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Abstract: Late Pleistocene European cave bears (Ursus spe-

laeus) have been considered to be largely vegetarian, although

stable isotope data (d13C and d15N values) from the Romanian

Carpathians has suggested considerable dietary variation. Here

we evaluate previous and additional adult cave bear isotopic

data from four Marine Isotope Stage 3 (MIS 3) sites in the

Carpathians. Pes�tera Urs�ilor (N = 35), Pes�tera Cioclovina

(N = 32), Pes�tera Muierilor (N = 8), and Pes�tera cu Oase

(N = 72) provide both a dichotomy between samples suggest-

ing vegetarian diets (from Cioclovina and Muierilor) and

more omnivorous diets (from Urs�ilor and Oase), and consid-

erable isotopic variation within samples from each site. While

an inference of a strictly vegetarian diet may apply to groups

that lived in ecosystems which restricted the available animal

protein for these large ursids, the within and between sample

isotopic variation among the Carpathian cave bears indicates

considerable flexibility in their sources of protein and hence in

their dietary regimes. In addition, developmental assessment

of Cioclovina isotopic profiles (neonates, juveniles, sub-adults

and adults) provides patterns of transfer of stable isotope sig-

natures throughout immature life for both d13C and d15N (in-

crease and decrease, respectively), whereas those from Urs�ilor
show little developmental shift.

Key words: Mammalia, Ursus spelaeus, stable isotopes,

palaeodiet, Romania.

THE diets of Late Pleistocene western Eurasian cave bears

(Ursus spelaeus Rosenm€uller, 1794) were inferred by Ter-

zea (1966), Kurt�en (1976) and Jurcs�ak et al. (1981) to

have been primarily vegetarian, based on dental mor-

phology and wear gradients. More recently, stable iso-

tope (d13C and d15N) analyses of central and western

European cave bear bone collagen (e.g. Bocherens et al.

1994, 1997, 2006, 2011; Nelson et al. 1998; Vila-Taboa

et al. 1999; Fern�andez-Mosquera et al. 2001; M€unzel

et al. 2011; Krajcarz et al. 2016; Naito et al. 2016) largely

supported these interpretations, with low d15N values

indicating little evidence of protein from meat consump-

tion among these bears. Yet, other isotopic analyses

have inferred that cave bears had a more flexible

(omnivorous) diet, given d15N values distributed from

low (herbivorous) to higher (omnivorous to carnivo-

rous) values (Hilderbrand et al. 1996; Richards et al.

2008; Trinkaus & Richards 2013; see especially Robu

et al. 2013). The interpretation of flexible omnivory is

supported by dental microwear and morphofunctional

analyses of cave bear remains (Figueirido et al. 2009;

Peign�e et al. 2009). These alternative interpretations of

cave bear dietary ranges have important implications for

their physiology and palaeoecology as well as the

evolutionary history surrounding the causes of their

extinction near the end of Marine Isotope Stage 3 (MIS

3). For example, subtle distinctions in dietary adapta-

tions may be used to address questions of whether or
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how 400–500 kg bears are able to subsist in a cold tem-

perate to subarctic environment with minimal animal

protein, fat and other nutrients (Robu et al. 2013) and

whether their extinction was a result of declining avail-

able plant foods (Pacher & Stuart 2009) or some other

cause.

Even though the discussion of cave bear dietary ranges

has partially moved beyond the simple herbivorous–om-

nivorous dichotomy (e.g. Robu et al. 2013; Krajcarz et al.

2016) it is of interest to further assess the extent of vari-

ability in indications of their diets, especially within one

geographical region. The Carpathian Mountains of Roma-

nia in south-eastern Europe provide an opportunity for

such an assessment, since they provide substantial ecolog-

ical diversity and contain abundant karstic cavities. A

considerable number of these cavities served as cave bear

hibernation dens, and hence bone accumulations from

hibernation deaths. To this end, we have substantially

enlarged the dataset previously available for MIS 3 cave

bear d13C and d15N values for these large ursids in this

region and time frame. In addition, because hibernation

den mortality profiles include substantial numbers of

immature individuals, we have expanded the mature bear

data with stable isotope values for neonate to sub-adult

bears.

We therefore employed two approaches in this study:

first, we further assessed the dietary isotopic profiles of

the adult cave bears from the Romanian Carpathians, and

second, we assessed the isotopic signature transfer from

the neonatal period to adulthood following both d13C
and d15N parameters, for the same species. These addi-

tional results, combined with previously obtained d13C,
d15N values from other sites in the Romanian Carpathi-

ans, have the potential to enhance the understanding of

the palaeoecological diversity of MIS 3 cave bears from

this region.

MATERIAL AND METHOD

Carpathian site-specific samples

The Carpathian cave bear specimens derive from excava-

tions in four extensive karst systems: Pes�tera Urs�ilor de

la Chis�c�au, Pes�tera Cioclovina Uscat�a, Pes�tera Muierilor

de la Baia de Fier, and Pes�tera cu Oase (Fig. 1). Radio-

carbon dates on cave bears from these four sites (Soficaru

et al. 2007; Petrea 2009; Dobos� et al. 2010; Higham &

Wild 2013; Constantin et al. 2014; Robu 2015) provide a

range of ages in the middle of MIS 3 (Robu et al. 2017,

table S1). Therefore, these samples were considered

together.

The Pes�tera Urs�ilor de la Chis�c�au (hereafter: Urs�ilor;
46° 55ʹ 37ʺ N, 22° 56ʹ 92ʺ E) is situated in the

north-western part of the Romanian Carpathians (Apu-

seni Mountains), on the left slope of Cr�aiasa Valley, at

491 m a.s.l. The cave is almost 1500 m long and formed

in a recrystallized Late Jurassic (Tithonian) limestone; it

includes two levels: a hydrologically inactive one and an

active one (Scientific Reserve), separated by a 17 m shaft

(The Shaft). The majority of the analysed cave bear mate-

rial was sampled from the palaeontological excavation

(the Excavation Chamber) situated at the bottom of The

Shaft, within the Scientific Reserve. The analysed cave

bear samples were AMS 14C dated between 47–39 kyr cal

BP (Constantin et al. 2014; Fig. 1A).

The Pes�tera Cioclovina Uscat�a (Dry Cioclovina Cave;

hereafter: Cioclovina; 45° 34ʹ 28ʺ N, 23° 08ʹ 04ʺ E)

(Fig. 1B) formed in the Early Cretaceous reef limestones

of the Luncani karst platform, which is located in the

north-western part of the Southern Carpathians (S�ureanu
Mountains) (Soficaru et al. 2007; Petculescu & Murariu

2009; Onac et al. 2011). It makes up 2002 m of the larger

Ponorici-Cioclovina cu Ap�a cave system (c. 7.8 km). The

cave bear thanatocoenosis is situated along the first

350 m from the natural entrance and represents one of

the largest MIS 3 cave bear assemblages from the Roma-

nian Carpathians. The results of the AMS 14C dating indi-

cate that the cave bears inhabited the cave between 44.2

and 36.6 kyr cal BP (Soficaru et al. 2007; Petrea 2009).

The Pes�tera Muierilor de la Baia de Fier (hereafter:

Muierilor; also known as Pes�tera Muierii; 45° 11ʹ 29ʺ N,

23° 45ʹ 14ʺ E) is a 3500 m long complex karst system, sit-

uated in the southern part of the Southern Carpathians,

on the right side of the Galbenului River, at 645 m a.s.l.

(Fig. 1C). The cave was formed in Late Jurassic to Early

Cretaceous limestones (Tithonic–Neocomian). The MIS 3

cave bear material was extracted from Galeria Urs�ilor
(Bears’ Passage) and was AMS 14C dated between 52–
36 kyr cal BP (Dobos� et al. 2010; Robu 2015).

The Pes�tera cu Oase (Ponor Plopa Cave; hereafter:

Oase; 45° 05ʹ 21ʺ N, 21° 51ʹ 21ʺ E) is a typical through-

cave (with a total length of surveyed passages >2000 m)

made in the Barremian Plopa Limestones and drained by

a small underground river (c.10 L/s; Constantin et al.

2013; Fig. 1D). The cave has roughly two karstic levels, a

hydrologically inactive upper karstic level and an active

lower one. The analysed cave bear sample was excavated

from the upper level of the cave (Sala Mandibulei and

Panta Str�amos�ilor) and was AMS 14C dated to 50–
41.5 kyr cal BP (Higham & Wild 2013).

The newly generated data on the non-adult cave bears

from Urs�ilor (N = 14 metacarpals and mandibles) consist

of sub-adults (N = 6: mandibles), juveniles (N = 7: 3

metacarpals and 4 mandibles) and one neonate individual

(N = 1: mandible). Moreover, 15 non-adult cave bear

stable isotope samples from Cioclovina (N = 15; 1 sub-

adult, 5 juveniles and 9 neonates), from mandibular
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collagen, were analysed to assess the isotopic signature

transfer from the neonatal period to adulthood. These

data were added to those already published for cave bears

from these sites as well as Pes�tera cu Oase and Pes�tera
Muierilor (Soficaru et al. 2007; Richards et al. 2008; Robu

et al. 2013; Trinkaus & Richards 2013); all of the data are

available in Robu et al. (2017, table S1). Such compar-

isons of individuals between age categories are bound to

be affected by some amount of time averaging. Despite

efforts to minimize these effects by restriction of the data-

set to samples within a narrow range, time averaging

within this interval means that such comparisons between

age categories can only be made in aggregate, not on an

individual basis.

In addition, isotopic data for 20 MIS 3 Romanian car-

nivore specimens (Canis lupus Linnaeus, 1758; Crocuta

crocuta spelaea Goldfuss, 1823; Panthera spelaea Goldfuss,

1810) with ages similar to the studied cave bears, were

included for reference (Robu et al. 2017, table S1). They

derive from Muierilor, Oase and Urs�ilor, plus the sites of

Pes�tera Chilingic, Pes�tera Clos�ani and Pes�tera La Adam

(Robu et al. 2017, table S1). Data are also included for

two red deer (Cervus elaphus Linnaeus, 1758) from

Pes�tera cu Oase and for a wild horse (Equus ferus

Boddaert, 1785) specimen from Ripiceni-Izvor (Robu

et al. 2017, table S1). Given that the analysed Carpathian

assemblages are principally from caves, the available com-

parative mammalian data from the region are primarily

carnivore.

To provide a broader framework for the Carpathian

MIS 3 large mammals, isotopic data from large-bodied

MIS 3 mammals were pooled across sites for non-Roma-

nian European sites (‘European’), all of the sites except

Sunghir from central or western Europe (see Figs 2, 3;

Robu et al. 2017, table S2). These data provide a general

framework for the Carpathian cave bear data, but not for

an assessment of patterns across Europe (for the latter,

see especially Stevens & Hedges (2004), Bocherens (2015)

and Krajcarz et al. (2016)). These comparative species

samples include data for Ce. elaphus (N = 21), E. ferus

(N = 60), Ca. lupus (N = 22), Cr. crocuta spelaea

(N = 44) and P. spelaea (N = 22), as well as U. spelaeus

(N = 211). The site-specific cave bear sample sizes are

generally larger; however only two (Giessenkl€osterle and

Medvedia) provide as many as 20 (Robu et al. 2017, table

S2). Note that only cave bear data which meet the criteria

of Bocherens (1998; see also Robu et al. 2013) are

included.

F IG . 1 . Locations and plans of the Romanian/Carpathian caves providing the cave bear samples. A, Urs�ilor; B, Cioclovina; C, Muier-

ilor; D, Oase. Colour online.
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Method

The isotopic ratios of the two stable isotopes of carbon

(d13C) and nitrogen (d15N) are routinely measured in col-

lagen from well preserved Late Pleistocene mammalian

bone to determine the main sources of protein. Delta (d)
values represent deviation of the isotopic ratios with

respect to a standard by the equation:

d ¼ ½ðRsample=RstandardÞ � 1� � 1000

where Rsample is the 13C/12C or 15N/14N of the analyse

sample, and d is expressed per mil (&), following the

International System of Units compliant definition of

Coplen (2011).

The additional Carpathian cave bear collagen was

extracted following the standard procedures described by

Ambrose (1990). d13C and d15N values were measured

using a Delta V (Thermo-Finnigan, Bremen, Germany)

isotope ratio mass spectrometer (IRMS), in continuous

flow mode (Fry et al. 1992), coupled to an ECS410 ele-

mental analyser (Costech Analytical, Valencia, CA, USA)

in the Department of Geology, University of South Flor-

ida. The analytical errors for both d15N and d13C of inter-

nal reference material B2155 were < 0.1& (d15N = 5.9&;

d13C = �26.9&); values are provided to the nearest

0.1&. The carbon isotope ratio measurements (d13C) are

reported relative to the VPDB (Vienna Pee Dee Belem-

nite) standard, while the nitrogen isotope ratio measure-

ments (d15N) are reported relative to the AIR

(atmospheric nitrogen) standard.

Isotopic values were also obtained from eight cave bear

teeth (Robu et al. 2017, table S1) but were not included

in the comparisons, given the trophic level enrichment of

dentine relative to adult bone (Bocherens 2015). Simi-

larly, published isotopic data from western and central

European teeth are not employed. However, hyena and

lion isotopic data from the Carpathians are limited; there-

fore, dentine stable isotopes of six teeth were included

but adjusted prior to analysis using the average enrich-

ment values of Bocherens (2015).

Comparisons across the samples are done primarily

with box plots, which provide the median, the interquar-

tile range (IQR), and whiskers at 1.5 9 IQR, plus any

outliers. Given that the isotopic values by sample are

rarely normally distributed, the sample sizes available for

most MIS 3 species are too small to properly evaluate

normality and variance equality, and the non-Carpathian

samples are pooled from sites across Europe, all statistical

comparisons were performed using non-parametric tests.

The Carpathian versus European sample stable isotope

distributions by species were compared using Wilcoxon

rank-sum tests, with a post-hoc sequentially rejective

Bonferroni correction. Kruskal–Wallis (K–W) tests cor-

rected for ties were performed to assess whether signifi-

cant differences in d13C and d15N occurred across the

pooled European species, among the four Carpathian

sites, and across the within-site immature cave bear sam-

ples. Further, comparisons among pairs of site sample

F IG . 2 . Box plots of bone collagen d13C distributions (& vs

VPDB) for red deer (Cervus elaphus), horses (Equus ferus), grey

wolves (Canis lupus), cave hyenas (Crocuta crocuta) and cave

lions (Panthera spelaea). Romanian samples shown in grey; the

pooled central and western European samples shown in white.

Sample sizes are, respectively: 2 and 21; 1 and 60; 7 and 22; 6

and 44; 7 and 22 (see Table 1).

F IG . 3 . Box plots of bone collagen d15N values (& vs AIR) for

Romanian (grey) and pooled European (white) large mammals.

Samples and sample sizes as in Figure 2.
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d13C and d15N were performed using Dunn’s procedure

(two-tailed test) and a Wilcoxon rank-sum test, corrected

for ties. Tests were performed using XLSTAT v.

2015.5.01.23305 (Addinsoft SARL; https://www.xlstat.

com/) and NCSS 11 (NCSS Statistical Software; https://

www.ncss.com/). It should be noted that the p-values

provided should only be seen as a supplement to the

graphic comparisons, given the limitations of p-values in

scientific inference (Wasserstein & Lazar 2016), and espe-

cially the influence of sample size.

RESULTS

Comparative mammals

The d13C isotopic values for the pooled European MIS 3

deer, horses, wolves, hyenas and lions (Fig. 2) largely

overlap, although the horses have generally lower values

and the deer values fall on average between the horse and

the carnivore values. Given the diversity of environments

from which they are sampled, this variation should be

expected. The Romanian d13C values are similar for the

wolves and lions, with the few deer and horse values fall-

ing slightly above the European IQRs; yet, none of these

distributions are significantly different from each other

(Table 1). The Romanian cave hyenas do have higher val-

ues on average than the pooled European sample,

although they largely overlap the distributions of the

wolves and lions; however, the Romanian hyena sample is

small (N = 6) and two-thirds of it consists of dental val-

ues converted to bone collagen ones, adding further esti-

mation to their isotopic distribution. Given the minimal

trophic enrichment of d13C (Jenkins et al. 2001), these

data suggest habitual hyena prey with moderately higher

d13C values. The comparisons, however, indicate little

overall difference in carbon isotope values between these

south-eastern European mammals and others from Euro-

pean MIS 3 sites (Table 1).

The d15N distributions (Fig. 3), generally reflecting

trophic level, show the expected dichotomy between the

herbivorous deer and horses and the primarily carnivo-

rous wolves, hyenas and lions. There is some overlap

between the higher herbivore values (especially the

horses) and the lower carnivore ones (especially the

wolves and lions), but the IQRs remain distinct and the

samples are significantly different across the species (K–
W p < 0.0001; v2 = 107.7; df = 4). There is little differ-

ence between the Romanian d15N values by species and

the pooled European ones for four of the species

(Table 1). Again, the cave hyenas are significantly differ-

ent, suggesting different habitual prey for these carnivores

(and/or the effects of small sample size and adjusting

dentine d15N). It is therefore difficult to argue for

consistently higher d15N values among the Carpathian

large mammals.

Adult cave bears

The d13C distributions of the Carpathian versus the Euro-

pean cave bears (Fig. 4A) indicate very similar overall

ranges and IQRs. The Romanian median value is mod-

estly lower, providing a significant difference between the

samples given the large sizes of each sample (N = 147

and 211 respectively; Table 1). However, given the exten-

sive overlap in their values, and the high degree of vari-

ability in d13C values within a single modern U. arctos

population with and across annual fluctuations (Robu

et al. 2013), the difference between these two MIS 3

pooled samples is biologically meaningless.

At the same time, the d15N distributions of the two

cave bear samples are markedly different (Fig. 4B). The

Carpathian one extends much higher than the European

one, the medians are completely separate (7.4& vs

2.9&), and there is minimal overlap of their IQRs. As a

result the two pooled samples are statistically (and biolog-

ically) highly different.

There is nonetheless variation in both the d13C and

d15N distributions across the four Carpathian cave bear

samples. With respect to their d13C distributions (Fig. 5),

there are differences among all four samples (K–W
p < 0.0001; v2 = 33.3; df = 3). Muierilor has the highest

values (median: �20.8&), and Cioclovina has modestly

lower values (median: �21.1&); the Oase and Urs�ilor
samples provide the lowest values (median: �21.4& and

�21.5& respectively). Nonetheless, all of them fall within

the range of the European sample, with the Cioclovina

and Muierilor medians bracketing the European one and

the Oase and Urs�ilor medians being slightly lower (see

Fig. 4). When sample pairs are compared, Dunn’s test

reveals that the Cioclovina and Muierilor distributions

are not significantly different, and the same applies to

those from Oase and Urs�ilor (Table 2). Yet, as noted

above, in at least one modern brown bear population in a

TABLE 1 . Wilcoxon rank-sum tests (corrected for ties) of Car-

pathian (RO) cave bear (Ursus spelaeus) and comparative Euro-

pean (EU) large-bodied mammal d13C and d15N distributions.

Species d13C
Z-value

d13C
p-value

d15N
Z-value

d15N
p-value

RO

N

EU

N

Ce. elaphus 1.561 0.119 0.546 0.585 2 21

E. ferus 0.969 0.333 0.966 0.0334 1 60

Ca. lupus 0.792 0.429 1.377 0.169 7 22

Cr. crocuta 3.579 0.0003 3.810 0.0001 6 44

P. spelaea 0.767 0.443 1.481 0.139 7 22

U. spelaeus 4.613 <0.0001 11.627 <0.0001 147 211
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cold temperate environment subsisting entirely on natural

resources (Yellowstone Park, Wyoming), considerable

individual and annual d13C variation exists (Robu et al.

2013), suggesting that the modest differences in d13C val-

ues across these samples have little importance.

There is a noticeable separation across the Romanian

cave bear samples in d15N values (K–W p < 0.0001;

v2 = 73.8; df = 3) (Fig. 6). The Oase bears, and, to a les-

ser extent those from Urs�ilor, have high medians (8.1&
and 7.7&, respectively), whereas the Cioclovina and

Muierilor samples provided considerably lower medians

(2.9& and 3.9&, respectively). This pattern is reflected in

significant differences between the first two samples and

that from Cioclovina, as well as between the Oase and

Muierilor samples (Table 2). Nonetheless, the Cioclovina

sample has outliers close to the core of the Urs�ilor sam-

ple, and the latter samples contain low outliers that

encompass the Cioclovina and Muierilor IQRs. When

each sample is compared to the pooled European sample,

there is little difference with the Cioclovina sample (Wil-

coxon p = 0.677), yet the other three samples are rather

different (Wilcoxon p = 0.002, < 0.001 and < 0.001).

When the pooled Romanian cave bear isotopic values

are compared to those of other MIS 3 large European

mammals (compare Figs 2, 4), the d13C values are rela-

tively low. As with the European cave bear sample, their

d13C distribution is among the lower values for the

horses, the lowest of the comparative mammalian sam-

ples. The d13C variation across the Romanian samples is,

as noted, subsumed within the European cave bear

variation and, to a lesser extent, the horse values

(Figs 2, 5).

The d15N values extend from the lowest of the herbi-

vore values, up to the middle of the overall carnivore dis-

tribution (Figs 3, 4). The Cioclovina and Muierlor d15N
distributions fall within the comparative herbivore distri-

butions (Figs 3, 6) even though the latter is above many

of the other European cave bear values. The Oase and

Urs�ilor values, however, fall in the overlap range of the

comparative herbivore and carnivore samples, indicating

a variable source of protein for these cave bear samples

and hence more omnivorous proteinaceous portions of

their diets. Yet, the Cioclovina and especially Muierilor

samples provide moderately high values, and the Urs�ilor
and Oase distributions extend well into the ‘herbivore’

F IG . 4 . Box plots of d13C (A) and d15N (B) values for pooled

Romanian (RO) and pooled central and western European (EU)

cave bears (Ursus spelaeus). Sample sizes are 147 and 211 respec-

tively. F IG . 5 . Box plots of bone collagen d13C (& vs VPDB) from

cave bears for the pooled central and western European cave

bears (‘European’) and the separate Romanian sites. Sample sizes

are: ‘European’, 211; Cioclovina, 32; Muierilor, 8; Oase, 72;

Urs�ilor, 35.

TABLE 2 . Comparisons across the Carpathian adult Ursus spe-

laeus samples, based on multiple pairwise comparisons using

Dunn’s procedure (two-tailed test with Bonferroni correction).

Cioclovina Muierilor Oase Urs�ilor

Cioclovina – 2.004 3.445 4.052

Muierilor 1.295 – 4.089 4.550

Oase 8.211 3.308 – 1.258

Urs�ilor 6.067 2.481 1.264 –

Z > 2.638 indicates p < 0.05. d13C: upper right; d15N: lower left.
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range of d15N values. The Carpathian pattern, with an

expanded database (see Richards et al. 2008; Robu et al.

2013), therefore reinforces the omnivorous nature and

dietary flexibility of these MIS 3 ursids.

Non-adult cave bears

In addition to the comparisons of adult Carpathian cave

bear d13C and d15N distributions, it has been possible to

obtain these isotopic values for a more limited sample of

immature cave bears, from Cioclovina and Urs�ilor
(Figs 7, 8). The d13C distributions show little change

through development in the Urs�ilor sample. However,

there is a steady and significant increase with age in the

Cioclovina sample, from rather low neonatal values to the

more typical values for the sub-adults and adults.

Of more interest are the d15N values, since nursing

immature mammals should be at a higher trophic level

than their mothers (Jenkins et al. 2001; Fuller et al. 2006;

Bocherens 2015). The Cioclovina immature cave bears do

show a steady but marginally significant decrease from

the neonatal bears to the sub-adult one and the adults

(Table 3), as is expected. In the Urs�ilor sample, the one

neonatal isotopic value is relatively high, at the top of the

older IQRs, but then there is little directional change

from the juvenile period to the adults.

DISCUSSION

Adult cave bears

As noted above, Late Pleistocene cave bears (U. spelaeus)

have long been considered to have been primarily

F IG . 6 . Box plots of bone collagen d15N (& vs AIR) from cave

bears for the pooled central and western European cave bears

(‘European’) and the separate Romanian sites. Sample sizes are:

European, 211; Cioclovina, 32; Muierilor, 8; Oase, 72; Urs�ilor,
35.

F IG . 7 . Box plots of bone collagen d13C (& vs VPDB) from

the Cioclovina and Urs�ilor immature to adult cave bears. Sam-

ple sizes are respectively: 9 and 1 for neonates; 5 and 7 for juve-

niles; 1 and 8 for subadults; and 32 and 35 for adults.

F IG . 8 . Box plots of bone collagen d15N (& vs AIR) from the

Cioclovina and Urs�ilor immature to adult cave bears. Sample

sizes are respectively: 9 and 1 for neonates; 5 and 7 for juveniles;

1 and 8 for subadults; and 32 and 35 for adults.
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vegetarian, and this inference has been supported by

stable isotopic analyses of central and western European

remains. This inference was questioned two decades ago,

on the basis of stable isotopic analyses of museum speci-

mens and physiological considerations from closely

related modern brown bears (Hilderbrand et al. 1996,

1998). More recently, the strictly vegetarian inference has

been questioned based on masticatory ecomorphology

(Figueirido et al. 2009), pre-hibernation dental microwear

(Peign�e et al. 2009), and especially stable isotopic data

from Romanian/Carpathian cave bears (Richards et al.

2008; Trinkaus & Richards 2013; Robu et al. 2013). In

every case, attempts (e.g. Bocherens 1998, 2009, 2015)

have been made to refute the idea that these highly suc-

cessful bears could have consumed variable amounts of

animal protein as part of a physiologically omnivorous

and flexible dietary regime. Yet, all of these analyses infer-

ring flexibly omnivorous diets for cave bears have been

put forward, not to deny that some cave bears were pre-

dominantly vegetarian, but to shed light on what was

undoubtedly a complex and eco-chrono-spatially varying

dietary adaptation of these large Late Pleistocene ursids.

It is palaeobiologically important, not only for under-

standing the biology, adaptations, behaviour and evolu-

tion of these large extinct ursids, but for understanding

the complex and evolving carnivore guild of western Eur-

asia during the Late Pleistocene, one that included a com-

bination of mammals (most with close living relatives)

that no longer exists. Adhering rigidly to one dietary cate-

gory per species will provide little insight into the dynam-

ics through time of this complex past ecological arena.

In this context, we have added to the database and the

comparisons available for Romanian (mostly from Car-

pathian caves) MIS 3 large-bodied mammals, focusing on

the abundant cave bears and using the available data from

two species of herbivores and three species of (taxonomi-

cally, if not strictly dietarily) carnivores. The data rein-

force the variation in the sources of dietary protein for

these MIS 3 cave bears in terms of: (1) single hibernation

cave samples; (2) the geographical region of the Carpathi-

ans in south-eastern Europe; and (3) across Europe when

placed in the context of data from central and western

Europe. With respect to the first two aspects, simply plac-

ing the more omnivorous Oase and Urs�ilor samples as

outliers in the broader European context (e.g. Krajcarz

et al. 2016) misses the point. Although both of these sam-

ples have relatively high (‘omnivorous’) d15N medians,

they exhibit individual variation that spans most of the

lower isotopic values from further west (Fig. 6). Equally,

although the Cioclovina and Muierilor d15N distributions

have medians that place them close to the more ‘vegetar-

ian’ samples, they provide d15N values that exceed the

overall range of the more western values (Fig. 6). In other

words, the variation and flexibility occurs at all popula-

tion levels, and categorizing samples as having one or the

other distribution of isotopic values distorts the data. It is

the variation that is real, and it is the variation that will

provide insight into the dietary ecology of these large

extinct bears.

One can nonetheless reasonably question whether there

are aspects of the Carpathians which might account, in

part, for the generally higher trophic level stable isotopes

of some of these cave bears. The small samples of other

large-bodied mammals do exhibit modestly higher d15N
values on average than the ones from further west,

although only the Cr. crocuta ones are statistically signifi-

cantly higher (Fig. 3). If indeed this reflects a general eco-

logical enrichment of d15N levels in the MIS 3 of the

Carpathians, of unknown source, its magnitude is

nonetheless modest, on the level of 1–2& on average.

This is insufficient to account for the 4–5& difference in

cave bear medians between the European sample and the

ones from Oase and Urs�ilor.
Bocherens (2015) suggested that the high Romanian

d15N values could be explained by a hibernation effect.

This hypothesis is easily discarded, since the hibernation

physiology of the cave bears should have been similar

across Europe during MIS 3 (nonetheless, they need not

necessarily have hibernated for similar periods of time,

which could also influence their isotopic signatures).

Bocherens (2015) also noted that there are similar values

of d15N and d13C between Belgian mammoths and the

Oase and Urs�ilor bears; it is unclear how the stable iso-

topes of these two species with markedly different dietary

habits and physiologies, from different ecosystems, could

have the same proximate causes.

It is nonetheless evident that we have only begun to

understand the dietary patterns of these large, extinct

ursids. We hope that these additional data and considera-

tions will further the discussion, and move the discussion

beyond dietary categories and sequential refutations of

alternative interpretations.

Non-adult cave bears

The developmental pattern of the d13C values for Cio-

clovina cave bears largely follows the enrichment pattern

TABLE 3 . Kruskal–Wallis comparisons across the Cioclovina

and Urs�ilor neonatal to adult Ursus spelaeus d13C and d15N dis-

tributions, each with df = 3.

d13C
v2-value

d13C
p-value

d15N
v2-value

d15N
p-value

Cioclovina 15.409 0.002 7.670 0.053

Urs�ilor 7.815 0.050 2.245 0.523
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described by Nelson et al. (1998), with a general enrich-

ment (+ 0.95&) from neonates to adults. Although an

increment of + 0.14& between the two ontogenetic stages

was recorded for Urs�ilor, both high and low outlier val-

ues were recorded in the sample. This indicates high fluc-

tuations in the d13C content within each age category.

These results contradict the idea, previously inferred by

Nelson et al. (1998), that lower d13C values can be

assigned only to neonatal cave bear bone collagen. There-

fore, our additional data suggest that cave bear metabo-

lism (and particularly the transfer signature of d13C
values from one age category to another) is not yet fully

understood.

A d15N enrichment in neonates (of 2.1& compared

with adults) has previously been found for the cave bears

from Divje Babe Cave (Nelson et al. 1998). The results

obtained on the samples from Cioclovina, suggest a simi-

lar pattern as at Divje Babe Cave: the d15N enrichment vs

adults is around 2& (2.17&). Although a similar d15N
decrease (2.04&) towards adulthood was detected for

Urs�ilor cave bears, very similar outliers at the lower and

the upper limits were recorded for all of the four age cat-

egories. Moreover, several sub-adults and adults have

higher d15N values than the neonates. An incremental

change in the d15N signature, following its 15N-depletion

in juveniles, could be ascertained starting with sub-adults.

This could be related either to a more flexible diet (om-

nivory) or to the more frequent consumption of C3

plants with high d15N values.

CONCLUSIONS

The expansion of the MIS 3 Carpathian cave bear and

large mammal d15N and d13C data, in the context of

pooled central and western European MIS 3 isotopic data,

indicates considerable variation within and between these

Carpathian site samples and relative to the more western

European samples. It should reflect a flexible dietary pat-

tern for these cave bear populations. This pattern rein-

forces the one observed for smaller samples of Romanian

cave bears (Richards et al. 2008; Robu et al. 2013) and is

at variance with the pattern inferred for central and west-

ern European cave bears. However, many of the suffi-

ciently large samples of cave bear isotopic data from

across Europe indicate considerable variation in especially

d15N values, indicating that dietary flexibility was com-

mon and probably ecologically driven among these MIS 3

large ursids.

In addition, a pattern of d15N (decrease) and d13C (in-

crease) signal transfer from neonates to adults was

observed for samples of immature cave bears from Cio-

clovina, similar to the one noted by Nelson et al. (1998).

Yet, the immature sample from Urs�ilor shows mainly

isotopic fluctuations with age. Therefore, it is likely that

the model proposed by Nelson et al. (1998) may not

apply to all European MIS 3 cave bear populations.
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