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Abstract UDC 903.4(497.4)”6277:569.3
Borut Toskan: Small terrestrial mammals (Soricomorpha,
Chiroptera, Rodentia) from the Early Holocene layers of Mala
Triglavca (SW Slovenia)

At least 132 specimens belonging to no less than 21 species
of small terrestrial mammals from the Boreal were identi-
fied within the finds from the Early Holocene sediments from
Mala Triglavca (the Kras Plateau, SW Slovenia), namely Croc-
idura suaveolens, Sorex alpinus / araneus, S. minutus, Talpa cf.
europaea, Barbastella barbastellus, Sciurus vulgaris, Cricetulus
migratorius, Arvicola terrestris, Microtus agrestis / arvalis, M.
subterraneus / liectensteini, Chionomys nivalis, Myodes glareo-
lus, Dinaromys bogdanovi, Glis glis, Muscardinus avellanarius
and Apodemus flavicollis / sylvaticus / agrarius / uralensis. This
small mammal assemblage indicates that their habitat was pre-
sumably a mosaic of a mixed, predominantly deciduous forest,
dotted with small meadows and some rocky substrate. A com-
parison of allochronous microfaunas from the Kras Plateau in-
dicated a rapid faunistic change in the last 5,000 years.
Keywords: small mammals, Slovenia, Boreal, palaeoenviron-
ment.

Izvlecek UDK 903.4(497.4)”627”:569.3
Borut Toskan: Mali teresticni sesalci (Soricomorpha, Chirop-
tera, Rodentia) iz zgodnjeholocenskih plasti Male Triglavce
(JZ Slovenija)

V zgodnjeholocenskih sedimentih iz Boreala jame Mala Tri-
glavca pri Divadi so bili najdeni ostanki najmanj 132 prim-
erkov malih sesalcev, ki pripadajo vsaj 21 vrstam: Crocidura
suaveolens, Sorex alpinus / araneus, S. minutus, Talpa cf. euro-
paea, Barbastella barbastellus, Sciurus vulgaris, Cricetulus mi-
gratorius, Arvicola terrestris, Microtus agrestis / arvalis, M. sub-
terraneus / liectensteini, Chionomys nivalis, Myodes glareolus,
Dinaromys bogdanovi, Glis glis, Muscardinus avellanarius and
Apodemus flavicollis / sylvaticus / agrarius / uralensis. Tedan-
je zdruzbe malih sesalcev kaZejo na mozaicen tip habitata z
mesanimi, pretezno listopadnimi gozdovi in manj$imi travniki
ter kamni$¢i. Primerjava z alohronimi mikrofavnami s Krasa je
nakazala hiter favnisti¢ni obrat v zadnjih 5,000 letih.

Klju¢ne besede: mali sesalci, Slovenija, Boreal, paleookolje.

INTRODUCTION

The Early Holocene small mammal fauna of Slovenia is
poorly known. This is due to a small number of excavated
sites, on the one hand, and to the fieldwork techniques
used in the past that were far from meeting the modern
standards, on the other. Concerning the latter, an impor-
tant weak point of the field work methodology worth
mentioning here is that the excavated sediments were

not washed through sieves. Thus, in spite of numerous
attempts to treat the excavated sites in an all-round man-
ner, including faunal remains (Pohar 1984, 1986, 1990;
Toskan & Dirjec 2004, 2006), teeth and bones of small
mammals were only rarely collected (e.g. Rakovec 1959,
1961; Pohar 1986, 1990) and never analyzed in details
(for exception see Toskan & Krystufek 2004). In the case
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of Mala Triglavca, however, the wet-sieving of the sedi-
ments yielded a relatively rich small mammal assemblage
(NISP = 749), which provide a good opportunity to ob-
tain a deeper insight into the Early Holocene small mam-

mal faunas of the Kras Plateau. The remains elaborated
in this paper are those of Soricomorpha, Chiroptera and
Rodentia.

SITE, MATERIAL AND METHODS

Mala Triglavca (herein after: M. Triglavca) is a pro-
nounced (8 m wide, 6 m long, 1.8-0.8 m high) rock shel-
ter in a small collapsed doline of the Divaca karst (437 m
a.s.l; Fig. 1). It was first described and measured for ar-
chaeological purposes by E Leben (1988); he excavated
there in 1979-1985, depositing the excavated sediments
in the vicinity of the rock-shelter. On his initiative,
L. Turk later wet-sieved 1,677 kg of the deposited sedi-
ment of the so-called Mesolithic horizon (Turk, 2004a),
revealing also the small mammal remains elaborated in
this paper. For the sake of reliability of the stratigraphic
setting of the studied assemblage it was decided to com-
pletely remove all the recent sediment overlying the Me-
solithic material before beginning to sample. That the
bulk of the sediments in Lebens deposits presumably
belong to the Mesolithic layer is confirmed by archaeo-
logical finds (Leben 1988; Turk & Turk 2004). Based on
the number (N = 286) and type of the excavated stone
artifacts, the available archaeological material is to be
ascribed to the Sauveterrian-Castelnovian complex
(ca. 8,000-6,000 B.C.; Turk & Turk 2004), which cor-
responds to the Boreal palaeoclimatic period. In view
of the above mentioned removal of the recent sediment
deposited over the material of the so-called Mesolithic
horizon as well as the relatively high number of collected
stone artifacts datable to the Sauveterrian-Castelnovian
complex, the same chronological frame is to be assumed
also for the microfauna discussed below.

The small mammal material consists of teeth, max-
illas, mandibles and postcranial remains, whereby the
latter were not subjected to further analysis. The com-
parative recent and subfossil material (collections of the
Natural History Museum of Slovenia and the Regional
Museum Koper) originates mainly from Slovenia and
adjacent regions of the Balkan Peninsula. Quantitative
comparisons among taxa were based on the Number
of Identified Specimens (NISP) and on the Minimum
Number of Individuals (MNI); ¢f. Grayson (1984, 17 ff)
for further details. Within the framework of the biomet-
ric analysis, the existence of statistically significant het-
erogeneity among individual samples was determined
using the Scheffé test (StatSoft Inc. 2001). Allochronous
small mammal faunas were compared by multidimen-
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sional scaling on the rectangular symmetric matrix of
the Jaccard’s coeflicients of similarity. For measuring
the percentage of species whose “temporal” ranges end
within a chronologically distinct small mammal assem-
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Fig. 1: Map of the Kras Plateau and the archaeological sites (dots)
mentioned in the text.

blage, the Index of Faunistic Change (IFC) was used
(cf. Hagmeier & Stults 1964). The relative hospitality of
(palaeo)habitats to micro mammals and the prevalence
of environmental conditions needed to support each
species was assessed by packing the presence-absence
matrix to the state of maximum nestedness (cf. Atmar
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& Patterson 1993). Statistical calculations were run in
StatSoft 2001 - Statistica for Windows (version 6.0) and
in Nestedness temperature calculator programme (Stat
Soft 2008).

Cheek-teeth are abbreviated as follows: P - pre-
molars, M — molars; capital letters indicate the upper
teeth and small letters the lower ones. The nomencla-

ture of molars follows Van Der Meulen (1973; arvico-
lins) and Niethammer & Krapp (1978 for murins and
1982 for cricetins). All dimensions are given in mil-
limeters.

Subfossil microfaunal remains from M. Triglavca
are kept at the Regional Museum Koper.

RESULTS AND DISCUSSION

TAXONOMY

The examined sample of the cave deposits yielded a total
number of 980 molars, mandibles and maxillas of small
mammals; 749 of these allowed identification at least to
the generic level. The material belonged to not less than
132 specimens, ascribed to 21 species from six families.
The share of rodents within the identifiable items exceeds
97 percent, while bats, on the other hand, are represented
by only 4 specimens. All species in the sample are still ex-
tant and most still occur in Slovenia. The only exceptions
are the grey hamster (Cricetulus migratorius), Martino’s
vole (Dinaromys bogdanovi) and the herb field mouse
(Apodemus uralensis).

Taxonomy and nomenclature follow Wilson &
Reeder (2005).

Order: Shrews and moles (Soricomorpha)
Family: Shrews (Soricidae)

Crocidura suaveolens (Pallas, 1811)

The lesser white-toothed shrew is represented by
four specimens: two fragmented rostrums and two iso-
lated check-teeth (both P4). The rostrums contain sev-
eral teeth, thus allowing the exclusion of the presence of
C. leucodon and C. russula due to the shape of the 4™ up-
per premolar.

Sorex minutus Linnaeus, 1766

Two mandibles belong to the pygmy shrew. Both
specimens are fragmented, thus no measurements could
be taken. The pygmy shrew occurs in a wide range of
habitats, depending on latitude and elevation (Hutterer
1999).

Sorex alpinus / araneus

A fragmentary mandible of a Sorex shrew does not
allow identification to the species level. It belongs either

to the alpine (Sorex alpinus Schinz, 1837) or the com-
mon shrew (S. araneus Linnaeus, 1758). Both species
are already known from the Early Holocene of the Kras
Plateau (Toskan & Krystufek 2004, 116 f); the common
shrew is represented also in the Upper Pleistocene layers
of the Caverna degli Orsi/Medvedja jama cave (Boschian
1999-2000, 60).

Family: Moles (Talpidae)
Talpa cf. europaea Linneaus, 1758

Genus Talpa is represented by a small number of
isolated teeth, which did not allow a reliable distinction
between the common mole Talpa europaea and the blind
mole T. caeca Savi, 1822. In spite of the size differences
(with T. europaea being bigger), the ranges of the two
overlap considerably. The best distinction was achieved
on the basis of m1 and m? dimensions. Since the length
and breadth of the two available m1 from M. Triglavca
lie within the range of the recent T. europaeus (thus ex-
ceeding the maximal values for recent T. caeca), only the
presence of the common mole could be demonstrated
for the Early Holocene sediments of this site (Fig. 2).

Order: Bats (Chiroptera)
Family: Evening bats and vesper bats (Vespertil-
ionidae)

Barbastella barbastellus (Schreber, 1774)

Bats are represented by three isolated teeth and a
fragmented rostrum (including a M3), of which only the
latter allowed identification beyond the family level: it
was ascribed to barbastelle. The species probably prefers
upland and forest habitats, hibernating (usually solitary
or in small groups) in caves, bunkers, tunnels or cellars
(Urbanczyk 1999).
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Fig. 2: Scatterplot of the breadth of the first lower molar (m1)
against its length in moles. Polygons enclose scores for 29 recent
T. europaea from western Slovenia (broken line) and 30 recent
T. caeca from Bosnia and Herzegovina, Montenegro and Kosovo
(straight line). Dots indicate Early Holocene specimens from M.
Triglavea.

Order: Rodents (Rodentia)
Family: Squirrels (Sciuridae)

Sciurus vulgaris Linnaeus, 1758

A mandible and 15 isolated check-teeth belong to
the red squirrel. In terms of the length of the toothrow
(= 9.5 mm), the mandible from M. Triglavca lies within
the range of recent S. vulgaris from Slovenia (Toskan,
unpublished data).

As a large diurnal form red squirrel is quite rare in
owl and raptor diet (Andrews 1990, 178 ff), hence it also
rarely appears in fossil taphocoenoses (cf. Bon et al. 1991).
Although juveniles fall prey to the mentioned predators
relatively more often (Krystufek 1991, 125), the numer-
ousness of red squirrel teeth in the assemblage from M.
Triglavca deserves a brief comment. First of all it should
be stressed that the material was carefully examined for
possible presence of European souslik (Spermophillus
citellus), which would well correspond to the appearance
of Cricetulus, Crocidura or Microtus agrestis in the studied
sample (Tab. 4) and which is a preferred prey for larger
species of eagles. However, the crowns of upper molars
are all nearly square, with the enamel tubercles and ridges
being rather low, wherefore the squirrel material from
M. Triglavca was conclusively ascribed to S. vulgaris (cf.
Krystufek & Vohralik 2005, 22, 39 f). Such a conclusion is
further corroborated by the morphology of the only pre-
served mandible, which is more robust than in souslik (cf.
Krystufek & Vohralik 2005, 39).

The most plausible explanation for the presence of
red squirrel teeth in the examined sample seems thus
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to be linked to the representation of the stone marten
(Martes martes) and wild cat (Felis silvestris) in the same
assemblage (Pohar 1990, Tab. 1; Turk et al. 2004, 201).
Apart from being known to (occasionally) produce bone
assemblages (Andrews 1990, 41 f), these two species hap-
pen to be also red squirrel’s main predators (Krystufek
1991, 125).

Family: Hamsters, voles and lemmings (Cricetidae)
Subfamily: Hamsters (Cricetinae)

Cricetulus migratorius (Pallas, 1773)

Four isolated molars (M1, ml and two m2;
Fig. 3: a, b) belong to the grey hamster. Molar dimen-
sions lie within the range observed in the fossil dwarf
hamster Allocricetus bursae (Schaub 1930) and are, as
such, above the maximum for the recent and fossil C.
migratorius (Toskan & Krystufek 2006, 102, and sourc-
es cited there). However, Mayhew (1978, 309 f) and Hir
(1993, 28) warn that dimensions of isolated molars are
not necessarily a suitable criterion for distinguishing
between the two species. Besides, C. migratorius tends
to be larger in fossil samples than in recent populations,
with recent specimens showing extremely variable di-
mensions depending on climate (Popov 1994, 37). Al-
though the taxonomic value of the discrete molar traits
is argued to be similarly controversial by some authori-
ties (e.g. Mayhew 1978, 309; Popov 1989, 57), it is worth
noting that the posterior cingulum of M1 from M. Tri-
glavca is well developed (as is to be found in C. migrato-
rius) and not weak or absent as in A. bursae (Tchernov
1968, 84). Taking the above into account, the material
presented here was ascribed to the grey hamster, which
is known to have inhabited the Kras Plateau at least till
the Early Holocene (Bartolomei 1999-2000; Toskan &
Krystufek 2006, 102).

Subfamily: Voles and lemmings (Arvicolinae)
Arvicola terrestris (Linnaeus, 1758)

Water vole is represented by three isolated sec-
ond lower molars (Fig. 3: ¢). Their lengths are 2.2, 2.2
and 2.3 mm, respectively, which lies within the range
of both the Early Holocene A. terrestris from Viktor-
jev spodmol (Me = 2.31; range: 2.1-2.6; N = 12) and
the recent water voles from Slovenia (M = 2.34; range:
1.98-2.58; N = 30).

As currently accepted (Wilson & Reeder 2005), the
two long known ecological morphotypes of the all-em-
bracing A. terrestris correspond to two biological spe-
cies: the amphibious A. amphibious (Linaeus, 1758) and
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distinction between these
two species is possible on
the basis of M2, which has
an additional postero-lingual
triangle (T5) in M. agrestis.
Note, however, that even
this characteristic is subject
to temporal and geographic
variation (e.g. Krystufek
1986, 38). The find of a single
M2 with the additional tri-
angle T5 (Fig. 3: d) confirms
beyond doubt the presence
of the common vole in M.
Triglavca.

Species identity of the
first lower molars was as-
sessed by the method pro-
posed by  Nadachowski
(1984). Triangles T4 and T5
are subequal in M. arvalis,

Fig. 3: Molars of hamsters (Cricetinae) and voles (Arvicolinae) from M. Triglavca. Cricetulus mi-
gratorius: (a) ; (b) . (c) 2" lower molar of Arvicola terrestris. (d) 2" upper molar of Microtus
agrestis. (e) 1 lower molar of Microtus cf. agrestis. (f) I* lower molar of Microtus cf. arvalis. (g)
I* lower molar of Chionomys nivalis. (h) 31! upper molar of Dinaromys bogdanovi. (i) Myo-
des glareolus, 3 upper molar: complex-typica morphotype. (j) 2" upper molar of Apodemus

agrarius. Scale bar = 1 mm.

the smaller fossorial A. schermann (Shaw, 1801). This
renders a reliable determination of the here-presented
material to the specific level impossible.

Microtus agrestis / arvalis

The shape of the anteroconid complex of m1, with
separated dentine fields of triangles T4 and T5, allocated
eleven arvicoline first lower molars from M. Triglavca ei-
ther to the field vole Microtus arvalis (Pallas, 1779) or to
the common vole M. agrestis (Linnaeus, 1761). A reliable

while M. agrestis is char-
acterized by a larger T5 in
comparison to T4. Conse-
quently, a quotient between
the lengths of these two tri-
angles (T4/T5), when plotted
against the m1 length, distin-
guishes these two voles fairly reliably (Fig. 3: e, f). This
approach confirmed the presence of both species in the
subfossil material from M. Triglavca, with M. arvalis be-
ing slightly more abundant (Fig. 4). However, specimens
within the polygon of the recent M. arvalis do not attain
the higher values of the quotient T4/T5 and, despite a
shorter molar, actually have the agrestis m1 morphotype.
Interestingly, no such thing was observed in the much
larger sample of subfossil m1 from the nearby Viktorjev
spodmol (N = 68; Toskan & Krystufek 2004, Fig. 15.4).
Early Holocene speci-
mens from M. Triglavca do

not differ in m1 length from

X the roughly contemporane-

ous material from Viktorjev

spodmol or from the recent
M. arvalis from Slovenia. The

Sample N M min.-max. SD Homogeneous sets
1 45 3.03 2.77-3.47 0.143
2 45 2.68 242-2.95 0.138 X
3 55 2.69 2.32-3.15 0.197
4 6 2.68 2.39-2.90 -

X recent M. agrestis from cen-

Tab. 1: Descriptive statistics for m1 length in four samples of the Microtus agrestis / M. arvalis.
Homogeneous sets are based on the Scheffé test. Samples: 1 - recent M. agrestis from central Slo-
venia (the Ljubljansko barje); 2 - recent M. arvalis from Slovenia (the Ljubljansko barje, Kran-

tral Slovenia, on the other
hand, is significantly larger
(Tab. 1).

jska gora, the Julian Alps); 3 — Early Holocene specimens of both species from Viktorjev spodmol;
4 - Early Holocene specimens from M. Triglavca. The table gives sample size (N), arithmetic
mean (M; in the case of M. Triglavca substituted by the median), range (min.-max.) and stan-

dard deviation (SD).
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Fig. 4: Scatterplot of the quotient of triangles T4 with T5 as de-
nominator (T4/T5) against the length of the first lower molar
(m1) in Microtus agrestis / arvalis. Polygons enclose scores for
45 recent M. agrestis (straight line) and 45 recent M. arvalis
(broken line), both from Slovenia (after Krystufek 1997, Fig. 7.8).
Dots indicate Early Holocene specimens from M. Triglavca.

Microtus subterraneus / liechtensteini

Pitymoid first lower molars (N = 23) probably be-
long either to the common pine vole Microtus subter-
raneus (de Sélys-Longchamps, 1836) or the Liechten-
stein’s pine vole M. liechtensteini (Wettstein, 1927). The
two species clearly differ in their chromosomal sets,
but resemble each other most closely in their morphol-
ogies. Although Microtus liechtensteini tends towards a
larger size, the lengths of isolated molars broadly over-
lap (Krystufek 1997, 93). Morphometric characteris-
tics of the m1 in the material from M. Triglavca and
the recent pine voles of both species are given in Fig. 5
and Tab. 2. The total length of m1 is significantly differ-
ent between the three samples, with specimens from M.
Triglavca being the smallest and those of the recent M.
liechtensteini the largest (Fig. 5). The picture is different
for the length of the anterior part of m1 (sensu Spitzen-
berger et al. 2000, 474), where the subfossil material re-
sembles the recent M. liechtensteini more than it resem-
bles recent M. subterraneus (t-test: p = 0.088-0.568 vs.
p = 0.033; Tab. 2). Despite this controversy, the great
majority of m1 specimens from M. Triglavca were as-
cribed to M. subterraneus. Namely, due to the intense
interpopulational geographic variability in dental
morphology of the two studied species (cf. Brunet-
Lecomte & Krystufek 1993; Spitzenberger et al. 2000),
the total length of the first lower molar seems to have a
greater taxonomic value in comparison to the length of
its anterior part (cf. Brunet-Lecomte & Krystufek 1993,
Tab. 1).
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Fig. 5: Histogram of the length of the first lower molar (m1) in
three samples of Microtus subterraneus / M. liechtensteini.
Samples: 1 - recent M. liechtensteini from Slovenia; 2 - recent
M. subterraneus from central Slovenia; 3 - Early Holocene speci-
mens from M. Triglavca.

Microtus subterraneus and M. liechtensteini are ex-
tremely competing semifossorial species, so that their
distribution is probably more restricted by the presence
of each other than by the habitat (Krystufek 1999). Palae-
ontological data indicate that in the Late Pleistocene and
Early Holocene of the Kras Plateau and adjacent areas
M. subterraneus was much more common than M. liech-
tensteini (Bartolomei 1996, 34 f; 2003, 13; Meluzzi et al.
1984, 122; Aguilar et al. 1998, 144; Toskan & Krystufek
2004, 124; 2007, 213). This observation is noteworthy,
since only M. liechtensteini is known now to populate the
studied area, while the range border of M. subterraneus
is shifted into central Slovenia ca. 50 km towards the
north-east (Krystufek 1991, 147 ff). It thus seems evi-
dent that M. liechtensteini, after surviving the last one or
two glaciations of the Alps in the refugial area(s) in the
Dinaric Mountains (Haring et al. 2000, 237), re-invaded
the southern parts of the Alps with the retreat of the ice
and substituted the M. subterraneus in a part of its areal.
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Sample

recent Microtus subterraneus (Slovenia and Croatia)

recent Microtus liechtensteini (Slovenia and Croatia)

(
recent Microtus liechtensteini (Carinthia, Austria)
(

recent Microtus liechtensteini (E Tyrol, Austria)

subfossil M. subterraneus / liechtensteini (M. Triglavca)

N M sD Martino’s vole is repre-
26 0.522 0013 sented by a single third up-

: : per molar (length: 2.8 mmy;
156 0.521 0.017 Fig. 3: h). The species now
16 0.523 0.017 lives only in a small part of
14 0517 0.017 the historical range of the ge-
13 0513 0.020 nus Dinaromys and has one of

Tab. 2: Descriptive statistics for the anterior part (AP) of m1 in five samples of Microtus subter-
raneus / M. liechtensteini. The table gives sample size (N), arithmetic mean (M) and standard
deviation (SD). Data for the pine voles from Slovenia and Croatia is given in Brunet-Lecomte ¢
Krystufek (1993, Tab. 1) and that for the pine voles from Austria in Spitzenberger et al. (2000,
Tab. 4). For the definition of the anterior part (AP) of m1 see Spitzenberger et al. (2000).

Chionomys nivalis (Martins, 1842)

Snow vole is represented by two isolated first lower
molars, one of which is fragmented. The length of the
other is 2.8 mm, which lies within the range of both the
recent Ch. nivalis from the Julian Alps and the subfos-
sil conspecifics from Viktorjev spodmol (Toskan &
Krystufek 2004, Tab. 15.3). Both m1 are of the “nivalid”
morphotype (sensu Krystufek 1990, 127; Fig. 3: g). The
same morphotype dominates also in the recent Ch. ni-
valis samples from the Eastern Alps and the Dinarides,
respectively (Krystufek 1990, 127), as well as in the Early
Holocene material from Viktorjev spodmol (Toskan &
Krystufek 2004, 120) and the Late Pleistocene assem-
blage from Divje babe I (Toskan & Krystufek 2007, 197).

Paleontological data indicate that during the Late
Pleistocene the snow vole was widespread mostly in the
northern parts of the Balkan Peninsula (Terzea 1972;
Fladerer 2000, 203; Rabeder 2004, 57; Toskan & Krystufek
2007, 211 f), including the Kras Plateau (Bon et al. 1991;
Boschian 1999-2000, 60; Bartolomei 2003, 13). From the
latter area many Early Holocene records are also known
(Rakovec 1959, 300; Cremonesi et al. 1984, 29; Meluzzi
et al. 1984, 122; Montagnari Kokelj 1984, 212; Toskan &
Krystufek 2004, 120).

Dinaromys bogdanovi (Martino et Martino, 1922)

the smallest ranges amongst
the recent European rodents
(Krystufek et al. 2007, 1221
f). Although Slovenia and
NE Italy lay outside the ac-
tual range of the Martino’s
vole, the areas know several
Late Pleistocene records of
this species (Petrov & Todorovi¢ 1982, 203; Aguilar et al.
1998, Tab. 1; Boschian 1999-2000, Tab. 2; Bartolomei
2003, Tab. 1). Moreover, the tooth from M. Triglavca and
those from the nearby Viktorjev spodmol (N = 3; Toskan
& Krystufek 2004, 124 ) demonstrate that Martino’s vole
inhabited the Kras Plateau at least till the Early Holo-
cene. The fairly recent shrinkage in the species range (i.e.
ca. 130 km in the last ca. 10,000 years) might be a conse-
quence of the penetration of the snow vole into the range
of the Martino’s vole in the Dinarides at some point dur-
ing the Holocene (fossil records of Ch. nivalis in Dinaride
Range are scarce; Mauch Lenardi¢ 2005). This process is
possibly still on-going, presumably resulting in the range
shrinkage of the more ancient of the two rock-dwelling
voles (Krystufek et al. 2007, 1230).

Myodes glareolus (Schreber, 1780)

Bank vole is by far the best represented vole species
in the material from M. Triglavca (Tab. 4). Such frequen-
cy partly reflects the fact that each bank vole’s molar (and
not just m1 as in most other voles) could be ascribed to
this species due to the characteristic shape of the enamel
pattern as well as by its rooted condition. Anyhow, there
is no doubt that M. glareolus was indeed one of the bet-
ter represented voles at M. Triglavca and in the fauna of

the time on the Kras Plateau

in general. This is further

Sample N M min.-max. SD Homogeneous sets corroborated by its presence
1 104 2.29 1.79-2.60 0.196 X in the taphocoenoses from
2 112 2.37 1.98-2.93 0.147 several other Early Holo-
3 1 246 227-258 _ X cene sites in the area (Rak-

Tab. 3: Descriptive statistics for m1 length in three samples of Myodes glareolus. Homogeneous
sets are based on the Scheffé test. Samples: 1 — recent M. glareolus from Slovenia; 2 - Early Ho-
locene M. glareolus from Viktorjev spodmol; 3 — Early Holocene M. glareolus from M. Triglavca.
The table gives sample size (N), arithmetic mean (M; in the case of M. Triglavca substituted by the
median), range (min.—-max.) and standard deviation (SD). Data for bank voles from Viktorjev

spodmol is given in Toskan & Krystufek (2004, Tab. 15.5).

ovec 1959, 299; Meluzzi et al.
1984, 121; Bartolomei 1996,
Tab. 1; Toskan & Krystufek
2004, 121 ff).

The first lower molars
from M. Triglavca do not
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differ significantly in length from the contemporane-
ous specimens from Viktorjev spodmol, but are signifi-
cantly longer than in the recent bank voles from Slovenia
(Tab. 3). The prevailing M3 (N = 9) morphotype is the
complex one (N = 6), mainly its typical variant (N = 3;
Fig. 3: i). The same condition is characteristic of the re-
cent bank voles from Slovenia as well as of the subfossil
material from Viktorjev spodmol.

Family: Dormice (Gliridae)
Glis glis (Linnaeus, 1766)

Edible dormouse is represented by 290 specimens,
mostly isolated check-teeth. Length of first lower mo-
lars fit the range for recent G. glis from Slovenia (t-test:
p = 0.976). Having said that, the specimens from M.
Triglavca had significantly narrower m1 than the recent
animals (t-test: p = 0.007; Fig. 6). The same condition is
characteristic of the subfossil edible dormice from Vik-
torjev spodmol, which thus closely resemble those from
M. Triglavca (t-test: p = 0.899).

2.25

2.20 L4 L
2.15

2.10

m1 breadth (mm)

1.8 1.9 2.0 2.1 2.2 2.3 2.4
ml length (mm)

Fig. 6: Scatterplot of breadth of the first lower molar (m1) against
its length in edible dormouse. The polygon encloses scores for
30 recent Glis glis from Slovenia. Dots indicate Early Holocene
specimens from M. Triglavca. Crosses (+) indicate the arithmetic
mean for Early Holocene material from M. Triglavca (1) and re-
cent specimens from Slovenia (2).

Muscardinus avellanarius (Linnaeus, 1758)

An isolated first upper molar (M1) belongs to the
common dormouse. The species is known to have inhab-
ited the area at least from the Late Pleistocene onwards
(Bon et al. 1991; Toskan & Krystufek 2007, 201).
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Family: Mice and rats (Muridae)
Apodemus flavicollis / sylvaticus / agrarius / uralensis

The genus Apodemus is represented by 327 isolat-
ed teeth and mandible fragments, being thus by far the
most abundant small mammal taxon in the taphocoeno-
ses from M. Triglavca. On the basis of the size and mor-
phology of the available specimens they were ascribed to
four recent species: yellow-necked mouse A. flavicollis
(Melchior, 1834), long-tailed field mouse A. sylvaticus
(Linnaeus, 1758), striped field mouse A. agrarius (Pal-
las, 1771) and herb field mouse A. wuralensis (Pallas,
1811). Apodemus agrarius is represented in the material
by an isolated M2, which lacks the meso-labial tubercle
t3 (Fig. 3: j); such a condition is diagnostic for the spe-
cies (Bohme 1978, 368). The presence of A. uralensis was
ascertained by the small size of an isolate M1 (length x
breadth: 1.64 x 1.13 mm) and by its morphological traits:
the cusp t7 is ridge-like, t4 is displaced posteriorly with
respect to t6, the tooth lacks a t12, the cusp t1 lacks a spur
and is not (yet) connected with t2 despite the rather ad-
vanced stage of wear (Fig. 7; cf. Filippucci et al. 1996, 7).
Morphological differences in the remaining molars are
slight and do not allow for a reliable determination to
the level of species (Janzekovi¢ & Krystufek 2004). More-
over, populations of A. sylvaticus, A. flavicollis, and A.
agrarius are known to be characterized by a considerable
size variation (Alcdntra 1991). Nevertheless, the size of
M1 allowed us to ascertain the presence of all three spe-
cies (in addition to A. uralensis) in the assemblage from
M. Triglavca, whereby A. flavicollis is the most common
and A. agrarius the least (Fig. 8).

Fig. 7: First upper molar of the pygmy field mouse (Apodemus
uralensis) from M. Triglavca. Scale bar = 0.5 mm.
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Fig. 8: Scatterplot of the breadth of the first upper molar (M1)
against its length in wood mice. Polygons enclose scores for 35 re-
cent A. flavicollis (straight line), 30 recent A. sylvaticus (broken
line), both from central Slovenia (after Krystufek 1997, Fig. 7.9),
and 30 recent A. agrarius (dotted line) from SW Slovenia. Dots
indicate Early Holocene specimens from M. Triglavca.

TAPHOCOENOSIS

The Minimum Number of Individuals (MNI) per taxon
in the subfossil material from M. Triglavca is summa-
rized in Tab. 4. Similarly as in the caves elsewhere, owls
were evidently responsible for the bulk of accumulated
bones and teeth. Among other things, the composition

of the sample thus reflects the preferences of the preda-
tor towards prey categories. Irrespective of this, the as-
semblage from M. Triglavca is believed to reliably reflect
environmental conditions in the vicinity of the cave,
since the relatively large time scale of small mammal ac-
cumulation is supposed to compensate for most of the
sampling bias.

Palaeoenvironment

No less than 21 species of small mammals were
identified at M. Triglavca. Such pronounced species
diversity indicates a mosaic structure of the habitat
(¢f. Janzekovi¢ & Cas 2001, 323 f) and a mild climate.
The latter is further corroborated by the presence of
the mole and the lesser white-toothed shrew, both
being termophilous species. Nearly half of the deter-
mined specimens were ascribed to the genus Apodemus
(43.8 % NISP, 50.8 % MNI), with A. flavicollis being
the most common (see above). Contrary to A. sylvati-
cus, which prefers open habitats, A. flavicollis is a typi-
cal forest dweller (Montgomery 1999). Forest-dwelling
species are further represented by dormice (G. glis and
M. avellanarius), red-toothed shrews (S. minutus and
S. alpinus / araneus), Myodes glareolus and Sciurus vul-
garis, comprising in total over two thirds of the total
number of identified specimens / minimum number of
individuals.

The share of small mam-

mals that depend on open

Taxon NISP % NISP MNI % MNI
habitats is much smaller. In-
C. suaveolens 4 05 3 23 dicative of the latter are the
5. minutus 2 03 2 1.5 voles of the genus Microtus
S. alpinus / araneus 1 0.1 1 0.8 (4.7 % NISP, 14.9 % MNI)
Talpa cf. europaea 9 1.2 2 15 and Cricetulus migratorius.
B. barbastellus 1 0.1 1 0.8 Noteworthy is also the pres-
s, vulgaris 16 21 4 30 ence of Chionomys mvalzls
: - and Dinaromys bogdanovi,
C migratorius 4 0.5 2 1.5 since both voles depend
A. terrestris 3 0.4 2 1.5 strictly on the availability of
M. agrestis / arvalis 12 1.6 7 5.3 a rocky substrate to provide
M. subterraneus / liechtensteini 23 3.1 13 9.8 shelter in narrow fissures and
Ch. nivalis ’ 03 1 08 caverns (Krystufek 2004, 97).
: Overall, the landscape in the
D. bogdanovi ! 0.1 ! 08 vicinity of M. Triglavca dur-
M. glareolus 33 7.1 68 ing the Early Holocene was
G. glis 290 38.7 16 121 probably a habitat mosaic of
M. avellanarius 1 0.1 1 0.8 mixed, though predominant-
Apodemus sp. 327 438 67 50.8 ly deciduous forests (which is
TOTAL 249 100 132 100 evident from the abundance

Tab. 4: Number of Identified Specimens (NISP) and Minimum Number of Individuals (MNI) in

small mammal subfossil assemblage from M. Triglavca.

of frugivorous dormice and
yellow-necked field mouse),
meadows and rocky sub-
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strate. Such a conclusion is consistent with the results of
palynological studies (Toskan & Krystufek 2004, 130 f,
and sources cited there).

A similar type of habitat is to be expected for the
Kras Plateau in general. This can be inferred from the
great resemblance of the local Early Holocene small
mammal faunas (¢f. Cremonesi et al. 1984, 28 f; Meluzzi
et al. 1984, 121 f; Bon et al. 1991; Toskan & Krystufek
2004). Differences in species richness between various
taphocoenoses do not seem to be problematic in this
respect, since they are to be ascribed to very different
sample sizes. If the number of species per sample is ad-
justed for the size of the sample, the inter-site differences
become much smaller if not negligible (Tab. 5).

The Early Holocene micromammal faunas from
the Kras Plateau show a distinctive uniformity also in
terms of the relative frequency of various small mam-
mal species. This resemblance is best seen by compar-
ing M. Triglavca and Viktorjev spodmol, which yielded
the richest small mammal faunas in the area (Fig. 9). At
the former, a slightly higher percentage of frugivorous
Apodemus flavicollis (as the most common wood mice
in the two assemblages) and Glis glis has been observed,

%
(5:)) Legend:
1- 8. vulgaris
2 - M. agrestis/arvalis

P~ 3 - M. subterraneus/liechtensteini
; 40 4 - M. glareolus 6
2 5-Glis [
B 6 - Apodemus sp.
z
= 30
g
'COS
3 20 4.
5
3 .
£ e 3.7
> 10 s
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&
0 r % L L L L L
0 10 20 30 40 50 (%)

M. Triglavca

Fig. 9: Shares of various small mammal species in the assem-
balges from M. Triglavca and Viktorjev spodmol. In the case of
the latter only remains from the Early Holocene spits 8-19 are
shown.

Comparison of allochronous small mammal faunas
The comparison of micromammal assemblages from

the Early Holocene layers of Viktorjev spodmol, Grotta
Azzurra/Pecina na Leskovcu

Site No. of species NISP c-value and ?ro.tta Lonza/ Pecina

Lonza” with the recent sym-
Viktorjev spodmol (spits 8-19) 27 2,576 747 patric fauna showed substan-
M. Triglavca 21 749 7.15 tial differences. Namely, the
Grotta Azzurra/Pecina na Leskovcu 85 5.47 subfossil material resembled
Grotta Lonza/ “Pecina Lonza” 9 25 6.27 more closely the recent fauna

from central Slovenia than

Tab. 5: Number of small mammal species in the Early Holocene sediments of various sites on the
Kras Plateau adjusted for the size of the sample. Adjusted species richness is given as the c-value
and was derived from the Arrhenius equation (Rosenzweig 1996). Data for the assemblage from
Grotta Lonza/“Pecina Lonza” are given in Meluzzi et al. (1984), those for the material from Grotta
Azzurra/Pecina na Leskovcu in Cremonesi et al. (1984) and those for the assemblage from Viktor-

jev spodmol in Toskan & Krystufek (2004).

with the share of Myodes glareolus and Microtus agrestis
/ arvalis being slightly lower than at Viktorjev spodmol.
Since the taphocoenosis from the latter site is expected
to be geologically slightly older than the material from
M. Triglavca (Turk 2004b, 208), these differences could
reflect a further expansion of forests at the end of the
Boreal (with a stronger presence of deciduous trees in
them) due to progressive global warming. Nevertheless,
the differences in the share of various rodent species
between each of the two sites usually being low (range:
1.1 %-13.0 %; Me = 1.6 %), the possibility of them be-
ing fortuitous should also be taken into account.
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the modern fauna of the Kras
Plateau (Toskan & Krystufek
2004, 132 f).

The comparison above
can be further extended by
including the subfossil ma-
terial from M. Triglavca and
three fossil assemblages from Caverna degli Orsi/Med-
vedja jama and San Leonardo 1/Sveti Lenart 1 caves,
which provides an opportunity to obtain deeper insights
into the Late Pleistocene/Holocene small mammal fau-
nas from the Kras Plateau (Fig. 10). Worth noting in
this sense is the assemblage from the seven uppermost
spits at Viktorjev spodmol, which is archaeologically
dated to the castellieri period (ca. 1,600-600 B.C.; Turk
& Veluscek 2004). It lies between the two available Early
Holocene assemblages, on the one side, and the owl pel-
let sample collected at the entrance to the nearby Soko-
lak Cave, on the other. Such a position is indicative of
the progressive transition of the local species-rich Early
Holocene microfauna towards the impoverished fauna
inhabiting the north-eastern Adriatic coast today (cf. Li-
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Fig. 10: Final distribution of the matrix derived from multidi-
mensional scaling of Jaccard coefficients for three fossil (dots),
three subfossil (open circles) and one recent (diamond) small
mammal assemblages (bats excluded) from the Kras Plateau
(stress < 0.1). The line connects temporally subsequent assem-
blages. Species “pairs” Talpa caeca / T. europaea, Microtus
agrestis / M. arvalis, Microtus subterraneus / M. liectensteini
and Apodemus flavicollis / A. sylvaticus are treated as single
taxa. Assemblages: San Leonardo 1/Sveti Lenart 1: layers 8-10
(Early Glacial = OIS 5a-5d), layers 6-7 (end of Pleniglacial 1T
= OIS 2; Bartolomei 2003); Caverna degli Orsi/Medvedja jama
(Early Glacial/Pleniglacial I =~ OIS 5/0IS 4; Boschian 1999-
2000); Viktorjev spodmol: spits 8-19 (Early Holocene), spits 1-
7 (Middle Holocene; Toskan & Krystufek 2004); M. Triglavca
(Early Holocene) and Sokolak (recent; Lipej & Gjerkes 1996).
For locations of various sites see Fig. 1.

pej & Gjerkes 1996; Karaji¢ & Krystufek 1999; Krystufek
& Lipej 2002). Due to this impoverishment, the Early
Holocene faunas of M. Triglavca and Viktorjev spodmol
resemble more closely the fossil assemblages from the
caves of San Leonardo 1/Sveti Lenart 1 and Grotta degli
Orsi/Medvedja jama than the modern sympatric fauna.
It is otherwise in the inland regions, where the list of
recent fauna contains more or less the same micromam-
mal taxa as during the Late Pleistocene/Early Holocene
(cf. Janzekovi¢ & Cas 2001 vs. Rabeder 2004; Brajkovi¢
et al. 2007).

Similar conclusions can be inferred from IFC val-
ues calculated for nine chronologically distinct small
mammal assemblages from the Kras Plateau (Fig. 11).
The faunal heterogeneity is most marked precisely at
the transition between the subfossil and recent faunas
(IFC = 50.0 %), indicating a period of relatively rapid
faunistic change. It seems unlikely that such a high IFC
value could be a consequence of different sample sizes
(see Fig. 11). Instead, it is rather ascribable to the in-
creased clearance, burning and grazing in the last mil-
lennia, which led to a local extirpation of many once
widespread small mammal species. The result of this

man-driven environmental degradation is a remnant
fauna consisting mainly of a few widespread ubiqu-
ists, plus semi-fossorial or geophilic specialists (both
groups including synanthropic or human commensal
forms; Krystufek & Griffiths 1999, 175). It is thus not
surprising that the comparison between the assem-
blage from M. Triglavca and a modern owl pellet sam-
ple collected some 50 km to the north (NISP = 410;
Krystufek 1997, Tab. 7.9) yielded a much lower IFC
value than the comparison between the assemblage
from M. Triglavca and the modern owl pellet sample
from the nearby Sokolak Cave (IFC = 25.0 % vs. IFC =
50.0 %; see Fig. 11).
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Fig. 11: Values of the Index of Faunistic Change (IFC) calculated
for five fossil, three subfossil and one recent small mammal as-
semblages (bats excluded). Also shown is the number of taxa per
assemblage. Species “pairs” Talpa caeca / T. europaea, Microtus
agrestis / M. arvalis, Microtus subterraneus / M. liectensteini
and Apodemus flavicollis / A. sylvaticus are treated as single
taxa. Assemblages: 1 - San Leonardo 1/Sveti Lenart 1: layers 8-
10 (Early Glacial; Bartolomei 2003); 2 - Caverna degli Orsi/Med-
vedja jama: layers 10-14 (Early Glacial/Pleniglacial I; Boschian
1999-2000); 3 - Divje babe I: facies A and B (Interpleniglacial
= OIS 3; Toskan and Krystufek 2007); 4 - San Leonardo 1/Sveti
Lenart 1: layers 6-7 (end of Pleniglacial II; Bartolomei 2003);
5 - Riparo di Biarzo/Pe¢ina pri Bjarcu: layers 5A-5C (Allerdd;
Bartolomei 1996); 6 - Viktorjev spodmol: spits 8-19 (Early Ho-
locene; Toskan & Krystufek 2004); 7 - M. Triglavca; 8 - Viktorjev
spodmol: spits 1-7 (Middle Holocene; Toskan & Krystufek 2004)
and 9 - Sokolak (recent; Lipej & Gjerkes 1996). For location of
various sites see Fig. 1.

The above thesis of many once widespread small
mammal species having gone locally extinct in the last
millennia seems to be further corroborated by the results
obtained by packing the presence-absence matrix for
small mammal taxa represented in the above mentioned
nine assemblages to a state of maximum nestedness. The
method consists in ranking the differential hospitality of
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the sites (habitats) from most to least, starting at the top
of the matrix; likewise, the prevalence and width of spe-
cies’ niches are ordered from the left (Atmar & Patterson
1993). In our case the lowermost position in the packed
matrix is occupied by the modern owl pellet sample from
Sokolak, indicating that the relative hospitability of the
present day Kras Plateau area to small mammals is lower
relative to earlier periods (Fig. 12). The prevalence of en-
vironmental conditions needed to support the species
under study seems to have been reduced also during the
formation of assemblages from S. Leonardo / Sv. Lenart
(layers 6-7) and Viktorjev spodmol (spits 1-7). While
in the former case the observed results can be satisfac-
torily explained by the extremely harsh climatic condi-
tions during the Pleniglacial II, the low relative hospital-
ity of the Kras Plateau area during the Middle Holocene
seems to be ascribable mainly to increased man-driven
environmental degradation from the Neolithic Period on
(Culiberg 1995, 212; Andri¢ & Willis 2003, 818 f).
Contrary to the situation over the last 5,000 years,
the Pleistocene-Holocene boundary on the Kras Plateau
doesn’t seem to have been characterized by a similarly
rapid turnover in species composition (Fig. 11). It is true
that the scarcity of published data on fossil small mam-
mal faunas from the studied area does not allow for the
construction of a continuous record for the entire Wiirm.
However, the relatively low IFC values (< 40 %; see Fig.
11) are not surprising, since the refugium south of the

~N W NN W =
Assemblages

Taxons

Fig. 12: Presence-absence matrix calculated for five fossil, three
subfossil and one recent small mammal assemblage (bats ex-
cluded) packed to a state of maximum nestedness. The matrix
fill and temperature equal 34.12° and 45.5 %, respectively. The
probability that the observed distribution pattern might be ran-
domly produced is below the level of statistical significance (p <
0.05). Species “pairs” Talpa caeca / T. europaea, Microtus agres-
tis / M. arvalis, Microtus subterraneus / M. liectensteini and
Apodemus flavicollis / A. sylvaticus are treated as single taxa.
Assemblage labels as in Fig. 11.

Alps has already been inhabited by forest-associated
mammals in the Late Pleistocene (c¢f. Toskan & Krystufek
2007, 206 f). Besides, the use of similarly scarce data as
for the Kras Plateau did not prevent Toskan & Krystufek
(2007, Fig. 10.7) from detecting a sharp contrast between
the Late Pleistocene and (Early) Holocene small mam-
mal faunas to the north of the Alpine glacier, where the
replacement of boreal and steppe species by recent for-
est-dwellers seems to have occurred only towards the
end of the Pleistocene.

CONCLUSIONS

The relatively rich small mammal fauna from M. Triglav-
ca closely resembles other Early Holocene assemblages
from the Kras Plateau both in terms of species rich-
ness and the share of individual taxa. The Pleistocene-
Holocene boundary was not characterized by extensive
turnover in species composition. Contrary to this, a rapid
faunistic change seems to have occurred during the last
five millennia (Fig. 11). It is ascribable to the man-driven
habitat degradation (cf. Krystufek & Griffiths 1999, 175)

that contributed to a rapid decrease in the density of
continental species, which were not adequately replaced.
On the other hand, local extinction in SW Slovenia of
at least two species (Cricetulus migratorius, Dinaromys
bogdanovi) cannot be explained in the same way (see also
Toskan & Krystufek 2004). It seems that habitat degrada-
tion was the most important, but not the only clue which
shaped the small mammal species composition along the
north-eastern Adriatic coast during the Holocene.
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Apodemus flavicollis/sylvaticus/agrarius: M1 length x breadth

1.76x1.20 1.95x1.32 2.08x1.32 1.89x1.26 1.89x1.32 2.02x1.20
1.83x1.20 1.89x1.32 1.95x1.32 1.89x1.32 1.83x1.20 1.76x1.20
2.02x1.26 1.83x1.26 2.02x1.32 1.89x1.32 1.95x1.26 2.02x1.32
1.89x1.26 2.02x1.32 2.02x1.32 2.08x1.39 1.83x1.26 1.95x1.39
2.02x1.39 2.02x1.26 1.95x1.26 2.02x1.26 1.95x1.26 1.89x1.32
1.95x1.26 2.2x1.26 1.76x1.26 2.02x1.26 1.95x1.20 1.95x1.32
2.02x1.32 2.02x1.26 1.70x 1.26 1.95x1.32 2.14x1.26 1.95x1.20
1.89x1.26 2.02x1.26 2.02x1.26 1.89x1.20 2.08x1.32 2.08x 1.32
1.89x1.26 2.02x1.26 1.95x1.20 1.89x1.20 1.89x1.20 1.95x1.20
1.95x1.32 1.89x1.20 1.95x1.32 2.08x1.32 1.83x1.20 1.89x1.26
2.14x1.32 2.02x1.32 2.02x1.32 2.08x1.39 1.83x1.26 1.95x1.32
1.95x1.26 1.89x1.32 1.89x1.32 2.08x1.26 1.95x1.26 1.89x1.26
2.21x1.39 1.95x1.32 2.08x1.32 2.02x1.26 1.89x1.26 2.14x1.32
1.89x1.32 1.95x1.26 2.02x1.26 2.08x1.26 1.95x1.32 1.95x1.26
1.89x1.26 2.14x1.26
Microtus agrestis/arvalis: m1 length
2.71 2.39 2.90 2.90 2.52 2.65
Microtus subterraneus/liechtensteini: m1 length
2.58 246 2.39 233 2.27 233
2.77 246 2.39 246 2.39 2.65
2.39 233 2.58
Myodes glareolus: m1 length
2.52 2.46 2.39 2.33 2.58 2.27
2.52 2.52 246 233 233
Glis glis: m1 length x breadth
2.08x2.14 2.02x1.89 2.08x2.08 1.95x1.89 1.95x1.89 2.08 x 1.95
2.27x2.14 2.14x1.95 2.08x2.02 2.14x2.08 2.08 x 2.08 2.21x2.02
2.08 x 1.95 2.02x2.02 2.02x2.02 2.14x2.08 221x2.14 2.21x2.08
221x2.14 2.21x2.02 2.08x2.02 2.27x2.21 1.95x1.83 2.02x2.08
2.08 x 2.02 1.95x1.83 2.33x2.02 2.14x2.02 2.27 x2.02 2.14x2.08
2.14x2.08 2.14x2.08 2.08 x2.02 221x2.14

Annex 1: Measurements (in mm) of the small mammal remains from Early Holocene sediments of M. Triglavca.
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