 
mammoth skeletal elements have been interpret-
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ed as the remains of architectural constructions, 
places of storage and/or middens (Soffer, 1985; 
Svoboda et al., 2005, 2019; Germonpré et al., 
2008; Iakovleva, 2015; Pryor et al., 2020; Sablin 
et al., submitted). Some prehistorians assume that 
these mammoth bones are derived from animals 
that have been hunted and slaughtered, and then 
transported to the camp (Germonpré et al., 2008; 
Péan, 2015). Others have argued that Palaeolithic 
hunter-gatherers built their camps near the places, 
where mammoths died from a natural cause (Sof-
fer, 1985). However, at several Upper Palaeolithic 
sites, direct evidence, such as a fragment of a weap-
on tip embedded in a bone, testifies to the violence 
of the mammoth hunt (e.g., Praslov, 2000; Nikol-
skiy and Pitulko, 2013). In addition, also indirect 
evidence, such as the accumulation of bones from 
a multitude of individuals with specific ontogenet-
ic ages, suggests an intentional hunting of mam-
moths (e.g., Svoboda et al., 2005; Germonpré et 
al., 2008, 2014; Brugère, 2014; Péan, 2015; Reyn-
olds et al., 2019). In this study, we adhere to the 
idea that Palaeolithic hunter-gatherers organized 
mammoth hunts.

Recent elephants create pathways between im-
portant places, such as water points, fodder plac-
es, mineral springs, and socializing sites (Haynes, 
1991, 2017). In Canada, successive mammoth 
tracks following the bank of a palaeo-river valley 
indicate that mammoth herds used the same trails 
over a period of at least two centuries (McNeil et 
al., 2005). Mammoths probably followed tradi-
tional trails for generations. Palaeolithic hunters 
could have used these paths to track the animals. 
Alternatively, they could have sneaked up to mam-
moths that were grazing in moist meadows or 
drinking water at river shores and attacked while 
the herd was distracted (Velichko and Zelikson, 
2005; Germonpré et al., 2008; Haynes, 2017; 
Wilczyński et al., 2019). Palaeolithic hunters could 
have targeted the matriarch first by attempting to 
strike the animal from the rear side, aiming to hit 
vital organs (cf. Nikolskiy and Pitulko, 2013) and 
could then have killed the younger members of the 
herd. According to Wilczyński et al. (2019), hu-

man hunting of mammoths was probably executed 
by groups of hunters using spear-throwers, throw-
ing spears in sequence. The initial butchering of 
the hunted mammoths probably took place at the 
kill site (Germonpré et al., 2008). Body parts of 
the mammoth carcasses were then brought back 
to the camp, perhaps with the help of Palaeolithic 
dogs (Germonpré et al., 2012, 2020).

In this contribution, our goal is to determine 
whether mammoth hunting was limited to the cold 
half of the year or occurred as well during warmer 
seasons. To answer these queries, we assigned an 
age of death to the dental remains of mammoth 
calves that were found at several late Middle and 
Upper Palaeolithic sites, aiming to deduce their 
season of death. We first provide an overview of 
the theoretical basis for attributing an age to the 
dental remains from mammoths and list the mate-
rial studied here. Then, we present a non-exhaus-
tive list of Middle and Upper Palaeolithic sites in 
Western, Central and Eastern Europe that contain 
important mammoth assemblages. Subsequently, 
we provide the results of the palaeobiological anal-
yses. In the discussion, we compare the obtained 
results from the studied sites with those from pub-
lished resources, and summarize some archaeolog-
ical and palaeobiological consequences. The final 
section provides our conclusions.

15.2	 METHODS AND MATERIAL

Laws (1966) established 30 age groups (I–XXX) 
for the extant African elephant Loxodonta afri-
cana, based on the progress of eruption and wear 
of the cheek teeth, and allocated real ages in Afri-
can Equivalent Years (AEY) to these groups. In this 
study, we follow Laws’ groups in order to estimate 
the age at death of woolly mammoth (Mammuthus 
primigenius) calves from their deciduous premo-
lars (DP; both for the upper and lower dentition). 
The anatomical position of the teeth was identi-
fied using the dimensions and number of plates, 
following Musil (1968), Maglio (1973) and Ger-
monpré (1993), except for the mammoth decid-



389SEASONALITY AT MIDDLE AND UPPER PALAEOLITHIC SITES

uous premolars from Předmostí, for which the 
identifications and description by Musil (1968) 
were used. Complete and fragmentary mammoth 
deciduous premolars were counted in Number of 
Identified Specimens (NISP) and in Minimum 
Number of Individuals (MNI) (Lyman, 1994). 
Detailed analyses of the microstructure of mam-
moth tusks allowed to estimate that gestation in 
mammoths took about 20 to 22 months (Fisher 
et al., 2014; Grigoriev et al., 2017) and could have 
been slightly shorter than that of the recent African 
elephant, which usually has a gestational length of 
~22 months (Poole et al., 2011). In mammoths, 
conception probably occurred in late spring and 
birth took place in early spring (Rountrey et al., 
2012; Grigoriev et al., 2017). Inter-birth intervals 
had probably a length of ~4 years during which the 
previously born calf was nursing. Weaning likely 
occurred, like in elephants, shortly before the next 
calf was born (Grigoriev et al., 2017). The proposed 
length of the nursing period of mammoth calves 
fluctuates between 3 years (Metcalfe et al., 2010) 
and 5 years (Rountrey et al., 2007). In our study, 
we will consider a nursing period of ~4 years, up to 
and including Laws’ age group VI. The mammoth 
deciduous premolars discussed in this contribution 

are compared with those described by Maschen-
ko (2002), Rountrey et al. (2012), Maschenko et 
al. (2013), Fisher et al. (2014) and Grigoriev et al. 
(2017) to estimate their age. A thorough study of 
the mammoth calf Lyuba, found in the permafrost 
of the Yamalo-Nenets Autonomous region, Rus-
sian Federation, revealed that its DP2 displays lit-
tle wear and has no cementum in the gaps between 
the plates. The germ of the DP3 has a fully devel-
oped crown but without fully developed enamel, 
while the germ of the DP4 is incomplete. A com-
parison with the African elephant age groups as 
defined by Laws (1966) suggests that this calf can 
be assigned to Laws’ age group I with no/little wear 
of the DP2, and the DP3 not yet erupted. Based 
on the number of increments found on the DP2, 
this calf died when it was ~1 month old, likely in 
spring (Rountrey et al., 2012). Maschenko et al. 
(2013) described the deciduous dentition of the 
mammoth calf Khroma, discovered on the right 
bank of the Khroma River in Yakutia. The DP2 of 
this calf is completely worn; the DP3 is erupting 
with the first three plates in wear. These features 
correspond to Laws’ age group II with slight wear 
on the protruding DP3. The number of increments 
on the deciduous premolar suggests that this calf 

Laws‘ age 
group

Mammoth 
calf

References Age in 
months

Season of 
death

Description of deciduous 
dentition

I Lyuba Rountrey et al. 
(2012)

0–1 early spring DP2: no/little wear; DP3: germ 
with complete crown

II Khroma Grigoriev et al. 
(2012); Maschenko 
et al. (2013)

2 spring DP2: completely worn; DP3: 
erupting with first plates in wear

III  - ca. 3–6 summer DP2: well worn; DP3: moderately 
worn

IV Oimya-
konskii

Boeskorov et al. 
(2007); Rountrey 
et al. (2012)

7.4 autumn/winter DP2: lost; DP3: well worn; DP4: 
erupting/slightly worn

V  - >12  - DP3: completely worn; DP4: mode-
rately worn

VI  - Craig (table A2) in 
Haynes (1991)

52  - DP3: almost lost; DP4: only last 
plates unworn

VII  - Craig (table A2) in 
Haynes (1991)

60  - DP3: lost; DP4: completely worn; 
M1: erupting

Table 15.1: Comparison of Laws’ age groups of elephant deciduous premolars with mammoth calf dentition and their age attribution 
in months or years, for details see text.



390 MIETJE GERMONPRÉ ET AL.

died at an age of ~2 months (Fisher et al., 2014). 
The detailed analyses of the deciduous premolars 
of the Oimyakonskii calf, found in the perma-
frost from Yakutia, Russian Federation (Boeskorov 
et al., 2007), showed that the DP2s were already 
lost, the DP3s show advanced wear and the DP4s 
are unworn. The features of the dentition of the 
Oimyakonskii calf could correspond with Laws’ 
age group IV, characterized by well-worn DP3 and 
just erupted DP4. Based on the number of incre-
ments of the tusk, this mammoth died when it was 
7.4 months old, during autumn or the beginning 
of winter (Rountrey et al., 2012). Based on these 
analyses, it seems that the wear of the deciduous 
premolars in mammoth is advanced compared to 
the extent of wear observed in recent elephants 
(Rountrey et al., 2012), as noted also by Haynes 
(1991). Moreover, it seems to be an accelerated 
replacement of the DP2s in mammoth compared 
with recent elephants, perhaps linked to an earli-
er transmission to a mixed diet or to feeding on 
mammoth dung (Maschenko, 2002; Maschenko 
et al., 2013). For Laws’ age group VI and above, 
the age attributions proposed by Craig in Haynes 
(1991: tables A2, A8) are followed. A summary of 
the age estimation of nursing calves based on the 
eruption and wear of the deciduous premolars is 
presented in Table 15.1.

The mammoth deciduous premolars from Spy 
and Goyet are housed at the Royal Belgian Insti-
tute of Natural Sciences in Brussels (RBINS; Bel-
gium), from Předmostí at the Moravian Museum 
(Brno, Czech Republic), those discovered at Yudi-
novo at the Zoological Institute RAS (Saint Pe-
tersburg, Russia), and those excavated at Kostën-
ki-21 at the Institute for the History of Material 
Culture RAS (Saint Petersburg, Russia) and at 
the Zoological Institute RAS. The dental speci-
mens discussed in this chapter from Spy, Goyet, 
Kostënki-21 and Yudinovo were studied by one 
or more of the authors of this contribution. Ad-
ditional information for the mammoth dentition 
found at the Russian sites is from Maschenko 
(2002). The Laws’ age group attributions of the 
deciduous premolars from Předmostí are based on 

the individual description and figures of the DP2 
in Musil (1968: pp. 122–125, pp. 178–179, plate 
I) and on the figures and description of the DP3 
in Musil (1968: pp. 179–181, plates II–VI). Be-
cause only 23 of the total number of 73 DP3s are 
figured and described in Musil (1968), the NISP 
of the nursing calves less than 1 year old based 
on the DP2 and DP3 combined, here presented, 
is a minimum NISP of the Předmostí mammoth 
assemblage. However, for this contribution, we do 
not quantify the presence of calf remains by sea-
son of death, but we are only interested whether 
dead calves were present or absent in each of the 
seasons. In the discussion, we compare the results 
of the above-mentioned sites with results available 
from the literature.

15.3	 SITES

15.3.1 SPY

Spy cave is one of the richest Palaeolithic sites in 
Belgium (Fig. 15.1). It was first excavated in the 
19th century. Since then, many excavations have 
been carried out (Rougier et al., 2004; Semal et 
al., 2009). The discoverers recognized three main 
archaeological and fauna-bearing levels (Fraipont 
and Lohest, 1886, 1887; Rucquoy, 1886–1887; 
De Loë and Rahir, 1911). Spy, like the Goyet cave 
(see below), was used alternately by humans and 
carnivores. Each level represents likely a palimp-
sest. The most important Palaeolithic assemblages 
can be assigned to the Middle and Upper Palaeo-
lithic, including the Mousterian, Lincombian-Ra-
nisian-Jerzmanowician, Aurignacian and Gravet-
tian (Semal et al., 2009; Flas, 2011). The presence 
of Middle and Upper Palaeolithic artifacts at Spy 
suggests that both Neanderthals and anatomical-
ly modern humans occupied the site, but Pleisto-
cene human remains pertain only to Neanderthals 
(Semal et al., 2009). The faunal assemblages are 
dominated by remains of horse, cave hyena, mam-
moth, woolly rhino and cave bear (Germonpré 
et al., 2013). Some of the mammoth remains were 
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assigned to a fauna-bearing horizon also yielding 
Middle Palaeolithic lithics, the so-called “Deux-
ième niveau moustérien” (“Second Mousterian 
Level”) (Germonpré et al., 2013, 2014). In addi-
tion, AMS dates are available for two mammoth 
DP3s. The younger AMS date (37,010 +440–380, 
GrA-37933) has a calibrated age range (95%, Ox-
cal 4.3) from 42,200 years BP to 40,800 years BP. 
The older AMS date (42,330 +500–450; GrA-
32616) has a calibrated age range (Oxcal 3) from 
46,600 years BP to 44,800 years BP. The calibrated 
ages of these deciduous teeth allow us to consider 
them as contemporaneous with the Middle Pa-
laeolithic (Germonpré et al., 2013, 2014). In this 
study, all the mammoth deciduous premolars from 
Spy are grouped together. The stable isotope analy-
ses of the collagen from two Neanderthal individ-
uals from Spy reveal that mammoth was the most 
important prey species with a possible proportion 
of mammoth meat in their diet between 30% and 
40% (Wißing et al., 2016).

15.3.2 GOYET

The third cave of Goyet (Belgium; Fig. 15.1) was 
excavated in the 19th and 20th century (Otte, 
1979). It has an exceptionally rich archaeological, 
faunal and anthropological record, covering large 
periods from the Middle to the Upper Palaeolithic. 
It is the only site in the world, where human re-
mains from populations dating from the Mousteri-
an, Aurignacian, Gravettian and the Magdalenian 
have been found at the same location. In addition, 
a skull from a large canid has been described as 
being from a Palaeolithic dog (Germonpré et al., 
2009, 2012). With a calibrated age of ~35,700 
years BP, this canid would be the oldest domes-
ticated animal known so far (Germonpré et al., 
2009, 2018). However, this attribution is subject 
to controversy (Boudadi-Maligne and Escarguel, 
2014; Morey, 2014; Drake et al., 2015; Janssens 
et al., 2016, 2019; but see Galeta et al., 2021). 
Dupont (1871) distinguished five bone-bearing 

Figure 15.1: Map showing the most important sites discussed in the text. 1, Spy, Goyet; 2, Předmostí; 3, Kostënki; 4, Yudinovo, Elisee-
vichi; 5, Geissenklösterle; 6, Krems-Wachtberg.
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horizons in the third cave of Goyet. He recovered 
numerous Pleistocene mammal bones, human 
remains, and large quantities of Middle and Up-
per Palaeolithic artifacts from these layers (Ger-
monpré, 2001; Posth et al., 2016; Rougier et al., 
2016). The dispersion of several AMS dates and 
the refitting of the human bones originating from 
different horizons, point out the mixed content of 
the horizons recognized by Dupont (Germonpré, 
2001; Rougier et al., 2016). The faunal assemblag-
es from the horizons are dominated by skeletal ele-
ments of reindeer, cave bear, cave hyena, horse and 
foxes (Germonpré, unpublished data). Here, the 
mammoth remains from the third cave of Goyet 
are grouped together, bearing in mind that they 
likely accumulated during an extended time span. 
The Goyet mammoth assemblage is less rich than 
that of Spy. This assemblage is dominated by ivory 
ornaments and fragments, likely dating from the 
Aurignacian and the Gravettian, several of which 
show ochre stains and cut marks (Germonpré, un-
published data). At Goyet, it seems that mammoth 
heads and, to a lesser extent, feet, were brought to 
the cave where the meat and fat could be consumed 
(Wißing et al., 2019a; Germonpré, unpublished 
data). Dietary reconstructions are available for sev-
eral human individuals dating from the Middle Pa-
laeolithic, Aurignacian and Gravettian assemblages 
(Wißing et al., 2016, 2019a, b). The results of the 
latter studies indicate that the diets of the analyzed 
Neanderthal individuals and those associated with 
Aurignacian assemblages included significant pro-
portions of mammoth meat, whereas those associ-
ated with Gravettian assemblages relied more on 
horse and reindeer, and to a lesser extent on mam-
moth (Wißing et al., 2016, 2019a, b).

15.3.3 PŘEDMOSTÍ

Předmostí (Czech Republic; Fig. 15.1) is part of 
a series of large Gravettian open-air sites located 
in Central Europe, characterized by specific lithic 
tools (backed bladelets, geometric microliths, den-
ticulated bladelets) (Polanská, 2018) and by the 

presence of human burials, mammoth remains, 
and ivory implements, ornaments, portable art, 
and animal and human female representations. 
Mammoths played an important role in the Cen-
tral European societies of Gravettian hunter-gath-
erers (Svoboda, 2001; Oliva, 2007, 2009; Wojtal 
and Wilczyński, 2015), both in life (e.g., ivory 
tools, ivory portable art, ornaments) and in death 
(several human burials were covered by mam-
moth scapulae) (Valoch, 1981, 1982; Einwögerer 
et al., 2006; Svoboda, 2008; d’Errico et al., 2011; 
Lázničková-Galetová, 2016). At Předmostí, the 
mammal assemblage is dominated by mammoth. 
Musil (1958, 1968) examined in detail the mam-
moth teeth from this site. His descriptions and 
measurements of the deciduous premolars are used 
here to attribute an age to the very young calves 
(<12 months old). In all likelihood, mammoth 
formed the staple food for the Gravettian inhab-
itants from the site as can be deduced from the 
preponderance of mammoth in the faunal assem-
blage and the age distribution of the mammoth, 
dominated by young individuals (Absolon and 
Klíma, 1977; Oliva, 1997, Musil, 2008; Bosch, 
2012). A recent study based on the analyses of 
stable isotopes showed that the proportional prey 
contribution of the mammoth to the human diet 
at this site amounted to ~40% (Bocherens et al., 
2015). Large canids are the second most abundant 
group at Předmostí based on the MNI calculations 
(Pokorný, 1951; Musil, 2008), and include Pleis-
tocene wolves and Palaeolithic dogs according to 
Germonpré et al. (2012, 2015). A new AMS anal-
ysis on a cut-marked femur of a large canid deliv-
ered a calibrated age range (95%) between 28,800 
and 28,300 years BP (Germonpré et al., 2017).

15.3.4 KOSTËNKI-21

The site of Kostënki 21 (Russia) is located in the 
valley of the Don River at Kostënki (Voronezh 
Oblast, Russia) (Fig. 15.1). The main archaeo-
logical horizon, layer III, has a calibrated age of 
~27,500–24,500 years BP and contained six com-
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plexes of archaeological material with its lithic 
assemblages assigned to the Gravettian. The dif-
ferences in the lithic typology and faunal assem-
blages of the six complexes permit their separation 
into two groups: a northern and a southern zone, 
which probably relate to separate phases of activity 
(Praslov and Ivanova, 1982; Praslov, 1985; Ivano-
va et al., 1987; Bessudnov, 2019; Reynolds et al., 
2019). The mammal assemblage from the south-
ern zone is dominated by mammoth remains, 
based on the MNI and NISP. The mammoth is 
the most abundant species in the northern zone 
based on the NISP. The diversity of the skeletal el-
ements is much richer in the northern mammoth 
assemblage than in the southern one (Ivanova et 
al., 1987; Reynolds et al., 2019). An upper carnas-
sial from a large canid found in the southern zone 
was described as dog-like in size (Reynolds et al., 
2019).

15.3.5 YUDINOVO

The Epigravettian site Yudinovo (Russia) is sit-
uated on the right bank of the Sudost’ River, a 
tributary of the Desna (Fig. 15.1). Dates for the 
main, lower layer suggest an age between 18,400 
and 17,700 cal BP. Five complexes of mammoth 
skeletal elements characterize the site. Further-
more, large quantities of ivory hunting tools and 

ivory ornaments were recovered (Germonpré et 
al., 2008; Khlopachev, 2019; Sablin, 2019; Sa-
blin et al., submitted). Details on the taphonom-
ic and palaeobiological characteristics of two of 
these complexes can be found in Germonpré et al. 
(2008) and Germonpré and Sablin (2017), who 
proposed that the mammoth bones were harvest-
ed from hunted mammoths. The ontogenetic age 
distribution of the mammoth assemblage based on 
a combination of cranial and postcranial material 
is dominated by remains from young mammoths, 
less than 13 years old. However, remains from 
adult mammoths are also very well represented 
and most of this material probably pertains to 
cows (Germonpré et al., 2008). A humerus from a 
large canid was described as dog-like in size (Ger-
monpré and Sablin, 2017).

15.4	 RESULTS

15.4.1 SPY

Young nursing mammoth calves (Laws’ age groups 
I–VI, <5 years old) are the most frequent class in 
the age distribution of the mammoth assemblage 
from Spy (Fig. 15.2, Table 15.2). The age distri-
bution based on Laws’ age groups (I, II, III, IV, V) 
in months, of the nursing calves is given in Table 
15.2 and Figure 15.3. These results permit us to 

Figure 15.2: Age frequency 
distribution of all mammoth 
deciduous premolars from Spy 
and Goyet based on Laws’ age 
groups (see text for details).
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Spy stratigraphy Inventory 
number

Tooth Jaw Laws‘ age 
group

Age in 
months

P Pa L W H

 - 17393 DP2 lower I 0–1 5 0 16.2 15.1 10.3

 -  - DP2 upper I 0–1 5 0 18.1 16.4 17.6

 - 10261 DP2 lower I 0–1 >3 0 >15 19.2 27.0

 - 10621 DP2 upper I 0–1 >3 0 >15 19.3 26.0

 -  - DP3 lower II 2 8 3 52.6 34.2 -

 - 1585 DP3 upper II 2 8 4 56.9 30.8 40.1

 - (AMS: 37,010 y BP) 5608 DP3 upper II 2 8 4 58.4 37.0 39.7

 - 16640 DP3 lower III  3–6 8 5 52.9 28.1 33.2

Second level, Upper Mousterian 1038 DP3 lower III  3–6 8 6 61.2 35.7 33.6

Cave  - DP3 upper III  3–6 9 5 60.8 35.6 35.3

Cave 1133 DP3 lower IV 7 9 8 54.4 32.8 24.8

 -  - DP3 lower IV 7 8 7 62.8 36.2 -

Second level, Upper Mousterian  - DP3 lower IV 7 8 7 53.1 31.3 37.2

Cave  - DP3 ? IV 7 8 7 55.2 33.5 -

Second level, Upper Mousterian 1133 DP3 upper IV 7 9 8 56.0 36.6 30.5

Second level, Upper Mousterian  - DP3 upper IV 7 8 7 52.8 30.6 34.6

Second level, Upper Mousterian 1585 DP3 upper IV 7 10 9 57.7 33.6 40.0

Second level, Upper Mousterian  - DP3 upper IV 7 9 8 60.8 35.6 35.3

 - 1133 DP3 upper IV 7 8 8 57.3 34.1 36.0

Terrace 1133 DP3 upper IV 7 8 8 56.0 36.6 30.5

 -  - DP4 upper IV 7 14 6 96.8 49.8 73.0

Second level, Upper Mousterian 5608 DP3 lower V >12 8 8 61.9 36.6 28.0

Second level, Upper Mousterian  - DP3 lower V >12 8 8 55.0 30.6 24.1

 - 1133 DP3 lower V >12 8 8 57.5 33.9 34.5

 - 1133 DP3 lower V >12 7 7 54.5 31.9 25.8

 - 1133 DP3 lower V >12 7 7 54.3 31.7 24.9

 - B.1038 DP3 lower V >12 8 8 64.1 36,2 22.5

 -  - DP3 lower V >12 6 6 53.7 34.1 27.6

1038 DP3 lower V >12 7 7 48.1 30.3 25.0

16640 DP3 lower II-V 3–>12 >6 >6 >43 31.5 30.6

 - (AMS: 42,330 y BP) 19B-121-1474 DP3 ? II-V 3–>12 >4 ? 34.3 - -

Yellow earth 10261 DP3 lower II-V 3–>12 >3 >3 >15 31.2 30.4

Spy stratigraphy Inventory 
number

Tooth Jaw Laws‘ age 
group

Craig AEY in 
Haynes (1991: 
table A2)

P Pa L W H

 -  - DP4 lower VII 5 y 12 12 102.1 53.5 10.1

Cave 158x DP4 lower VII 5 y 11 11 98.0 53.2 36.6

Terrace  - DP4 lower VII 5 y 9 9 81.2 43.6 17.1

 -  - DP4 lower VII 5 y 10 10 79.5 53.5 27.2

 -  - DP4 lower VII 5 y 5 5 70.7 59.5 -

Terrace  - DP4 upper VII 5 y 14 13 106.1 55.1 87.1

Table 15.2: List of all mammoth deciduous premolars from Spy, adapted and corrected from Germonpré et al. (2014), that can be assigned to 
a Laws’ age group, ages in months and in AEY (African Equivalent Years); see text and Table 15.1 for details; P: number of plates, Pa: number 
of abraded plates, L: length, W: width, H: height.
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conclude that mammoth calves died in the vicinity 
of Spy during all seasons.

15.4.2 GOYET

The age profile of the Goyet mammoth assemblage 
is dominated by young nursing calves (<5 years) 
(Fig. 15.2, Table 15.3). The Goyet mammoth as-
semblage contains a complete DP2. The wear of 
this tooth indicates that the animal died when it 
was ~2 months old (Laws’ age group II). The wear 

of the other deciduous premolars, corresponding 
to Laws’ age groups III, IV and V, suggests that 
mammoth calves also perished near the Goyet cave 
during spring, summer and autumn/winter (Fig. 
15.3; Table 15.3).

15.4.3 PŘEDMOSTÍ

Young mammoths, 12 years old or younger, domi-
nate the mammoth assemblage from Předmostí ac-
cording to Bosch (2012). The age distribution of the 

Figure 15.3: Age frequency 
distribution of mammoth de-
ciduous premolars from Spy 
and Goyet based on Laws’ 
age groups I up to VI (see 
text and Tables 15.1–15.3 
for details).

Goyet stra-
tigraphy

Inventory 
number

Tooth Jaw Laws‘ age group Age in months P Pa L W H

A3 2777-6 DP2 upper II 2 5 4 17.8 15.1

A4 2860-4 DP3 lower II 2 8 5 49.0 30.9 28.5

A3 2777-8 DP3 upper II 2 8 3 63.5 34.0 37.9

A3 2777-10 DP4 upper III  3–6 >7 3 65.0 50.6 70.6

A1 2815-10 DP3 upper IV 7 6 6 47.0 37.2 12.8

A3 2777-9 DP3 lower IV 7 8 8 54.2 34.4 21.8

A1 2815-13 DP4 lower V >12 8 5 >70 45.0 49.3

A3 2777-19 DP4 ? IV–VI  7–52 >1 0 - 39.3 52.9

A1 2815-11 DP4 upper IV-VI  7–52 >3 2 - 43.0 64.0

Goyet stra-
tigraphy

Inventory 
number

Tooth Jaw Laws‘ age group Craig AEY in 
Haynes (1991: 
table A2)

P Pa L W H

A4 2860 DP4 upper VII–VIII  5–7 >8 >8 55.5 47.9 67.8

Table 15.3: List of all mammoth deciduous premolars from Goyet, adapted and corrected from Wißing et al. (2019a), that can be 
assigned to a Laws’ age group, ages in months and in AEY (African Equivalent Years); see text and Table 15.1 for details; P: number 
of plates, Pa: number of abraded plates, L: length, W: width, H: height.



396 MIETJE GERMONPRÉ ET AL.

nursing mammoth calves from Předmostí is based 
on a minimum representation as deduced from the 
descriptions and figures in Musil (1968). Laws’ age 
groups from I to V are represented among the den-
tition of juvenile mammoths (Fig. 15.4), suggesting 
that the calves died in every season.

15.4.4 KOSTËNKI-21

In the mammoth assemblage from the southern 
zone, four age groups can be distinguished with 
remains from foetal, juvenile, subadult and adult 
mammoths (Reynolds et al., 2019). The first age 
group consists of a cut-marked humerus from a 
mammoth foetus that died at a gestation age of 
about 14–16 months (Maschenko, 2002). The ju-
venile age group contains two deciduous tusks from 
a calf that probably died at an age of less than 4 
months based on its minimal wear, two milk tusks 
from a calf that probably died when it was between 
6 and 9 months old on the basis of more extensive 
wear, and another deciduous tusk that can be at-
tributed to an age of ~1 year old on the basis of its 
extensive wear and a closed root canal. Furthermore, 
a complete DP2 with the first two plates showing 
wear can be attributed to an age of ~2 months. An-
other DP2 with all its plates in wear was likely from 
a mammoth calf that died between 4 and 8 months 
old (Maschenko, 2002; Reynolds et al., 2019).

In the northern zone, a scapula of a mammoth calf 
is comparable in size to the scapula from Lyuba 
(Fisher et al., 2014: fig. 6); the Kostënki scapula 
could have been from a calf that had died, like the 
Lyuba calf (Rountrey et al., 2012), when it was be-
tween 1 and 2 months old (Reynolds et al., 2019). 
Furthermore, a lower jaw with a DP4, in which the 
first plates are in wear, is probably from a nursing 
calf with an age of ~3 years (Maschenko, 2002).

15.4.5 YUDINOVO

The age distribution of the cranial remains of the 
mammoths from this site is dominated by animals 
with ages older than 22 AEY (Germonpré et al., 
2008). Juvenile remains consists of both cranial and 
postcranial material. Three dental elements and one 
maxillary fragment are from nursing calves young-
er than one year old. An isolated, maxillary DP2 
with some wear (Laws’ age group I) belonged to a 
1-month old baby mammoth (Sablin, 2019). The 
stage of wear of a DP2 and a DP3 in a maxillary 
fragment, as described by Maschenko (2002), allow 
us to assign this specimen to Laws’ age group III. 
An isolated DP3 has wear (cf. Maschenko, 2002) 
that corresponds to Laws’ age group IV. A decidu-
ous tusk pertains to a calf of  about 6 to 9 months 
old (Maschenko, 2002). The young animals died 
during spring, summer and autumn or winter.

Figure 15.4: Age frequen-
cy distribution of mam-
moth deciduous premolars 
(DP2 NISP: 9; DP3 minimum 
NISP: 20) from Předmostí 
based on their description 
in Musil (1968); see text 
and Table 15.1 for details.
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15.5	 DISCUSSION

Mammoth hunting has been directly attested at 
several Upper Palaeolithic sites all over northern 
Eurasia. The oldest evidence has been found in 
an early Upper Palaeolithic layer at Kostënki-14 
with a fragment from an ivory point embedded 
in a mammoth rib (Sinitsyn et al., 2019). The 
Gravettian site Krakow Spadzista (Poland) yield-
ed a distal part of a mammoth rib with a pointed 
fragment of a flint implement embedded (Wojtal 
et al., 2019). The mammoth assemblage of the 
Gravettian site Kostënki-1/I contains a rib with 
an inserted flint point fragment (Praslov, 2000; 
Nuzhnyi et al., 2014). Further to the east, at the 
Late Glacial site Lugovskoye in Siberia, a mam-
moth thoracic vertebra was discovered with an 
embedded quartzite point (Zenin et al., 2006). In 
Yakutia, at the mid-Upper Palaeolithic Yana site, 
fragments of spear points in several mammoth 
scapulae testify to successful mammoth hunts 
(Nikolskiy et al., 2013). Also in Yakutia, at the 
Late Glacial site Nikita, a mammoth rib with em-
bedded lithic fragments was found (Pitulko et al., 
2016). All this direct evidence pertains to adult 
mammoths. Indirect evidence of mammoth hunt-
ing suggests that mammoth herds, composed of 
cows with their calves were also hunted (Flader-
er, 2003; Germonpré et al., 2008, 2014; Münzel 
et al., 2017).

Human hunting of elephants often targets 
calves (Reshef and Barkai, 2015; Agam and Barkai, 
2018). Possibly, the young age of the calves made 
the transport of their carcasses easier so that their 
skeletal remains had more chance to end up in the 
faunal assemblages found at settlements. Carcasses 
of hunted adults could have been left at the kill 
sites, with their meat only taken to the living site. 
Furthermore, there could have been nutritional 
advantages for the Palaeolithic hunters from the 
eating of meat of young, nursing elephants (bet-
ter taste, specific nutrients, higher quality fat, e.g., 
omega-3 fatty acids related to the intake of cow’s 
milk) (Germonpré et al., 2014; Guil-Guerrero et 
al., 2014; Reshef and Barkai, 2015; Agam and 

Barkai, 2016, 2018). Nevertheless, deliberate con-
structions and rich depositions of skeletal elements 
from adult mammoths have been found at many 
middle and late Upper Palaeolithic sites, especially 
in Central and Eastern Europe (Soffer, 1985; Pi-
doplichko, 1998; Svoboda et al., 2005, 2019; Ol-
iva, 2007, 2009; Germonpré et al., 2008; Iakovle-
va, 2019; Sablin, 2019; Pryor et al., 2020; Sablin 
et al., submitted).

Below we compare our results with published 
data from the literature. Several published ac-
counts, like the one from the Upper Palaeolith-
ic site Boršice in the Czech Republic (Nývltová 
Fišáková et al., 2007), mention the presence of 
young mammoths, but here we focus on those 
articles that provide detailed descriptions of the 
deciduous premolars, which permit to deduce the 
season of death of the mammoth calves.

At the Belgian Spy and Goyet caves, nursing 
mammoth calves dominate the age profiles (Fig. 
15.2). At Spy, it is very likely that several of these 
animals were killed and brought to the cave by Ne-
anderthals as can be deduced from the fact that 
many of their remains were found in the “Second 
Mousterian Level” and that two premolars have 
calibrated ages in the time range of the Neander-
thal presence in Belgium (Germonpré et al., 2013, 
2014). It seems that the Neanderthals, which were 
occupying the site, went hunting for mammoths 
during all seasons (Fig. 15.3). In addition, analyses 
of the stable isotopes in the collagen from Nean-
derthal remains found at the cave show that the 
diets of these individuals contained significant pro-
portions of mammoth meat (Wißing et al., 2016). 
At Goyet, nursing mammoth calves were proba-
bly hunted during spring, summer and autumn 
or winter (Fig. 15.3). For both the Neanderthal 
and early Upper Palaeolithic humans found at the 
Goyet cave, the mammoth was an important food 
source (Wißing et al., 2019a).

At Geissenklösterle cave (Germany), the 
Aurignacian layers contain dental remains from 
mammoth calves not older than 1 month when 
they died, indicating that mammoth hunting 
took place repeatedly in spring. The relatively 
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good representation of the skeletal elements in-
dicates that large portions of the calves’ carcasses 
were brought to the cave where they were con-
sumed, as attested by their cut-marked bones 
(Münzel et al., 2017).

At the Gravettian site Předmostí, the mam-
moth age profile is dominated by young individ-
uals less than 12 AEY (Bosch, 2012). The detailed 
descriptions in Musil (1968) of the DP2 and DP3 
permit us to infer that killed mammoth calves were 
brought to the site in all seasons, from early spring 
until winter (Fig. 15.4). This is in accordance with 
the idea of a year-round occupation of this ma-
jor site, as also indicated by cementochronological 
studies (Nývltová Fišáková, 2013) and the extraor-
dinary richness of the archaeological assemblage 
(Oliva, 1997). Furthermore, a recent study on the 
stable isotopes of the collagen of a human low-
er jaw from the site revealed that this individual 
ate frequently mammoth meat (Bocherens et al., 
2015). Oliva (1997) proposed that this rich site, 
with its unique location near the Moravian Gate, 
functioned as an important gathering point, where 
humans from the region assembled for social con-
tacts and ritual activities.

In both the northern and the southern zones 
of the Gravettian site Kostënki-21, the mammoth 
assemblages contain remains from mammoth 
calves that were still nursing at the time of their 
death. In the southern zone, mammoth calves 
were found that died when they were ~2 months 
old, between 4 and 9 months old and when they 
were ~1 year old (Maschenko, 2002; Reynolds et 
al., 2019). Furthermore, as conception probably 
took place in late spring (Rountrey et al., 2012; 
Grigoriev et al., 2017), the mammoth cow carry-
ing a 14–16-month-old foetus likely died during 
spring/early summer. The above implies that 
during the occupation of the southern zone of 
Kostënki-21, mammoths were hunted during the 
spring and the beginning of the summer, and also 
at autumn and/or during winter. In the northern 
zone, a young calf died when it was about 1 to 2 
months old, so it was probably hunted in spring. 
An older calf was killed at an age of ~3 years old, 

probably while it was still nursing (Reynolds et al., 
2019). Interestingly, there is now also evidence for 
the killing of a nursing mammoth at the Gravet-
tian Kostënki-9 site. The very elevated δ15N value 
(12.3 ‰) of a mammoth calf, that has an age of 
~29,000–27,000 cal BP, suggests that it was still 
nursing when it was killed (Reynolds et al., in 
press).

At the Gravettian site Milovice (Czech Repub-
lic), several areas yielded remains from newborn 
mammoth calves that were hunted in early spring 
(Brugère and Fontana, 2009). In addition, dental 
cement microstructures from mammoth molars 
found in several sectors of the site indicates that a 
number of animals died during autumn (Nývltová 
Fišáková, 2013). The evidence of the same sea-
sonalities in mammoth deaths in different sectors 
of the site suggests recurrent hunting patterns 
(Brugère and Fontana, 2009).

The faunal assemblage from the Gravettian 
Pavlov site I Southeast, also in the Czech Republic, 
is dominated by bones from canids (foxes and large 
canids), hare and reindeer. Nevertheless, mam-
moth was an important animal for the prehistoric 
people who occupied this location. The hunters 
skinned, dismembered and filleted mammoth car-
casses as testified by the cut marks on several ele-
ments, suggesting that the mammoths were eaten, 
and that their bones and ivory were used to fabri-
cate tools and ornaments (Wojtal and Wilczyński, 
2015). Several mammoth teeth were discovered 
at the site, including unworn and worn DP2 and 
DP3 (Musil, 1959; Wojtal and Wilczyński, 2015), 
suggesting that the calves were killed during early 
spring, spring and summer.

At the nearby site Dolní Vĕstonice I, also dat-
ed to the Gravettian, the fauna is dominated by 
mammoth, but comprises also taxa like horse, large 
canids, reindeer and hare (Klíma, 1963; Svoboda 
et al., 2019). Here, several mammoth deciduous 
premolars were discovered, including unworn and 
worn DP2, pointing to mammoth hunting in early 
spring and spring (Klíma, 1963).

The living floor residue of the Gravettian 
open-air site of Krems-Wachtberg (Austria) cor-
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responds probably to a single occupation episode. 
Remains from two adult mammoths, a cow and a 
bull, and from several subadult and juvenile mam-
moths, suggest that at least one mammoth herd 
was hunted (Fladerer, 2003). The attribution of 
the calf dental remains to Laws’ age groups II and 
IV (Fladerer, 2003) makes an occupation during 
the winter months and spring likely.

At the Epigravettian site Yudinovo, the wear 
stages of the dentition (Laws’ age groups I, III and 
IV) from the nursing mammoth calves suggest 
that they died during early spring, summer, and 
autumn and/or winter, and that the inhabitants of 
this site hunted mammoths during both warm and 
cold seasons.

The Epigravettian site Eliseevichi 1 is, like 
Yudinovo, located in the Desna valley (Russia). 
The faunal spectrum is mainly composed of wool-
ly mammoth, reindeer, wolf and polar fox (Demay 
et al., 2019). Two canid skulls were previously de-
scribed as those of Palaeolithic dogs (Sablin and 
Khlopachev, 2002; Germonpré et al., 2009). Cut 
marks on juvenile and adult bones of the mam-
moths indicate that the animals were skinned, 
disarticulated and defleshed. The dental remains 
of several mammoth calves allowed Demay et al. 
(2019) to assign them to Laws’ age groups I–II and 
III. This suggests that the calves were killed during 
the spring and summer months.

From the short and non-exhaustive review 
above, we can conclude, based on the ontogenet-
ic age attribution of the dentition of mammoth 
calves, that during the Middle and Upper Palae-
olithic, mammoth hunting was not limited to the 
cold part of the year. This type of hunting could 
take place in all seasons. At some sites, the hunt 
was restricted to one or a few seasons, at other sites 
mammoth calves died year-round. It is possible that 
Palaeolithic hunters consumed fresh mammoth 
meat and fat at social gatherings and feasts that in-
cluded not only people of their own settlements, 
but also those of neighboring groups (cf. Barkai, 
2019; Lewis, this volume; Tanner, this volume), 
who were invited in order to share and consume 
as much meat as possible before it was spoiled, and 

to enjoy together the great abundance provided by 
the killing of the proboscidean (cf. Lewis, 2015, 
this volume; Tanner, this volume). Furthermore, 
the storage of mammoth meat and fat from ani-
mals killed during the warm half of the year must 
have involved other methods than freezing. Prob-
ably, the mammoth meat was also dried and/or 
smoked (see also Demay et al., this volume). In-
terestingly, isotopic investigations showed that the 
consumption of mammoth meat by small (polar 
fox, wolverine) or large (brown bear) predators was 
higher for individuals found where prehistoric hu-
mans ate a lot of mammoths, as in Předmostí, than 
at other sites (Bocherens et al., 2015). This sug-
gests that some parts of the carcasses of mammoths 
hunted by the Upper Palaeolithic hunter-gather-
ers were also available to predators. Furthermore, 
it can be presumed that at the Upper Palaeolithic 
sites with evidence of mammoth hunting, Palaeo-
lithic dogs would have been helpful to transport 
body parts of the hunted mammoths from the kill 
sites to the settlements and to protect the stored 
mammoth resources against plunderers (Germon-
pré et al., 2020). Remains from Palaeolithic dogs 
or large canids dog-like in size found at sites with 
mammoth assemblages have been described from 
the early Upper Palaeolithic in Western Europe 
(Goyet; Germonpré et al., 2009), from the middle 
Upper Palaeolithic in Central and Eastern Europa 
(Předmostí and several Kostënki sites; Germonpré 
et al. 2012, 2015; Germonpré and Sablin, 2017; 
Reynolds et al., 2019) and from the late Upper Pa-
laeolithic in the Russian Plain (Mezin, Mezhirich, 
Eliseevichi, Yudinovo; Pidoplichko, 1998; Sablin 
and Khlopachev, 2002; Germonpré et al., 2009; 
Germonpré and Sablin, 2017).

Predation pressure on female mammoths and 
their calves by the Upper Palaeolithic hunters 
could have led to a population decline and opened 
the mammoth ecological niche to other herbivo-
rous species, such as horses (Drucker et al., 2015). 
It may also have enabled the immigration of the 
Siberian clade of mammoths into Europe between 
30,000 and 20,000 years ago (Palkopoulou et al., 
2013; Fellows Yates et al., 2017). It appears that 



400 MIETJE GERMONPRÉ ET AL.

the ecological effects of mammoth hunting are 
visible for the Upper Palaeolithic, but not for the 
Middle Palaeolithic. This is possibly due to the 
higher intensity of hunting by modern humans 
compared to Neanderthals, perhaps related to the 
lower population density of the latter. This as-
pect is discussed in more detail by Bocherens and 
Drucker (this volume).

15.6	 CONCLUSIONS

Combining all this evidence allows us to propose 
that nursing mammoth calves (and possibly their 
mothers) were killed and that their carcasses, heads 
or other body parts were transported to Middle and 
Upper Palaeolithic settlements by human hunters. 
The age at death of these calves implies that mam-
moth hunting took place during all seasons and 
was not limited to the cold part of the year. How-
ever, it must be pointed out that at Spy, Goyet and 
Předmostí, and likely at some other sites as well, 
the mammoth assemblages represent palimpsests 
and could reflect several hunting episodes (cf. Ger-
monpré et al., 2014).

ACKNOWLEDGEMENTS

The first author is grateful to the organizers of the 
“Human-elephant interactions: from past to pres-
ent” symposium for the invitation to present a con-
tribution at this very interesting symposium and to 
participate in this volume. The authors thank the 
anonymous reviewer for their helpful comments. 
Alexander Bessudnov’ research is supported by 
RFBR grants No. 18-39-20009, 18-00-00837, 
and State Assignment N° 0184-2019-0001. 
Mikhail Sablin is supported by ZIN RAS (state 
assignment N° AAAA-A19-119032590102-7). 
Martina Lázničková-Galetová was supported by 
the Ministry of Culture of the Czech Republic by 
institutional financing of long-term conceptual de-
velopment of the research institution (the Moravi-
an Museum, MK000094862).

REFERENCES

Absolon, K., Klíma, B., 1977. Předmostí ein 
Mammutjägerplatz in Mähren. Fontes Ar-
chaeologiae Moraviae 8, Archeologický ústav 
CSAV v Brnĕ, Prague.

Agam, A., Barkai, R., 2016. Not the brain alone: 
the nutritional potential of elephant heads 
in Paleolithic sites. Quaternary International 
406, 218–226.

Agam, A., Barkai, R., 2018. Elephant and mam-
moth hunting during the Paleolithic: a review 
of the relevant archaeological, ethnographic 
and ethno-historical records. Quaternary 1, 3.

Barkai, R., 2019. An elephant to share: rethinking 
the origins of meat and fat sharing in Palaeo-
lithic societies, in: Lavi, N., Friesem, D. E. 
(Eds.), Towards a broader view of hunter-gat-
herer sharing. McDonald Institute Conversati-
ons, Cambridge, pp. 153–167.

Bessudnov, A. A., 2019. Le site du Gravettien ré-
cent, Kostenki 21 (Gmélinskaia): les résultats 
préliminaires des travaux archéologiques de 
sauvetage des années 2013–2016. L’Anthropo-
logie 123, 423–437.

Bocherens, H., Drucker, D. G., this volume. Iso-
topic insights on ecological interactions bet-
ween humans and woolly mammoths during 
the Middle and Upper Palaeolithic in Europe.

Bocherens, H., Drucker, D. G., Germonpré, M., 
Lázničková-Galetová, M., Naito, Y., Wiß-
ing,  C., Brůžek, J., Oliva, M., 2015. Re-
construction of the Gravettian food-web at 
Předmostí I using isotopic tracking of bone 
collagen. Quaternary International 359–360, 
211–228.

Boeskorov, G., Tikhonov, A. N., Lazarev, P. A., 
2007. A new find of a mammoth calf. Doklady 
Biological Sciences 417, 480–483.

Bosch, M. D., 2012. Human-mammoth dynamics 
in the mid-Upper Palaeolithic of the midd-
le Danube region. Quaternary International 
276–277,170–182.

Boudadi-Maligne, M., Escarguel, G., 2014. A 
biometric re-evaluation of recent claims for 



401SEASONALITY AT MIDDLE AND UPPER PALAEOLITHIC SITES

Early Upper Palaeolithic wolf domestication 
in Eurasia. Journal of Archaeological Science 
45, 80–89.

Brugère A., 2014. Not one but two mammoth 
hunting strategies in the Gravettian of the Pav-
lov Hills area (southern Moravia). Quaternary 
International 337, 80–89.

Brugère, A., Fontana, L., 2009. Mammoth ori-
gin and exploitation patterns at Milovice (Area 
G excepted), in: Oliva, M. (Ed.), Sídliste ma-
mutího lidu u Milovic pod Pálavou. Studie v 
Antropologii, Paleoetnologii, Paleontologii a 
Kvartérní geologie, 27 (N.S. 19). Moravské 
zemské muzeum e Ústav Anthropos, Brno, 
pp. 51–106.

De Loë, A., Rahir, E., 1911. Nouvelles fouilles à 
Spy, Grotte de la Betche-aux-Rotches. Bulletin 
de la Société d’Anthropologie de Bruxelles 30, 
40–58.

d’Errico, F., Lázničková-Galetová, M., Cald-
well,  D., 2011. Identification of a possible 
engraved Venus from Předmostí, Czech Re-
public. Journal of Archaeological Science 38, 
627–683.

Demay L., Patou-Mathis M., Khlopachev G. A., 
Sablin M. V., Vercoutere C., 2019. L’exploi-
tation de la faune par les groupes humains du 
Pléniglaciaire supérieur à Eliseevichi 1 (Rus-
sie). L’Anthropologie 123, 345–402.

Demay, L., Péan, S., Germonpré, M., Obadă, T., 
Haynes, G., Khlopachev, G. A., Patou-Mat-
his, M., this volume. Upper Pleistocene homi-
nins and woolly mammoths in the East Euro-
pean Plain.

Drake, A. G., Coquerelle, M., Colombeau, G., 
2015. 3D morphometric analysis of fossil ca-
nid skulls contradicts the suggested domestica-
tion of dogs during the late Paleolithic. Scien-
tific Reports 5, 8299.

Drucker, D. G., Vercoutère, C., Chiotti, L., Ne-
spoulet, R., Crépin, L., Conard, N. J., Mün-
zel, S. C., Higham, T., van der Plicht,  J., 
Lázničková-Galetová, M., Bocherens, H., 
2015. Tracking possible decline of woolly 
mammoth during the Gravettian in the Dor-

dogne and the Swabian Jura using multi-isoto-
pe tracking (13C, 14C, 15N, 34S, 18O). Quaterna-
ry International 359–360, 304–317.

Dupont, É., 1871. L’homme pendant les âges de la 
pierre dans les environs de Dinant-sur Meuse. 
C. Muquardt, Bruxelles.

Einwögerer, T., Friesinger, H., Händel, M., Neu-
gebauer Maresch, C., Simon, U., Teschler-Ni-
cola, M., 2006. Upper Palaeolithic infant bu-
rials. Nature 444, 285.

Fellows Yates, J. A., Drucker, D. G., Reiter, E., 
Heumos, S., Welker, F., Münzel, S. C., Wojtal, 
P., Lázničková-Galetová, M., Conard, N. J., 
Herbig, A., Bocherens, H., Krause, J., 2017. 
Central European woolly mammoth popula-
tion dynamics: insights from Late Pleistocene 
mitochondrial genomes. Scientific Reports 7, 
17714.

Fisher, D. C., Shirley, E. A., Whalen, C. D., Ca-
lamari, Z. T., Rountrey, A. N., Buigues, B., 
Lacombat, F., Grigoriev, S. E., Lazarev, P. A., 
2014. X-ray computed tomography of two 
mammoth calf mummies. Journal of Paleon-
tology 88, 664–675.

Fladerer, F. A., 2003. A calf-dominated mam-
moth age profile from the 27 kyBP stadial 
Krems-Wachtberg site in the middle Danube 
valley, in: Reumer, J. W. F., de Vos, J., Mol, D. 
(Eds.), Advances in mammoth research (Pro-
ceedings of the Second International Mam-
moth Conference, Rotterdam, May 16-20 
1999). Deinsea, pp. 135–158.

Flas, D., 2011. The Middle to Upper Paleolithic 
transition in Northern Europe: the Lincombi-
an-Ranisian-Jerzmanowician and the issue of 
acculturation of the last Neanderthals. World 
Archaeology 43, 605–627.

Fraipont, J., Lohest, M., 1886. La race humaine 
de Néanderthal ou de Canstadt, en Belgique. 
Recherches ethnologiques sur des ossements 
humains, découverts dans des dépôts quater-
naires d’une grotte à Spy et détermination de 
leur âge géologique. Note préliminaire. Bulle-
tin de l’Académie royale des Sciences de Belgi-
que, 3ème série, 12, 741–784.



402 MIETJE GERMONPRÉ ET AL.

Fraipont, J., Lohest, M., 1887. La race humaine de 
Néanderthal ou de Canstadt en Belgique. Re-
cherches ethnologiques sur des ossements hu-
mains, découverts dans des dépôts quaternaires 
d’une grotte à Spy et détermination de leur âge 
géologique. Archives de Biologie 7, 587–757.

Galeta, P., Lázničková-Galetová, M., Sablin, M., 
Germonpré, M., 2021. Morphological eviden-
ce for early dog domestication in the European 
Pleistocene: new evidence from a randomiza-
tion approach to group differences. The Ana-
tomical Record, 304, 42–62.

Germonpré, M., 1993. Osteometric data on Late 
Pleistocene mammals from the Flemish Valley, 
Belgium. Studiedocumenten van het K.B.I.N. 
72, 1–135.

Germonpré, M. 2001. A reconstruction of the 
spatial distribution of the faunal remains 
from Goyet, Belgium. Notae praehistoricae 
21, 57–65.

Germonpré, M., Sablin, M. V., 2017. Chapter 2. 
Humans and mammals in the Upper Palaeo-
lithic of Russia, in: Albarella, U., Russ, H., 
Vickers, K., Viner-Daniels, S. (Eds.), Oxford 
Handbook of Zooarchaeology. Oxford Uni-
versity Press, Oxford, pp. 25–38.

Germonpré, M., Sablin, M., Khlopachev, G. A., 
Grigoreiva, G. V. 2008. Possible evidence of 
mammoth hunting during the Epigravettian at 
Yudinovo, Russian Plain. Journal of Anthro-
pological Archaeology 27, 475–492.

Germonpré, M., Sablin, M. V., Stevens, R. E., 
Hedges, R. E. M, Hofreiter, M., Stiller, M., 
Després, V. R., 2009. Fossil dogs and wolves 
from Palaeolithic sites in Belgium, the Ukraine 
and Russia: osteometry, ancient DNA and sta-
ble isotopes. Journal of Archaeological Science 
36, 473–490.

Germonpré, M., Lázničková-Galetová, M., Sa-
blin, M. 2012. Palaeolithic dog skulls at the 
Gravettian Předmostí site, the Czech Republic. 
Journal of Archaeological Science 39, 184-202.

Germonpré, M., Udrescu, M., Fiers, E., 2013. 
The fossil mammals of Spy. Anthropologica et 
Praehistorica, 123/2012, 298–327.

Germonpré, M., Udrescu, M., Fiers, E., 2014. 
Possible evidence of mammoth hunting at the 
Neanderthal site of Spy (Belgium), Quaterna-
ry International 337, 28–42.

Germonpré, M., Lázničková-Galetová, M., Lo-
sey, R. J., Räikkönen, J., Sablin, M. V., 2015. 
Large canids at the Gravettian Předmostí site, 
the Czech Republic: the mandible. Quaterna-
ry International 359–360, 261–279.

Germonpré, M., Lázničková-Galetová, M., Sa-
blin, M. V., Bocherens, H., 2018. Self-domes-
tication or human control? The Upper Palaeo-
lithic domestication of the dog, in: Stépanoff, 
C., Vigne, J. D. (Eds.), Hybrid communities: 
biosocial approaches to domestication and 
other trans-species relationships. Routledge, 
London, pp. 39–64.

Germonpré, M., Lázničková-Galetová, M., Sablin, 
M. V., Bocherens, H., 2020. Could incipient 
dogs have enhanced differential access to re-
sources among Upper Palaeolithic hunter-gat-
herers in Europe?, in: Moreau L. (Ed.), Social 
inequality before farming? Multidisciplinary 
approaches to the study of social organisation 
in prehistoric and extant hunter-gatherer-fis-
her societies. McDonald Institute Conversati-
ons, Cambridge, pp. 179–200.

Guil-Guerrero, J. L., Tikhonov, A., Rodríguez-
García, I., Protopopov, A., Grigoriev, S., Ra-
mos-Bueno, R. P., 2014. The fat from frozen 
mammals reveals sources of essential fatty acids 
suitable for Palaeolithic and Neolithic humans. 
PloS ONE 9, e84480.

Grigoriev, S. E., Fisher, D. C., Obadă, T., Shir-
ley, E. A., Rountrey, A. N., Savvinov, G. N., 
Garmaeva, D. K., Novgorodov, G. P., Che-
prasov, M. Y., Vasilev, S. E., Goncharov, A. E., 
Masharskiy, A., Egorova, V. E., Petrova, P. P., 
Egorova, E. E., Akhremenko, Y. A., van der 
Plicht, J., Galanin, A. A., Fedorov, S. E., Iva-
nov, E. V., Tikhonov, A. N., 2017. A woolly 
mammoth (Mammuthus primigenius) carcass 
from Maly Lyakhovsky Island (New Siberian 
Islands, Russian Federation). Quaternary In-
ternational 445, 89–103.



403SEASONALITY AT MIDDLE AND UPPER PALAEOLITHIC SITES

Haynes, G., 1991. Mammoths, mastodonts, and 
elephants. biology, behavior, and the fossil re-
cord. Cambridge University Press, Cambridge.

Haynes, G. 2017. Finding meaning in mammoth 
age profiles. Quaternary International 443, 
65–78.

Iakovleva, L., 2015. The architecture of mam-
moth bone circular dwellings of the Upper Pa-
laeolithic settlements in Central and Eastern 
Europe and their socio-symbolic meanings. 
Quaternary International 359–360, 324–334.

Ivanova, M. A., Kuz’mina, I. E., Praslov, N. D., 
1987. Fauna mlekopitaiushchikh Gmelinskoi 
pozdnepaleoliticheskoi stoianki na Donu. Tru-
dy Zoologicheskogo Instituta AN SSSR, 168, 
66–86.

Janssens, L., Spanoghe, I., Miller, R., Van Don-
gen, S., 2016. Can orbital angle morphology 
distinguish dogs from wolves? Zoomorpholo-
gy 135, 149–158.

Janssens, L., Perri, A., Crombé, P., Van Don-
gen,  S., Lawler, D., 2019. An evaluation of 
classical morphologic and morphometric pa-
rameters reported to distinguish wolves and 
dogs. Journal of Archaeological Science: Re-
ports 23, 501–533.

Khlopachev, G. A., 2019. Le site Paléolithique 
supérieur de Yudinovo: résultats des recherches 
archéologiques des années 2004–2016. L’An-
thropologie, 123, 403–422.

Klíma, B., 1963. Dolní Věstonice - Výzkum 
tábořiště lovců mamutů v letech 1947-1952. 
Academia, Prague.

Laws, R. M., 1966. Age criteria for the African 
elephant, Loxodonta a. africana. East African 
Wildlife Journal 4, 1–37.

Lázničková-Galetová, M., 2016. Perforated 
animal teeth, in: Svoboda, J. (Ed.), Dolní 
Věstonice II. Chronostratigraphy, paleoethno-
logy, paleoanthropology. The Dolní Věstonice 
Studies 21, pp. 313–322.

Lewis, J., 2015. Where goods are free but know-
ledge costs: hunter-gatherer ritual economics 
in western Central Africa. Hunter Gather Re-
search 1, 1–27.

Lewis, J., this volume. BaYaka elephant hunting in 
Congo: the importance of ritual and technique.

Lyman, R. L., 1994. Vertebrate taphonomy. Cam-
bridge University Press, Cambridge.

Maglio, V. J., 1973. Origin and evolution of the 
Elephantidae. Transactions of the American 
Philosophical Society 63, 1–149.

Maschenko, E. N., 2002. Individual develop-
ment, biology and evolution of the woolly 
mammoth. Cranium 19, 1–120.

Maschenko, E. N., Protopopov, A. V., Plotnikov, 
V. V., Pavlov, I. S., 2013. Specific characters 
of the mammoth calf (Mammuthus primigeni-
us) from the Khroma River (Yakutia). Biology 
Bulletin 40, 626–641.

McNeil P., Hills L. V., Kooyman B., Tolman S. 
M., 2005. Mammoth tracks indicate a decli-
ning Late Pleistocene population in southwes-
tern Alberta, Canada. Quaternary Science Re-
views 24, 1253–1259.

Metcalfe, J. Z., Longstaffe, F. J., Grant D. Zazu-
la, G. D., 2010. Nursing, weaning, and tooth 
development in woolly mammoths from Old 
Crow, Yukon, Canada: implications for Pleis-
tocene extinctions. Palaeogeography, Palaeocli-
matology, Palaeoecology 298, 257–270.

Morey, D. F., 2014. In search of Paleolithic dogs: 
a quest with mixed results. Journal of Archaeo-
logical Science 52, 300–307.

Münzel, S. C., Wolf, S., Drucker, D. G., Conard, 
N. J., 2017. The exploitation of mammoth in 
the Swabian Jura (SW-Germany) during the 
Aurignacian and Gravettian period. Quaterna-
ry International 445, 184–199.

Musil, R., 1958. Morfologická a metrická charak-
teristika předmosteckých mamutů. Acta Musei 
Moraviae 43, 95–110.

Musil, R., 1959. Osteologický material z paleoli-
tického sídliště v Pavlovĕ. Anthropozoikum 8, 
83–106.

Musil, R., 1968. Die Mammutmolaren von 
Předmostí (ČSSR). Paläontologische Abhand-
lungen A 3, 1–192.

Musil, R., 2008. The paleoclimatic and paleoen-
vironmental conditions at Předmostí, in: Ve-



404 MIETJE GERMONPRÉ ET AL.

lemínská, J., Brůžek, J. (Eds.), Early modern 
humans from Předmostí near Přerov, Czech 
Republic. A new reading of old documenta-
tion. Academia, Prague, pp. 15–20.

Nikolskiy, P., Pitulko, V., 2013. Evidence from 
the Yana Palaeolithic site, Arctic Siberia, yields 
clues to the riddle of mammoth hunting. Jour-
nal of Archaeological Science 40, 4189–4197.

Nývltová Fišáková, M., 2013. Seasonality of 
Gravettian sites in the Middle Danube Region 
and adjoining areas of Central Europe. Qua-
ternary International 294, 120–34.

Nývltová Fišáková, M., Nývlt, D., Škrdla, P., 
2007. Late Paleolithic site in Boršice near 
Buchlovice in Moravia. Zprávy o geologických 
výzkumech 40, 85–89.

Nuzhnyi, D., I., Praslov, N. D., Sablin, M. V., 
2014. Pervyi sluchai podtverzhdeniia uspesh-
noi okhoty na mamonta v Evrope (stoianka 
Kostënki 1, Rossiia), in: Khlopachëv G. A. 
(Ed.), Svod arkheologicheskikh istochnikov 
Kunstkamery. Vyp. 4: Istoriia arkheologiches-
kogo sobraniia MAE. Verkhnii paleolit. MAE 
RAN, Saint Petersburg, pp. 354-355.

Oliva, M., 1997. Les sites pavloviens près de 
Předmostí. A propos de la chasse au mam-
mouth au Paléolithique supérieur. Acta Musei 
Moraviae, Scientiae Sociales 82, 3–64.

Oliva, M., 2007. Gravettien na Moravě. Disser-
tationnes archaeologicae Brunenses/Pragenses-
que 1. Brno-Prague.

Oliva, M., 2009. Sídliště mamutího lidu u Milovic 
pod Pálavou. Anthropos, Brno.

Otte, M., 1979. Le paléolithique supérieur ancient 
en Belgique. Monographies d’Archéologie Na-
tionale 5, 1–684.

Palkopoulou, E., Dalén, L., Lister, A. M., Varta-
nyan, S., Sablin, M., Sher, A., Edmark, V.N., 
Barndström, M. D., Germonpré, M., Bar-
nes, I., Thomas, J. A., 2013. Holarctic genetic 
structure and range dynamics in the woolly 
mammoth. Proceedings of the Royal Society B 
280, 20131910.

Péan, S., 2015. Mammouth et comportements de 
subsistance à l’Épigravettien: analyse archéo-

zoologique du secteur de la fosse no 7 associée 
à l’habitation no 1 de Mezhyrich (Ukraine). 
L’Anthropologie 119, 417–463.

Pidoplichko, I. G., 1998. Upper Palaeolithic dwel-
lings of mammoth bones in the Ukraine. BAR 
International Series 712, Oxford.

Pitulko, V. V., Pavlova, E. Y., Basilyan, A. E., 2016. 
Mass accumulations of mammoth (mammoth 
‘graveyards’) with indications of past human 
activity in the northern Yana-Indighirka low-
land, Arctic Siberia. Quaternary International 
406, 202–217.

Pokorný, M., 1951. Přỉspĕvek k paleontologii di-
luvia v Předmostí u Přerova. Časopis Moravs-
kého Musea v Brnĕ 36, 33–52.

Polanská,. 2018. Questionnement sur la diver-
sité du Pavlovien morave par l’étude techno-
logique des gisements de Milovice I, Pavlov I, 
Pavlov VI, Dolní Věstonice II-WS, Předmostí 
Ib (République tchèque). Ph.D. dissertation, 
Université Paris I, Panthéon Sorbonne, Paris.

Poole, J. H., Lee, P. C., Njiraini, N., Moss, C., 
2011 Longevity, competition and musth: a 
long-term perspective on male reproductive 
strategies, in: Moss C. J., Croze H., Lee P. C. 
(Eds.), The Amboseli elephants: a long-term 
perspective on a long-lived mammal. Univer-
sity of Chicago Press, Chicago, pp. 272–286.

Posth, C., Renaud, G., Mittnik, A., Dru-
cker,  D.  G., Rougier, H., Cupillard, C., Va-
lentin, F., Thevenet, C., Furtwängler, A., 
Wißing,  C., Francken, M., Malina, M., Bo-
lus, M., Lari, M., Gigli, E., Capecchi, G., 
Crevecoeur,  I., Beauval, C., Flas, D., Ger-
monpré, M., van der Plicht, J., Cottiaux, R., 
Gély, B., Ronchitelli, A., Wehrberger, K., Gri-
gorescu, D., Svoboda, J., Semal, P., Caramel-
li,  D., Bocherens, H., Harvati, K., Conard, 
N. J., Haak, W., Powell, A., Krause, J., 2016. 
Pleistocene mitochondrial genomes suggest a 
single major dispersal of non-Africans and a 
Late Glacial population turnover in Europe. 
Current Biology 26, 1–7.

Praslov, N. D., 1985. Gravirovannye izobraz-
heniia zhivotnykh v Gmelinskoi pozdne-



405SEASONALITY AT MIDDLE AND UPPER PALAEOLITHIC SITES

paleoliticheskoi stoianke (Kostёnki 21), in: 
Vereshchagin N. K., Kuz’mina I. E., (Eds.), 
Mlekopitaiushchiye Severnoi Evrazii v chet-
vertichnom periode. Trudy Zoologichesko-
go instituta 131, Zoologicheskii institut AN 
SSSR, Saint Petersburg, pp. 114–118.

Praslov, N. D., 2000. Outils de chasse du Paléo-
lithique de Kostenki. Anthropologie et Préhis-
toire 111, 37.

Praslov, N. D., Ivanova, M. A., 1982. Kostënki 
21 (Gmelinskaia stoianka), in: Praslov, N. D., 
Rogachëv, A. N. (Eds.), Paleolit Kostënkovsko-
Borshchëvskogo raiona na Donu. 1879–1979: 
Nekotorye itogi polevykh issledovanii. Nauka, 
Saint Petersburg, pp. 198–210.

Pryor, A. J. E., Beresford-Jones, D. G., Du-
din, A. E., Ikonnikova, E. M., Hoffecker, J. F., 
Gamble, C., 2020. The chronology and func-
tion of a new circular mammoth-bone struc-
ture at Kostenki 11. Antiquity 94, 323–341.

Reshef, H., Barkai, R., 2015. A taste of an ele-
phant: The probable role of elephant meat in 
Paleolithic diet preferences. Quaternary Inter-
national 379, 28–34.

Reynolds, N., Germonpré, M., Bessudnov, A. A., 
Sablin, M. V., 2019. The Late Gravettian Site of 
Kostënki 21 Layer III, Russia: a chronocultural 
reassessment based on a new interpretation of 
the significance of intra-site spatial patterning. 
Journal of Paleolithic Archaeology 2, 160–210.

Reynolds, N., Lisitsyn, L., Es’kova, D., Zhelto-
va, M., Buckley, M., in press. Kostënki 9: chro-
nology and lithic technotypology of a Gravet-
tian site in Russia. Quaternary International. 
https://doi.org/10.1016/j.quaint.2020.11.038

Rougier, H., Crevecoeur, I., Fiers, E., Hau-
zeur,  A., Germonpré, M., Maureille, B., Se-
mal, P., 2004. Collections de la Grotte de Spy: 
(re)découvertes et inventaire anthropologique. 
Notae Praehistoricae 24, 181–190.

Rougier, H., Crevecoeur, I., Beauval, C., Posth, C., 
Flas, D., Wißing, C., Furtwängler, A., Ger-
monpré, M., Gómez-Olivencia, A., Semal, P., 
van der Plicht, J., Bocherens, H., Krause, J., 
2016. Neandertal cannibalism and Neandertal 

bones used as tools in Northern Europe. Scien-
tific Reports 6, 29005.

Rountrey, A. N., Fisher, D. C., Vartanyan, S., 
Fox, S. L., 2007. Carbon and nitrogen isotope 
analyses of a juvenile woolly mammoth tusk: 
evidence of weaning. Quaternary Internatio-
nal 169–170, 166–173.

Rountrey, A. N., Fisher, D. C., Tikhonov, A. N., 
Kosintsev, P. A., Lazarev, P. A., Boeskorov, G., 
Buigues, B., 2012. Early tooth development, 
gestation, and season of birth in mammoths. 
Quaternary International 255, 196–205.

Rucquoy, A., 1886–1887. Note sur les fouilles fai-
tes en août 1879 dans la caverne de la Bèche-
aux-Roches, près de Spy. Bulletin de la Société 
d’Anthropologie de Bruxelles 5, 318–328.

Sablin, M. V., 2019. Epigravettiiskaia stoianka Iu-
dinovo: mamont i chelovek. Camera Praehis-
torica 1, 108–127.

Sablin, M. V., Khlopachev, G. A., 2002. The ear-
liest Ice Age dogs: evidence from Eliseevichi 1. 
Current Anthropology 43, 795–798.

Sablin, M. V., Reynolds, N., Iltsevich, K., Ger-
monpré, M., submitted. The Epigravettian site 
of Yudinovo, Russia: mammoth bone structu-
res as ritualized middens.

Semal, P., Rougier, H., Crevecoeur, I., Jungels, 
C., Flas, D., Hauzeur, A., Maureille, B., Ger-
monpré, M., Bocherens, H., Pirson, S., Cam-
maert,  L., De Clerck, N., Hambucken,  A., 
Higham, T., Toussaint, M., van der Plicht, J., 
2009. New data on the late Neandertals: di-
rect dating of the Belgian Spy fossils. Ameri-
can Journal of Physical Anthropology 138, 
421–428.

Sinitsyn, A. A., Stepanova, K. N., Petrova, E. A., 
2019. Novoe priamoe svidetel’stvo okhoty na 
mamonta iz Kostënok. Prehistoric Archaeo-
logy. Journal of Interdisciplinary Studies, 1, 
149–158.

Soffer O., 1985. The Upper Paleolithic of the Cen-
tral Russian Plain. Academic Press, Orlando.

Svoboda, J., 2001. Gravettian mammoth bone 
deposits in Moravia, in: Cavarreta, G., Gioia, 
P., Mussi, M., Palombo, M. R. (Eds.), The 

https://doi.org/10.1016/j.quaint.2020.11.038


406 MIETJE GERMONPRÉ ET AL.

world of elephants-1st International Congress. 
Consiglio Nazionale delle Ricerche, Rome, 
pp. 359–362.

Svoboda, J. A., 2008. The Upper Paleolithic bu-
rial area at Předmostí: ritual and taphonomy. 
Journal of Human Evolution 54, 15–33.

Svoboda J., Péan S., Wojtal P., 2005. Mammoth 
bone deposits and subsistence practices during 
Mid-Upper Palaeolithic in Central Europe: 
three cases from Moravia and Poland. Quater-
nary International 126–128, 209–221.

Svoboda, J., Krejčí, O., Krejčí, V., Dohnalová, A., 
Sázelová, S., Wilczyński, J., Wojtal, P., 2019. 
Pleistocene landslides and mammoth bone de-
posits: the case of Dolní Věstonice II, Czech 
Republic. Geoarchaeology 34, 745–758.

Tanner, A., this volume. An embarrassment of 
riches: the ontological aspect of meat and fat 
harvesting among subarctic hunters.

Valoch, K., 1981. Beitrag zur Kenntnis des Pav-
loviens. Archeologické rozhledy 33, 279–298.

Valoch, K., 1982. Die Beingeräte von Předmostí 
bei Přerov in Mähren (Tschechoslovakei). An-
thropologie 20, 57–69.

Velichko A. A., Zelikson E. M., 2005. Landsca-
pe, climate and mammoth food resources in 
the East European Plain during the Late Pa-
leolithic epoch. Quaternary International 126, 
137–151.

Wissing, C., Rougier, H., Crevecoeur, I., Ger-
monpré, M., Naito Y. I., Semal, P., Bocherens, 
H., 2016. Isotopic evidence for dietary ecolo-
gy of Neandertals in North-Western Europe. 
Quaternary International 411, 327–345.

Wissing, C., Rougier, H., Baumann, C., Co-
meyne, A., Crevecoeur, I., Drucker, D. G., 
Gaudzinski-Windheuser, S., Germonpré, M., 

Gómez-Olivencia, A., Krause, J., Matthies, T., 
Naito, Y. I., Posth, C., Semal, P., Street, M., 
Bocherens, H., 2019a. Stable isotopes reveal 
patterns of diet and mobility in last Nean-
dertals and first modern humans in Europe. 
Scientific Reports 9, 4433.

Wissing, C., Rougier, H., Crevecoeur, I., Drai-
ly, C., Germonpré, M., Gómez-Olivencia, A., 
Naito, Y. N., Posth, C., Semal, P., Bocherens, 
H., 2019b. When diet became diverse: isoto-
pic tracking of subsistence strategies among 
Gravettian hunters in Europe. Proceedings of 
the 9th Annual Meeting of the European Socie-
ty for the study of Human Evolution, Liège, 
p. 207.

Wojtal, P., Wilczyński, J., 2015. Hunters of the 
giants: woolly mammoth hunting during the 
Gravettian in Central Europe. Quaternary In-
ternational 379, 71–81.

Wojtal, P., Haynes, G., Klimowicz, J., Sobczyk, 
K., Tarasiuk, J., Wroński, S., Wilczyński, J., 
2019. The earliest direct evidence of mam-
moth hunting in Central Europe - The Kra-
ków Spadzista site (Poland). Quaternary Sci-
ence Reviews 213, 162–166.

Wilczyński, J., Wojtal, P., Oliva, O., Sobczyk, K., 
Haynes, G., Klimowicz, J., Lengyel, G., 2019. 
Mammoth hunting strategies during the Late 
Gravettian in Central Europe as determined 
from case studies of Milovice I (Czech Repu-
blic) and Kraków Spadzista (Poland). Quater-
nary Science Reviews 223, 105919.

Zenin, V. N., Leshchinskiy, S. V., Zolotarev, K. V., 
Grootes, P. M., Nadeau, M. J., 2006. Lugovs-
koe: geoarchaeology and culture of a Paleolit-
hic site. Archaeology, Ethnology and Anthro-
pology of Eurasia 25, 41–53.


