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The recently discovered Vlakno Cave, situated in the central part of the island of Dugi Otok (Croatia), is one
of the most prominent Upper Palaeolithic and Mesolithic sites along the eastern part of the Adriatic coast.
Its uninterupted stratigraphy offers a rare opportunity to study the response of Pleistocene populations to
a post-glacial environment. The artifact assemblage shows a gradual transition toward a typical Mesolithic
assemblage, but with strongly pronounced Epigravettian traditions. Subtle changes within mostly uniform
material culture are best seen in the ornamental assemblage, but similar patterns can be observed in
subsistence strategies and lithic production. The Epigravettian deposits are dominated with the remains of
red deer. Changes can be observed with the beginning of the Holocene, when marked diversification of
mammalian taxa is accompanied with an increasing number of fish and molluscs remains.

© 2017 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

Dugi Otok is the largest and longest island in the Zadar archi-
pelago. The island has a typical karstic geomorphology with a
pronounced longitudinal ridge and two deep bays at each end
(D�zaja, 2003). The coastal outline of the orogenic topography was
reshaped by the postglacial marine transgression (Lugovi�c et al.,
2008). The island's flanks are quite steep, and the sea is relatively
deep around nearly the entire island (up to 90 m). Consequently,
during Pleistocene cold climatic episodes and low sea level, Dugi
Otok was a ridge of high ground at the edge of the Adriatic Plain.

In the karstic environment, there are numerous caves and
rockshelters with potential Pleistocene sediments, including those
currently submerged (Benjamin et al., 2011). Vlakno cave is located
in the interior of the island, between the villages of Luka and Savar
(Fig. 1). Forty square meters of inner cave space, with a fresh water
source less than 150 m from the cave, served as an ideal camp for
small groups of hunter-gatherers during the Late Pleistocene and
Early Holocene (Vujevi�c and Parica, 2011; Vukosavljevi�c et al., 2014;
Cvitku�si�c), sradovic@hazu.hr
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Vujevi�c and Bodru�zi�c, 2014). Considering the large stone blocks
situated in front of the cave entrance, it is possible that the cavewas
somewhat bigger in the past, but notmuchmore than the presently
available space (Fig. 2). The drywall at the cave entrance, as well as
the remains of the drywall in the area in front of the cave, indicates
the cave's recent use, maybe as a corral for cattle (Vukosavljevi�c
et al., 2014, 20).

Research in the cave started in 2004 (Brusi�c, 2005). Test
trenching revealed a 5 m deep stratigraphic sequence with cultural
layers from the Mesolithic and Upper Palaeolithic period. However,
the entire cultural sequence has not yet been defined, as bedrock
has yet to be encountered (Fig. 3). Thus far, cultural layers can be
traced back to 19,500 cal. BP (Vujevi�c, 2016).

The Mesolithic cultural assemblage starts from the surface layer
(Stratum 1), although the deposit contains a small amount of cul-
tural material from later periods (from Neolithic to Medieval
times), suggesting some degree of mixing (Vujevi�c and Bodru�zi�c,
2014). Approximately 2 m below surface, there is a 5-cm thick
tephra deposit (Neapolitan Yellow Tuff) from the eruption on the
Phlegraean fields near Naples (14,500 years cal BP), which can be
used as a chronological reference point for 14C dates (Vujevi�c and
Parica, 2011, 26). This tephra corresponds to one recorded in Vela
Spila on the island of Kor�cula (Radi�c et al., 2008). Above the tephra
ental traditions and subsistence strategies during the Palaeolithic-
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Fig. 1. Regional map showing Vlakno cave position.
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layer, the stratigraphy was divided into five strata (labelled Strata
1e5). Cultural phases are divided based on the 14C dates and stra-
tigraphy as well as material assemblage indicators. The upper three
strata date to the Holocene and Early Mesolithic while the last two
can be attributed to the terminal Pleistocene, with pronounced
Epigravettian material culture. Below the tephra there are
numerous deposits separated by inter-layers of ash and burnt soil,
which represent surfaces from periods of occupation. Preliminary
analysis hints at the Epigravettian period. Thick layers without a
visible hiatus in stratigraphy coupled with the tephra as a clear
chronological marker make Vlakno an ideal place for the study of
eastern Adriatic human responses to major climate changes at the
Pleistocene-Holocene transition.

Along with numerous findings in material culture, human re-
mains were also unearthed. A well-preserved skeleton of a male
person, aged between 35 and 40, was found buried in Stratum 2.
Direct dating of one of the bones returned a date of 7520 cal. BC
(Vujevi�c and Bodru�zi�c, 2014, 24). Also at the bottom of the surface
layer (Stratum 1), skull fragments and a small number of other
bones were also excavated. Unlike the previous case, these bones
are fragmented and scattered along the edge of the cave, showing
no clear spatial patterning (Vujevi�c and Bodru�zi�c, 2014, 24).

The aim of this paper is to identify possible changes in orna-
mental traditions and subsistence strategies during the
Palaeolithic-Mesolithic transition in Vlakno cave.
1.1. The Pleistocene and Holocene Adriatic landscape

During the Pleistocene, climatic conditions were mostly cold.
Please cite this article in press as: Cvitku�si�c, B., et al., Changes in ornam
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However, even during extreme climatic episodes, valleys without
permanent snow and the protected plains of northern Mediterra-
nean, created due to a lower sea level, offered environmentally-
friendly conditions for Pleistocene populations. A trans-European
mountain barrier protected the northern Mediterranean (Van
Andel and Tzedakis, 1996, 491). The Adriatic Alps and Dinarides,
being a distinct relief and spatial boundary, created an orographic
barrierensuringmilder climate in this region than in thesurrounding
area (�Segota,1979;Penzar andPenzar,1995;Bognaret al.,1997; Suri�c,
2006). For that reason, even during the Last GlacialMaximum(LGM),
the Balkan Peninsula was a refugium for plant and animal species
(Pilaar Birch and Vander Linden, 2017; Spry-Marques, 2012).

In the late Pleistocene, the Great Adriatic Plaine a large region of
steppe e comprised the northern third of the Adriatic basin.
Although complete reconstruction is not possible due to seismic
instabilities and fluvial deposits of the Po River, the boundary is
likely between present-day Ancona and Zadar (Mussi, 2001, 222).
The Adriatic was reduced to a semi-closed basin in the Jabuka Pit
(central Adriatic), while the northernpart of the Adriatic basinwas a
large delta of the river Po and other Apennine rivers. In this period,
the present-day Velebit channel was probably the Zrmanja valley,
irrigatedwith an abundance of water from the ice cappedmountain
(Fritz, 1972). The Dalmatian side consisted of steep hills, which now
constitute an island landscape (Shackleton et al., 1984, 310e311).
This terrestrial environment is confirmed by the Pleistocene aeolian
deposits on eastern Adriatic islands and littoral (Suri�c, 2006, 187).

According to Miracle (1995, 117e118), the Adriatic plain was at
its largest during the Dryas, and its size was not reduced until
Younger Dryas (12,800e11,700 cal BP). The Preboreal
ental traditions and subsistence strategies during the Palaeolithic-
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Fig. 2. Vlakno cave.
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(11,700e11,000 cal BP) was a time of rapid sea-level rise in the
Adriatic region, a trend that continued during the Boreal
(11,000e9000 cal BP) with Adriatic sea levels rising from �41.5 m
to�10m between 9200 BP and 7800 BP (Suri�c, 2006,182; Suri�c and
Jura�ci�c, 2010). The northern Adriatic plain was reduced to a narrow
belt in the Gulf of Trieste.

The Great Adriatic Plain, rich inwater brought by the Paleo River
Po and with exceptionally rich biotope inhabited by herds of her-
bivores, likely offered favourable conditions for Epigravettian
groups (Shackleton et al., 1984, 312; Miracle, 1995, 45, 2007;
Whallon, 1999, 338), although Mussi (2001, 311) questioned that
hypothesis. In present day, the Northern Adriatic, enclosed by
surrounding mountains, is exposed to strong seasonal winds that
were likely more pronounced during the Pleistocene (Mussi, 2001,
312). Some studies suggest that cold and dry environmental con-
ditions during the late glacial and early Holocene may have created
a barrier to the movement of Pleistocene populations farther south
(Boschian and Fusco, 2007; Pilaar Birch and Vander Linden, 2017),
but Pilaar Birch and Miracle argued that due to the permanence of
water basins amongst the hills, conditions were not dry but wet,
and open woodland persisted throughout the late glacial (Pilaar
Birch and Miracle, 2017, 91). Upland cave sites on the edge of the
Adriatic Plain attest to the viability of the landscape (Pilaar Birch
and Miracle, 2017, 87). The presence of cultural deposits at Vla-
kno further reinforces such a hypothesis and indicates at least low
population density, even during the Late Glacial Maximum.

Considering the regional geomorphology, we can distinguish
two main environmental zones: the northern Adriatic plain with a
steppe biotope and the karstic hinterland, which consisted of a
mosaic of wooded areas grouped at altitude zones from 500 to
700 m a.s.l. (Miracle, 1995, 486). Such an environment corresponds
to the hypothesis of Shackleton et al. (1984) about the existence of
Please cite this article in press as: Cvitku�si�c, B., et al., Changes in ornam
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main settlements on the present-day Adriatic islands, positioned to
view the Adriatic plain, which was additionally reinforced with
recent analyses by Vukosavljevi�c (2012) for Vlakno cave and Pilaar
Birch and Miracle (2017) for Vela spilja on Lo�sinj island. Climatic
warming plus Holocene marine transgression positioned those
settlements on the very edge of the Mesolithic groups' territory,
directing their movements towards the hinterland. While glacial
retreat and sea level rise adversely affected nutritional conditions
for large bovids and equids, reflected in the reduction of the body
mass and size of the animals, it seems that the same conditions
were an improvement for the post-glacial groups as the Adriatic
Plain grew smaller (Miracle, 1995, 487). Although sea level rise is
often observed through the prism of territory and resources loss, it
could have led to the creation of many coastal sources of fresh
water, swamps, and lagoons rich in food. Post-glacial Dugi Otok
probably formed a larger island together with the surrounding
islands and lagoons, which were formed between present-day
islands Dugi Otok, Rava and I�z (Brusi�c, 2005).
2. Material and methods

The cave was excavated using an excavation grid comprising a
series of 1-m squares (around 16 m2 excavated) following the
conventional principles of archaeological stratigraphy. All exca-
vated sediment was sieved at the site and all material was hand-
collected from a 3 mm mesh. Although Mesolithic layers start at
the top, the surface layer (Stratum 1) has been excluded from this
study due to intrusive elements from younger prehistoric periods.
Therefore, we focus on assemblages from the Early Holocene layers
(Strata 2 and 3), as compared to the material from the Late Pleis-
tocene layers (Stratum 4).
ental traditions and subsistence strategies during the Palaeolithic-
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Fig. 3. Stratigraphy.
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2.1. Ornamental assemblage

The ornamental assemblage (Fig. 4) analysed in this paper
consists of 310 perforated specimens fromHolocene layers (Strata 2
and 3), and 100 specimens from Pleistocene layers (Stratum 4)
(Table 1). Apart from perforated objects, whole specimens for
production of ornaments are also present in the assemblage and are
indicated by the numbers in brackets in Table 1. The ornamental
assemblage is classified into three groups based on raw material
(Cvitku�si�c, 2015): (1) marine gastropods (Columbella rustica, Cy-
clope neritea, and Nassarius sp.) and bivalves (Glycymeris sp.); (2)
freshwater gastropods; and (3) terrestrial mammal teeth. Orna-
ment types were determined from bio-taxonomic and anatomical
Please cite this article in press as: Cvitku�si�c, B., et al., Changes in ornam
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terms; beads made from the marine or freshwater mollusc are
sorted according to genus or species, whereas modified animal
teeth are all identified as red deer canines (Cvitku�si�c, 2015).

Morphometric measurements have been done for marine and
freshwater gastropods (Cvitku�si�c, 2015; Kom�so and Vukosavljevi�c,
2011). Metric data was recorded in two general categories: (1) the
dimensions of the ornaments (maximum length and width of the
complete and fragmented artefacts), and (2) the dimensions of the
perforations (maximum length and width). The technological
analysis of the perforated specimens was done using a hand lens
(�20 magnification) revealing some changes in patterns of perfo-
ration the Cervus elaphus canines described later.
ental traditions and subsistence strategies during the Palaeolithic-
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Fig. 4. Selection of Epigravettian and Mesolithic ornaments from Vlakno Cave.

Table 1
Ornamental assemblage from the Holocene and Pleistocene layers in Vlakno Cave (numbers in brackets indicate unmodified specimens).

General classification/type Holocene Pleistocene

Stratum 2 Stratum 3 Stratum 4

Marine Gastropods and Bivalves
Columbella rustica 223 (64) 52 (15) 18
Cyclope neritea 3 22 64 (1)
Nassarius sp. 2 (1) 1 (2) 2 (5)
Glycymeris sp. e e 11 (2)
Freshwater Gastropods
Lithoglyphus naticoides 1 1 2
Theodoxus danubialis e 2 2
Terrestrial Mammals (Teeth)
Cervus elaphus 2 1 (1) 1
Total 231 (65) 79 (18) 100 (8)
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2.2. Faunal assemblage

This study includes only a sample of vertebrate remains
collected from approximately 15% of the total excavated surface,
with mammals analyzed in greater detail. The majority of the
Vlakno faunal assemblage is still under study, and the results pre-
sented here may be considered preliminary. A total of 3737 frag-
ments of vertebrate bones and teeth from strata 2 and 3 were
analyzed (Table 2). In contrast to ornamental and lithic assem-
blages, mammalian remains from Stratum 4 have not yet been
analyzed. For that reason only the results for strata 2 and 3 are
presented in Table 2, and are compared with the material assigned
to a broader category of 'Epigravettian', that contain remains from
several layers, some older then Stratum 4. The results of such
comparison should be considered as rough indicators for the
Please cite this article in press as: Cvitku�si�c, B., et al., Changes in ornam
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changing environment and human adaptations to these changes
with the onset of the Holocene.

Among specimens identified to element and taxon,mammals are
the most abundant class. Fish and birds as well as invertebrates are
only preliminary taxonomically identified and briefly described
when mentioned in the text. Vertebrate remains were quantified
using NISP (Number of Identified Specimens) and MNE (Minimum
Number of Elements) for the main mammalian taxa, following
identification standards and quantification procedures set out in
Miracle andPugsley (2006, 260) afterGrayson (1984), Lyman (1994),
and Reitz and Wing (1999). For taxonomical identification modern
and fossil reference collection at the Institute for Quaternary
Palaeontology andGeology (Croatian Academyof Sciences and Arts)
was used as needed. Traces of butchery and burning were observed
macroscopically with the help of a hand lens (�10 magnification)
ental traditions and subsistence strategies during the Palaeolithic-
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Table 2
Faunal assemblage from the Mesolithic deposits in Vlakno Cave.

Taxon Stratum 3 Stratum 2 Total

NISP % MNE % NISP % MNE % NISP % MNE %

Lepus sp. 10 7.7 8 10.2 49 11.7 36 13.6 59 10.8 44 12.8
Erinaceus sp. 1 0.8 1 1.3 29 6.9 24 9.1 30 5.5 25 7.3
Felis silvestris 0 e 0 e 1 0.2 1 0.4 1 0.2 1 0.3
Canis lupus 0 e 0 e 1 0.2 1 0.4 1 0.2 1 0.3
Vulpes vulpes 20 15.5 19 24.4 196 46.7 130 49.0 216 39.3 149 43.4
Martes sp. 0 e 0 e 3 0.7 3 1.1 3 0.5 3 0.9
Sus scrofa 0 e 0 e 1 0.2 1 0.4 1 0.2 1 0.3
Capreolus capreolus 0 e 0 e 11 2.7 6 2.3 11 2.0 6 1.7
Cervus elaphus 98 76.0 50 64.1 126 30.0 60 22.6 224 40.8 110 32.1
Rupicapra rupicapra 0 e 0 e 11 2.7 6 2.3 11 2.0 6 1.7
ID to taxon Subtotal 129 100.0 78 100.0 420 100.0 265 100.0 549 100.0 343 100.0
Mammalia (ID to taxon) 129 16.9 78 e 420 14.1 265 e 549 14.7 343 e

Mammalia (ID to element) 180 23.6 n/a e 259 8.7 n/a e 439 11.7 n/a e

Mammalia (UNID) 392 51.3 n/a e 1927 64.8 n/a e 2319 62.1 n/a e

Aves 50 6.5 n/a e 88 3.0 n/a e 138 3.7 n/a e

Pisces 13 1.7 n/a e 279 9.4 n/a e 292 7.8 n/a e

Total 764 100.0 n/a - 2973 100.0 n/a - 3737 100.0 n/a -
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and coded using categories developed by Binford (1981).

2.3. Lithic assemblage

All lithic pieces recovered from the Early Holocene deposits of
Strata 2 and 3 are included in this study. Due to the mixing of
materials from different periods, Stratum 1 has been excluded from
the analysis. Lithic analysis of the assemblage from Stratum 4 is
based on the analysis of material from a test trench (15% of the total
excavated surface), already published by Vukosavljevi�c et al. (2014).
Due to the new excavations in the cave, deposits were relabelled.
Stratum 4 corresponds to Vukosavljevi�c KGP III and KGP II horizons.
A detailed analysis was performed for lithic artefacts larger than
15 mm, while debitage smaller than 15 mm was just counted. The
technological analysis follows criteria established by Inizan et al.
(1999) and Tixier (1974). All artefacts containing traces of retouch
were also typologically analyzed. The tools are classified based on
the typology of Demars and Laurent (1992).

3. Results

3.1. Analysis of the ornamental assemblage

In the first group, marine gastropods and bivalves, the most
abundant taxon used for the beads is Columbella rustica, followed
by Cyclope neritea, while Nassarius sp. and Glycymeris sp. are rep-
resented by a few specimens (Table 1). The second group, fresh-
water gastropods, is represented by eight specimens of two species
e Lithoglypus naticoides and Theodoxus danubialis, while the third
group, terrestrial mammals, is represented exclusively by Cervus
elaphus canines.

Overall, Columbella rustica is the most common taxon, repre-
sented by 88% of the total ornamental assemblage from Stratum 2
and 3. Temporal change in the frequency of this species is striking,
increasing three times from Epigravettian Stratum 4 (N ¼ 18) to
Mesolithic Stratum 3 (N ¼ 52), and four times from the older
Mesolithic Stratum 3 (N ¼ 52) to younger Stratum 2 (N ¼ 223). In
addition, 64 specimens of Columbella rustica from Stratum 2 are
without modification, compared to just 15 unmodified specimens
from the older Stratum 3. Unmodified Columbella rustica are not
present in the Epigravettian layers. A reverse trend can be seen in
the frequency of the secondmost abundant taxone Cyclope neritea,
which drops from 22 (Stratum 3) to just 3 specimens (Stratum 2),
but is the most abundant type in the Epigravettian Stratum 4
(N ¼ 64). Nassarius sp. is represented by only a few specimens in
Please cite this article in press as: Cvitku�si�c, B., et al., Changes in ornam
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Stratum 2, Stratum 3, and Stratum 4, while Glycymeris sp. is present
in Stratum 4 only.

Morphometric measurements have been done for marine and
freshwater gastropods. There is no notable difference in the average
dimension of the perforated and unperforated Columbella rustica.
The average dimensions of the perforated specimens are
13.80 � 8.72 mm, whereas the average dimensions of unperforated
ones are 13.96 � 8.58 mm. These metric data suggest that marine
gastropods were not selected for bead production on the basis of
their size, but maybe rather on the basis of their shape, as Stiner
(2014) proposed. Since Columbella rustica do not have nutritional
value, the abundance of whole specimens can suggest intentional
collection for purposes beyond subsistence (Stiner, 1999). The
unperforated specimens, most abundant in Stratum 2 (36%) may
represent a reserve of 'raw material' collected and prepared for the
future use. The size and morphology of perforations are quite
uniform on all specimens of Columbella rustica; perforations are
mostly irregularly oval or quadrangular in shape, and most of them
have irregular edges, which indicate a simple technique of piercing
(Benghiati et al., 2009; Cristiani et al., 2014).

Metric data was also recorded for perforated species of fresh-
water gastropods (Lithoglyphus naticoides (N ¼ 2), and Theodoxus
danubialis (N ¼ 2)), but due to the small sample size, statistical
analysis has not been done.

In general, the ornamental assemblage is not well preserved.
Most of the raw material for the decorative assemblage was
collected from local resources. All species of marine gastropods and
bivalves used in Vlakno Cave are present in the Adriatic Sea
(Giannuzzi-Savelli et al., 2001, 2002; 2003), except the freshwater
gastropods Lithoglyphus naticoides and Theodoxus danubialis,which
could be found in the rivers of the Black Sea drainage basin
(Radoman, 1983). In the wider region of the eastern Adriatic coast,
except from the specimens found in Vlakno Cave, Lithoglyphus
naticoides is discovered in theMesolithic layers of Zala and Pupi�cina
Cave (Cristiani, 2013; Kom�so and Vukosavljevi�c, 2011), while The-
odoxus danubialis is discovered only inMesolithic layers of Pupi�cina
cave (Cvitku�si�c, 2015; Kom�so and Vukosavljevi�c, 2011).

Three perforated Cervus elaphus canines were discovered in
Holocene layers of Vlakno cave, with two canines coming from
Stratum 2 and one from Stratum 3, and only one specimen in
Pleistocene Stratum 4. Technological analysis of the mode of
perforating the Cervus elaphus canines in the Stratum 2 and 3 shows
some changes in patterns of perforation. Two canines from Stratum
2 were perforated by a bifacial drilling technique whereas one
canine from Stratum 3 exhibits two stages of modification: (1)
ental traditions and subsistence strategies during the Palaeolithic-
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Table 3
Technological analysis of the lithic assemblage from the Mesolithic deposits in
Vlakno Cave.

Stratum 3 Stratum 2 Total

Primary flake 248 214 462
Secondary flake 565 372 937
Primary blade 23 22 45
Secondary blade 101 43 144
Primary bladelet 40 20 60
Secondary bladelet 118 75 193
Flake 3091 1293 4384
Small flake 7231 1851 9082
Blade 261 222 483
Bladelet 1241 402 1643
Core 113 54 167
Core fragments 66 10 76
Crested blade/bladelet 21 35 56
Core renewal flake 61 25 86
Retouching flakes 1279 474 1753
Chunk/Shatter 989 1582 2571
Burin spall 39 27 66
Splintered piece 57 30 87
Total 15544 6751 22295

Table 4
Typological analysis of the lithic assemblage from the Mesolithic deposits in Vlakno
Cave.

STRATUM 3 STRATUM 2 TOTAL

Endscraper on flake 61 22 83
Double endscraper 1 0 1
Circular endscraper 7 4 11
Thumbnail endscraper 68 19 87
Carene endscraper 6 1 7
Snout-shaped endscraper 2 4 6
Plane 6 8 14
Drill 15 12 27
Burin 60 45 105
Dihedral burin 5 0 5
Burin on the truncation 4 0 4
Multiple burin 9 0 9
Microgravette 3 0 3
Blade with one retouched edge 19 15 34
Blade with two retouched edges 7 0 7
Backed blade 3 0 3
Backed flake 4 0 4
Backed bladelet 69 14 83
Truncated bladelet 1 0 1
Truncation 13 18 31
Sidescraper 42 21 63
Raclette 6 16 22
Marginally retouched blade/bladelet 20 0 20
Marginally retouched flake 50 38 88
Retouched and partially retouched piece 53 60 113
Notched tool 24 31 55
Denticulate 19 10 29
Combined tool 14 1 15
Fragment 50 0 50
Arched point 19 0 19
Geometric microlith 0 4 4
Total 660 343 1003
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preparation e grooving and thinning through the root on both
sides, and (2) a bifacial drilling technique as a finishing method. On
the non-perforated canine from Stratum 3, the early stage of
preparation (grooving and thinning) is present, but perforationwas
not finished. The Cervus elaphus canine from Stratum 4 was
perforated by a bifacial drilling technique.

Compared to the Holocene layers, the ornamental assemblage
from the Pleistocene layers (Stratum 4) shows a different repertoire
of ornaments based on perforated Cyclope neritea, as the most
abundant taxon with 64%, and Glycymeris sp. with 11%, as a type
that is not present in Strata 2 and 3. Columbella rustica, the
preferred type of ornament during the Holocene, is represented by
only 18% in the Pleistocene layers.

3.2. Zooarchaeological analysis

Within the analyzed vertebrate assemblage, the vast majority
could not be identified beyond their classification as indeterminate
shaft fragments. On average, the length of these fragments is less
than 4e5 cm, and only a small number (around 5%) is burnt.
Considering that humans weremajor factors in the accumulation of
faunal remains (see below), such a high ratio of highly fragmented
unidentified specimens could reflect very intensive breakage of
mammalian bones, probably for marrow extraction. In addition,
limited by small size of the cave, humans may have trampled over
scattered bones, fracturing and pressing them deeper into the
ground, although we cannot exclude other possible depositional
and post-depositional taphonomic factors.

A total of 988 mammalian remains were identified to element
and at least body size category (Table 2). Within the taxonomically
identified mammalian assemblage (NISP¼ 549), the most common
taxon is red deer (Cervus elaphus), followed by, in order from most
to least frequent, fox (Vulpes vulpes), hare (Lepus sp.), hedgehog
(Erinaceus sp.), roe deer (Capreolus capreolus), chamois (Rupicapra
rupicapra), marten (Martes sp.), wild cat (Felis silvestris), wolf (Canis
lupus), and wild boar (Sus scrofa).

Red deer is represented predominantly by teeth and long bones
and, to a lesser degree, by various elements of the axial skeleton
(skull fragments, vertebrae, and ribs). Cut marks are relatively
common, mostly located on diaphyses and phalanges, indicating
meat removal and, in the case of phalanges, probably skinning
activities. No significant differences in the body treatment of red
deer between the older and younger Mesolithic occupation layers
are recorded (Radovi�c et al., in press).

The second most common species is fox (NISP¼ 216). Almost all
remains for which age estimates were available came from adult
individuals, although some differences in element representation
are noted. Stratum 2 contained more complete skeletons of foxes
(not articulated) with all body parts present. In addition, butchery
marks on fox remains are recorded only from Stratum 2, and are
mostly a result of initial butcherywith someevidence fordefleshing.
The analyzed sample is relatively small, but the results fit observed
general trends in temporal changes of subsistence practices.

Of other, relatively common taxa, hare represents around 11% of
the total remains with a slight increase in frequency among
younger layers. Several specimens exhibit cut and burning marks,
most likely related to food preparation and consumption. Chamois
were also hunted, as evidenced by a single chamois astragalus from
Stratum 2 with traces of cutting. However, hedgehog remains,
present in both strata but more frequent in younger Mesolithic
Stratum 2, lack any anthropogenic or carnivore marks, suggesting
that these remains were accumulated naturally, presumably due to
natural death of these animals using the cave as a shelter in periods
when humans were not. The remaining small to medium-sized
carnivores (marten, wild cat, and wolf) have no cut or burn
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marks. However, due to very small sample size of later taxa
(NISP ¼ 1e3; Table 2) we cannot argue about the nature of these
remains within the assemblage.
3.3. Lithic analysis

The lithic assemblage of Stratum2 contains 6721 artefacts, while
that of Stratum 3 includes 15,497 lithic pieces (Table 3). There is an
apparent difference in assemblage size, but it is less pronounced
when thickness of cultural layers is taken into consideration. The
lithic assemblage of Palaeolithic Stratum 4 contains 2809 artefacts.
ental traditions and subsistence strategies during the Palaeolithic-
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In both Mesolithic strata, technological analysis confirmed all
phases of tool production except the initial phase of raw material
procurement. The phase of core formation is represented with
primary and secondary forms, which make up about 10% of the
lithic assemblage of Stratum 2 and 7% of Stratum 3. Flakes are
dominant among them (>70% in both strata), and blades and bla-
delets appear only rarely. The situation in the second phase of the
chaîne op�eratoire is similar. Flakes also make for a preferable
knapping product (>65% in both strata). When compared with
Pleistocene layers, there is a noticeable increase in bladelet per-
centage among the older cave horizons. In the Holocene layers,
frequencies of bladelets and blades in debitage are similar, but the
use of bladelets and blades for tool production slightly increases in
Stratum 3. Although blades make the rarest knapping product, they
are characterized by a high degree of use for making tools (>25% in
both strata). This can be explained partially by the suitable form of a
blade and its larger working edge. The final phase of tool produc-
tion was evidenced by small retouched flakes and specific burin
spalls. Their numbers indicate that final tool production happened
inside the cave.

Cores are found in both strata. Most are amorphous in shape
with multiple striking platforms, but there are also conical and
prismatic cores as well as those related to the bipolar technique.
The latter can be explained by the small dimensions of raw mate-
rial, or to the maximal use of available raw material. The size of
discarded and exhausted cores supports the latter hypothesis.
Cores mostly have scars from flake production, with several ex-
amples of blade cores. Considering the number of blades, it can be
assumed that the production technology changed during the
knapping process from production of blades to flakes and bladelets.
Recovered splintered pieces fit well, although the small number of
primary and secondary blades challenges this assumption. The
smaller number of cores in younger strata (Stratum 2) could result
from differences in the size of raw material; alternatively, a larger
amount of prepared flakes may have been brought to the cave. The
drastic difference in the amount of chunks and shatter, increasing
among younger layers, could also indicate changes in rawmaterials.
Local raw material that was used exclusively in Mesolithic Stratum
2may have generatedmore unusablewaste due to its lower quality.

There are no differences in knapping technique. Most of the
blanks have wide butts and pronounced bulbs, which indicates the
use of a hard hammer. Although the use of a soft hammer has not
yet been confirmed, it can be assumed, particularly for obtaining
flat blades that generally have narrow proximal ends and indistinct,
barely recognizable bulbs.

Although both Mesolithic strata are similar with regards to their
typological diversity, they exhibit differences in frequency of
certain categories (Table 4). In both cases, tools consist mostly of
transformation tools and a smaller percentage of projectiles. In the
older Mesolithic Stratum 3, various types of endscrapers are the
most dominant typological group but with a pronounced difference
in frequency (21% in Stratum 3 vs. 15% in Stratum 2). The thumbnail
variant and endscrapers on flakes are the most numerous sub-
groups. Burins are the second best represented group, apparently
increasing among chronologically earlier layers. Finally, various
backed tools (12%) are represented, but mostly as backed bladelets.
Therewere also 19 arched backed points and 3micro-Gravettes, but
no geometric microliths nor traces of the microburin technique.

As in previous strata, endscrapers comprise the most numerous
group in Stratum 2 (15%). The most frequent variants include
thumbnail endscrapers and those on flakes. Various burins are also
well represented (12%), as are notched tools (10%). Backed bladelets
constitute a much lower percentage (4%). A few geometric micro-
liths represent a special group within tools. Though scarce (1%),
they indicate a change in the lithic assemblage, as they do not
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appear in earlier Holocene or Pleistocene layers.

4. Discussion

The Pleistocene-Holocene transition posed challenges to the
lifestyle of Epigravettian groups. Climatic disturbances affected all
aspects of life and provoked responses visible throughout cultural
assemblage and subsistence activities. The decorative system,
symbolic and conservative in essence but subjected to ever-
changing trends in aesthetic values, offers good insight into such
changes. In Vlakno cave, only the ornamental assemblages show
subtle differences and variability within mostly uniform material
culture (Fig. 5). Assemblage size (N ¼ 486 for Epigravettian and
Mesolithic layers) that outnumber any prehistoric site on the
eastern Adriatic coast provides an excellent basis for discussion.

While Glycymeris sp. disappears from the Holocene ornamental
assemblage of Vlakno cave, Cyclope neritea beads are still part of the
ornamental assemblage, although it diminishes during the Meso-
lithic period, especially in Stratum 2. In general, a similar trend can
be noticed across the wider region (Cristiani et al., 2014; Vanhaeren
and d’Ericco, 2006). In Vlakno, changes are not observed in the
distribution, nor in the perforation technique of red deer canines
between Stratum 4 and Strata 2 and 3.

During the Upper Palaeolithic, perforated red deer canines are
also present in �Sandalja II, Romualdova cave, and Vela Spila
(Cvitku�si�c, 2015, 93; Cristiani et al., 2014, 24), and during the
Mesolithic in Pupi�cina and Nugljanska caves (Cvitku�si�c, 2015, 93).
Vlakno cave is the only site on the eastern Adriatic coast where this
type of ornament remained in use during both periods. In Vlakno
cave, the perforation technique corresponds with the above-
mentioned sites during specified periods. During the Mesolithic,
the same perforation technique and the usage of red deer canines in
Istria and in central Dalmatia may indicate possible contacts be-
tween these groups, as well as the use of the new type of orna-
mentation in these areas, and broader e freshwater gastropods e

Lithoglyphus naticoides and Theodoxus danubialis (Bertolini et al.,
2016; Cvitku�si�c, 2015; Kom�so and Vukosavljevi�c, 2011).

Although Glycymeris sp. is no longer in use during the Meso-
lithic, changes in the abundance of the dominant Pleistocene
ornament typee Cyclope neriteae during the Holocene is apparent.
As an ornament, Cyclope neritea has been in use since the begin-
nings of the Upper Palaeolithic in Italy and the Balkan area, but
during the Early and Middle Mesolithic period it almost dis-
appeared from use (Cristiani et al., 2014; Cristiani, 2013; Stiner,
2010; Douka et al., 2011; Dalmeri and Fiocchi, 1998; Fontana
et al., 2009; Stiner, 1999; Bori�c and Cristiani, 2016, 92; Bori�c,
2011; Mussi, 2001; Taborin, 2004). A similar scenario is observed
in Vlakno. Although diminished in number when compared to the
Epigravettian layers, Cyclope neritea is still present in theMesolithic
Stratum 3 (N¼ 22), while it almost disappears in Stratum 2 (N¼ 3).

This gradual decrease of Cyclope neritea ornaments is followed
by an increase of Columbella rustica from the older to younger
strata. Although found in layers even below the tephra, the
importance of this kind of ornament seems to increase with Ho-
locene climatic changes (Stratum 3; N ¼ 50), with peak use corre-
sponding to Stratum 2 (N ¼ 200), which suggests bead production
during the Mesolithic across the entire Adriatic region (Cristiani
et al., 2014, 28; Cvitku�si�c, 2015, 115).

Columbella rustica reflects a long spatial and temporal distri-
bution as a body ornament, and its usage has been documented as
far back as the Aurignacian, although finds from an Upper Palae-
olithic context are rather rare (Vanhaeren and d’Ericco, 2006, 1108;
Stiner, 2014; Cristiani et al., 2014). As this type lives in moderately
warm water, its appearance with a warming climate seems logical
(Mussi, 2001, 355). The number of finds of Columbella rustica beads
ental traditions and subsistence strategies during the Palaeolithic-
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Fig. 5. Comparison of Epigravettian and Mesolithic ornamental variability.
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increased with deposits associated with the end of the Pleistocene,
and an extremely large number of finds is recorded from early
Holocene coastal sites, as well as in areas far from the coast: from
the western Mediterranean (�Alvarez Fern�andez, 2003, 2008), cen-
tral Mediterranean (�Alvarez Fern�andez, 2008; Benghiati et al.,
2009; Cristiani, 2013; Kom�so, 2007; Mussi, 2001; Stiner, 1999),
eastern Mediterranean (Bar-Yosef Mayer, 2005; Kuhn et al., 2001),
and continental Europe on sites far away from the Mediterranean
coast (�Alvarez Fern�andez, 2003, 2008; Bori�c et al., 2012; Eriksen,
2002). The predominance of Columbella rustica during the Holo-
cene may be practically explained by relative proximity to the
Adriatic seashore and the natural habitat of this species (Giannuzzi-
Savelli et al., 2003), but it may not be the only reasonwhy it became
the preferred material for making ornaments, not just in Vlakno
Cave, but in the entire region (Kom�so, 2007; Cristiani et al., 2014;
Cvitku�si�c, 2015). There are numerous other marine gastropods
and bivalves that can also be easily collected and perforated, but
Mesolithic groups always selected same species. The selectivity in
the raw materials choice can be interpreted in the context of a
uniform, non-verbal, visual communication, and the existence and
expression of not only local but also regional identity. The estab-
lishment of such visible 'social links' called a 'safety net' (Whallon,
2007), is considered to be an important part of the survival stra-
tegies of that time, especially in periods of major climatic oscilla-
tions that led to significant changes in the environment with
respect to the availability of food sources.

Although changes in ornamental traditions are visible from
Pleistocene through Holocene layers of Vlakno cave, with the final
emphasis on the use of Columbella rustica in a symbolic and
aesthetic system of values in the Holocene Stratum 2, changes
connected with subsistence strategies and lithic production can be
observed only from the beginning of the Holocene.

The larger mammalian assemblage from Vlakno cave includes
taxa indicative of different habitats but showing some temporal
trends. Red deer remains dominate in the Epigravettian and older
Mesolithic layers (Stratum 3), followed by, in descending order,
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equids, large bovids, and small to medium-sized carnivores, with
the former two diminishing from the assemblage by the end of the
Pleistocene while carnivores (fox in particular) increased in fre-
quency and became slightly more abundant than red deer during
the Early Holocene (Fig. 6).

The large mammalian taxa identified are not truly indicative of
palaeoenvironmental and climate conditions, although we point
out that none of the typical cold-adapted taxa is identified within
the whole stratigraphic sequence. The most abundant species, red
deer, is characteristic for open forests with grassy glades and
meadows, while the presence of aurochs and equids (wild horse/
wild half-ass) in the Epigravettian deposits indicates an open
grassland environment. Disappearance of these large herbivores
characteristic of steppe environments by the end of Palaeolithic
from the Vlakno faunal assemblage suggests a loss of vast open
areas of the Great Adriatic Plain due to sea level rise. More envi-
ronmentally tolerable species like red deer and roe deer are still
present in the assemblage over the course of the Holocene after
Dugi Otok became an island, although in decreasing numbers.
Similar treatment of red deer carcasses during the Early Holocene
(Radovi�c et al., in press) indicates a 'tradition', and implies that
changes in taxonomical representation and frequency of larger
mammals are not the result of cultural changes. More likely, it is the
result of an adaptation to relatively rapid environmental changes
(sea level rise) limiting the game population available on the newly
isolated island. This led to hunting pressure (over-exploitation) and
resulted in a decrease of local cervid population. Consequently,
during the Pleistocene-Holocene transition, Mesolithic inhabitants
of Dugi Otok gradually turned to other available food sources.

Diversification of diet can be seen in both vertebrate and
invertebrate assemblages. Scarce molluscs and fish remains already
appear in the Epigravettian layers. However, from the initial Ho-
locene deposits we see an abundance of terrestrial and marine
molluscs, showing some temporal trends like increased taxonomic
richness. In the older Mesolithic Stratum 3, land snails (Helix sp.)
predominate, while in Stratum 2 the most numerous are marine
ental traditions and subsistence strategies during the Palaeolithic-
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Fig. 6. Comparison of Epigravettian and Mesolithic mammalian taxa variability.
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gastropods of the genus Monodonta, followed by other marine
gastropods (Patella, Murex) and shells (Ostrea, Arca, Mytilus, Pina,
Litophaga, Cerithium), all of these used rather for consumption then
as ornaments (Vujevi�c and Bodru�zi�c, 2014). Fish remains are only
preliminarily identified as mostly Sparidae, being more frequent in
the younger Stratum 2, indicating an increase in fishing activities.
Fish assemblage is dominated by cranial fragments, mostly jaws
(dentary and premaxilla) with teeth, followed in a much lesser
degree by vertebrae while other elements (e.g. ribs) are missing.
Such representation of body parts could be a result of recovery
techniques, preservation conditions, or fishing/consumption prac-
tices. However, as fish remains are yet to be analyzed in detail, for
the time being it is not possible to hypothesize about factors
responsible for such element ratio. Although not quantified yet,
based on preliminary data a rough estimate would indicate a
number of these remains to be over a thousand. Considering the
dominance of nearly complete jaws, such estimationmay indirectly
attest about the relatively significant number of captured and
consumed fish at the site, adding to an overall increase in impor-
tance of marine-based food.

Finally, the bird assemblage increases in taxa richness among
younger layers, with wild pigeon dominating the Mesolithic as-
semblages (A. Oros Sr�sen, pers. comm.).

Within the mammalian assemblage, we see decreased conti-
nuity in red deer hunting and carcass treatment but there is an
obvious trend toward fox hunting accompanied with some clear
taphonomic evidence of preparation and consumption of fox meat
(Radovi�c et al. in press). This is not an isolated case, as a very similar
scenario occurred in Vela Spila (Kor�cula) farther south, where fox is
also the most common mammalian species from the onset of the
Holocene (Miracle and Radovi�c, in prep.). Generally, it is difficult to
assess the relative significance of fox meat in the Mesolithic diet,
considering the size difference to still-present red deer and in
particular, an abundance of marine-based food. However, we are
positive that foxes played a certain role in the diverse diet of the
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Mesolithic inhabitants of Dugi Otok during the Early Holocene (see
Table 4).

A comparison of Mesolithic Strata 2 and 3with the Epigravettian
Stratum 4 also shows some patterns in the lithic assemblage
(Tables 5 and 6). In general, the number of burins and retouched
blades increases in the Holocene in relation to the Pleistocene
layers, while the number of points, backed tools, and sidescrapers
decreases (Fig. 7). Changes are evident at the transition to the
Holocene (Stratum 3), alongwith an increase in the number of tools
made from flakes, although regarding the production of backed
bladelets, the older Mesolithic Stratum 3 is closer to the Epi-
gravettian than to the younger Mesolithic Stratum 2. These
changes, especially a decrease in categories of backed bladelets and
other tools made from bladelets, are even more pronounced in the
younger Mesolithic layer (Stratum 2). The situation is similar with
smaller points, such as arched backed points, which appear in
Stratum 4 as well as in all Epigravettian layers. This is in contrast
with the Mesolithic layers where the gradual decrease of this
category of tools is evident in Stratum 3, while the aforementioned
categories almost disappear in Stratum 2.

Basically, the frequency of projectile categories decreases during
the Holocene, especially during the younger Mesolithic Stratum 2.
This gradual decline corresponds well to evidence related to sub-
sistence activities. As noted above, during the younger Mesolithic
occupation, cave inhabitants turned to fishing. Hunting was still an
important economic activity, as projectiles were still needed but in
smaller quantities, and other subsistence activities required more
unretouched tools. The increased number of flakes with only use-
wear traces in Stratum 2 supports this interpretation.

During the Pleistocene, the cultural assemblage of Vlakno cave
shows Epigravettian uniformity, induced, among other variables, by
the groups' high mobility. Contacts with the Apennine peninsula
are visible in the presence of radiolarites and cherts from the
Eocene Scaglia Rossa formation found in Pleistocene layers
(Vukosavljevi�c et al., 2014). With post-Pleistocene marine
ental traditions and subsistence strategies during the Palaeolithic-
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Table 5
Technological analysis of the lithic assemblage from the Stratum 4 in Vlakno Cave
(after Vukosavljevi�c et al., 2014).

Total Unretouched Retouched

Flakes 1517 1442 82
Blades 161 134 27
Bladelets 275 247 28
Core renewal flakes/Core tablets 10 1
Crested blades-bladelets 9 9
Burin spalls 6 6
Flakes <15 mm 244 244
Cores 56 56
Chunks 461 461
Chunks <15 mm 70 70
Unidentified 12 12 2
Total 2821 2682 139

Table 6
Typological analysis of the lithic assemblage from Stratum 4 in Vlakno Cave (after
Vukosavljevi�c et al., 2014).

N %

Thumbnail endscraper 22 12,8
Circular endscraper 2 1,1
Endscraper on flake 7 4
Backed tool 36 21,2
Bladelet 21 12,2
Blade 6 3,5
Arched backed point 4 2,3
Flake 5 2,9
Truncation 1 0,6
Sidescraper 17 9,9
Drill 2 1,1
Burin 2 1,1
Marginally retouched piece 6 3,5
Retouched piece 24 14
Combined tool 2 1,1
Denticulate 10 5,8
Fragment 5 2,9
Total 172 100

Fig. 7. Comparison of Epigravettian and M
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transgression, groups were pushed toward the hinterland, which
made them settle in the hilly regions and change their nutritional
strategies (Boschian, 2003; Miracle, 2007). Flooding of the Adriatic
plain reduced groups' territory, as well as contacts with the oppo-
site coast of the Adriatic (Vukosavljevi�c et al., 2014; Cvitku�si�c and
Vujevi�c, in press; Radovi�c et al., in press). This would have
increased their mobility toward mountains in search of new
hunting areas, but also an intensification of local resource use. The
view from Istria indicates that, as the colonization of the uplands
proceeded, some of the behavioural features that were character-
istic of Late Pleistocene, such as high mobility and large areas of
exploitation, ceased to be implemented, while Mesolithic groups
turned their attention to a more geographically-restricted area and
took advantage of its resources to the maximum extent possible
(Pellegatti, 2009, 51, Pilaar Birch et al., 2016). Local selection of
materials in Vlakno cave is visible on the ornaments, but it is also
present in the other economic activities, such as procurement of
lithic raw materials and selection of hunted/gathered animal taxa.
Local stone that was supplemented with raw material originating
from larger distances in the Pleistocene and early Holocene lithic
assemblage (Vukosavljevi�c et al., 2014) becomes almost the only
raw material for tool knapping in Stratum 2 (Z. Perho�c, pers.
comm.). Sporadic presence of raw materials from greater distances
provides evidence of hunter-gatherers' movements, but not of
systematic inclusion of raw materials from greater distances into
the raw material economy (Vukosavljevi�c et al., 2014).

But like in other regions, local groups maintained flexible and
changing contacts and affiliations with neighbouring areas in a
fluid social structure (Jochim, 2011, 134). Movements towards the
interior on the eastern Adriatic coast can be recognized in the
formation of the settlements on Velebit (Fontana et al., 2009), and
through exchange of shell ornaments. Although in small numbers,
freshwater gastropods Lithoglyphus naticoides (N ¼ 1 in Stratum 2,
N ¼ 1 in Stratum 3, and N ¼ 2 in Stratum 4) and Theodoxus dan-
ubialis (N ¼ 2 in Stratum 3, and N ¼ 2 in Stratum 4) may indicate
esolithic lithic typological variability.

ental traditions and subsistence strategies during the Palaeolithic-
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possible communication between the Vlakno Cave populationwith
other hunter-gatherer groups of the Adriatic region. Perforated
Lithoglyphus naticoides beads are present in Mesolithic layers of
Pupi�cina Cave and Lim 001 in Istria (Cvitku�si�c, 2015, 69), in Zala
Cave (Kom�so and Vukosavljevi�c, 2011) in the Eastern Adriatic hin-
terland, and at Vlasac in the Danube Georges (Cristiani and Bori�c,
2012). Kom�so and Vukosavljevi�c (2011) presumed the existence
of communication paths between Istria and the hinterland of the
eastern Adriatic coast during the Mesolithic based on an analysis of
perforated specimens of Lithoglyphus naticoides in Pupi�cina and
Zala Cave. The presence of freshwater gastropods in Vlakno Cave,
Pupi�cina Cave, and Lim 001 indicate the existence of wider regional
communication paths and contacts during the Mesolithic period,
further supported by the discovery of Lithoglyphus naticoides and
Theodoxus danubialis beads within the ornamental assemblage
from Late Epigravettian and Early Mesolithic assemblages of Riparo
Biarzo in northern Italy (Bertolini et al., 2016).

5. Conclusion

The shape and configuration of the Adriatic Sea has changed
dramatically over time, and by the end of the Pleistocene and
during the Pleistocene-Holocene transition, Dugi Otok became an
island. Changes in the climate and landscape affected Epigravettian
groups and challenged their lifestyle. The view from Vlakno cave
shows gradual transition toward a typical Mesolithic lifeway, but
with strongly pronounced traditions as an adaptation of Epi-
gravettian groups to a post-glacial environment.

These 'new islanders' had to adapt to novel conditions, and in
response, changed their subsistence strategies and dietary habits.
The results of zooarchaeological analysis show significant temporal
trends in faunal assemblages. Late Pleistocene layers are dominated
with the remains of red deer, followed by other large herbivores,
indicating a strong focus on procurement and consumption of these
species. However, dramatic environmental changes limited move-
ment of both people and animals, and probably resulted in over-
hunting of the local red deer population. The early Holocene is
marked with increased diversification of present mammalian taxa
and evidence for intensive fishing and harvesting of marine shells.

In spite of this, the people using Vlakno cave did not remain
isolated. Rather, detailed analyses of personal ornaments indicate
intensive communication and connections not only with the hin-
terland but also farther into the mainland. The Mesolithic orna-
mental assemblage from Vlakno Cave, the largest collection in the
wider eastern Adriatic area, shows similarities in raw material
preferences and technologies used for production of decorative
ornaments in the wider Adriatic region. Also, as the dominant type
of ornament in the Holocene layers of Vlakno Cave, Columbella
rustica is found not only at most of the eastern Adriatic sites, but
throughout the Mediterranean. This selectivity in choice of raw
material for ornaments may indicate the existence and expression
of a wider regional identity during a time of environmental up-
heaval and changing settlement patterns.
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