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AD~TR1'\CT: ~ex ratios of cave bean:; (Ursits spdacus and U. doningcri) are known to vary gre 
atly between si tes. A nurnber of explanations ha ve been proposed to account for this vari ability, 
i11 vul vi11g f"u1 '-'"ümple cnve size, altitude, and the sen:.onolity of food avai lability. T hic contri 
bution presenLs dernographic data frorn three sites in souLhern Germany which allow Lhe rejec-
tion of Lhe e rnodels; the factor(s) behind the variabi li ty in sex ratios is (are) still unknown. The 
data also ugge. L Lhat, contrary to the case in liv ing brown bears (U. arctos), males in cave bears 
may have reached a very old age more frequently than females. 

KEYWORDS : CAVE BEAR. SEX RATIOS, AGEI G , DEMOGRAPHY. SEXUAL 
DIMORPHISM 

RESUMEN: La proporción de machos y hembras de osos de las cavernas (Ursus spelaeus y U. 
deningeri) varía de gran manera entre d iferentes localidades. A lgunos modelos, que incluyen fac-
tures curnu el la 11 1aiiu y la altura sobre el nivel del mar de las cuevas, así como la estacionalidad 
de los alimemos disponibles, han sido propuestos para explicar esta variación. Sin embargo, 
dalvs Jcrnvgcúficv.5 de tres itio3 en el sur de A lemania, mtpucctoc on ol precenLe :irLículo, per 
rniten el rechazo de esta hipótesis. Los factores que contribuyeron en la determinación de las 
proporciones de ambos sexos son todavía desconocidos. Lo datos sugieren también que, a.dife-
rencia de lo que ocurre en el oso pardo actual (U. arctos), los machos de U. spelaeus alcanzaban 
una edad muy avanzada más frecuentemente que las hembras. 

PALABRAS CLAVE: OSO DE LAS CAVER AS, PROPORC IÓ DE SEXOS, EDAD. 
DEMOGRAFÍA. DIMORFISMO SEXUAL 

The L ate Plei tocene cave bear (U. spelaeus) i 
among the mo t common and mo tinten ively stu-
died of all fossil mammals. The va t number of its 
remain in European caves have enabled scholars 
to obtain a fairly complete picture of its geograp-
hical distribution, anatomy, evolution, and patho-
logy (e.g., Fraa , 1862; Abel, 193 1; Breuer, 193 1; 
Ehrenberg, 193 1. 1935; K oby, 1949; Kurtén, 
1955a, 1955b. 1957. 1959, 1976; Mu. il , 1965; 

Cuggiani , 198 1; Rabeder, 1983. 1991 , 1999; 
Torres Pérez-Hidalgo et al., J 99 1; Groi. , 1994; 
Grandal-0' Ang lade & Vida! Romaní, 1997). 

everthele s, in pite of the wealth of its remains, 
many important aspects of its pa laeobio logy 
remain poorl y under tood. Which factors delimi-
ted the geographi ca l di stribution of the cave bear? 
Why did this specie., in contrast to its cou in the 
brow n bear (U. arctos), go extinct at the end of 
the Plei tocene? Even the long-held belief that U. 
spelaeus wa exclusively vegetarían mu t now be 
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apparently questioned (Hildebrand et al. , 1996; 
but see Bocherens et al., 1994 and Fernández 
Mosquera, 1998). 

The fact that U. arctos survived the Jast glacial 
whereas U. spelaeus did not, points to the existen-
ce of important differences in the palaeobiology 
and palaeoecology of these two species. Thus, 
while for some purposes sorne physiological cha-
racteristics of the brown bear can (or, lacking any 
alternatives, rather must) be considered an appro-
ximate guide for the cave bear, e.g., concerning 
timing of tooth eruption and time of birth, many 
aspects from their palaeobiology must be deduced 
from the foss il record itself. 

Among the most important characteristics of 
any mammal population is its demographic struc-
ture, since it is determined by both the reproducti-
ve biology of the species in question as well as by 
the interaction of the population with its environ-
ment (Kurtén, 1964). Thus, demographic parame-
ters gained from foss il and sub-fossil assemblages, 
such as age structure and adult ex ratio, can be of 
cons iderable importance for the understanding of 
the palaeobiology and palaeoecology of extinct 
species. 

M any repo"rts on cave bear assemblages descri-
be the demographic characteristics at the site 
(e.g., Ehrenberg, 193 1; Kurté n, 1958; Mu sil, 
1965 ; Rabeder, 199 1; Andrews & Turner, l 992; 
Grandal-D' Anglade & Vida! Romaní, l 997; Sti-
ner, 1998; Stiner et al., 1998). The interpretation 
of the age structure in the different s ites is often 
stra ightforward and convinc ing (e.g., Kurtén, 
1958; Andrews & Turner, 1992; Stiner, 1998) . In 
most cases, juveniles and older adults form the 
largest part of the assemblages. This can be consi-
dered as a clear indication that most indi viduals 
di ed during hibernacion (Kurtén, 1958, 1976; Sti-
ner, 1998; Sciner et al., 1998). In contrast, with a 
few exceptions, sex ratios are only described but 
not forther interpreted. Sex ratios of ad ult cave 
bear vary greatl y becween sites or sometimes even 
between layers in a single site (Table 1 & Figure 
l). At many s ites, che sex ratio is approximately 
even or shows a s light dominance of females 
(e.g., Yarimburgaz, Odessa, Cotenc he r, and 
Dachstein). At others s ites, e.g., Saint Brais, 
C ueva del Toll , Ekain , fem a le clearly outnumber 
ma les, whereas males are much more abundant at 
Arrikrutz and in the upper levels of Mixnitz. In 
fact the observed variability in the sex ratios is o 
large that the few interpretatio ns of sex ratios 
whic h have been made, usuall y based in one or a 

couple of s ites, break down when appli ed to loca-
lities other than the ones for which the model was 
proposed (see below). In other words, if we are to 
understand thi s aspect of cave bear palaeobiology, 
what is needed is an explanation of the variability 
of the sex ratios between different si tes rather than 
different models for each bone assemblage . 

This paper should be seen as a contribution 
towards the understanding of the vari ability of sex 
ratios in cave bear. Here, the cave bear remains of 
three south German site are investigated: the 
Barenhohle-Hohlenstein and the Sibyllenhohle in 
the Swabian Alb and the Zoolithenhohle in the 
Frankonian Alb (Figures 2 & 3). The collections 
from the Barenhohle and the Sibyllenhohle are 
stored at the State Museum of Natural History in 
Stuttgart (SMNS). These two caves were excava-
ted in the second half of the l 91h century and much 
of the their fossil material has been subsequently 
lost. In fact, it has been argued that, due to the 
selective preservation of the material , adult sex 
ratios of U. spelaeus in these assernblages are so 
biased as to be completely useless (Adam, quoted 
in Kurtén , 1976). It can be shown, however, that 
the sex ratios at these s ites are not as distorted by 
post-excavati on factors as Adam suggested; this 
point is discussed in full in the Appendi x. 

EXPLAINING THE VARIABILITY OF SEX 
RATIOS 

Since most cave bear assemblages accumulated 
over a long time span, comprising often thousands 
of years, it can be discounted that the sex ratios are 
a produce of stochascic processes. Thus palaeobio-
logical/palaeoecological explanations are required. 

Ic must be me ntioned that sorne ri sk ex ists chat 
the sex ratios of cave bears in sorne of the deposits, 
especially those excavated in the 19111 o r the first 
half of che 20111 century, in which scratigraphical 
control is u ually poor, may represent an average 
of changing sex ratios through time. However, due 
to their recovery methods, these o ld collections are 
often quite large, and are thus particularly suitable 
for biometrical analyses and, consequentl y, for the 
calcul ation of sex ratios. This is a dilemma which 
cannot be resolved at present; e ither we use the 
material we have now a nd accept the ri sks invo l-
ved, or we wait, perhaps for many years, for mate-
ri al with a be tter strati graphical control to become 
ava ilable. l have opted for the former. 
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si te country sex ratio % ( <i? : a ) reference 

Arrikrutz Spain 21 : 79 Torres Perez-Hidalgo et al. , 1991 

Conturines ltaly 84 : 16 Reisinger & Hohenegger, 1998 

Cueva del Tol l Spain 80 : 20 Torres Perez-Hidalgo et al. , 1991 

Drachenloch Switzerland 65 : 35 Jequier, 1975 

Einhornhóhle Germany 75 : 25 Schütt, 1968 

Eirás Spain 58 : 42 Granda! D'Anglade & Vidal Romaní, 1997 

E ka in Spain 71 : 29 Torres Perez-Hidalgo et al. , 1991 

Hastiére Belgium 40 : 60 Ehrenberg , 1935 

Mixnitz, up. levels Austria - 30 : 70 Bachofen-Echt, 1931 ; Ehrenberg, 1931 

Mixnitz, low. levels Austria - 50 : 50 Bachofen-Echt, 1931; Ehrenberg,1931 

Odessa Ukraine 53 : 47 Kurtén, 1955a 

Pod hradem 15 Czech R. 42 : 58 Musil, 1965 

Pod hradem 12 Czech R. 75 : 25 Musil, 1965 

Sima de los huesos + Spain - 77 : 23 García et al. , 1997 

Troskaeta Spain 60 : 40 Torres Perez-Hidalgo et al. , 1991 

Trou de Sureau Belgium 47 : 63 Ehrenberg, 1935 

Westbury + G. Britain 75 : 25 Bishop, 1982 

Wildkirchli Switzerland 46 : 54 Jequier, 1975 

Yarimburgaz + Turkey 58 : 42 Stiner, 1998 
• mea ns of sex ratios from a number of skeleta l elements; + Ursus deningeri 

TABLE 1 

Sex ratios o f cave bears in some Eurasian ites. 

FIGURE 1 
Sex ratio in ome cave bear a emblages (for data source see Table 1 ) . 
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A further complication in the interpretation of 
ex ratios of cave bear is the lack of data on the 

demography of those individual dying in the 
open; would their ex ratio be complementary to 
the one observed in the caves in the v icinity? 
A gain, th i question mu t be ignored for the time 
being but the in vestigation of the season of death 
of the few cave bears found in open air ite , e.g. 
through cementum increment analysis, would cer-
tainly help to c lari fy the i ssue. 

A bel ( 1929, 193 1) argu ing from the evidence of 
the Austri an ite of M ixnitz, aw in the clear ove-
rrepresentat ion of males in the upper levels ev i -
dence supporting his theory of a degeneration of 
the cave bear during the Last Glacial culminating 
in its ex tinction: a change in the hered ity of the 
specie led to a differential birth-rate producing a 
superabundance of males relative to females. Kur-
tén (1976) refuted thi hypothe i by howing that 
the sex ratio in Mixnitz was male-biased for the 
adul t only; among the juvenile it was approx i-
mately 1: 1. Abel 's model can also be easily dis-
missed by the fact that other caves dating li ke Mix-
nitz to the later part of the Upper Pleistocene, such 
as Odessa (Kurtén, 1969), have a female-domina-
ted sex ratio. 

Kurtén ( 1958, 1976) considers an active choice 
by the bear themsel ve as the explanation for the 

.. ' 
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Barenh<lhle-Hohlenstein 

FIG RE 2 
Location of invcstigated si tes in southcrn Gcrmany. 

variabi li ty in the ex ratios. M ale brown bears are 
known to k ili and eat cubs and Kurtén assumes 
that thi s wa the ca e for cave bear as well. Thu , 
in order to protect their young, pregnant females or 
those w ith cubs would seek small , ea ily surveyed 
and defendable shel ter where they and their pro-
geny would hibernate. Males, in contrast, were 
le s electi ve and hibernated also in large caves, 
even if already occupied by other individuals. 
According to Kurtén ( 1958, 1976) it is no coinci-
dence that in the smal l cave of Saint Brais in Swit-
zerland females outnumber male by a much as 
3: 1 while in the huge cave of Mixnitz males are 
more abundant. 

A di fferent explanation for the variability of sex 
ratios was proposed by Reisinger & Hohenegger 
( 1998) in a recent paper on cave bears from three 
sites in the Eastern Alps. Here, a correlation was 
uggested between the proportion of female and 

the altitude of the caves. The authors suggest that 
fema le-biased sex ratios in cave in "ecological ly 
extreme areas" (e.g., higher altitudes) are probably 
a result of the need of females to protect their cubs 
from male intruders. In the Conturine in northern 
Italy, located atan altitude of 2,775 m, the propor-
t ion of females ranges, according to the skeletal 
element analy ed, from 72%-84%, whereas fema-
les in the lower situated cave of Herdengel (780 m) 
in lower Austri a compri e only 13%-54%. Jn 
Gam sulzen, intermediate in alti tude between the 
two ites mentioned above (l ,300 m), the sex ratio 
varie from 43%-87% (the differences in sex ratios 
between different skeletal elements is probably a 
product of the relatively mall ample ize; If only 
the most abundant element at each site is taken 
into account, the proportion of females are a 
fo llow : Conturines 73%, Gamssulzen 84%, and 
Herclengel 13%) . 

Yet another exp lanation of the variabili ty in 
sex ratios of cave bear w as postulated by Stiner 
et a l . ( 1998) in a paper about Middle-Plei toce-
ne cave bears (U. c/enin.geri, regarded as clirect 
anee tor of U. spelaeus) from Yarimburgaz cave 
in T urkey. It is sugge ted that the acl ult sex ratio 
may be a refl ecti on of the diet of the popul ation 
in que ti on. ln modern bear population , ali 
pregnant females must hibernate for severa! 
months in order to al low the cubs, born during 
hibernati on, to develop. M ales ancl barren fema-
les, in contrast, must not hibernate as long as 
food i availab le in winter (Stiner e t a l. 1998). 
The more scarce the food in winter is, the more 
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Barenhohle 

Zoolithenhtihle 

l 
FIGURE 3 

M ap of Barenhohle (after Schmid, 1989), Siby llenhohle 
(after Bronner, 1979). and Zoolithenhohle (after iggemeyer 
& Schuben, 1972). 

males would hibernate, and a l o d ie duri ng 
hibern atio n within the cave. Thus the sex ratio 
becomes mo re even as the food suppl y becomes 
more seasonal. Fro m the sex rati o in Yarim bu r-
gaz, only s li g htl y skewed towards the fema les, 
Stiner et al. ( 1998) deduced that the bear popu-
lation in thi s area depe nded heav il y upon highly 
easonal re ource . 

As it will be di cussed below, the present inves-
tigatio n of the U. spelaeus as emblages from sout-
hern Germany allow us to reject at least sorne of 
the e mode l . 

MATERIAL 

The Barenhohle 
Fir t excavated by O. Fraas in 186 1, tbis cave i 

located in the limestone cliff outcrop known as the 
Hohlenstein, on the right bank of the Lone valley 
(467 m a. J.). It con ists of a narrow pas age, 
o rne 1-1.5 m in height and 35 m in le ngth , exten-

ding in a -S direction and giving way to a spa-
cious chamber, which Fraas subdi vided into three 
different chambers, up to 10 m high and sorne 15 
m in diameter (Fraa , 1862; Figure 3). 

About 10,000 bones were recovered from the 
s ite (Fraas, 1862), from which 98% belonged to U. 
spelaeus. From thi amount, 7,000 were conside-
red worth taking back to the Mu eum in Stuttgart, 
while the rest was left at the site. During the fo llo-
wing years large quantities of materia l were given 
away to museums and institutions in Germa ny and 
e lsewhere, so that today only 3587 fragments are 
preserved in the co llection at the SMNS (see dis-
cussion see Appendi x). 

More recent excavations at the site by Wetzel 
demonstrated the poradic occupation of the site by 
Palaeolithic people during the Mousterian, Aurigna-
cian and Magdalenian (Wetzel, J 961 ). Thus, the 
cave bear rernains excavated by Fraas, who did not 
distinguish between layers, span probably sorne 
millenia within the la t (Würm) glacial. The faunal 
material from Wetzel's excavations (which was not 
included in the pre ent in vestigation) includes Ursus 
spe/aeus, Mammuthus primigenius, Coelodonta 
antiquitatis, Equus sp., Crocuta crocuta, and Cervus 
e/aphus (Wetzel, 196 1 ). 

The Sibyllenhohle 

T he cave, near the c ity of Kirchheim, i s ituated 
at the foot of the rock massif known as the Teck 
(763 m a .s.l.), on top of which a medieval fortress 
wa built. The ite wa excavated by E. Fraas in 
1898 (E. Fraas, 1899). From it pacious e ntrance 
in the NW, the cave runs 23 m to the SE, becoming 
narrower and lower. Its form can be de cribed 
bas ically as con isting on a broad and hig h fore-
chamber and a broad but low rear chambe r inter-
connected by a narrow passage (Figure 3 ) . 

According to E. Fraas (1 899), about 10,000 
bone fragments were found , from whic h most 
were small splinter with rounded edges. About 
2, 150 fragment were kept, from which 894 are 
found today in the SMNS collection (for di cu -
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s ion of mate ria l lose ee Appendix). As in the Bear 
Cave, more than 95% of the fragments be longed to 
Ursus spelaeus; other species present inc lude lion 
Pan.thera leo, hyena Crocuta crocuta, and horse 
Equus sp. While it is certain that the fauna dates to 
the last glacia l, a more exact chronologica l posi-
tion o r the time span represented by the accumula-
tion is unavail able. Traces of human occupation 
were apparently not found at the site. 

The Zoolithen.hohle 

Located near Burggaillenreuth (470 m a.s. I. ) in 
the Franconian Alb, Bavaria, this si te wa explored 
al ready in the mid- l 81h century. In contrast to the 
Barenhohle and the Sibyllenhohle, the a rchitecture 
of the Zoolithenhohle is complicated (Figure 3). 
The entrance is located in the North; fro m here, a 
large chamber extends south for about 40 m. 
Beyond runs a maze of chambers of irregular 
form , which are often interconnected throug h 
narrow, sometimes vertical passages. T he cave 
owe its name to the word, Zooli th , which Esper 
(1774) coined to denote the remains of extinct 
ma mma ls he found in the cave. He reali zed that 
the vast majority of the finds belonged to bears . 
Accord i ng to He lle r (1972), the remai ns of more 
tha n 1000 indi viduals were recovered at the si te . It 
wa w ith fauna! remains from th i cave that orne 
years later Rosenmüller & Hei nroth (1794) descri-
bed the holo type Ursus spelaeus. From the very 
abundant fauna l materi al from thi s early investiga-
tion , only a small fraction is known to urvive 
nowadays (Heller, 1972; Groiss, persona l commu-
nication). During 197 1, new excavations in a num-
ber of different areas which had not been dug or 
d isturbed previous ly were carried out (Groiss, 
1972). T hi time, again, conside rable quantities of 
fauna! material dating to the last g lacial were reco-
vered, cons isting mostly of Ursus spelaeus, but 
inc lud ing a lso other taxa, notably Culo gulo, 
Canis lupus, Crocuta crocuta, and Panthera leo 
(He lle r, l 972; G roiss, 1979). Abso lu te rad iometric 
dates from two different locatio ns within the cave 
range from ca. 29-24 ka BP (Gro iss, pers. comm .). 

METHODS 

Among the Ursidae, males are always larger 
than females. The d ifference varies, accord ing to 
species, between 10-20% to 50% (Stirling, 1993). 
According to C hri tiansen ( 1999), large cave bear 

males weighted about 400-500 kg whereas female 
reached "only" 225-250 kg. Since the weight must 
be supported by the extremities, this size difference 
is apparent in the width and depth of long bones. A 
c lear sexual dimorphism exists also in the canines 
(Koby, 1949). T hus osteometrical data can be used 
to establish the relative proportions of both sexes in 
an assemblage. In this investigation, measurements 
were taken w ith a pair of dig ital caJliper to the nea-
rest 0. 1 mm following the definitions of von den 
Driesch (1976) and Grandal-d' Anglade ( l 993). 
Inc luded in this investigation were a ll postcrania l 
limb bones showing fused epiphyse ; excluded 
were phalanges, the smaller carpals and tarsals, and 
sesamoids. Addi tionally, the first and second cervi-
cal vertebrae, and the lower and upper canines were 
also measured. The biometrical investigation of the 
material from the Zoolithenhohle , while in its end 
stage, has no t been completed yet; thus no t a ll ske-
letaJ e lements from this site have been inc luded. 

The d istribution of absolute values in sorne 
measurements of postcrani a l e le ments shows an 
overlap between males and female ; however, 
bivariate plots can usually separare between the 
sexes accurately and absolutely, and can thus used 
to calculate sex ratios. For each one of the three 
s ites dealt wi th in this paper, sex ratios were cal-
cul ated from each of the diffe rent postcranial e le-
ments and the can ines, as long as n~ I O. 

It must be stressed that different skele ta l e le-
ments can, and often do show somewhat vary ing 
sex ratio , not onl y in bears but in ungulares as well 
(e.g., Grandal-0 ' Anglade & Vida! Romaní, 1997; 
Weinstock, 2000, in press; ee be low). The e varia-
tions could sometimes be re lated to sample size but 
they are a lso a result of the fact that different ske-
le tal e lements represent somewhat diffe rent age 
classes. For example, the canines in li ving brown 
bear s erupt at an age of ca. 12 months (Dittrich, 
1960) and therefore measured canines wi ll reflect 
sex ratios of an imals 1 year and older. T here seems 
to be no data on the timing of the epiphy ea l fu ion 
in brown bear (U. arctos) , but in the black bear (U. 
americanus) the epiphyse of the bone of the fore-
limb fuse atan age of 6-8 years (Mark & Erickson, 
1966). Thus measured humeri or rad ii w ith both 
epiphyses fu ed would represent the ex ratio of an 
age group >6 years. Th is would not matter much if 
sex ratios in bear populations remained constant 
throughout a li age c lasses; however, thi s is not so. 
In natural-regul ated popu lations of U. arctos the 
sex ratio at birth is roughl y equal; however, the re is 
a preponderance of females in all age c lasses from 
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sub-adulthood to senescence due to a higher morta-
lity of males, which in turn is a result of males 
having larger ranges and of their continuing ten-
dency to fight (McNamee, 1997). 

In addition to sex ratios, the age structure of the 
cave bears in each of the three south German caves 
was ana lysed. This demographic parameter i re le-
vant fo r the determination of whethe r bear morta-
1 ity occurred mostly during hibernation. Starvatio n 
and illne are the main mortality fac tors during 
this time, and the corresponding morta lity profile 
is U-shaped , i.e. attritiona l (Stiner, 1998): young 
indi viduals are very well represented, o ld animals 
are common, and prime adult rare. [n addition to 
the non-vio lent mortality factors mentioned above, 
it is conceivable that hibernating cave bears were 
also attacked and sometimes ki lled by conspecifics 
o r othe r predato rs such as wolves, hyaenas, lio ns 
o r humans. If these attacks were frequent, the mor-
tality w ill resemble more the " li ving tructure" 
pattern rather than the attritiona l one, s ince morta-
lity would affect individuals of ali age equall y 
(Stiner, 1998). 

In o rder to investigare the mortality patterns of 
the bears of the Barenhohle, the S iby llenhohle , 
and the Zoolithenhohle, a method developed a nd 
described by Stiner (1994, 1998) was used. In thi s 
method , each tooth is assigned to one of nine d if-
ferent categorie or cohort (1-IX, from young to 
o ld) according to its eruption stage and/or its 
occ lusa l wear. Stage I, fo r example, inc ludes ali 
permanent teeth from the germ stage to those with 
root formation is up to 50% complete. Stage ll 
compri e teeth which are fu lly (or nearly) erupted, 
their roots more than 50% comple te, but w ith no 
visible wear on their occlu al surface. By stage III, 
o rne wear of the occlusal ename l i ev ident but 

little or no dentine is exposed. At the other extre-
me, stages VIII and IX inc lude teeth which are 
very heavily worn, with no or just little enamel 
re maining in its occlusal surface, and in which the 
pulp cav ities are frequ ent ly ex posed (Stine r, 
1998). These nine cohorts can be pooled into three 
age tages: juvenile (I-III), prime adult (IV-VII), 
and o ld adult (VIII-IX). The re la ti ve abundance of 
specimens in each of the three stages can then be 
plotted in a ternary (tripolar) graph (Stiner, 1994. 
1998). The triangle in thi type of graph can be 
d ivided into a number of areas, each associated 
with a morta lity pattern fam ily uch a the "non-
vio lent attriti on" (NNVA) and the " li ving struc tu-
re" (LS) patterns (Figure 4 ). 

FIGURE4 
Strucwre of a tri polar age graph (A) and famil ies of mon ality 
patterns (B ) (after Stiner. 1990. 1998) . The tri angle can be 
div ided into different areas. each representing a different 
mortality pattern. The relati ve abundance of young. prime 
adults, and old indi v iduals can throw light on the ori gins o f 
the thanatocoenose (e.g. dcath during hibernation , predation, 
etc.). 

In ali of the three s ites dealt with in this paper 
mandibles and loo e mandibul ar teeth were much 
more abundant than max illaries and maxillar teeth, 
and the refore the age structure analysis was based 
only on the forme r. 

M andibles and loo e teeth fro m individua ls in 
cohorts I and ll ( i.e . very young animals) are less 
resistant to mechanical damage than those in o lder 
cohorts. Given that the preservation and the reco-
very methods may diffe r among sites, the histo-
grams showing the morta lity patte rns are presen-
ted twice in o rde r to facilitare the inter-s ite 
compari son , once inc luding cohorts 1 and Il and 
once beginning with cohort 111. 

Stiner 's method i definite ly an improvement 
over the traditiona l four-stage method used fre-
que ntly (e.g. M u il 1965; ToJTe Pérez-Hidalgo, 
1984; Andrews & T urner, 1992; Granda! D ' A ngla-
de, 1993), s ince it a llows a greater re o lution, 
revealing orne intere ting demographic patte rns. 

RESULTS 

The BCirenhohle 

The sex ratio of adult bear in this cave, as cal-
culated from bivari ate plots, varies somewhat 
according to the ke le ta l element examined (Table 
2 ; F igure 5). In a li e lements, however, males are 
clearly over-repre ented ; they co mpri e 63-82% 
(mean (x) = 73· med ian (x) = 73). A clear majority 
of maJe i uncommon, though not unknown, in 
cave bear a emblage (e.g., Arrikrutz 79%, Mix-
nitz upper layers 70%; ee Table 1). 
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skeletal element n ~ n e % ~ 

lower canine 9 20 31 ,0 

atlas 7 23 23,3 

axis 5 18 21 ,7 

radius 8 15 34,8 

ulna 6 20 23, 1 

me 11 7 31 18,4 

mc l ll 12 33 26,7 

me IV 8 34 19,0 

me V 20 33 37,7 

intermedio-rad iale 10 19 34,5 

tibia 10 22 31,3 

astragalus 13 22 37, 1 

mt 11 6 25 19,3 

mt 11 1 12 30 28,6 

mt IV 15 57 20,8 

TABLE 2 

U. spelae11s, numbcr of specimens of male and fema le ancl 
relati ve abundance o f females in the Barenhohle. 
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the show an ovcrreprcsentation of thc former. 

Tooth wear and e ruptio n indicare that the many 
bears at thi s s ite died ata very young age (Fig ure 
6 & Table 5). A li mandibular molars show a very 
ma rked peak at cohort l. Most of the mandibles 
assigned to thi s category show a n unerupted M 1• 

S ince this tooth erupts during the fifth month of 
life (Dittric h, 1960), it can be concluded that these 
individuals d ied during their first winter. Juvenile 
mortality (s tages J-III) was 75% . Few individuals 
(ca. 6.5%) died during their prime age (IV-VII), 
but o ld adu lts (VIII-IX) are mo re common (15-
18 % ). The U -s haped age s truc ture of the 
Barenhohle death population (Figure 6) indicates a 
no n-vio lent attritio nal mortality consiste nt with 
death during hibernation (Stine r, 1998). 

The simultaneous occurre nce of the two demo-
graphic characteristics of the bear assemblage in 
the Bare nho hle, ma le-dominated and no n-viole nt 
attritional (win ter) mortal ity, has importa nt impl i-
catio ns far the evaluation of the hypothesized rela-
tio nship (Stiner, 1998) between ex ratios a nd sea-
sonality of die t. 
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abundance of which could be influenccd by taphonomic fac-
tors (see text). Nconates (cohort 1) clomina te in the assembla-
gc: among thc olcler incl i viclua ls, those in stages 111 ("young"), 
ancl V III and IX ("'old adult ") are well represen tccl, whi le 
" prime aclu lts" (stages IV- V il) are rare. 
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site I nr. of specimens determined 

age cohort and percentages of total 

M1 M2 M3 
Barenhóhle n= 72 n= 89 n= 81 

juvenile 75.0 77.5 76.5 

prime adult 6.9 6.7 6.2 

old adult 18.1 15.7 17.3 

Sibyllenhóhle n=22 n=16 n=13 

juvenile 46.2 31 .3 50.0 

prime adult 46.2 50.0 40.9 

old adult 7.7 18.8 9.1 

Zoolithenhóhle n= 103 n= 134 n= 135 

juvenile 78.9 86.7 62.2 

prime adult 21 .1 12.6 37. 8 

old adult O.O 0.7 O.O 

TABLE 5 
U. spelaeus. mortality data from thc Barenhohle, Sibyllenhohle. and Zoolithenhohle for each of the three lower molars. The cohort juve-
ni le includes Stincr·s eruption/wear stage 1- IU, prime adul ts include stagcs IY-Yll, and old adults stages VIII-IX. 

The Sibyllenhohle 

Atlas, capula, astraga lus, and metapod ia ls 
were present in quantities w hich enabled the deter-
mination of sex ratios of adults (n2: 10). While 
o ther e lement such as humerus , radius, ulna, 
femur, and tibia are quite abundant (Table 7 in 
Appendix), mo t belonged to young anima ls. 

In contra t to the Barenhohle, where mate com-
prise about 70% of the adult death population, in 
the Sibylle nhohle females outnumber males by as 
much as 4: 1 (x = 77; x = 80; Figure 7 & Table 3). 

At the Sibyllenhohle the analysis of the age 
truc ture of the bear thanatocoenoses i made 

somewhat difficult by the small number of mandi-
bles and teeth. The most common dental e lement, 
the M 1, is repre ented by only twenty specimen . lt 
is clear, however, that late-j uvenile bears (Stiner 's 
tage ill) are abundant (Figure 8 & Table 5). These 

are individuals which were probably j ust separated 
from their mother, and were j u t beginning to fend 
for themselves, and perhaps spending the ir fi rst 
winter alone. This seems to be a critica! tran ition 
period in modern brown bear populations which 
many indi vidual fai l to urvive (Bunnel & Tait, 
198 1). The ab ence ~f very young individual (sta-
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U. spelaeus from Sibyllenhohle; bi var iate plot of a number of 
keletal elements. In ali cases. female , represented by the 

group of smaller animals. are more abundant than males. 
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element E. Fraas, 1899 SMNS collection , 2000 

complete skull 7 3 

mandible 86 29 

loose teeth 652 136 

scapula 23 18 

humerus 25 18 

radius 40 30 

ulna 46 44 

femur 21 12 

tibia 29 24 

fíbula 19 14 

carpa Is 45 32 

tarsals 78 56 

metacarpal 213 155 

metatarsal 200 139 

phalanges 118 75 

atlas 26 16 

axis 14 8 

ribs + vertebrae 249 85 

TABLE 7 
U. spe/aeus, number of specimens from the Sibyllenhohle recovered and kept by Fraas, 1899 and those present today in the collection of 
the SMNS. 

ges I and II) i conspicuous, but it may be due more 
to taphonomic than to de mographic causes. T hi s is 
strongly suggested by the ana lysis of the postc ra-
nia l skeleton, which includes a re lative high num-
ber of radii and humeri w ith early fu sing epiphy es 
stil l open (Weinstock, unpubli shed data). The 
assemblage is also charac te rized by a scarcity of 
ve ry old individuals (stages VIII-IX) and a re lati-
vely large proportion of prime adults (stages IV-
Ylf) . The mortality profile of the M 1 is reminiscent 
of a " living tructure" (LS) pattern, which is not to 
be expected for denning bears (Kurtén, 1976; Sti-
ne r, 1994, 1998). A LS patte rn is usua lly assumed 
to be produced by a catastrophic mortaJity or by the 
sum of d i c rete hunting event by ambush preda-
tors (Stiner, 1994). Thi s would be the ex pected pat-
tern if, fo r example , other predato rs attacked and 
ki lled the hibe rnating bears (Stiner, 1998). 

A lthough about 80 bones (MNI= 4) of the lion 
Panthera Leo were fo und a t the s ite (Fraas, 1899), 
an unusually la rge number for a southern German 

skeletal element n ~ n cJ % ~ 

atlas 11 2 84.6 

sea pula 7 3 70.0 

me 11 15 6 71.4 

me 11 1 15 5 75.0 

me IV 26 6 81 .2 

me V 16 8 66.6 

astragalus 16 4 80.0 

mt 111 20 5 80.0 

mt IV 22 5 81 .5 

TA BLE 3 
U. spelaeus. number or specimens of male and females and 
relat ive abundance o f females in the Siby llenhohle. 
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cave site, it is uncertain whe ther the accumulatio n 
of the bear remains can be ascribed to thi preda-
to r. It is conceivable that lions attacked hiberna-
ting/denning bears, as tigers in the Far East occa-
sionally do (Heptner et al. , 1974). However, lio ns 
are not u ually regarded as denning anima ls, and 
it i unc lear how the ir own remain got to be pa rt 
of the fauna! assemblage. Bone remain fro m the 
denning hyaena Crocuta crocuta were a l o found 
in the Sibylle nhohle, aJthough in malle r numbe rs 
(n= 32, M l= 2; Fraas, 1899). 

In short, it is unclear whethe r the bear as em-
blage from the Sibyllenhohle represents mostly 
individuals which died during hibernation o r, rat-
he r, primarily from random predation in situ. In 
both cases, however, the sex rati o wou ld be dete r-
mined by the proportions of males and femaJes 
which ente r the cave before hibe rnation. The alter-
nati ves, that non-hibernating bear were killed by 
o ther carni vores and brought into the cave, or that 
the bear bones in Sibyl' Cave repre ent caven-
ged remains of individuals which died somewhere 
e l e, are supported neither by the reJati ve common 
presence of prime adults, ce rta inly not an easy 
prey for lio ns, hyenas or wolves, nor by the ske le-
ta l repre entation (Table 7 and Appendix). 

The Zoo/ithenhohle 

Not a li of the Ursus ke leta l e lements fro m this 
s ite have been in vestigated yet, but pre liminar y 
re ult show already a very clear tre nd concerning 
sex-ratios. Canines, me tapodials, humeri , and radii 
a li indicare that adule and ubadult male were very 
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rare at the site (Figure 9 & Table 4). The percenta-
ge of females fluc tuares, according to ske le ta l e le-
ment, between 8 1 o/o and 96% (x = 90; x = 87 ). 

It must be tressed tha t, in contrast to the case 
of the Barenhohle and the Sibyllenhohle, no part 
of the materi al retrieved in the 197 1 excavations at 
the Zooli thenhohle ha been ubsequently lo t. 
This is important, since it demonstrates that a very 
biased ex-ratio mu t not be due to post-excava-
tional taphonomic facto r . 

element <¡> <3 % <¡> 

upper canine 39 5 86.6 
lower canine 27 6 81 .8 

humerus 39 2 95.0 
radius 43 3 93.5 

intermedio- radiale 45 10 81 .8 

astragalus 54 8 87.0 
me 11 51 2 96.2 

mclll 62 8 87.5 

me IV 42 6 87.5 

me V 55 3 94.8 

mt 11 47 6 88.6 

mt 111 46 4 92.0 

mt IV 55 2 96.5 

TAB LE4 
U. spe/ae11s, number of spccimens of male and female and 
relative abundance of femalcs in the Zool ithenhohle. 
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FIGURE 8 

Age structure hi rogram for the Siby llenhohle bear population based on the eruption and occlu al wear of M 1 (dueto the small num-
bcr of M 2 and M 3 available. these were not included in the inve tigation). The graph at the right exclude cohorts 1 and ll. the rela-
ti ve abundance of which could be iníluenced by taphonomic factors. M o t individuals at this si te are ""young·· (stage lll) . Prime adult 
( tages IV-Vil) are nevertheless well rcpre ented, w hi le ··oid adults·· ( tages V III - IX ) are relati vely caree. 
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The va t amounts of mandi bles and dental mate-
rial present at the Zoolithenhohle a llow for a re lia-
ble analysis of the age struc ture of the bears (Figu-
re 10 & Table 5). Figure JO shows the relati ve 
frequenc ies of nine age cohorts (Stiner, 1994 , 
1998) of the three mandibular molars. In these 
graph , loose teeth are di sregarded ; the ir inclus ion, 
however, leads to identical result . A number of 
facts are appare nt. The distribution is, in contrast to 
the case of the Barenhohle, c learly unimodal pea-
king at cohort IIT. As me ntioned above, these are 
probably o lder juveniles which had just become 
independe nt fro m their mother. Somewhat older 
individua ls (stage IV) are al o well represented. 
Prime adults other than those in stage IV (V-Yll) 
are, o n the other hand, very rare. New-born and 
very young animals (stages 1-JJ) are re latively scar-
ce. Since the frag ile mandible and bones of indi -
viduals in these age categories, especially in stage 
l , are more prone to mechanical destruction than 
those of o lder animals, thi s could have taphonomic 
rather than behav ioural/de mographic causes. A li in 
all , juveniles (stages 1-III) compri e 62%-87% of 
the assemblage, depending on which tooth is be ing 
analysecl. However, the mo t striking characteristic 
of the age structure of the cave bears from the Zoo-
lithenhohle is the almost complete ab ence of very 
old incli viduals (stages VIII-IX). These age clas es 
are u ua lly well representecl in other s ites regarded 
as hibernation den , such as the Barenhohle-Hoh-
lenste in (see above) and Yarimburgaz (Stiner, 
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U. spelaeus from Lhc Zooli thenhohlc: bivar iate plots of a num-
ber of skclctal elements. Al i p lots indicatc an overwhelmi ng 
overreprcscntation of females. 

J 998). Rather, the morta li ty profile from the Zoo-
lithenhohle re embles more the one from the Siby-
llenhohle (see above), a lthough with a smaller pro-
portion of prime-age adults. 

The inte rpretation of the sex ratio and age struc-
ture of the cave bear assemblage from the Zoolit-
henhohle in palaeobio logical terms is not straight-
forward . On the basi of their location beneath a 
steep ledge, finds from the first (Esper 's) excava-
tions at the site we re regarded as be ing remains 
from individuals which, while roaming around the 
cave, accidenta lly tumbled down and either died 
from the fa ll or were unable to c limb out (Zapfe, 
1954; Kurtén, 1976). The more recent excavations 
how, however, that the taphonomic hi story of 

many of the finds is probably more complicated. 
The large accumulations of bear bones in sorne 
parts of the cave are regarded as be ing caused by 
water transport (Groiss, 1972). T he sources of 
these accumulations, however, a re keletons of 
bears which died e lsewhe re ins ide the cave 
(G roiss, J 972). Oíd most of these bears perish 
during hibernation? The relatively common pre-
sence of mandibles with erupting permanent cani-
nes would seem to point in this direction. In Ursus 
a retos the eruption of this tooth takes place betwe-
en 12- 14 months of age (Dittrich, 1960). S ince 
brow n bear are born in winter (November to 
February), these mandibles represent indi viduaJs 
w ho died during the ir second winter. Likewise, 
mandibles with still unerupted M 

1 
(i.e. younger 

than 5 months) a lso suggest winte r mortality. 
Ideally, if mortali ty did occur during hibernation, 

the age-at-death profile should be U-shaped, co1Tes-
ponding to an attritional mortali ty (Stiner, 1994, 
1998). However, as Figure 1 O how , this i not the 
case. Nevertheless, there seems to be a lack of better 
alternatives to death during hibernation. While it is 
conceivable that sorne bears were attacked by other 
predators during hibernation, the mortality profile in 
the ZoolithenhohJe does not take the " li ving structu-
re" patte rn which would be expected in that case. 

DISCUSSION 

Summing up from the preceding sectio n: the 
sex ratio at Barenhohle is dominated by males; at 
S iby llenhohle female are-in the majority; and at 
Zooli thenhohle females compri se approx. 90% of 
the adult thanatocoenose. Furthermore, the cave 
bears fro m these s ites d iffer not o nl y in thei r sex 
ratios but in the ir age structure as well. 
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An interpretation of these diffe rences in palae-
obio log ical terms is not straightforward . Two 
cave located ca. 60 km apa.rt, the Barenhohle and 
the Siby llenhohle, show very diffe re nt demograp-
hic truc tures. If the model of Stine r et al. ( 1998) 
of sex ratios as indirect indicato r of food ea o-
nal ity i applied, we would have to conc lude that 
e nvironmental conditions around the e two caves 
differed considerably. Furthe rmore, the overwhe l-
ming repre entation of females in the Zoolit-
henhohle would imply that a lmo t no male were 
hibe rnating in the Frankonia n A lb. In our opinion, 
uch conclu ions are not very plau ible. More 

important i the fact that whereas the pa leodiet-
model could account fo r female-bia ed or even 

sex ratios, it cannot ex plain male-domina ted bear 
assemblage such a those from the Barenhohle, 
the upper levels of Mi xnitz, or Arrikrutz, since 
this would impl y that males were hibernat ing in 
higher number than pregnant fema les ! (th at 
the bear a semb lage at Barenhohle repre e nt 
indeed death whi ch occurred during hibernatio n 
is strongly upported by its age structure; . ee 
above). 

Therefore it can be conc luded that, w hile the 
proportion of hibernating male and barren fema-
les within a population may have been affected to 
sorne extent by the ea onality of food re ource , 
the ex ratio within a cave were determined by 
other factors . 
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Moreover, how seasonal the food resources of 
the cave bear were, is a matter of discussion . Sti-
ner et al. ( 1998) argue that this species depended 
almost exclusively upon highly seasonal vegetal 
resources ancl invertebrates. However, accorcling 
to recent isotopic investigation , meat contributed 
as much as 41 %-78% of the metabolized carbon 
and nitrogen in U. spelaeus (Hilclebrand et al. 
1996; but see Bocherens et al. 1994). 

As discussed above, Kurtén (1976) suggested 
that the vari at ion in the inte rsite sex ratios could be 
explained by the size of the caves. Can the diffe-
rences in the ex ratios between the Biirenhohle 
Hohlenste in, Sibyllenhohle, and the Zoolithenhoh-
le be thu expla ined? 

In trying to answer this questio n there are 
obvious proble ms. Kurté n ( 1976) dicl not specify 
how cave size i to be measurecl. Is the area or the 
length of the cave important, or rather the ize of 
its entrance? If defensibility was the crite rio n of 
choice, the ex istence of a narrow passage and/or 
small, a lmost inaccessible, recesses were probably 
more important than sheer size. The size and pa-
c iousness of the Biirenhohle and the Sibyllenhohle 
is comparable but, as expla ined above, the ex 
ratios in these two caves diffe r markedly. Another 
cave in the Swabian Alb in southern Germany, the 
GroBe Grotte , is basically a pacious chamber, 
with an entrance 25 m broad. Nevertheless, and 
contrary to what according to Kurtén' s hypothe i 
could be ex pected, the high percentage of bones of 
bear neonates in the assemblage suggest that it 
may have been mainly females which made use of 
the cave (Weins tock, 1999). 

In any ca e , even if a re lationship between sex 
ratios ancl cave properties doe not seem to ex ist, a 
thorough investigation of thi s issue would neces-
sarily involve taking into account the changes in 
topography and sediment deposition which have 
ocurred a t each s ite ince, and a lso during, the 
Pleistocene. Such an e nterpri sé is beyond the 
cope of thi paper. 

Do the results presented here lend support to 
the hypothes is of Reisinger & Hohenegger ( 1998) 
about females looking for caves at higher e leva-
tions? lt i obvious that the diffe rence in a lti tude 
be tween the German s ites, a couple of hundred 
meter , is nothing comparable to that recorded in 
the easte rn Alps (see above), and variation in sex 
ratios caused by tlÍi s factor is not likely to be 
observed here. Stil l, as shown above, sex ratios do 
vary, and they do it in a way unre lated to a ltitude : 

males do dominate the Biirenhoh le (467 m a.s. I. ), 
and females are more common in the higher Siby-
llenhohle (763 m a.s.1.); however, the sex-ratio in 
the Zoolithenhohle, which is located at a similar 
a ltitude as the Biirenhohle (470 m a.s. l. ), is, as 
mentioned above, strongly biasecl towarcls fema-
les. In othe r words, while it is poss ible that in the 
eastern Alps a lti tude does play a role in the varia-
bility of sex ratios, this is c learly not the case for 
the southern German s ites; other factor(s) must be 
in vo lved. 

Are sex ratio perhaps re lated to diffe ring mor-
tality patte rns? The deta ils of the age distributions 
may diffe r (compare Figures 6, 8 & 10), but, when 
plo tted on a tripolar diagram of the type proposed 
by Stiner, the assemblages of both the Biirenhohle 
and the Zooli thenhohle are juvenile-dominated 
(Figure 11 & Table 5), although their sex ratios are 
clearly biased toward males and females respecti -
vely. The Sibyllenhohle, another female domina-
ted a semblage, appears to be long to a differe nt 
fam ily patte rn , namely that of a " li ving structure" . 
Thus, in this broad sense, sex rati os and age struc-
ture do not seem to be correlated. However, even 
if mortality patte rns at both Zool ithenhohle and 
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Tripolar age graph for the Barenhéihle. Siby llenhéihle, ancl 
Zoolithenhéihle. T he f i rsl two sites show ajuveni le-clominalecl 
mortal ity pallern , although their sex ratios are very clifferent 
(111ale- ancl female-clo111i natecl respee ti vely). The mortality pat-
tern in Siby llenhéihle íalls w ithin the " li v ing structure"' (LS) 
area o f the lriangle, which accorcling lo Stiner ( 1998) uggests 
that the asse111blage was accu111ulatecl by preclator such as 
Pa111hera or Crocuta. l f icleed the bears al l he Siby llenhéihle 
were k i l led by predators, thi s must have occurred with in the 
cave cluring hibernation, since the skeletal represelllation o f 
Ursus argues againsl a transpon of deacl incli vicluals into the 
site. Thus. in any case. the sex rat io should reflecl the prefc-
rences of lhe bears the111selves. 
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Barenhohle are ass igned to the juvenile-dominated 
type, the c lear difference in the re lati ve abundance 
of very old animals be tween both site is sti ll in 
need of an explanation. 

In Figure 12, the relative abundance of very old 
cave bears (stages VIII+IX) from the three sites 
presented in thi s study, plus the Brillenhohle 
( outh-western Germany), and Yarimburgaz (Tur-
key) is plotted against the ir respecti ve mean sex 
ratio. There i a strong inverse corre lation between 
these two variables: as the relative abundance of 
female in the assemblage increa e , the proportio-
nal representation of old adults decreases. The 
interpretation of thi pattern in palaeobiological 
terms is difficult. Tt seems to indicare that females 
fa i led to achieve a very old age as often as males 
(assuming that very o ld females had not the "habit" 
of dying in the open rather than within caves). If 
this wa indeed the case, this would be an unusual 
demographical phenomenon among Urs ids. Appa-
rently, no such phenomenon has been recorded for 
e ither brown or black bears (in fact, as mentioned 
above, the mortality of male U. arctos increases 
relati ve to that of females fro m the sub-aclult stage 
onwards; McNamee, 1997) . In order to confirm 
this correlation, thc demographic ana lysis of addi-
tiona l sites is needed. While data on tooth ernption 
and wear is available from a number of sites (e.g. 
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FIGURE 12 
Relati vc abundance of o ld adult versus abundance of females 
based on the M 1 (Data for Brillenhole after Boessneck & von 
den Driesch. 1973; for Yarimburgaz after Stiner. 1998 and Sti -
ner e l al.. 1998). A strong inverse correlation i apparent 
which. if the trend is supponed by additional find in the futu -
re. may indicare that males reached an old age more often than 
female . 

Musil, 1965; Torres Pérez-Hidalgo, 1984 ; A ndrew 
& Turner, 1992), the broad, more inc lu ive age 
categories incorporated in these cases are no t com-
parable to tho e of Stiner ( 1994, 1998), espec ially 
for the o lde r indi viduals. 

The use of tripolar di agrams is certainly useful 
for the inte rpretatio n of mortality pattern o f diffe-
rent species (see Stiner, 1990, 1994), but a sem-
blages be long ing to the same mortality patte rn 
family (e.g. juvenile-dominated) may till exhibit 
diffe rences whic h are a potentially usefu l source of 
palaeobiological information. 

Summing up, the sex ratios of cave bears in 
Eurasian s ites are highly vari able . Whi le the sea-
sonality of the food supplies may have been res-
pons ible for the re lative frequency of hiberna ting 
males w ithin a population, it cannot expla in the 
sex ratio w ithin a cave. In our opinion, Kurté n 
(1976) wa right on var y ing sex rati os be tween 
caves be ing a product of the choice by the bears 
themselves. However, it is not apparent tha t the 
size of the cave was the c riterion accord ing to 
which the bears choose the ir hi bernation s ite. 

What was the c riterio n then? We still do not 
know. Po te nti a lly re levant information for recent 
bear populations is seemenly not avai lable. For 
European brown bears, caves are not the first c ho i-
ce as denning/hibernation places: only a sma ll 
minority (ca. 12.7%) uses them for such purpose 
(Jakubiec, 1993) . Whether among these re lati vely 
few indi vidua ls males and fe males select d ifferent 
kind of caves re mains un known. 
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APPE DI X 

The purpo e of this appendix is to show that, contrary 
to the opinion of Adam (quoted in K urtén, 1964, 1976). 
sex ratios ar Barenhohle and Sibyllenhohle are not a pro-
duct of their po t-excavation history. 
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element" O. Fraas, 1862 SMNS collection, 2000 

skulls 40 7 

mandible 375 152 

scapula 100 9 

humerus 150 25 

radius 130 45 

ulna 130 33 

femur 200 30 

tibia 150 51 

fibula 80 24 

atlas 90 36 

axis 80 25 

cervical vertebra 200 120 

total 3587 2556 
• Fraas (1862) does not present data for elements such as astragalus, 

calcaneus, carpals, tarsals, phalanges, and vertebrae other than cervical ; 

nevertheless, these elements are present in the SMNS collection. 

TABLE 6 
U. spelaeus, number of specimens rrom the Barenhohle reco-
vered and kcpl by Fraas, 1862 ancl 1hose present 1oclay in the 
collection o f thc SMNS. 

Concerning the Barenhohle: the statement that O. Fraas 
excavated the si te together w ith the Swabian Cave Society 
in 186 1 is simply not true, since this Society was only 
e. tabli shed in 1889 (T. Rathgeber personal communica-
tion). It is true, however, that nowaday a considerable pro-
portion of the original material is missing from the collec-
tion (Table 6). This is a result of material having been 
given away to museums, collectors, and re earchers in 
Germany and abroad. An exact record of the material thus 
lost for die SMNS does not exist, and the selection criteria 
employed to choose the 111ate1ial being given away are unk-
nown. Neve1theless, it is improbable dlat dlose selection cri-
teria, if there were any, were applied so consistently so as to 
produce an rutificial, similar sex ratio in most skeletal ele-
ments (Table 2). ft seems more probable that the election 
had more to do with the state of preservation ofd1e remains, 
i.e. those specimens being somewhat more damaged were 
preferentially given away. Fraa ( 1862) was awru·e of die 
clear variation in the size of cave beru·s from Barenhohle; 
sorne bones, usually complete humerus, rad ius, ulna, and 
femur, were even labelled as belonging to either " Form A " 
( lru·ge) or " Form B" (small). M oreover, he recognized that 
this lru·ge sizc difference was caused by sexual dimorphism 
(Fraas, 1862). 

In the case of Siby llenhohlc, i t can be clearl y 
demonstrated that the sex ratios are not a result o f the 
material having being div ided between the Museum and 
the Swabian Cave Society, as Adam (quoted in Kurtén, 
1976) asserted. After the dissolution of the Society in the 
first years of the twentieth century. most o f it material 
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c::::J Stuttgart 
= Kirchheim 
-o- Hohlenstein 

Relati ve frequencies of the grearest length of the astragalus in 
the material from the Siby llenhohle ori ginally storecl al the 
SMNS ancl in the material returned to Stuttgart from Kirch-
hcim/Teck (see Tex t). Superimposecl is the cl istribution of the 
astragali in the Barenhohle, which shows a bimodal di tribu-
tion reflecting the pre ence of males ancl f'emales. 

from the Sibyllenhohle was deposited at the local 
museum in Kirchheimffeck. In the second half of rhe 
twentieth century most of these remains were transferred 
to the SMNS. To be su re, sorne part of the original mate-
rial is still mis ing, mainly skull s, mandibles, teeth, and 
femora which are easily recognizable for the amateur 
and the layman and thus more attractive, and it is proba-
ble that they remained in the privare co llection of the 
Society 's members (Table 7) . 

Since the material returned to the SMNS was kept 
separate from that originally stored there at the turn of 
the century, the hypothesi that the Swabian Cave 
Soc iety got mo t o f the male specimens can be easily 
tested. A s Figure 13 shows, the ascragal i orig inally kept 
by the Society and subsequently returned to che SMNS 
are of small size. When compared Lo the distribution at 
Barenhohle, w hich is distinctly bimodal, ir i s c lear thac 
most i f not al 1 of the astragali from Kirchheimffeck must 
come from females. 
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