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Abstract 

Exploitation of Animal Resources by Mesolithic Foragers in the Central 

Balkans: an Archaeozoological Analysis of Crvena Stijena, Montenegro . 

Aarilee Lorenzen 

This study examines the foraging strategies of Mesolithic foragers in the Central 

Balkans, particularly those employed by the occupants of Crvena Stijena, Montenegro. 

The Prey Choice Model, Patch Choice Model, and Marginal Value Theorem are used to 

interpret subsistence patterns. The data from the Crvena Stijena assemblages are 

compared to those from other Mesolithic sites in the region, along with an Upper 

Paleolithic assemblage at Crvena Stijena, to assess patterns of animal resource use 

throughout the Late Pleistocene and Early Holocene in the region. Red deer (Cervus 

elaphus), roe deer (Capreolus capreolus), wild boar (Sus scrofa), and brown hare (Lepus 

europaeus) are the most commonly identified taxa in the assemblages. The analysis 

suggests that Mesolithic foragers at Crvena Stijena, and at many sites throughout the 

region, were primarily exploiting high-ranked prey types. There is evidence that 

Mesolithic foragers engaged in more intensive subsistence strategies than those of Upper 

Paleolithic foragers. 

 

Keywords: Human Behavioral Ecology, Foraging Theory, Zooarchaeology, Diet, 

Mesolithic, Early Holocene, Late Pleistocene, Central Balkans.  
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Chapter 1 Introduction 
The Pleistocene-Holocene transition largely coincides with the end of the 

Paleolithic period and the beginning of the Mesolithic period in Europe. As recorded 

changes in climates and environments occurred throughout much of the continent, 

foraging communities adjusted their lifeways to adapt to these changes—in some cases 

significantly altering their settlement and subsistence patterns. The notion that Mesolithic 

communities adapted to the conditions of the Early Holocene by intensifying their 

subsistence to include what were previously marginal prey types has long been assumed 

and has often been the central criterion for the distinction between Paleolithic and 

Mesolithic subsistence strategies (Gabel 1958; Braidwood 1962; Binford 1968; Bicho 

1994; Kitagawa et al. 2018). However, a broad-based subsistence is well-documented at 

many Paleolithic sites, particularly at sites in Southern Europe (Stiner et al. 1999; Manne 

and Bicho 2009; Rillardon and Brugal 2014; Blasco and Fernández Peris 2012; Morin et 

al. 2019; Blasco et al. 2022). Parts of Southern Europe possibly acted as temperate 

refugia during the Late Pleistocene which supported a rich biodiversity and buffered 

against the dramatic floral and faunal turnovers observed in more northern regions of 

Europe (Jochim 1987; Sommer and Nadachowski 2006; Barton et al. 2013); conditions 

which may have facilitated the development of broader diets at some Paleolithic sites.  

This thesis will evaluate the notion that the Mesolithic period coincided with a 

greater use of marginal animal resources compared to the Upper Paleolithic, indicating an 

overall intensification of subsistence strategies. Crvena Stijena offers an excellent 
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opportunity to explore such changes in foraging strategies, as its rich archaeological 

sequence spans from the Middle Paleolithic to the Bronze Age (Baković et al. 2009; 

Whallon 2017). This thesis will focus particularly on the faunal assemblages from the 

two Mesolithic strata excavated during the 2006 excavation season. The data from these 

assemblages will be compared with the faunal assemblage from the most recent Upper 

Paleolithic layer at the site to changing use of marginal prey types in the diet between the 

two periods.  

1.1 Research Objectives 

This study aims to answer the following questions: 1) Is there evidence of a 

broad-spectrum diet at Crvena Stijena during the Mesolithic, in the form of an intensive 

exploitation of marginal animal resources? 2) Are there any changes in the range and 

types of prey exploited between the Early and Late Mesolithic layers? 3) How do the 

faunal assemblages at Crvena Stijena compare with those from other Mesolithic sites, 

particularly in the Central Balkans? And finally, 4) is there evidence of subsistence 

intensification throughout the Pleistocene-Holocene transition?  

1.2 Thesis Overview 

This thesis is divided into six chapters. The chapter provides a general overview 

of the Mesolithic period throughout Europe and a review of Mesolithic research in the 

Central Balkans, with an emphasis on Montenegro. Chapter two also introduces Crvena 

Stijena, the site which is the focus of this thesis.  

Chapter three presents the theoretical perspectives that inform interpretations 

regarding diet breadth at the site, beginning with an overview of Human Behavioral 
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Ecology and Foraging Theory models. A more detailed discussion of the prey ranking 

used in this study concludes the chapter. Chapter four presents the methods of analysis 

used in this study and discusses the criteria used to identify different taphonomic effects 

in the assemblages. Next, the chapter reviews the zooarchaeological quantification 

measurements used in the study. The chapter concludes with an examination of the 

methods for differentiating between wild and domestic specimens, assessing age and 

mortality profiles, and methods of estimating seasonal occupation at the site.  

In chapter five, the results of the study are presented, focusing on the taphonomic 

history and taxonomic composition of the faunal assemblages. Results from the 

comparison of taxonomic compositions of the Mesolithic layers and the Upper Paleolithic 

layer are also presented. Chapter six begins with a discussion of the results from the 

taphonomic study and continues with a discussion on the inferred foraging decisions 

made by the occupants at Crvena Stijena. Next, a comparison between the foraging 

patterns inferred at Crvena Stijena with those inferred from other sites in the region; and 

a comparison between the Upper Paleolithic and Mesolithic periods at Crvena Stijena. 

Particular attention is paid to whether there is evidence of intensification of subsistence 

strategies at the site during transition between the Mesolithic and Paleolithic. Chapter six 

ends with a summary of the conclusions of the study and offers avenues for future work 

on the topic.   
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Chapter 2 Archaeological 

Background 
2.1 Climatic and Cultural Change During the Late Pleistocene and 

Early Holocene in Europe 

2.1.1 The Late Pleistocene: Last Glacial Maximum to the Younger Dryas 

To better contextualize the Mesolithic and Early Holocene, it is necessary to 

briefly discuss the preceding Upper Paleolithic and Terminal Pleistocene. During the 

Terminal Pleistocene, there were a number of relatively rapid phases of climatic cooling 

and warming (Rasmussen et al. 2014). Staring with the Last Glacial Maximum (LGM), 

(26.5–20 ka BP; Clark et al. 2009) climatic and environmental conditions throughout 

Europe were significantly drier and cooler than those of today (Strandberg et al. 2010; 

Bartlein at al. 2011). Ice cover in Europe was at its peak, with glaciers covering much of 

Northern Europe and parts of Central Europe (Strandberg et al. 2010). In the ice-free 

areas of Central and Southern Europe, steppe grasslands and dry shrubland prevailed, 

with refugial forests in some areas of Southern and Eastern Europe (Elenga et al. 2001; 

Ray and Adams 2001; Tarasov et al. 2001; Harrison and Prentice 2003; Davis et al. 

2024). Cold-adapted, gregarious grazing ungulates such as reindeer (Rangifer tarandus), 

horse (Equus sp.), mammoth (Mammuthus sp.), and saiga (Saiga tatarica) are well 

represented in archaeological faunal assemblages during this period (Guthrie 1982; 

Markova et al. 2010; Ponomarev et al. 2013; Álvarez-Lao and Méndez 2016; Crégut-

Bonnoure et al. 2018; Andrés-Herrero et al. 2018; Kitagawa et al. 2018). After the LGM, 
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climates in Europe gradually began to warm, with some oscillations between stadial and 

interstadial conditions (Dansgaard et al. 1983). 

During the warm period after the LGM (Bølling–Allerød Interstadial: 14.6–

12.9 ka BP), much of the steppic parkland characteristic of the LGM in Central and 

Western Europe was gradually replaced with boreal forest (Gerasimenko 2011; Palacios 

et al. 2023). Along with this environmental change, the herds of steppic fauna that were 

common in earlier Upper Paleolithic faunal assemblages began to be replaced by 

woodland species (Rillardon and Brugal 2014). However, immediately preceding the 

onset of the Holocene, the Younger Dryas (ca. 12.9–11.7 ka BP) was associated with a 

return to near-glacial conditions (Rasmussen et al. 2014; Cheng et al. 2020; Gerasimenko 

2011).  

The initial Younger Dryas was characterized by colder and wetter climates, 

followed by a later period of drier, but warming climates (Lane et al. 2013; Hepp et al. 

2019). Across much of Europe, archaeological sites appear to be fewer during the 

Younger Dryas (YD) compared to the preceding Bølling–Allerød (Bicho et al. 2011; 

Ordonez and Riede 2022). There is also a decrease in the representation of boreal-type 

fauna in archaeological assemblages during this period (Blockley and Gamble 2012), 

probably as a result of the reversal to stadial conditions. There is evidence of broad-

spectrum subsistence at some sites, especially in Iberia and parts of Southern France 

(e.g., Laroulandie 2007; Manne and Bicho 2009; Blasco and Fernández Peris 2012; 

Manne et al. 2012; Yravedra et al. 2017). In Northwestern and Central Europe, many YD 

faunal assemblages are characterized by fauna similar to the LGM, with a focus on 
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exploiting reindeer and other steppe-adapted species (Baales 1996; Vermeersch 2011; 

Weber et al. 2011; Drucker 2012; Andrews 2018; Lengyel et al. 2021), while some sites 

in Southern Europe show the persistent exploitation of boreal-type fauna similar to the 

Allerød period (Bicho et al. 2011; Mussi and Peresani 2017).  

2.1.2 The Initial-Early the Holocene: Preboreal and Boreal Periods 

The warmer climates after the YD mark the beginning of the Holocene. The 

Preboreal period (11.7–10.5 ka BP) is the earliest period associated with the Holocene in 

Europe; and corresponds to much of the Early Mesolithic (Walker et al. 2009). Climates 

in Europe during the Preboreal are characterized as warmer and wetter overall compared 

to the YD (Bicho et al. 2011; Andrews 2018; Bos et al. 2018; Kopytov et al. 2024). 

However, climates continued to oscillate during the Preboreal, accompanied by shifting 

landscapes and vegetation covers, creating unstable environments for much of the period 

(van Geel et al. 1981; van der Plicht et al. 2004; Bos et al. 2007; Spikins 2008).  

The Preboreal environment is generally characterized by an expansion of forests. 

Throughout much of Europe, birch (Betula) and pine (Pinus) forests expanded 

significantly during this period (Borzenkova et al. 2015; Malkiewicz et al. 2016; Bos et 

al. 2018; Sørensen et al. 2018; López-Sáez et al. 2020). In parts of Southern Europe, 

temperate deciduous forests were present (Beaulieu et al. 2017; López-Sáez et al. 2020). 

The Preboreal period also saw a continuation of the sea level rise and isostatic rebound 

that began after the LGM. These changes in sea level resulted in some dramatic 

alterations to landscapes throughout the early Holocene (Smith et al. 2011). The flooding 
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of Doggerland, an area between what is now the United Kingdom, the Netherlands, and 

Germany, began during this period (Hoebe et al. 2024). The Baltic Basin in Northeastern 

Europe also underwent significant drainage and flooding events during the initial 

Holocene (Björk 1995, 2008; Schmölcke et al. 2006; Borzenkova et al. 2015). Sea levels 

also began to rise around the Mediterranean, shifting shorelines and continuing the 

inundation of the Adriatic basin in the East (Surić et al. 2005; Berné et al. 2007; Storms et 

al. 2008; Ilijanić et al. 2025). 

The Boreal period (ca. 10.5–8.8 ka BP) is characterized by an overall warmer, 

drier climate than the Preboreal, while showing some significant climatic and 

environmental oscillations (Seppä and Birks 2001; Randsalu-Wendrup et al. 2012; 

Aufgebauer et al. 2012; Novenko and Olchev 2015). Temperate deciduous forests 

continued to expand during the Boreal. Notably, hazel (Corylus) expanded across much 

of Northern and Central Europe, becoming a valuable resource for many Mesolithic 

communities (Crombé et al. 2023; Hoebe et al. 2024). The inundation of Doggerland 

reached its peak during the later part of this period as sea levels continued to rise (Cohen 

et al. 2014; Hoebe et al. 2024), resulting in the withdrawal of Mesolithic populations 

from the area. Much of the Adriatic basin was inundated as well during this period (Surić 

et al. 2005; Pilaar-Birch and Vander Linden 2018).  

Cultural change during the Initial-Early Holocene 

The Preboreal and Boreal periods coincide with the Early Mesolithic across 

Europe. During the Early Mesolithic, hunter-gatherer populations demonstrated a diverse 

suite of subsistence and cultural practices, many of which varied geographically and 
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chronologically. Early Mesolithic material culture shows evidence of continued 

development from Upper Paleolithic technocomplexes, although with a higher diversity 

of tool types and more standardized production methods (Zvelebil 1986; Fisher 2006; 

Ricci et al. 2023; Riede et al. 2024). Mesolithic stone tool assemblages are characterized 

by microliths—created using the microburin technique—and backed bladelets (Fisher 

2006; Sørensen et al. 2013; Conneller et al. 2016; Ducrocq et al. 2020). Microlith and 

blade productions are frequent in both Magdalenian (Western/Central Europe Upper 

Paleolithic) and Epigravettian (South/Southeastern Europe Upper Paleolithic) 

assemblages, but blade production generally declined while microliths became more 

common and standardized during the Mesolithic (Zvelebil 1986; Fisher 2006). Scrapers, 

burins, retouched blades, axes, and borers are all frequent components of Early 

Mesolithic stone tool assemblages. Ground stone tools are also present and were likely 

used to process plant material (Alday et al. 2006; Antonović et al. 2006; Roda Gilabert et 

al. 2016).  

Bone tools, including points, scrapers, awls, and needles are also frequently found 

in Early Mesolithic assemblages (Cristiani 2009; Vitezović 2011; Dekker et al. 2021). 

Bone fishhooks and harpoon points begin to appear more regularly during the Early 

Mesolithic (Mansrud 2017 and references therein; Clark 1975; Cristiani and Borić 2016), 

although sporadic evidence for such technology is documented in the Upper Paleolithic 

(Gramsch et al. 2013). At sites with exceptional organic preservation, a variety of wooden 

and other organic material artifacts have been uncovered (Mordant et al. 2013; Crombé 

and Robinson 2014; Taylor et al. 2018; Kabaciński et al. 2023).  
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Early Mesolithic subsistence centered on exploiting woodland ungulates, with red 

deer (Cervus elaphus), wild boar (Sus scrofa), and roe deer (Capreolus capreolus) being 

the most common species represented in faunal assemblages (Bridault and Fontana 

2003). Compared with faunal assemblages from the Upper Paleolithic, Mesolithic 

assemblages generally show that a more diverse suite of animal resources were 

incorporated into the diet and that subsistence strategies were regionally diverse (Bicho et 

al. 2000; Lidén et al. 2004; Milner 2006; Bonsall 2008; Kitagawa et al. 2013; Oxilia et al. 

2021). Small, fast mammals like rabbits were important in the Early Mesolithic diet, 

particularly in Southern Europe; although these were already important resources at 

several sites in the region during the Upper Paleolithic (Rufà and Vaquero 2018; Stiner et 

al. 2000). Land snails were frequently incorporated into the diet of Early Mesolithic 

foragers in Southern Europe (Franco 2007; Ritzer et al. 2009; Fernández-López de Pablo 

et al. 2011; Girod 2011).  

Carnivores, particularly marten (Martes sp.), beaver (Castor fiber), otter (Lutra 

lutra), lynx (Lynx lynx) and other fur-bearing species, represent significant proportions of 

Early Mesolithic faunal assemblages (Charles 1997; Crezzini et al. 2014; Zhilin 2014; 

Overton 2016). Throughout Europe, fishing and exploitation of other aquatic resources 

were important during this period (Kitagawa et al. 2013; Boethius et al. 2014; Zhilin 

2014). The exploitation of fish and other marine resources has been documented during 

the Paleolithic (Le Gall 1992, 1993; Richards et al. 2001; Adán et al. 2009; Colonese et 

al.2011; Álvarez-Fernández 2015). During the Early Mesolithic, there is much evidence 

to support the increased importance of freshwater fishing (Mordant et al. 2013; Robson 
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and Ritchie 2019; Bridault et al. 2022). Due to the significant rise in sea levels during the 

Early Holocene, it is difficult to fully assess the importance of marine resources as many 

coastal sites from the Early Mesolithic are now underwater. The available evidence 

suggests that marine fish and mollusks were important resources and frequently exploited 

when accessible (Bicho et al. 2010; Robson and Ritchie 2019). Plants also became 

increasingly important dietary resources during the period (Clarke 1976; Bishop 2021; 

Ptáková et al. 2021; Bishop et al. 2023). For example, as hazel (Corylus) forests 

expanded during the Boreal period, Mesolithic foragers increasingly incorporated 

hazelnuts into their diet (Holst 2010; Bishop et al. 2014; Crombé et al. 2023).  

2.1.3 The Early Holocene: Early Atlantic Period  

After the Boreal period, the Atlantic period (8.8-5.3 ka BP) and the Holocene 

Thermal Optimum (ca. 8.0-5.7 ka BP) characterize much of the rest of the Early 

Holocene. During the Early Atlantic, temperatures rose across the continent (Seppä and 

Birks 2001; Novenko et al. 2009). Lower lake levels at the beginning of the period 

suggest that precipitation may have initially decreased in some areas but increased during 

the later part of the period (Kalis et al. 2003). Forest cover reached its maximum around 

the start of the Holocene Thermal Optimum (HTO; ca. 8.0-5.7 ka BP) (Hofman‐

Kamińska et al. 2019). Dense deciduous woodlands expanded further during this period, 

covering much of Southern, Central, and Eastern Europe in mixed oak (Quercus), linden 

(Tillia), elm (Ulmus), and alder (Alnus) forests (Rossignol-Strick 1999; Borzenkova et al. 

2015; Novenko 2020). In areas around the eastern Mediterranean Sea, a quasi-savannah 

environment developed (Rossignol-Strick 1999). The pine and birch forests that were 
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common during the Preboreal and Boreal periods retreated to higher latitudes in Northern 

and Central Europe (Kalis et al. 2003). In some parts of Eastern Europe where a drier 

climate prevailed, open grasslands became widespread (Hejcman et al. 2013; Pokorný et 

al. 2015).  

Cultural change during the Early Holocene 

The Late Mesolithic (ca. 9.0~6.0 ka BP) largely correlates with the beginning of 

the Atlantic period and the Holocene Thermal Optimum. During the Late Mesolithic, 

much of the regional variability in lithic industries disappear, and across many regions of 

Europe the Castelnovian became the dominant lithic industry (Kozłowski 2009). The 

Castelnovian is characterized by notched blade production and geometric microliths 

called “trapezes” (Dini et al. 2008; Binder et al. 2012; Marchand 2014; Mazzucco et al. 

2016; Soto et al. 2023). These small, trapezoidal microliths were presumably used as 

arrow points and are believed to have enhanced damage to animal tissues, resulting in 

increased efficiency while hunting in dense forests (Larsson 1978). Ground stone tools—

likely used to process plant foods—become core components of some Late Mesolithic 

tool assemblages (Antonović et al. 2006; Holst et al. 2024; Zupanchich et al. 2025). At 

sites in Northern Europe, polished stone axes and chisels appear in Late Mesolithic 

assemblages (Ahlbeck and Gill 2010). Well-preserved material culture related to fishing 

(i.e., traps and weirs) have been preserved at several Late Mesolithic sites (Andersen 

1995; Pickard and Bonsall 2007). A variety of bone tools and other organic technologies 

ere manufactured and used in ways similar to the Early Mesolithic aside from changes in 



12 

 

lithic technology, Late Mesolithic material culture seems largely continuous with that of 

the Early period (Marquebielle 2014; Marchand and Perrin 2017).  

Subsistence patterns in the Late Mesolithic differed little from the Early period, 

although there is some evidence increased variation in subsistence patterns at the regional 

scale (Bailey and Spikins 2008; Real et al. 2024). During this period, subsistence 

centered around woodland ungulates, with red deer, wild boar, and roe deer being the 

most frequently represented species. Small game and fur-bearing carnivores are also 

frequently found in these assemblages. Plant foods remained important during the period, 

with hazelnuts being core components of the diet at some sites, along with roots and 

tubers (Kubiak-Martens 1999; Cristiani et al. 2018; Jacomet and Vandorpe 2022; Bishop 

et al. 2023). During the Late Mesolithic, it appears that aquatic resources—especially 

fish—became a more prominent component of the human diet (Enghoff 1994; Pickard 

and Bonsall 2007; Rainsford et al. 2014; Cristiani et al. 2018). The Late Mesolithic has 

sometimes been associated with the exploitation of seasonal fish spawning runs, which 

could have allowed some human groups to reduce their residential mobility 

(Radovanović 1996; Dimitrijević et al. 2016; Boethius et al. 2020). An increasingly 

sedentary lifestyle may have facilitated the incorporation of some domestic ungulates and 

cultigens into the diet at the end of the period as interactions with expanding populations 

of farmers increased in frequency (Krause-Kyora et al. 2013; Cristiani et al. 2016; 

Filipović et al. 2018). 
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2.1.4 The Early-Middle Holocene: Late Atlantic Period 

While much of the early Atlantic period was characterized by warm climate 

similar or even slightly warmer than those of today (Seppä and Birks 2001; Novenko et 

al. 2009; Sundqvist et al. 2010; Renssen et al. 2012; Hofman‐Kamińska et al. 2019), this 

episode was punctuated by a brief, but intense, cooling event at 8.2 ka BP which lasted 

around 160 years (Thomas et al. 2007). The 8.2 ka event brought about significantly 

drier, cooler climates throughout Europe, with temperatures dropping as much as -.6 to -

1.2°C annually (Alley et al. 1997; Leuenberger et al. 1999; Seppä and Birks 2001; Allen 

et al. 2007; Prasad et al. 2009; Aufgebauer et al. 2012; Morill et al. 2013). In southern 

Europe, lake levels lowered and there was a pause in sea level rise due to increased 

aridity (Reed et al. 2001; Aufgebauer et al. 2012; Pilaar-Birch and Vander Linden 2018). 

Throughout Europe, temperate forest cover decreased, particularly Quercus and Corylus, 

while Pinus and Betula forests rapidly expanded (Tinner and Lotter 2001; Ghilardi and 

O’Connell 2013).  

After the 8.2 ka event, climates rapidly warmed, increasing by an estimated 3°C 

over 300 years, which facilitated a rapid expansion of temperate forests (Novenko and 

Olchev 2009; Aufgebauer et al. 2012). This climate event has been associated with 

several significant cultural phenomena, including lower population densities (Wicks and 

Mithen 2014) and abandonment of sites or regions (Bonsall et al. 2002; Gonzalez-

Samperiz et al. 2009), while other regions saw stable or increased population densities 

(Griffiths and Robinson 2018; García-Escárzaga et al. 2022). The 8.2 ka event possibly 
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coincided with the initial spread of agriculture and the process of Neolithization 

throughout Europe (Weninger et al. 2006, 2009; Özdoğan 2011), although the presence of 

some Neolithic settlements in Southeastern Europe that date before this event 

complicates this interpretation. 

Cultural change during the Early-Middle Holocene 

The Mesolithic ends with the emergence of agricultural societies, an event which 

varies temporally across the continent during the Mid-Holocene. These initial farming 

communities have often been identified in the archaeological record by the appearance of 

a distinct ‘Neolithic package’ of material culture typically including pottery, polished 

stone tools, and domesticated species of flora and fauna (Childe 1925; Thomas 2008; 

Özdoğan 2014; Jovanović et al. 2021; Roy et al. 2023). However, the full suite of these 

artifacts may or may not be found in all Late Mesolithic or Neolithic contexts. The 

Mesolithic-Neolithic transition is also presumed to have been marked by an abrupt 

change in subsistence patterns at some sites. At many Late Mesolithic sites, a diet 

consisting of a variety of wild terrestrial and aquatic resources is abruptly replaced by a 

narrow diet overwhelmingly dominated by domestic species (Lubell et al. 1994; Bonsall 

et al. 1997; Schulting et al. 2004; Richards and Schulting 2006; Bickle 2018).  

While a variety of models have been argued to explain the Mesolithic-Neolithic 

transitions, including models arguing for indigenous development (Zvelebil 1996) or 

mixed indigenous-exogenous development (Gkiasta et al. 2003), The most widely 

supported model argues for the exogenous development of agriculture and subsequent 
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replacement of Mesolithic populations with incoming agricultural populations with 

origins in Southwestern Asia (Ammerman and Cavalli-Sforza 1973, 1984; Krauß et al. 

2018). This model is largely supported by changes in material culture seen in the 

archaeological record and genetic data which show that most Neolithic populations in 

Europe have genetic origins in Central Anatolia (Bramanti et al. 2009; Haak et al. 2010; 

Hofmanová et al. 2016, Kılınç et al. 2016; Krauß et al. 2018; Yu et al. 2022).  

While it is clear that the Neolithic transition is associated with significant 

demographic and material transitions caused by the expansion of farming populations 

originating in Southwestern Asia, the transition cannot be fully explained by a simple 

replacement model. Several studies show evidence of genetic integration between the 

local hunter-gatherer groups and the new incomers (i.e., Fernandez et al. 2010; Carvalho 

et al. 2015; Lipson et al. 2017; González-Fortes et al. 2019; Thomas 2022; Carvalho et al. 

2023). For example, Lipson et al. (2017) found significant genetic admixture between 

some indigenous Mesolithic hunter-gatherers and early farmers in what are today Spain, 

Germany, and Hungary. Several studies also emphasize the contributions of hunter-

gatherer DNA to Neolithic populations in areas of Southern Europe (Mathieson et al. 

2018; Villalba-Mouco et al. 2019; Rivollat et al. 2020; Carvalho et al. 2023). The exact 

proportion of Mesolithic DNA in early farmers varies greatly depending on the period, 

region, site, and even among individuals (Skoglund et al. 2014; Lipson et al. 2017; 

Mathieson et al. 2018; Jones et al. 2017; Carvalho et al. 2023). The contributions of 

indigenous Mesolithic DNA to Neolithic populations are generally highest in the early 
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farmers of the Central Balkans and around the Mediterranean, and lower in populations 

from more central regions of Europe (Mathieson et al. 2018; Rivollat et al. 2020).  

The earliest Neolithic radiocarbon dates in Europe come from sites in Greece, 

which have been dated to as early as 8.4–7.9 ka BP (Davison et al. 2006). After Greece, 

agricultural communities appear in the Balkans around 7.9–7.0 ka BP, in Central Europe 

by 7.5–6.8 ka BP, Western Europe by 7.5–7.3 ka BP, in parts of Eastern and Northern 

Europe by 7.8–6.2 ka BP, and around the Mediterranean coastline by 7.4 ka BP (Davison 

et al. 2006; Tresset and Vigne 2011). The British Isles and Scandinavia were colonized by 

early agriculturalists by 6.0–5.6 ka BP (Tresset and Vigne 2011; Sørensen and Karg 

2012). Although the transition to agricultural societies is complex and variable 

throughout the continent, it seems that agriculture spread across Europe in a Southeast-

Northwest direction from its source in Southwestern Asia (Ammerman and Cavalli-

Sforza 1973, 1984; Davison et al. 2006; Krauß et al. 2018). There are two proposed 

routes of diffusion by these early agriculturalists. The first posits that they spread 

westward and dispersed along the Mediterranean margins (Zilhão 1993, 2001; Cortés 

Sánchez et al. 2012). This route was likely taken by some of the early agriculturalists that 

settled in Southwestern Europe (Bicho et al. 2017). Another diffusion corridor was the 

Danube River; with farming populations moving from Southeastern Europe into Central 

Europe and further dispersing (Clark 1965; Ammerman and Cavalli-Sforza 1973; 

Davison et al. 2006; Bocquet-Appel et al. 2009). 
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In some regions of Europe, the transition appears to have taken place rapidly with 

the appearance of Neolithic material culture and the genetic replacement of local 

populations (Hofmanová et al. 2016; Bickle 2018; Yu et al. 2022). In other regions of 

Europe, the Neolithic transition was prolonged, with some genetic introgression and 

aspects of Neolithic culture being incorporated into local lifeways in a piecemeal fashion 

while maintaining local lifeways and population characteristics from the Mesolithic 

(Mateiciucová 2008; Malmström et al. 2009; Bollongino et al. 2013; Jones et al. 2017). 

For example, in some areas of Central and Northern Europe, there is evidence that local 

hunter-gatherers maintained their lifeways while living alongside agricultural groups 

during the Neolithic (Malmström et al. 2009; Bollongino et al. 2013; Jones et al. 2017). 

Thus, the material and demographic conditions of the Mesolithic-Neolithic transition are 

complex and highly variable throughout the continent, varying at all scales from 

individuals to whole cultural groups. 

Continental Trends 

The variability of regional environments and subsistence strategies make it 

difficult to define any unifying patterns for the whole of Mesolithic Europe. Across much 

of the continent, environments and climate shifted from the colder, drier environments of 

the terminal Pleistocene to the warmer, wetter environments of the Early to Mid-

Holocene. Broadly, it appears that the Mesolithic represents a period of human innovation 

and adaptation to the forested environments of the Early Holocene. Significant changes in 

lithic and bone technology took place, perhaps as adaptations for more successful and 
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efficient foraging in post-glacial environments. In terms of foraging strategies, 

throughout much of Europe, there were changes in the high-ranked types of prey from the 

Late Pleistocene to the Early Holocene that correlate with the environmental changes 

during the period. These changes manifest in a focus on exploiting primarily large steppic 

herd animals (i.e., horse, reindeer) to the exploitation of less gregarious woodland species 

(i.e., red deer, wild boar) accompanied by an increased exploitation of plants, particularly 

hazelnuts, and other animal resources; especially aquatic animals like fish and shellfish. 

These changes are not equally apparent in all regions of Europe. For example, 

Pleistocene populations in southern Europe had already adopted a more diverse, 

woodland or marine diet which was maintained throughout the Early Holocene.  

The end of the period is defined by the transition away from variable 

manifestations of hunter-fisher-gatherer lifeways to a more uniform mode of subsistence 

that relied heavily on agriculture. These early agricultural populations were largely 

descended from Anatolian farmers settling in Southeastern Europe around 8.4 ka BP. 

From there, they gradually dispersed following the Mediterranean coastline and the 

Danube River. By 5.6 ka BP, prehistoric communities across Europe had settled into 

agricultural societies.  
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2.2 Climatic and Cultural Change During the Late Pleistocene and 

Early Holocene in the Central Balkans  

This Central Balkans includes parts of present-day Hungary, Romania, Bulgaria, 

Serbia, Montenegro, Bosnia and Herzegovina, and Croatia. The landscapes of this area 

are primarily hilly and montane, with the Danube River valley running through the 

center, the Pannonian Basin to the North and the Carpathian Mountains, Lower Danube 

Basin, and the Black Sea to the East. The Dinaric alps and the Adriatic Sea define the 

Western region, and the Balkan Mountains the Southeast. The Central Balkans can be 

divided into several geographic regions, including the Eastern Adriatic coast and 

hinterland and the Iron Gates of the Southern Danube. These two areas are the most well-

documented subregions of the Balkan Mesolithic (Radovanović 1996; Miracle et al. 

2000; Bonsall 2008; Branscombe et al. 2021).  

Figure 2.1: Physical map of the Central Balkans with important landscapes labeled. 
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2.2.1 The Late Pleistocene and Upper Paleolithic (ca. 25.0–11.7 ka BP) 

The Balkan peninsula has been, and continues to be, incredibly biodiverse 

(Griffiths et al. 2004) with faunal, botanical, and sedimentary records suggesting that the 

region served as a refugium for temperate species and humans during the LGM (Tzedakis 

2002; Miracle et al. 2010; Boev and Miloševic 2020). During the succeeding Bølling–

Allerød, these species further expanded throughout the region (Aufgebauer et al. 2012). 

During the YD, climate in the region was cool, but with regular precipitation in some 

areas and decreased precipitation in others, resulting in some subtle vegetation change 

favoring steppic flora and halting the expansion of the temperate flora and fauna seen 

during the Bølling–Allerød (Lawson et al. 2004; Aufgebauer et al. 2012; Veličković et al. 

2015; Magyari et al. 2019; Hughes et al. 2024). During the LGM, sea levels in the 

Adriatic were approximately 130 m lower than in the present day (Lambeck et al. 2002). 

Due to the rapid warming of the climate following the LGM, sea levels in the Adriatic 

rose significantly, beginning the inundation of what was previously a large basin to the 

North, although a brief pause in sea level-rise took place during the YD (Shackleton et al. 

1984; Miracle 1995; Surić et al. 2005; Pilaar-Birch and Vander Linden 2018).  

The Late Glacial Epigravettian (or Tardigravettian) technocomplex characterizes 

the Upper Paleolithic technocomplexes in the region during the Late Pleistocene. This 

technocomplex is marked by the use of high-quality flint to manufacture a variety of 

scrapers, blades and bladelets (Kozłowski 1999; Mihailović 2008). Upper Paleolithic 

subsistence in the Central Balkans focused primarily on medium and large terrestrial 

ungulates including ibex, red deer, bison, and giant deer, among others (Miracle et al. 
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2010; Morin and Soulier 2017; Dimitrijević et al. 2018; Stiner et al. 2022). Small game, 

fur-bearing species, carnivores, fish, and birds are also present in faunal assemblages 

during the Upper Paleolithic, but in relatively small proportions (Miracle et al. 2010; 

Dimitrijević et al. 2018; Stiner et al. 2022).  

2.2.2 The Onset of the Holocene and the Early Mesolithic (11.7–8.8 ka BP) 

During the Preboreal and Boreal periods, the warming climate brought about an 

increase in mixed oak and elm deciduous forest cover throughout the region beginning 

around 11.5 ka BP (Willis 1994; Aufgebauer et al. 2012; Tonkov et al. 2018; Magyari et 

al. 2019; Borić et al. 2021). At high elevations, pine and birch forests remained (Tonkov 

et al. 2018). After the YD, the Adriatic Sea continued to rise, inundating the northern 

third of the basin and partially submerging several small mountains, forming the 

Dalmatian Islands (Shackleton et al. 1984; Miracle 1995; Surić et al. 2005; Forenbaher 

2009; Pilaar-Birch and Vander Linden 2018).  

During the Early Mesolithic, regional lithic traditions are characterized by 

Epigravettian and Sauveterrian technocomplexes. The Mesolithic Epigravettian has been 

regarded as a continuation of the lithic traditions from the LGM, but with a more limited 

repertoire of artifacts and intensive use of low-quality raw materials (Mihailović 2008). 

Rarely reported in the Central Balkans, the Sauveterrian was limited to the Northwestern 

areas of the Balkans, whereas the Epigravettian is widespread throughout the region. 

Ground stone tools are found at Early Mesolithic sites in the Iron Gates (Antonović et al. 

2006; Zupanchich et al. 2025) but do not become a core component of the toolkit until 
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the Late Mesolithic. Bone points, scrapers, awls, needles, fishhooks, and harpoon points 

are found in Early Mesolithic assemblages (Cristiani 2009; Vitezović 2011; Cristiani and 

Borić 2016). The dense forests of the region possibly played a role in the ‘decline’ of 

local lithic traditions, and the lower connectivity of social groups during the early 

Mesolithic (Mihailović 2007, 2008, 2009). Red deer, wild boar, roe deer, hare (Lepus 

europaeus) and ibex (Ibex ibex) are among the most frequently represented terrestrial 

species (Radovanović 1996; Dimitrijević 2008; Boric et al. 2014; Cristiani and Borić 

2016; Filipović et al. 2018; Borić et al. 2019). At sites located in riparian and marine 

environments, fish bones comprise substantial portions of faunal assemblages 

(Radovanović 1996; Rainsford et al. 2014; Živaljević et al. 2020; Branscombe et al. 

2021).  

2.2.3 The Early to Mid-Holocene and the Late Mesolithic and Neolithic 

Transition (8.8–8.0/7.6 ka BP) 

During the Atlantic period, precipitation increased, and temperatures reached their 

peak in the region between 9.3 and 8.3 ka BP (Aufgebauer et al. 2012). The 8.2 ka 

cooling event brought about a brief reversal of the overall warm, wet conditions of the 

period, after which the environment quickly recovered (Aufgebauer et al. 2012). This 

event may have briefly halted sea level rise in the Adriatic, which then continued 
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throughout the period until the present shoreline was formed around 6.0 ka BP (Lambeck 

et al. 2004; Pilaar-Birch and Vander Linden 2018).  

The lithic industries of the Late Mesolithic in the Eastern Adriatic region are 

characterized by a replacement of the local Epigravettian with the Castelnovian 

technocomplex. The Castelnovian is characterized by a production of standardized blades 

and bladelets, some of which were further worked using the microburin technique into 

typical Late Mesolithic trapeze and notched blade implements (Kačar 2021). In the Iron 

Gates region, there is much technological continuity between the Early and Late 

Mesolithic lithic industries (Bonsall et al. 2025). During the Late Mesolithic, ground 

Figure 2.2: Map of Mesolithic Sites in the Central Balkans. Locations– 1: Biarzo; 2: Benussi; 3: 

Edera; 4: Ciclami; 5: Mala Triglavca; 6: Viktorjev Spodmol; 7: Pupićina peć; 8: Vela peć; 9: 

Ovčja; 10: Abri Sebrn; 11: Klanjčeva; 12: Nugljanski peć; 13: Zala; 14: Vela Spila (Lošinj); 15: 

Vaganačka; 16: Vlakno; 17: Zemunica; 18: Vela Spila (Korčula); 19: Ratuša; 20: Crvena Stijena; 

21: Odmut; 22: Vrbička, 23: Seocka; 24: Vruća; 25: Medena Stijena; 26: Grabovac; 27: Bukovac; 

28: Alibeg; 29: Hoţu; 30: Padina; 31: Lepenski Vir; 32: Vlasac; 33: Cuina Turcului; 34: Climente 

II; 35: Veterani; 36: Răzvrata; 37: Icoana; 38: Hajdučka Vodenica; 39: Ostrovul Banului; 40: 

Schela Cladovei; 41: Ostrovul Corbului; 42: Velesnica; 43: km 873; 44: km 875; 45: Kula; 46: 

Poiana; 47: Pobitite Kamuni; 48: Albeşti; 49: Medgidia; 50: Cuza Vodă. Adapted from Borić et al. 

(2019) and Bonsall et al. (2025). 
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stone tools become essential parts of the toolkit at some sites, particularly in the Iron 

Gates region (Antonović et al. 2006; Zupanchich et al. 2025). The increased importance 

of ground stone tools in these assemblages has been interpreted as reflecting an increased 

importance of plants in the Late Mesolithic diet (Zupanchich et al. 2025). 

As discussed above the Central Balkans likely played a significant role in the 

Mesolithic-Neolithic transition throughout Europe, as the region was likely used as a 

corridor by early agriculturalists in their expansion into Europe from Southwestern Asia 

(Ammerman and Cavalli-Sforza 1973; Davison et al. 2006; Mihailović 2007; Bocquet-

Appel et al. 2009; Branscombe et al. 2021). As a result of this strategic position, much of 

the Mesolithic research in the Central Balkans has focused on assessing the potential 

roles that the Late Mesolithic groups played in the Neolithization of the region (e.g., 

Kozłowski and Kozłowski 1984; Bonsall 1997; Forenbaher and Miracle 2006; Cristiani 

et al. 2014; Dimitrijević et al. 2016; Kačar 2021). The Neolithization process in the 

region has been explained by a variety of models, with earlier research arguing for a 

local, indigenous development of Neolithic lifeways from ‘Protoneolithic’ cultures 

present in the region during the Mesolithic (i.e., Srejović 1979, 1988; Bogdanović 1998; 

for an overview of the history of research regarding the Neolithization of the region, see 

Vitezović 2023).  

Current research regarding the Mesolithic-Neolithic transition in the Central 

Balkans suggests that like other regions of Europe, populations of farmers originating in 

Southwestern Asia are credited with bringing the Neolithic package to the region (Porčić 

et al. 2016; Mathieson et al. 2018). However, there is some evidence of cultural 
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continuity between the Mesolithic and Neolithic cultures in the region. Aspects of local 

Mesolithic technocomplexes were still present during the Neolithic occupations at sites in 

the Iron gates (Antonović et al. 2019). In the Adriatic region, Castelnovian implements 

continue to be produced throughout the Mesolithic-Neolithic transition (Kačar 2021). The 

continuity of these technologies through the transition has been argued as evidencing 

acculturation or active participation by the local Mesolithic populations in Neolithic 

lifeways (i.e., Mihailović 2007; Kačar 2021). Several important sites, considered 

representative of regional subsistence patterns, have been selected to give the background 

to understand economic and social change throughout the Central Balkans during the 

Mesolithic. 

2.3 Comparative Sites 

2.3.1 The Iron Gates 

The Iron Gates Gorges of the Danube River is the best documented subregion of 

the Balkan Mesolithic. Cutting through the Carpathian Mountains at the border of Eastern 

Serbia and Western Romania, coinciding with the widest section of the Danube, the 

gorges separate the lowlands of the Central Balkans: The Pannonian and the Lower 

Danube Basins. The Iron Gates region contains many archaeological sites from the Early 

Holocene (Fig. 2.3) (Živaljević et al. 2021; Radovanović 1996; Borić 2016). In the 1960s 
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and 1970s, intensive archaeological survey of the region uncovered many open-air 

Mesolithic sites of a previously unknown technocomplex. This technocomplex has been 

referred to as the ‘Lepenski Vir culture,’ owing its title to the eponymous site. Early 

Mesolithic occupations in the regions are dated to ca. 11.5–9.4 ka BP (Borić 2011). The 

Late Mesolithic dates to ca. 9.4–8.3/8.2 ka BP, with the transitional period between the 

Mesolithic and Neolithic occurring between ca. 8.3/8.2–8.0/7.9 ka BP (Borić 2011). Early 

Mesolithic occupations are generally sparse throughout the region, with the most 

intensive and well-documented occupations occurring during the Late and Final 

Mesolithic.  

Figure 2.3: Map of Mesolithic Sites in the Iron Gates. Locations– 1: Alibeg; 2: Padina; 3: 

Lepenski Vir; 4: Vlasac; 6: Cuina Turcului; 7: Veterani; 8: Hajdučka Vodenica; 9: Răzvrata; 10: 

Icoana; 11: Ostrovul Banului; 12: Schela Cladovei; 13: Ostrovul Corbului; 14: Velesnica; 15: km 

873; 15: km 875; 17: Kula. Adapted from Bonsall et al. (2025). 
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In this region, subsistence during the Mesolithic, particularly during the Late 

period, appears to have been centered around terrestrial herbivores as suggested by the 

abundance of red deer, wild boar, aurochs (Bos primigenius), and roe deer in 

archaeological assemblages (Radovanović 1996; Dimitrijević 2008; Filipović et al. 

2018). Dogs (Canis lupus familiaris) are also frequently represented in the Mesolithic 

faunal assemblages. Many of these remains show evidence of butchery, indicating that 

dogs were part of the Mesolithic diet in the region. Studies of the morphological traits of 

these canid remains suggests that dogs were locally domesticated in the Iron Gates region 

during the Mesolithic (Bökönyi 1975; Dimitrijević and Vuković 2012). Fish bones are 

also frequently recovered at sites in the region. At some sites, large anadromous sturgeons 

such as Beluga sturgeon (Huso huso) and Russian Sturgeon (Acipenser gueldenstaedtii) 

are well represented in faunal assemblages, suggesting exploitation of seasonal fish 

spawning runs (Borić 2001, 2002; Bartosiewicz et al. 2008; Dinu 2010; Filipović et al. 

2018; Živaljević et al. 2021). Živaljević et al. (2021) estimates that many of the Beluga 

sturgeon reached lengths of over 2m—with some individuals larger than 4m. Research 

also suggests that some of these settlements were occupied year-round, perhaps 

indicating that semi-sedentary or sedentary lifeways were present in the region prior to 

the Neolithic (Dimitrijević et al. 2016). The intensive exploitation of aquatic resources 

may have allowed for the prolonged habitations of some Iron Gates sites (Radovanović 

1996; Dinu 2010; Živaljević 2015; Dimitrijević et al. 2016). In the following pages, a 

couple of key sites from the region are discussed.  
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Lepenski Vir 

Excavations at Lepenski Vir began in 1965 under the direction of Yugoslavian 

archaeologist Dragoslav Srejović (Srejović 1966). The site was recognized for its 

Mesolithic and Mesolithic-Neolithic occupations, as evidenced by the distinct trapezoidal 

dwellings, figural sculptures, and distinct burial traditions (Srejović 1966a; Radovanović 

1996; Borić et al. 2011). Lepenski Vir was occupied throughout the Mesolithic (11.4–7.9 

ka BP). The occupation at the site 

was most intensive during the Late 

Mesolithic (8.3–7.9 ka BP), a phase 

during which many of the 

distinctive features of the Lepenski 

Vir culture were established (Borić 

and Dimitrijević 2006). 

The chipped stone tools 

from Lepenski Vir include end 

scrapers, irregular scrapers, burins, 

retouched blades, perforators, 

backed blades, and microliths; all a continuation from local Epipaleolithic traditions 

(Kozłowski and Kozłowski 1984; Radovanović 1996). The Lepenski Vir culture has also 

been interpreted as a predecessor to the Neolithic “Starčevo culture” (Srejović 1966a; 

Kozłowski and Kozłowski 1984; Kozłowski 1987), with some scholars noting that the 

Figure 2.4: Reconstructed settlement at Lepenski Vir 

Museum. Author's Photo. 
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ground stone tools from the site appear identical to those associated with the later 

Starčevo-Vinča technocomplex (Antonović 2006).  

During the excavations at Lepenski Vir, faunal remains were hand-collected by 

the excavators, and many were later discarded after their initial analysis, creating a 

relatively small assemblage for study (Borić and Dimitrijević 2006; Dimitrijević 2008). 

This collection protocol likely biases the sample against smaller taxa. Despite these 

limitations, studies of the fauna from Lepenski Vir have produced insights regarding local 

subsistence strategies (see Radovanović 1996; Bonsall 1997, Dimitrijević 2008; Dinu 

2010; Filipović et al. 2018). The Mesolithic inhabitants of Lepenski Vir primarily 

exploited terrestrial ungulates and 

freshwater fish species. Red deer 

was the most common taxon, the 

remains of which represent 

between 62.8–73.0% of the faunal 

assemblages from the site 

(Radovanović 1996:53). Aurochs 

and wild boar are also relatively 

frequently, comprising between 

7.7–4.6% and 5.5–3.9% of the 

faunal assemblages (Radovanović 

1996:53). Dog bones are likewise common in the assemblage, some of which show 

evidence of butchery, suggesting that dogs were used as a food source (Dimitrijević 

Figure 2.5: Trescovăț, the large cliff on the opposite 

bank of the Danube from Lepenski Vir. Author’s photo. 
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2008). Many of the ungulate remains bear cut marks, percussion notches, and show 

evidence of burning (Dimitrijević 2008). Some of these bones also bear evidence of canid 

gnawing, likely related to feeding or scavenging of domesticated dogs at the site 

(Dimitrijević 2008).  

The fish sample at Lepenski Vir is dominated by indeterminate carp (Cyprinidae) 

remains (35.4–1.9%), followed by Wels catfish (Silurus glanis) (9.4–1.2%). Along with a 

variety of other freshwater species and anadromous sturgeon (Radovanović 1996:53; 

Borić and Dimitrijević 2006). Due to the biases imposed by the collection methods, it is 

difficult to accurately assess the role that fish played in the Lepenski Vir diet from faunal 

assemblages alone. Nitrogen (δ15N) isotope values from the burials at Lepenski Vir show 

that during the Early Mesolithic dietary proteins were largely derived from aquatic 

resources, a trend which continued through the Late Mesolithic (Bonsall et al. 1997, 

2004). The analyses of carbon (δ13C) and nitrogen (δ15N) isotopes suggest that during the 

Mesolithic-Neolithic transition there was a significant shift in subsistence from an earlier 

diet consisting mostly of aquatic resources to one in which terrestrial resources were the 

primary focus (Bonsall et al. 1997, 2004; Filipović et al. 2018). This shift has been 

interpreted as demonstrating an introduction of cultivated and domesticated food sources 

in the region (Bonsall et al. 1997; Filipović et al. 2018).  

Vlasac 

Vlasac is situated just a few kilometers downstream from Lepenski Vir on the 

Danube. The site was partially excavated in the early 1970’s, with more recent 

excavations resuming at the site in 2006 (Borić et al. 2008). Occupation at Vlasac began 
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during the Early Mesolithic (ca. 11.5 ka BP), with the most intensive occupation 

occurring ca. 9.4–8.2 ka BP during the Late Mesolithic (Borić et al. 2008; Borić et al. 

2009; Borić 2011; Cristiani et al. 2014). The site contains many features reminiscent of 

Lepenski Vir including trapezoidal dwellings with red limestone floors and is largely 

contemporaneous with the settlement upstream (Borić et al. 2008). Notably, at Vlasac the 

trapezoidal dwellings are present in earlier phases than at Lepenski Vir (Borić et al. 

2008). The site was continuously used throughout the Mesolithic-Neolithic transition (ca. 

8.2–7.9 ka BP) and into the Neolithic (Cristiani et al. 2014). 

The chipped stone industry at the site is focused on flake production like the 

industry at Lepenski Vir. Lithic assemblages include blades, irregular scrapers, 

perforators, and various microliths (Kozłowski and Kozłowski 1982; Borić et al. 2014). 

The technocomplex at Vlasac appears to be largely a continuation of the local 

Epigravettian tradition, despite the presence of two trapezes in the Late Mesolithic 

assemblage (Borić et al. 2014). During the early excavations, a sizeable assemblage (n = 

131) of ground stone implements were recovered, with an additional 70 specimens 

recovered during the 2006–2009 excavations (Srejović and Letica 1978; Borić et al. 

2014). These tools were used for a variety of tasks, including the processing of plant 

materials for consumption (Zupancich et al. 2025). The excavations at Vlasac also 

recovered a wide variety of osseous tools including, awls, points, gorges, and chisels 

(Cristiani and Borić 2021). 

During the early excavations, fine sieving was not used. Despite this, an 

assemblage of ca. 30,000 bones was recovered (Bonsall et al. 1997). Red deer comprises 
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69.1% of the terrestrial fauna, followed by wild boar (12.2%), and roe deer (5.2%) 

(Radovanović 1996:53). The faunal assemblages also include a small portion of avifaunal 

remains, most notably of white-tailed eagle (Haliaeetus albicilla) (Bökönyi 1978; 

Radovanović 1996; Bonsall et al. 1997; Borić et al. 2014). In the assemblages from the 

2006-2009 excavations, dogs represent 46.0% of identified mammalian specimens, 

followed by red deer (28.1%), wild boar (10.9%) and roe deer (6.8%) (Boric et al. 2014). 

The faunal remains from the more recent excavations are of largely similar composition 

to those from the 1970’s, with the most significant difference being the greater 

representation of dog remains in the more recent material (Borić et al. 2014). As is the 

case with other sites in the region, cutmarks and burning are documented on the dog 

remains (Borić et al. 2014), indicating that this species was likely part of the human diet. 

Dogs likely also played an active role in the modification of the faunal assemblages at 

Vlasac, as some of the faunal specimens from the recent excavations also bear traces of 

gnawing by canids (Borić et al. 2014).  

Sixty percent of the identified specimens in the faunal assemblages excavated in 

the 1970’s are fish (Bökönyi 1978; Bonsall et al.1997). Of the 1970’s ichthyofaunal 

assemblage, indeterminate cyprinid remains dominate the assemblage (30.0%), followed 

by Wels catfish (13.1%), and carp (8.9%), with pike (.1%) being poorly represented 

(Radovanović 1996). In the faunal assemblages from the more recent excavations, 89.9% 

of the fauna are represented by fish remains (Borić et al. 2014). The vast majority of the 

ichthyofauna is represented by indeterminate cyprinids (98.6%) (Borić et al. 2014). 

remains were also uncovered in small quantities (1.3%) (Borić et al. 2014). High δ15N 
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values recorded in human and dog burials at Vlasac suggest that aquatic resources were a 

staple in the diet throughout the Mesolithic (Bonsall et al. 1997; Borić et al. 2014). The 

faunal assemblages point to a seasonal abandonment of the site during the summer and 

winter months (Radovanović 1996). However, Dimitrijević et al. (2016) suggest that the 

site may have been occupied year-round. 

2.3.2 The Adriatic (Croatia) 

 The Adriatic region is characterized primarily by the karstic Dalmatian coast and 

Dinaric Alps. The region, particularly along the coastlines, underwent significant changes 

during the Pleistocene–Holocene transition. Sea levels rose drastically in the Northern 

Adriatic, inundating the Adriatic Basin and doubling the surface area of the sea between 

18,000 and 8000 BP (Shackleton et al. 1984; Surić et al. 2005; Pikelj and Juračić 2013; 

Pilaar Birch and Vander Linden 2018). In contrast to the open-air sites of the Iron Gates 

region, Mesolithic sites in this region are often found in caves or rock shelters, typical 

geological features of the Dinaric Karst. There are many known Mesolithic sites in 

Croatia (Fig. 2.4) (see Komšo 2006). However, accessing published data from these sites 

has proven difficult, as reports remain unpublished or are poorly diffused. Most studies in 

the region focus on the lithic assemblages or environmental conditions of the period (i.e., 

Vukosavljević et al. 2011; Vukosavljević et al. 2014; Vukosavljević and Perhoč 2017; 

Kaczanowska and Kozowski 2018; Pilaar Birch and Vander Linden 2018; Dean et al. 

2020). Despite the limited subsistence data, some general trends are apparent. At sites 

near the coast and its immediate hinterlands, marine and terrestrial molluscs formed an 

important part of the diet (Komšo 2006; Rainsford et al. 2014; Branscombe et al. 2021). 
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Marine fish were also an important dietary resource at coastal sites (Rainsford et al. 2014; 

Branscombe et al. 2021). Along with marine resources, various species of terrestrial 

ungulates and small game were exploited (Branscombe et al. 2021; Lightfoot et al. 2011).  

Subsistence on inland sites remains relatively unknown, due to a lack of data (Komšo 

2006).  

Vela Spila, Korčula 

Vela Spila is a large cave site located about 3km from the small town of Vela 

Luka on the island of Korčula, Croatia. The site was discovered in the mid-1900’s, and 

the first excavations took place from 1974–1995, with more recent excavations from 

2010–2018 (Branscombe et al. 2021). The site’s stratigraphy contains deposits spanning 

Figure 2.6: Map of Mesolithic Sites along the Adriatic coast and hinterland. Locations– 1: 

Biarzo; 2: Benussi; 3: Edera; 4: Ciclami; 5: Mala Triglavca; 6: Viktorjev Spodmol; 7: Pupićina 

peć; 8: Vela peć; 9: Ovčja; 10: Abri Sebrn; 11: Klanjčeva; 12: Nugljanski peć; 13: Zala; 14: Vela 

Spila (Lošinj); 15: Vaganačka; 16: Vlakno; 17: Zemunica; Vela Spila (Korčula). Adapted from 

Bonsall et al. (2025). 
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from the Upper Paleolithic to the Bronze Age (Branscombe et al. 2021). An Early 

Mesolithic layer at the site was radiocarbon-dated to 9.3–9.0 ka BP (Rainsford et al. 

2014). Radiocarbon dates from the final Mesolithic layer range from 8.3–8.0 ka BP 

(Rainsford et al. 2014). Despite the significant changes in sea levels during the Early 

Holocene, the environment surrounding the site during the Mesolithic occupations was 

likely similar to that of today, with the shoreline only about 1–2 km from the cave 

(Rainsford et al. 2014; Dean et al. 2020). The site was occupied seasonally during this 

period, likely for short durations to catch and process fish (Rainsford et al. 2014).  

Information regarding the terrestrial faunal assemblages at Vela Spila is limited. 

The most abundant terrestrial vertebrate remains are from roe deer, with smaller game, 

such as fox, also documented (Cristiani et al. 2014). Evidence from the Mesolithic faunal 

assemblages suggests that the site was occupied in all seasons, with primary reliance on 

small game species during the spring and summer, roe deer from the spring to autumn, 

and red deer during the winter and autumn (Branscombe et al. 2021). A decrease in the 

estimated body sizes and relative abundances of some mammalian taxa correspond with 

an increase in marine taxa, which has been interpreted to reflect a decrease in high-

ranked prey and subsequent diet expansion throughout the Mesolithic occupations (Dean 

et al. 2020).  

More information is available regarding the marine fauna at the site. The 

ichthyofaunal assemblages are primarily comprised of fish and molluscs, with some 

indeterminate dolphin remains (Cristiani et al. 2014). Most of the fish specimens from the 

site date to the earlier Mesolithic phases (Rainsford et al. 2014). Fish remains represent 
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around 90% of the vertebrate NISP in Mesolithic layers A and B (the earliest layers), with 

values dropping to around 50–60% in later layers C and D (Rainsford et al. 2014). Chub 

mackerel (Scomber japonicus) is the most abundant fish species in layers A and B, 

representing approximately 75% of the fish sample in A and 60% of the fish sample in 

layer B (Rainsford et al. 2014). There is a significant decline of mackerel in the later 

Mesolithic layers with chub mackerel representing 36% of fish remains in layer C, and 

17.0%, in the final Mesolithic layer (D) (Rainsford et al. 2014:314). This decline is 

associated with an increase in eel species (Conger conger, Muraena helena), sea breams 

(Sparidae), mullets (Mugilidae), and wrasses (Labridae) (Rainsford et al. 2014:314-315). 

In the Neolithic assemblage, fish represent less than one tenth of the faunal remains 

(Rainsford et al. 2014). Fishing has been interpreted as a central part of the subsistence 

during the Mesolithic but became a less frequently practice, more opportunistic activity 

during the Neolithic (Rainsford et al. 2014).  

The faunal assemblages from Vela Spila also include high relative frequencies of 

marine and terrestrial molluscs (Branscombe et al. 2021), some of which were used as 

personal ornaments (Cristiani et al. 2014). The primary molluscan species at the site are 

limpets (Patella caerulea and P. rustica) and top-shells, mostly Phorcus turbinatus 

(Branscombe et al. 2021). During the Mesolithic, molluscan resources were primarily 

collected in the summer and autumn (Branscombe et al. 2021). Like fish, molluscs are 

better represented in the Mesolithic assemblages than in those from the Neolithic 

(Branscombe 2017). The decline in the importance of molluscs and a shift to winter 

seasonal exploitation of these resources after the Neolithic transition have been 
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interpreted as the result of increased reliance on agricultural resources (Branscombe et al. 

2021; Forenbaher and Miracle 2006).  

2.3.3 Montenegro 

Montenegro shares many of the same environmental and geological features as 

Croatia and can be considered as an extension of the Adriatic region. Unlike Croatia, 

many of the known Mesolithic sites in Montenegro are located inland, well into the 

Dinaric Alps. Much of the country’s physical geography is characterized by rugged, 

karstic systems (Bonacci 2014; Djurović and Djurović 2016; Radusinović and Pajović 

2024; Barović et al. 2018). There are currently six sites with known Mesolithic 

occupations in Montenegro: Crvena Stijena, Medena Stijena, Odmut, Seocka, Vrbička 

cave, and Vruća cave (Fig. 2.5).  

Figure 2.7: Map of Mesolithic sites in Montenegro. Locations– 1: Crvena Stijena; 2: Odmut; 3: 

Vrbička; 4: Seocka; 5: Vruća; 6: Medena Stijena. Adapted from Borić et al. (2019). 

1

2

3

6

5

4

0 km 50  km

 



38 

 

Like Croatia, most research on the Mesolithic in the country has focused on lithic 

and bone tool industries (e.g., Mihailović 1996, 1999; Cristiani and Borić 2016). Some of 

the chipped stone assemblages recovered from Mesolithic sites in Montenegro are 

associated with Epigravettian technocomplexes; while others, particularly later 

assemblages, appear more aligned with the Castelnovian tradition (Mihailović 1999). The 

Mesolithic faunal assemblages suggests that subsistence in Montenegro was primarily 

focused on terrestrial resources, including cervids, wild boar, chamois (Rupicapra 

rupicapra), and ibex (Capra ibex). At Seocka cave, there is evidence that fish were a 

significant dietary resource (Živaljević et al. 2020). Research in the region suggests that 

there was continuity between the Mesolithic and Early Neolithic (Borić et al. 2019; Borić 

et al. 2021). 

Medena Stijena  

Medena Stijena is a rock shelter site in the Ćeotina river canyon near the town of 

Pljevlja in Northern Montenegro. The site was originally excavated in the 1980s–90s 

(Srejović 1996). The stratigraphy at the site contains deposits from the Upper Paleolithic 

to the Bronze Age, including a Mesolithic layer (Mihailović 1996, 2009; Tomasso et al. 

2020). There are no radiocarbon dates available for this site. The Mesolithic lithic 

assemblage consists predominantly of endscrapers and flake implements, although with a 

lesser laminar flake component compared to other sites in the region (Mihailović 1996, 

2009). Along with these, trapeze and geometric implements were also recovered 

(Mihailović 1996, 2009). Many of the lithic artifacts from Medena Stijena are 

manufactured from low-quality raw materials (Mihailović 2009). The faunal remains 
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from the Mesolithic layer could not be distinguished from those deriving from later 

occupations. However, it is likely that a number of land snail shell originate in this layer 

(Mihailović 2009; Dimitrijević 1996). 

Odmut 

Situated in the Plužine municipality of Northwestern Montenegro, the cave sits 

above the confluence of the Vrbnica and Piva rivers (Borić et al. 2021). The cave was 

occupied from the Mesolithic to the Bronze age (Cristiani and Borić 2016). Mijanović et 

al. 2024). The Mesolithic deposits contain layers from the Early (10.1–8.7 ka BP) and 

Late (8.7–7.2 ka BP) periods (Mijanović et al. 2024). The tool types recovered at Odmut 

show Tardigravettian and Castelnovian affinities and include endscrapers, irregular 

scrapers, retouched blades, perforators, trapezes and microretouched bladelets, which 

present some technological continuity with the Neolithic (Kozłowski et al. 1994; Cristiani 

and Borić 2016). A number of perforated osseous harpoon points were also discovered in 

the cave (Cristiani and Borić 2016). Cristiani and Borić (2016) interpret these tools as 

being used as detachable-head harpoons, perhaps as a means to exploit aquatic resources. 

The kind of drilling technology used to create the perforations in the harpoon points was 

not present in the Adriatic before the late-9th millennium BP, around the time that the 

earliest agricultural communities are documented (Cristiani and Borić 2016). Cristiani 

and Borić (2016) hypothesize that the spread of this perforated harpoon technology is 

linked with the spread of agriculture, as indigenous hunter-gatherer communities adapted 

this technology from nearby Neolithic communities.  
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The Mesolithic faunal assemblages from Odmut consist primarily of ungulate 

species. During the early Mesolithic, ibex is the most represented ungulate (58.0%), 

followed by red deer (20.5%), wild boar (3.8%), and chamois (3.2%) (Borić et al. 

2019:477-481). Martens (4.9%) are also relatively frequent in the Early Mesolithic 

assemblage (Cristiani and Borić 2016; Borić et al. 2019). The composition of the faunal 

assemblage from the later Mesolithic assemblage is similar; ibex is again the most 

frequently represented species (59.5%), followed by red deer (14.1%) (Cristiani and 

Borić 2016; Borić et al. 2019). Chamois represents 10.2%, wild boar 2.5%, and martens 

9.3% of the identified specimens in the subsequent level (Cristiani and Borić 2016; Borić 

et al. 2019). Indeterminate fish and bird remains are also common in the Mesolithic 

layers (Cristiani and Borić 2016).  

Seocka Pećina 

Located in Southeastern Montenegro near Skadar lake, Seocka Pećina is a 

relatively small cave situated on a low peninsula surrounded by the Crnojevića river 

(Mihailović et al. 2014). The cave contains materials attributed to the Mesolithic and 

Bronze Age. Despite its small size, Seocka Pećina is important because it is the only 

documented Mesolithic site in the Central Balkans located in a lacustrine environment 

(Živaljević et al. 2020). Radiocarbon dates indicate that it was inhabited during the 

Mesolithic around 10.7–9.0 ka BP (Gazivoda et al. 2015; Živaljević et al. 2020). The 

terrestrial fauna is dominated by red deer, roe deer, chamois, wild boar, beaver, and 

badger, with some of these remains bearing evidence of butchery (Živaljević et al. 2020). 
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The faunal assemblage also contains the remains of various fish, notably cyprinid and 

salmonid species (Živaljević et al. 2020).  

Vruća Pećina 

Vruća Pećina is located in Southeastern Montenegro between the villages of 

Bioče and Ubjl in the municipality of Podgorica. The site is relatively small, with 

deposits dating to the Mesolithic and Neolithic. The material from the Mesolithic layer 

includes shells, lithics, pottery, and a small assemblage of faunal remains (Mijanović et 

al. 2024). The lithic assemblages bear some traits associated with the Castelnovian 

tradition but lack the characteristic microburins (Borić et al. 2021). Radiocarbon dates 

indicate that the Mesolithic assemblages were accumulated ca. 9.3–7.6 ka BP (Borić et al. 

2021). Red deer, roe deer, and ibex are the most common species, with a smaller 

proportion of fish and pond tortoise (Emys orbicularis) (Borić et al. 2019).  

Vrbička Cave 

Located approximately 18 km from Nikšić, the cave was first identified in 2010 

(Mijanović et al. 2024) with formal excavations beginning in 2012 and continuing to the 

present. The archaeological deposits of the cave range from the Upper Paleolithic to the 

Bronze age (Borić et al. 2019). Radiocarbon dates obtained from Mesolithic material 

suggests that the site was occupied ca. 9.0–8.6 ka BP (Borić et al. 2019; Borić et al. 

2021). The materials recovered from the Mesolithic layer include chipped stone tools and 

a bead made from the pharyngeal tooth of a carp (Borić et al. 2019). The faunal 

assemblage includes red deer, roe deer, chamois, wild boar, and ibex (Mijanović et al. 

2024; Borić et al. 2019). 
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2.4 Crvena Stijena 

Crvena Stijena, the site that is the focus of this thesis, is a large rock shelter in 

Western Montenegro near the village of Petrovići (Ćulafić 2017a). The site is situated 

approximately 700m a. s. l., and approximately 300m above the Lake Bileća (formerly 

the Trebišnjica river) reservoir that forms the border between Montenegro and Bosnia and 

Herzegovina. The rockshelter faces the Southwest, with an approximately 25m opening 

which extends 15–25m into the cliff face (Baković et al. 2009). The limestone that forms 

the cliff is stained red from iron oxides and it is this red color that gave the rock shelter its 

name. Crvena Stijena has a deep stratigraphic sequence of some 18m+ (Baković et al. 

2009). This exceptional stratigraphy contains a long sequence dating from the Middle 

Paleolithic to the Early Bronze Age (Basler 1975; Whallon 2017a), making Crvena 

Stijena one of the richest and most important prehistoric sites in Europe. The site was 

initially discovered and excavated by archaeologists in the 1950s-60s (Basler 1975). 

These early excavations resulted in a deeply excavated sondage along the back wall of 

the rockshelter, where most finds were recorded. In order to reach the deeper Paleolithic 

deposits, much of the Mesolithic and Upper Paleolithic deposits were removed during 

these initial excavations.  

Relatively little data have been published regarding the Later Prehistoric deposits 

at the rockshelter. The Bronze age (Layer I) material includes an iron knife and ceramic 

material (Baković et al. 2009; Borovinić et al. 2017). The decorated handles of the 

ceramic vessels are stylistically similar to finds from other contemporary Bronze Age 

sites in Montenegro (Benac 1975; Baković et al. 2009; Borovinić et al. 2017). Several 
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paired postholes and pits, perhaps used for storage, were also uncovered in this layer 

(Baković et al. 2009; Borovinić et al. 2017).  

The Neolithic assemblages span from the Early (Layer III) to the Middle 

Neolithic (Layer II). The material assemblages from these strata contain several 

diagnostic ceramic sherds, lithic tools and debris, bone tools, and faunal remains 

(Borovinić et al. 2017; Vušović-Lučić et al. 2017). The faunal assemblages from Layer 

III consist primarily of red deer, with some wild boar, chamois, aurochs, lynx, and 

wildcat (Borovinić et al. 2017). No domestic taxa were identified in this layer, suggesting 

that hunting was the primary economic activity of the people that occupied the site during 

this period (Borovinić et al. 2017). In Layer II, red deer and wild boar are the most 

frequently represented species, along with chamois, aurochs, fox, and wolf (Borovinić et 

al. 2017). Domestic cattle and sheep remains have also been identified in this assemblage 

(Borovinić et al. 2017). Ćulafić (2017) reported several species of terrestrial and marine 

mollusks in the Neolithic layers. Several fireplaces, hearth features, and ash lenses were 

identified in the two layers (Borovinić et al. 2017; Vušović-Lučić et al. 2017). The 

characteristic designs found on the ceramic sherds have been associated with the 

Impresso ware and Danilo ware technocomplexes (Benac 1975; Baković et al. 2009; 

Borovinić et al. 2017). While the lithic assemblages from the Early Neolithic deposits 

show technological continuity with the preceding Mesolithic, the Middle Neolithic 

assemblage breaks this continuity (Borovinić et al. 2017) There is somewhat more 

information regarding the Mesolithic deposits (Layer IV) at Crvena Stijena. These 

deposits are discussed in detail further below.  
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From the early excavations, limited information is available regarding the Upper 

Paleolithic material deposits, as these deposits (Levels VIII–V) were largely removed in 

the early excavations. During these excavations, faunal remains were rarely kept, unlike 

the lithic artifacts which were largely retained (Mihailović 2009; Mihailović et al. 2017). 

The available literature suggests that the assemblages contained a variety of taxa, 

including cervids, aurochs/bison, ibex, wild boar, marmot, and hare (Mihailović 2009). 

The artifacts from these levels were ascribed to a transitional Early/Late Epigravettian 

technocomplex (Level IX) and to a Late Epigravettian technocomplex (Level VIII–V) 

(Mihailović and Mihailović 2007). From the excavations in the early 2000’s, only a 

limited section of the remaining deposits could be ascribed to the Upper Paleolithic 

(Mihailović et al. 2017). One of these layers—layer X—has been radiocarbon-dated 

between 28.0/28.9–13.6 ka BP (Mercier et al. 2017).  

The lithic assemblages from Layer X have been attributed to the Late 

Gravettian/Early Epigravettian (Mihailović and Mihailović 2007). Immediately below 

Layer X is a thick layer of tephra derived from the Y5 Campanian Ignimbrite eruption 

(Brunnacker 1975; Morley 2007; Morley and Woodward 2011). The material culture 

from this layer (Layer XI) indicates a mix of both Middle and Upper Paleolithic 

technocomplexes (Mihailović et al. 2017). The faunal assemblage from layer X mostly 

consists of red deer and ibex, along with chamois, roe deer, panther, leporids, and 

marmots (Morin and Soulier 2017). Interestingly, the proportion of small game (leporids 

and marmots) is appreciable in the assemblage, although no evidence of human 

intervention has been identified on the specimens (Morin and Soulier 2017). The faunal 
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evidence from fauna in Layer X suggests that the site was occupied during the late 

spring/summer (Morin and Soulier 2017).  

Crvena Stijena is perhaps best-known for its rich Middle Paleolithic deposits, with 

dates ranging from ca. 40.0–78.3 ka BP for layers XI–XXIV (Morley et al. 2017; Mercier 

et al. 2017). From this sequence, a wealth of information regarding paleoenvironment and 

Neanderthal lifeways—including their subsistence strategies and technologies—has been 

generated (e.g., Mihailović and Whallon 2017; Whallon 2017; Bradák et al. 2021; 

Monnier et al. 2022; Jambrina-Enríquez et al. 2022). In the latest Middle Paleolithic 

layers (XII–XIV), artifacts characteristic of both the Mousterian and Uluzzian 

technocomplexes have been identified (Mihailović and Whallon 2017; Monnier and 

Tostevin 2023). Several bone retouchers are also found in these upper layers (Morin and 

Soulier 2017). The lithic artifacts recovered in layers XV–XVIII show affinities with the 

Micromousterian technocomplex (Monnier and Tostevin 2023). In layers XX–XXII, the 

lithic artifacts are associated with the Charentian Mousterian and contain artifact types 

such as transversal scrapers and sidescrapers (Mihailović and Whallon 2017; Monnier 

and Tostevin 2023). The lowest Middle Paleolithic deposits include tools produced using 

the Levallois and discoidal methods (Mihailović et al. 2017; Mihailović and Whallon 

2017; Monnier and Tostevin 2023). 

The faunal assemblages from the Middle Paleolithic layers are all dominated by 

red deer (Morin and Soulier 2017). In most layers, caprine species are the second most 

abundant taxa, except for levels XXVI and XXIV, in which large bovids, horses, and 

rhinoceros are more frequent (Morin and Soulier 2017). Fallow deer are also relatively 
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common, particularly in the upper layers (Morin and Soulier 2017). Carnivore remains 

and associated taphonomic modifications on specimens are minimal throughout the layers 

(Morin and Soulier 2017). Small taxa, including tortoises, leporids, and marmots, are 

present in relatively small proportions throughout the assemblages (Morin and Soulier 

2017). Tortoise remains have been identified only in the lowest layer, whereas marmot 

and leporids are present throughout the Middle Paleolithic sequence (Morin and Soulier 

2017). Interestingly, Morin and Soulier’s (2017) study found no evidence of significant 

faunal turnovers across layers X–XXIV, which suggest environmental conditions were 

relatively stable in the region (Morin and Soulier 2017).  

LAYERS 

(adapted from 

Basler 1975) 

CULTURAL 

ATTRIBUTIONS/LAYERS 

DEFINED IN RECENT 

EXCAVATIONS 

AGE (KA BP) 

 

I Bronze Age  

II Middle Neolithic (Danilo) 8.4 

III Early Neolithic (Impresso)  

IV Mesolithic 8.5–10.0 

V Absent (Late Epigravettian)  

VI Absent (Late Epigravettian) 11.2 

VII Absent (Late Epigravettian)  

VIII Absent (Late Epigravettian) 11.0–13.6 

IX Absent (Early/Late Epigravettian)  
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Table 2.1: The stratigraphic sequence at Crvena Stijena (adapted from Morin and Soulier 2017). * 

Indicates TL/ESR dates. Dates are from Baković et al. (2009), Morley and Woodward (2011), 

Mercier et al. (2017). 

LAYERS 

(adapted from 

Basler 1975) 

CULTURAL 

ATTRIBUTIONS/LAYERS 

DEFINED IN RECENT 

EXCAVATIONS 

AGE (KA BP) 

 

X Late Gravettian/Early Epigravettian 13.6–28.0/28.9 

XI Y5 Tephra 39.0 

XII (top) M1 Uluzzian  

XII M2c/M2c1 47.7–48.0 

XIII M3 49.3 

XIV M4  

XV M5  

XVI Absent   

XVII M5 bottom  

XVIII–XVX VXIII-XIX 48.3–65.6* 

XX XX  

XXI–XXIII XXI-XXIII  

XXIV XXIV 52.2–78.3* 
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 2.4.1 Crvena Stijena Mesolithic Assemblages  

The Mesolithic layers uncovered in the early excavations of Crvena Stijena were 

the first to be discovered in 

Montenegro (Basler 1975). 

More recent excavations 

renewed in 2004 led by a 

collaborative team of 

international researchers 

(Whallon 2017). Although 

much of the Mesolithic 

material had been removed 

during the previous 

excavations, a remaining 

pocket of intact Mesolithic 

layers were discovered and excavated near the opening of the rock shelter (Baković et al. 

2009). Beneath a layer of loose, powdery grey sediment with archaeological materials of 

mixed contexts, several intact, in situ Mesolithic layers were uncovered (Baković et al. 

2009). These layers contained several hearth features, ash lenses, as well as a sizeable 

sample of Mesolithic artifacts (Baković et al. 2009).  

The uppermost layer, (GS 1) is made up of a brown sediment with scree, along 

with a few artifacts from mixed archaeological contexts. In this layer two 7–10cm 

postholes, and a layer of ash were uncovered at the base of the level. (Baković et al. 

Figure 2.8: View of Crvena Stijena, entrance to the rockshelter 

is indicated with an arrow. 
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2009). According to Baković et al. (2009) and D. Mihailović (personal comm.), this layer 

was significantly disturbed. The underlying layer (GS 2) is characterized by a thick layer 

of grey sediment with scree and several ash/charcoal lenses (Baković et al. 2009). Near 

the base of GS 2, an approximately 70cm-wide hearth containing ash and charcoal lenses 

was discovered surrounded by other areas of burned earth and ash (Baković et al. 2009). 

Many bones, snail shells, and lithics were collected in this layer (Baković et al. 2009). 

Below GS 2, a relatively thin, archaeologically sterile layer (GS 3) of loose scree was 

removed (Baković et al. 2009). Underlying this sterile layer, GS 4— the lowermost 

Mesolithic layer— was described as a dark grey to brown sediment with scree of larger 

size, laid directly over a level of Pleistocene material (Baković et al. 2009). Small 

amounts of charcoal, ash, shells, lithic material, and bones were recovered in this layer 

(Baković et al. 2009). The GS 2 deposits are dated to ca. 8.5–8.4 cal ka BP while the GS 

4 deposits were dated to ca. 10.0–9.7 cal ka BP (Baković et al. 2009; Mercier et al. 2017).  

Much of the research regarding the Mesolithic assemblages from Crvena Stijena 

has focused on the lithic and bone tool assemblages (Mihailović 2009; Mihailović et al. 

2017). In the contact zone between GS 1 and GS 2, two cores, one blade/bladelet, one 

flake, and two tools were recovered (Baković et al. 2009). The majority of the artifacts 

recovered during the recent excavations were concentrated in GS 2, near the hearth 

feature (Baković et al. 2009). In this layer, cores, blades/bladelets, flakes, tools, and one 

microburin were recovered and attributed to the Castelnovian technocomplex (Baković et 

al. 2009). GS 4 produced a smaller assemblage of lithic artifacts (Baković et al. 2009). A 

large assemblage of Epigravettian and Castelnovian lithic and osseous artifacts were 
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recovered from surface and profile cleanings of the excavation area, which likely derive 

from the Mesolithic or Neolithic layers (Baković et al. 2009; Mihailović 2009, 

Mihailović et al. 2017). The Castelnovian artifacts recovered at Crvena Stijena are very 

similar to those found at Odmut cave (Mihailović 2009).  

The species list from the 1950-60’s excavations include brown hare (Lepus 

europaeus), fox (Vulpes vulpes crucigera), badger (Meles meles), wild cat (Felis 

silvestris), wild boar, red deer, roe deer, and aurochs (Malez 1975; Mihailović 2009). 

Dimitrijević (2017) reports on the 2005–2006 assemblages as consisting of abundant 

mammalian remains, molluscan shells, and a small amount of microfaunal remains 

(Dimitrijević 2017). Red deer is the most frequently represented animal in all 

assemblages, followed by wild boar and roe deer (Dimitrijević 2017) (Table 2.2).  

Table 2.2: %NISP counts adapted from Dimitrijević (2017). 

According to Dimitrijević (2017), red deer comprises 50.3% of the identified 

fauna in GS 2, followed by roe deer (18.6%), wild boar (12.1%), brown hare (11.1%), 

TAXA %NISP GS 2 %NISP GS 4 

Cervus elaphus 50.3 31.8 

Sus scrofa 12.1 5.0 

Capreolus capreolus 18.6 2.3 

Ibex ibex 0.0 4.5 

Lepus europaeus 11.1 22.7 

Lynx lynx 1.0 4.5 

Felis silvestris 1.0 0.0 

Meles meles 0.0 2.3 

Martes martes 0.5 2.3 

Martes sp. 0.5 0.0 

Vulpes vulpes 4.0 4.5 

Ursus arctos 1.0 0.0 
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and fox (4.0%). Other carnivorous taxa (brown bear, martens, wild cat, lynx) comprise 

the rest of the assemblage but are never represented by more than 1.0% of the NISP. Red 

deer are still the most common taxa identified in GS 4, but drop to 31.8% of the 

identified fauna in the assemblage. Roe deer similarly drops in representation to just 

2.3% of the identified fauna in GS 4. Conversely, wild boar and brown hare are better 

represented in GS 4, at 25.0% and 22.7%, respectively. Notably, Dimitrijević (2017) 

identifies ibex (4.5%) in the GS 4 assemblage, a species which is not documented in GS 

2. An interesting feature noted by Dimitrijević (2017) is the high frequency of ungulate 

first and second phalanges that have been fractured, a pattern which applies to even the 

smallest ungulates. This pattern was interpreted as indicative of intensive marrow 

extraction (Dimitrijević 2017:295). 

The malacological assemblages consist of mostly local terrestrial snail species; 

Medora contracta, Helix secernenda, Aegopis acies, and Aegopis verticillus (Ćulafić 

2017b). A smaller number of marine snails and shellfish were also recovered in the 

Mesolithic layers, including Columbella rustica, and Mytilus sp. (Ćulafić 2017b). The 

terrestrial shells may represent natural accumulation, but the marine shells were 

transported to Crvena Stijena by its human occupants (Ćulafić 2017b). Because Ćulafić 

(2017b) provides NISP counts for all layers combined, it is unclear exactly how many of 

these specimens were found in the Mesolithic layers. For this reason, it is difficult to 

draw conclusions on the Mesolithic from these data. 

As Crvena Stijena is one of only a few sites in the Balkans containing layers 

dating to the Early and Late Mesolithic (Mihailović 2017), it is possible to assess 
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subsistence changes during the Early Holocene using these assemblages. The results of 

the current study, which expand upon the work conducted by Dimitrijević (2017), will be 

presented in detail in chapters four and five. 
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Chapter 3 Human Behavioral Ecology 

and Foraging Theory 
3.1 Human Behavioral Ecology 

Human Behavioral Ecology (HBE) is a subset of Evolutionary Ecology that 

studies the fitness-related behavioral trade-offs that humans face under specific 

environmental conditions (Stephens and Krebs 1986; Bird and O’Connell 2006, 2012). In 

archaeology, HBE models have been used to test hypotheses regarding past human 

behavior (Winterhalder and Smith 2000). These models are based on the concept of 

optimization analysis (Smith 1978) and draw upon Game Theory (Smith 1982). From its 

inception, HBE has been used primarily to understand past subsistence strategies, 

although other aspects (e.g., human life history, food sharing, thermoregulation) are 

increasingly being examined as well (Mace 2000; Winterhalder and Smith 2000; Bird and 

O’Connell 2006; Nettle et al. 2013; Pelton et al. 2024). In this study, HBE-based models, 

particularly those drawn from Foraging Theory, will be used to interpret diet breadth and 

other decisions regarding faunal exploitation.  

3.2 Foraging Theory 

The theoretical basis of many Foraging Theory (FT) models is the assumption that 

maximizing the rate of nutrient acquisition enhances fitness, and that a forager should act 

in a way that optimizes nutrient acquisition (Stephens and Krebs 1986; Bird and 

O’Connell 2006). FT models address several questions regarding acquisition, time 

allocation, and spatial organization of foraging resources and their impacts on resource 
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selection and use by foragers (Bird and O’Connell 2012). Foraging Theory operates in an 

economy of energy (typically measured in calories), with the forager making decisions 

based on the energetic costs of pursuing certain resources and the energetic gain of 

procuring those resources; the goal being to maximize caloric gain while minimizing 

energetic trade-offs. These decisions include what resources to forage for at the expense 

of others, where to forage for these resources, how much time to spend foraging, and how 

to process foraged resources (Bird and O’Connell 2012).  

A resource in foraging theory may be defined as a species of plant or animal, or a 

particular subset of that species—referred to as prey types in this approach. Given the 

limitations imposed by the archaeological record, which obscures detailed assessments of 

intra-specific variation, prey types are primarily treated in this study as corresponding to 

animal species. The economic returns of each prey type are primarily defined based on 

values published by Morin et al. (2022) and other ethnographic accounts. Several FT 

models are used to assess the dietary breadth and the overall patterns of intensification at 

the Crvena Stijena, each of which are discussed below.  

The Prey Choice Model 

The Prey Choice Model (PCM), also known as the ‘optimal diet’ or ‘diet breadth’ 

model, addresses the issue of prey selection (MacArthur and Pianka 1966). Because prey 

types often differ in their energetic returns and patterns of distribution, a forager can 

‘rank’ prey types based on a cost-benefit analysis. Higher-ranked prey types are those that 

will provide the forager with the highest energy returns per unit of time handling that 

prey type. Based on this, assumptions can be made regarding which prey types will be 
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pursued upon encounter, and which should be ignored in favor of higher-ranked prey 

types (MacArthur and Pianka 1966). The PCM assumes that prey types are encountered 

randomly, and that a forager will encounter them individually and sequentially. In the 

model, a forager should always pursue high-ranked prey upon encounter and should 

ignore lower-ranked prey until encounters with higher-ranked prey decrease. Then, 

lower-ranked prey types should be pursued in descending rank order until their energetic 

return is lower than the return for search and handling all higher-ranked prey types 

(MacArthur and Pianka 1966; Bird and O’Connell 2006, 2012).  

The Patch Choice Model 

When prey is not encountered randomly relative to their abundance but are 

aggregated, the forager must decide which patch to exploit and for how long to forage in 

the patch before moving to another (MacArthur and Pianka 1986; Bird and O’Connell 

2006). A patch may be defined as something as small in scale as a single bone or as large 

as an entire biome (Grayson 1989; Broughton 1999; Burger et al. 2005). The Patch 

Choice Model (PaCM) is similar to the PCM, as the forager is expected to exploit higher-

ranked patches before lower-ranked patches, taking travel costs into account (MacArthur 

and Pianka 1966; Stephens and Krebs1986; Bird and O’Connell 2012). In the PaCM, 

travel costs have an impact on forager decision making, as a lower-ranked patch may be 

exploited simply because of costs associated with travel to a higher ranked patch.  

Because animals are often used as bioindicators when reconstructing past 

landscapes and environments (Lyman 2017; Croft et a. 2018), understanding their 

ecology can be useful in estimating the kinds of patches that past foragers were 
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exploiting. Red deer, roe deer, and wild boar are among the most frequently identified 

taxa in regional faunal assemblages. The red deer is generally considered an ecotone 

species, inhabiting open woodlands and the zone that mark a transition with grasslands 

(Mitchell et al. 1977; Geist 1998; Schaefer et al. 2008). However, red deer are highly 

adaptable and are found in a wide variety of landscapes, including heavily forested areas, 

as well as alpine meadows and slopes at high altitudes (Apollonio et al. 2010; Anderwald 

et al. 2016; Niedziałkowska et al. 2021). Another common cervid species in 

archaeological assemblages, roe deer, prefer more heavily forested environments 

(Mancinelli et al. 2015) but may also be encountered in mixed forest-open grassland 

environments (Danilkin and Hewison 1996). Similar to red deer, roe deer are also quite 

ecologically flexible and can inhabit a wide variety of environments, including those at 

high altitudes (Jepsen and Topping 2004). Wild boars prefer more heavily forested 

lowlands where they can access energy rich foods like acorns or other tree nuts and 

shelter from predation (Massei and Genov 2004; Jánoska et al. 2018). In the last several 

decades, increasing wild boar populations have colonized mountainous habitats and are 

frequently found feeding in open agricultural land (Baubet et al. 2004; Colomer et al. 

2024). While these changes in wild boar habitat use are likely explained by several 

factors including climate change and changes in agricultural practices (Massei and Genov 

2004), they do point to the plasticity of wild boar habitat use—making it possible that 

open or montane habitats were occupied by the species in the past. 

Ibex, one of the most common ungulates found in Mesolithic assemblages in 

Montenegro, is a montane species, usually living at altitudes between 1,600 – 3,200 m. a. 
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s. l. today, although ibex remains were found around 300 m. a. s. l. during the Pleistocene 

(Parrini et al. 2009). Ibex usually avoid woodland areas, preferring open alpine meadows 

and slopes (Pedrotti 1995; Parrini et al. 2009). The chamois, present only in the Upper 

Paleolithic assemblages at Crvena Stijena, is also a primarily montane species, but are 

known to spend time in forested areas, particularly during the winter months (Ballo 2010; 

Corlatti et al. 2022). Baumann et al. (2005) showed that the chamois occupied both alpine 

meadows and forest during the Pleistocene. Today, populations in Croatia are reported 

around 100 – 300 m. a. s. l. (Corlatti et al. 2022). Miracle and Sturdy (1991) suggest that 

the chamois are well-adapted to the rugged, holokarst landscape and should not always be 

treated as an alpine species. Marmots, also common in the Upper Paleolithic assemblage, 

are also mountain dwelling species—preferring open, rocky alpine meadows and slopes 

(Allainé et al. 1994; Armitage 2000) at similar altitudes to the chamois (Herrero et al. 

1994). Leporids, particularly brown hare, tend to prefer temperate savanna or grassland 

environments, and generally avoid dense woodlands and high altitudes (Tapper 1987; 

Bock 2020). However, when population densities become high at lower altitudes, brown 

hares may move to higher altitudes (up to 2000 m.) (Flux 1990). Another hare species, 

the mountain hare (Lepus timidus), a species present throughout Europe during the Late 

Pleistocene and the present, tends to occupy dense forests and higher altitudes 

(Angerbjörn and Flux 1995; Thulin 2003).  

Marginal Value Theorem 

Marginal Value Theorem (MVT) addresses the issue of time allocation in patches. 

Once a forager has selected a patch, the MVT can be used to estimate how long a forager 
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will spend exploiting that patch based on the relationship between the marginal energetic 

gain from the patch compared to the overall foraging return rate, considering that 

continued within-patch resource exploitation tends to yield decelerated gains (Charnov 

1976; Burger et al. 2005). Similar to the PaCM, the MVT can be applied at different 

scales, from entire biomes to individual skeletal elements. When patches are examined at 

the scale of anatomical units, the MVT can be applied to carcass processing by 

establishing potential energy gains from different strategies of carcass exploitation 

(Burger et al. 2005). Because anatomical units vary in their overall energetic profitability 

per unit of time, they can be ranked (Jones and Metcalfe 1988; Monahan 1998; Burger et 

al. 2005). According to Burger et al. (2005), if foragers are less frequently gaining access 

to prey, they can attempt to maximize their resource gain by spending more time 

processing carcasses; for instance, by increasing their exploitation of lower-ranked 

skeletal elements.  

3.3 Prey Ranking 

Prey body size has often been correlated with prey rank, the rationale being that a 

larger body size provides higher energetic returns (Broughton 1994a, 1994b; Broughton 

et al. 2011). However, body size is not the only variable influencing prey rank. Mass 

collection of small species, especially fish and invertebrates, can generate high net returns 

(Madsen and Schmitt 1998; Ugan 2005). Mobility may also impact prey rank, as highly 

mobile prey types may result in lower returns after pursuit and handling costs are factored 

in (Stiner and Munro 2002; Bird et al. 2009, 2012; Morin et al. 2022).  
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Morin et al. (2022) calculated estimated return rates for over 300 game species 

and found that prey body size is a relatively poor predictor of on-encounter return rates, 

except for glires (lagomorphs and rodents). Thus, Morin et al. (2022) find that pursuit 

costs are often a critical component determining prey profitability than prey size. In order 

to assess pursuit costs and prey rank more accurately, one must account for the mode of 

procurement, technology, and prey behavior (Morin et al. 2022). Additionally, Morin et 

al. (2022) caution against simply assigning a rank to a species, as this ignores the fact that 

most species can be encountered in a variety of conditions (i.e., variable body fat 

composition depending on season, whether the animal is encountered in a herd or not) 

and pursued by a number of different methods (i.e., with different technologies, mass or 

solo collecting)—contexts which may significantly shift the rank of a particular taxon 

(Morin et al. 2022). Morin and colleagues’ results support and further explain some of the 

findings reported by Ugan (2005) who likewise found that body size is not always a 

reliable proxy for return rates. Small taxa, particularly those that can be mass collected 

and require minimal processing, can result in very high return rates (Ugan 2005). 

Many of the prey rankings used in this study have been adapted from data 

presented in Morin et al. (2022, 2024), De Vynck et al. (2016), and Ugan (2005). The 

lowest estimated return rates were used to account for less efficient hunting and fishing 

technology of prehistoric hunter gatherers compared to modern or historical hunters. 

Proxy taxa were used to estimate return rates for Mesolithic species that lack published 

estimates (Table 3.1).  
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TAXA COMMON 

NAME 

PROXY ESTIMATED 

RETURNS 

ESTIMATED 

RANK 

LIVE 

WEIGHT 

(KG) 

Bison sp. Bison Bison 

bison 

surround 

(Morin et 

al. 2024) 

16,770 High 700.0 

Bos 

primigenius 

Aurochs Bison 

bison 

surround 

(Morin et 

al. 2024) 

16,770 High 700.0 

Megaloceros 

giganteus  

Giant deer Alces 

alces 

early 

spring 

gun 

(Morin et 

al. 2022) 

26,532 High 485.0 

Equus sp. Horse Equus 

quagga 

(Morin et 

al. 2022) 

14,706 High 360.0 

Ursus arctos Brown bear   High 230.0 

Cervus 

elaphus 

Red deer Cervus 

canadensi

s pike 

gun 

(Morin et 

al. 2022) 

23,532 High 200.0 

Sus scrofa Wild boar Sus 

scrofa 

pound 

(Morin et 

al. 2024) 

6,335 Mid 87.5 

Capra ibex Alpine ibex Ovis 

canadensi

s (Morin 

et al. 

2022) 

17,160 High 74.5 

Dama dama Fallow deer Odocoile

us 

virginian

12,096 High 65.0 
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TAXA COMMON 

NAME 

PROXY ESTIMATED 

RETURNS 

ESTIMATED 

RANK 

LIVE 

WEIGHT 

(KG) 

us (Morin 

et al. 

2022) 

Rupicapra 

rupicapra 

Chamois   Mid-Low 52.5 

Capreolus 

capreolus 

Roe deer   Mid-Low 25.0 

Canis lupus 

familiaris 

Dog   Mid-High 25.0 

Lynx lynx Lynx   Low 25.5 

Vulpes vulpes Red fox   Low 14.0 

Meles meles Badger   Low 12.0 

Lepus 

europaeus 

Brown hare Lepus 

californic

us drive 

low/drive 

(Morin et 

al. 2022) 

415/1385 Low 4.0 

Marmota 

marmota 

Marmot   Mid 3.0 

Marten sp. Marten   Low 1.5 

Huso huso Beluga 

sturgeon 

  High 260.0 

Acipenser 

gueldenstaedti

i 

Russian 

sturgeon 

  High 115.0 

Cyprinus 

carpio 

Common 

carp 

  Mid-Low 15.0 (Borić 

and 

Dimitrijević 

2006:55) 

Silurus glanis Wels catfish   High 50.0-120.0 

(Borić and 

Dimitrijević 

2006:55) 

Esox lucius Pike Freshwat

er fish; 

mixed 

(Ugan 

2005) 

3,710 Low 8.0 

Scomber 

japonicus 

Chub 

mackerel 

Saltwater 

fish; 

6,065 Mid 1.0 
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TAXA COMMON 

NAME 

PROXY ESTIMATED 

RETURNS 

ESTIMATED 

RANK 

LIVE 

WEIGHT 

(KG) 

mixed 

(Ugan 

2005) 

Patella 

caerulea 

Mediterrane

an limpet 

Scutellast

ra 

longicost

a (De 

Vynck et 

al. 2016) 

2,943 Low <1.0 

Patella 

rustica 

Rustic 

limpet 

Scutellast

ra 

longicost

a (De 

Vynck et 

al. 2016) 

2,943 Low <1.0 

Phorcus 

turbinatus 

Turbinate 

monodont 

Oxystele 

sinensis 

(De 

Vynck et 

al. 2016) 

3,359 Low <1.0 

Helix 

secernenda 

--   Low <1.0 

Aegopis sp. Glass snails   Low <1.0 
Table 3.1: Late Pleistocene and Early Holocene taxa documented at Crvena Stijena and other sites 

in the Central Balkans and their estimated prey rank. 

Proxies for all ungulate species were assigned based on similar body size, 

taxonomy, ecology, and behavior. For example, Alces alces (Moose or Elk) is assigned as 

the proxy for giant deer due to its comparable size and taxonomic similarities (Breda 

2005). Similarly, bison is assigned as the proxy for aurochs for similar reasons, although 

ecological differences between the taxa may mean that return rates differed appreciably. 

The zebra is inferred to be a valid proxy for the horse, as these taxa are closely related 

and behaviorally and ecologically similar (Rubenstein 1986; King et al. 2016). Wapiti 

(Cervus canadensis) and red deer are taxonomically and behaviorally very similar and 
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were even classified as the same species until relatively recently (Polziehn and Strobeck 

2002). Bighorn sheep (Ovis canadensis) is used as the proxy for ibex, as the two species 

inhabit similar biomes, are somewhat gregarious, and are roughly comparable in size. 

Although whitetail deer (Odocoileus virginianus) are somewhat larger than fallow deer, 

they are used as the proxy taxa due to their behavioral and ecological similarity. The 

lowest return rate for whitetail deer is used to attempt to control for the differences in 

size.  

In this sample, ungulates tend to produce the highest returns, with the possible 

exceptions of chamois and roe deer. The large body size of many of these animals can 

provide foragers with abundant edible tissues and other valuable materials. Seasonal 

behavioral differences may make some differences in success rates when hunting such 

prey. For example, during the rut, it may be easier to capture cervid species. During this 

time cervids, bucks especially, become more active and less cautious; making them more 

vulnerable to predation (Wilton 1992; Richard et al. 2008; Pépin et al. 2009; Csányi et al. 

2022). Cervids, along with many other taxa, seasonally map on to resource-rich patches 

within the environment, which make them more predictable in their movement 

(Wilmshurst et al. 1995; Fonseca 2007; Guadry et al. 2015; Siedel and Boyce 2015; 

Couriot et al. 2018; Kim et al. 2019; Svoboda et al. 2019). Additionally, many species 

will seasonally migrate between lower and higher elevations, which also increases 

predictability (Mysterud 1999; Gaudry et al. 2015; Sakuragi et al. 2019). Hunters that are 

familiar with these behaviors might have used this knowledge to reduce their pursuit 

costs. 
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In addition to understanding the ecology of their prey, cooperative social 

behaviors can also impact success rates for hunting large ungulates. While individual 

success at hunting large game is low, sharing the resources gleaned from successful hunts 

can make big-game hunting more rewarding than hunting smaller-bodied taxa (Lupo and 

Schmitt 2016). Cooperative hunting can increase the success rates of capturing large 

game, particularly ungulate species due to their sociality and other behaviors (Morin et al. 

2024). Likewise, efficient hunting technology can result in higher success rates (Yost and 

Kelley 1983; Morin et al. 2022, 2024), particularly while hunting ungulates. As suggested 

by Larsson (1978), Castelnovian technology could have increased the success of 

Mesolithic foragers hunting in dense forests. Given these observations, it is likely that 

many of the ungulate species available during the Mesolithic represented high-ranked 

prey.  

While large ungulates may have been most highly valued as food resources, some 

smaller prey types can be more reliably captured, which increase their caloric returns. For 

this reason, some small prey types may provide higher returns than anticipated (Lupo and 

Schmitt 2016). Other species—particularly medium and small carnivore and leporids—

could have been valuable for their fur or other raw materials, not necessarily for their 

meat or other edible tissues. Often, these animals provide relatively low caloric returns, 

even when procured during coordinated game drives (Morin et al. 2020; Pelton et al. 

2024).  

The black-tailed jackrabbit (Lepus californicus) was selected as the proxy for the 

leporid species identified in the archaeological assemblages due to its taxonomic, 
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behavioral, and body size similarities to Lepus sp. in Europe. Traditionally, small, fast 

prey like leporids have been assumed to represent low-ranked prey types due to the 

difficulty of capturing them and the relatively low yields of edible tissue provided by 

individuals, even when they are mass collected (Morin et al. 2020). Mass collection 

strategies are best employed when these animals are living at high densities in open areas. 

Under such conditions, returns from mass-collections of leporids can compare with those 

generated from hunting lower-ranked ungulates (Morin et al. 2020). However, the rugged 

terrain and dense forests that were present in the Central Balkans during the Holocene 

may have precluded mass-collection of these animals. Additionally, Lepus sp. tend to be 

solitary (MacDonald and Barrett 1993), which likely make mass capture more difficult. 

Therefore, the high-value of rabbit drives likely does not apply to this sample, and these 

taxa would likely represent a low-ranked resource for the foragers.  

The marmots, while similar in size to the hare may represent a higher-ranked 

resource. Marmots are much slower than hares and rabbits and tend to have a higher body 

fat percentage (Morin 2012). Additionally, European marmots are known to live in 

extended family groups (Armitage 2000), which may have made them easier to capture 

en masse. These characteristics likely made marmots more highly ranked prey compared 

to leporids.  

While many carnivores might have been marginal resources in terms of their 

nutritional utility, these animals possess pelts with dense, soft hairs that trap a layer of air 

near the skin surface, ideal characteristics for preventing heat loss even in cold conditions 

(Kitchener et al. 2018; Mota-Rojas et al. 2021). This feature might have made them an 
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appealing prey type, particularly during the colder months when pelts are in their prime 

(Maurel et al. 1986; Hiller and Vantassel 2022). During the Mesolithic, these furbearing 

taxa could have included the red fox, hares, lynx, and various mustelids (marten, badger, 

otter). For example, martens are quite small and are most efficiently captured using 

specialized trapping technology, which can be quite laborious (Broch 2009). Thus, they 

likely do not offer much in terms of energy gain. It is possible that during the winter these 

animals would have been pursued more frequently to obtain their fur when at its peak 

density. 

Hunting larger carnivores like brown bear may have provided high yields of meat 

and other edible tissues (Roll and Deaver 1978). Brown bears are also a species with a 

high percentage of body fat relative to other wild game species, particularly just before 

and in the early days of their hibernation period (Rigano et al. 2017; Ugarković et al. 

2020). ‘Bear grease’, or rendered fat, was utilized by Indigenous North Americans in a 

number of ways, including in culinary applications, cosmetics, medicine, and the 

manufacture of various items (Battle 1922; Wallace 1949; Schaeffer 1966; Baker 2018). 

Obtaining this rich source of fat was often the primary goal of hunters, and bears were 

more likely to be pursued when at their peak fatness (Waselkov 2020 and references 

therein). Bear pelts were also considered a valuable resource (Bailey 1973). Despite these 

high potential gains, hunting these animals can be extremely dangerous, with the risks of 

pursuit outweighing the potential benefits of capturing such prey. The risks of hunting 

bear may be minimized during the winters when these animals are in a state of torpor in 
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their dens (Waselkov 2020). When encountered in such conditions, hunters may have 

been more likely to pursue such large carnivores.  

In ethnographic and historical records, dogs have served as companion animals, 

cooperative hunters, animals of spiritual or ritual significance, beasts of burden, and 

sometimes as food sources for cultures throughout the world. In this analysis, the value of 

dogs as a food source and as a contributor to more efficient capture of other food sources 

is assessed, with the recognition that the complex roles that dogs play in human societies 

likely means that this assessment is far from complete. Eating canids (dogs and dingoes) 

has been considered taboo by some Indigenous Australians (Meehan et al. 1999). Feral 

canids were eaten only during times of famine by some Indigenous Australians, and even 

then, the meat was not highly prized (Hamilton 1972; Tindale 1974). In groups living in 

what is today Russia (Nenets, Khanty, and Mansi) ethnographic reports show that the 

consumption of dog meat was rare and often restricted to periods of significant nutritional 

stress (Losey et al. 2018 and references therein). Additionally, dogs in some Indigenous 

American foraging societies were relied upon as food sources during times of starvation 

(Rowlandson 1682; Vimont 1898; Teit 1906; Allen 1920). For other North American 

Indigenous societies, dogs were more regularly consumed, particularly during feasts or 

other ritual events (Stewart and Finlayson 2000; Dorian 2012). 

Dogs can be highly effective at hunting a variety of prey—large and small 

(Roberts 2017; Pacheco‑Cobos and Winterhalder 2021; Koungoulos and Brumm 2024). 

Hunting high-ranked prey like large ungulates with dogs likely resulted in higher 

efficacy, as dogs could more easily locate and pursue the animals, although they can 
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represent nuisance when hunting some species (Roberts 2017; Lupo 2017). Their utility 

as effective hunting companions may have meant that they were more valuable to 

foragers alive, and thus not often used as food sources. However, when necessary, their 

trusting behavior and the low costs of pursuit could make them appealing prey in the 

absence of other, more highly-ranked targets. 

Traditionally thought of as a low-ranking resource, marine mollusks have been 

demonstrated to be important and highly valued resources for foragers, especially those 

with reduced mobility (Meehan 1982, 1983; Bird and Bliege Bird 1997, 2000; De Vynck 

et al. 2016). Shellfishing represents a more reliable resource base to foragers than other 

subsistence activities like hunting (Marlowe 2007). In addition to being reliable, shellfish 

can be mass-collected with little to no specialized technology, and provide important 

nutrients such as iodine and omega-3 fatty acids (Kyriacou 2017). 

De Vynck et al. (2016) found that foraging for intertidal shellfish could result in 

relatively high return rates, but only for about one third of the days in a month when tidal 

and weather conditions facilitated the collection of such resources. Larger species made 

up the bulk of the forager’s intake, while smaller species—like limpets and topshells—

tended to be ignored, which suggests that these species were low-ranked resources (De 

Vynck et al. 2016). Duck’s foot limpet (Scutellastra longicosta) and pink-lipped topshell 

(Oxystele sinensis) were selected as proxies for the marine shellfish found in assemblages 

in the Central Balkans based on their similar taxonomy and size. Because these species 

are found in South Africa, where tidal conditions are more variable than in the Adriatic, 

their value as a proxy is possibly limited. Thomas (2007) reports that efficient foraging of 
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intertidal resources can only be accomplished during extremely low diurnal tides, as it is 

during these times that the shellfish are most accessible. The tidal fluctuations in the 

Adriatic are quite minimal, which would have limited the accessibility to these resources. 

This suggest that shellfish were likely low-ranked resources compared to those in other 

regions. 

Perhaps less reliably encountered than marine molluscs, terrestrial snails are more 

randomly distributed throughout the landscapes. Similarly to shellfish, no specialized 

technology is needed to collect terrestrial snails, and they can be easily picked up while 

searching for other prey types. Given their very small size and their sparse distribution, it 

is likely that land snails represented low-ranked resources for the Mesolithic foragers.  

When they were present in the region during their spawning migrations, 

anadromous sturgeons (Huso huso and Acipenser gueldenstaedtii) would have likely been 

high-ranked prey. Both the Russian and Beluga Sturgeon grow around 2-3m in length, 

weigh around 100 kg, with some Beluga weighing as much as 1000 kg (Bartosiewicz et 

al. 2008). The river conditions surrounding the sites in the Danube Gorges could have 

facilitated the capture of these species, as the current drives the fish in such a way that 

they can be directed into nets or weirs (Srejović 1972).  

Sturgeon species are known to gather and spawn in hard-bottomed, fast-moving, 

shallow waters— sometimes as shallow as .5–5.5m (Peterson et al. 2007; Falahatkar and 

Shakoorian 2011; Kuhajda 2014; Baril et al. 2017). These shallow waters can act as a 

natural trap, making sturgeons vulnerable to human predation when they are in such 
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locations (Needs-Howart 1996). Antonović (2006) and Živaljević (2013) propose that 

stone mallets recovered from Mesolithic sites in the region could have been used to stun 

fish trapped in such conditions. Clubbing or stunning sturgeon is well documented in the 

ethnographic record (Holzkamm and Waisberg 2014 and references therein); and 

Živaljević (2013) cites a similar technique being used in the Danube until the early 20th 

century. The gregarious nature of sturgeon spawns also means that a number of 

individuals could be captured at the same time, yielding copious amounts of meat, oil, 

and other valuable resources (Kroeber and Barret 1960).  

Wels catfish can reach sizes comparable to sturgeon and are available year-round 

in the Danube (Kottelat and Freyhof 2007; Rees 2013). These fish could have been 

obtained using the same methods used to capture sturgeons and their presence in the river 

throughout the year could mean that foragers could reliably encounter these fish. While 

the construction and maintenance of weirs and nets may have been costly, it is clear that 

such technology could generate high returns when used to capture large fish like sturgeon 

and catfish. Harpoon and clubbing technology might have offered useful implements for 

capturing large fishes (Cristiani and Borić 2016; Antonović 2006; Živaljević 2013). 

While no preserved canoes, weirs, or netting has been recovered in Mesolithic 

archaeological assemblages in the Central Balkans, such technologies are documented in 

other contemporaneous communities throughout Europe (Andersen 1985, 1995; 

Kooijmans 1987; McQuade and O’Donnell 2007; Kozłowski 2009; Benjamin et al. 2011; 

Koivisto 2017) and were possibly used by foragers in the Balkans to obtain large fishes.  
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Chapter 4 Methodology 
4.1 Taphonomy 

In order to make inferences regarding subsistence, it is first necessary to evaluate 

the integrity of the assemblages and identify the agents responsible for their 

accumulation. Many anthropic and non-anthropic processes may alter faunal remains in 

the times prior to, during, and after their initial deposition, each with the potential to 

distort interpretations of subsistence at the site. Therefore, correctly identifying and 

understanding the taphonomic processes at Crvena Stijena is critical for any investigation 

of diet breadth.  

4.1.1 Identifying Anthropic Modifications to Bone Surface  

Humans exploit animal carcasses to obtain a variety of resources—meat, fat, 

marrow, sinew, hides, etc. (Lyman 1987). Fortunately for the archaeozoologist, these 

activities may leave identifiable traces on the surface of bones in the form of cutmarks, 

percussion notches, and burning, among other features. However, it is possible to confuse 

anthropic modifications with the results of natural processes such as trampling, carnivore 

ravaging, and chemical staining. Careful observations of the surface of each identified 

specimen from the Crvena Stijena assemblages were made under 30X/60X magnification 

to aid identifying whether modifications to the faunal remains were of anthropic origin. 

Cutmarks 

Cutmarks are an unambiguous marker of human action in an archaeological 

assemblage and are indicative of many different butchery goals such as skinning, 
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disarticulation, and meat removal (Lyman 1994c). It can be difficult to differentiate cut 

marks from other taphonomic signatures; for example, trampling of faunal remains in 

abrasive sediments can leave traces on the surface of bone which appear similar to 

cutmarks (Behrensmeyer et al. 1986, Olsen and Shipman 1988, Fernández-Jalvo et al. 

2022). One consideration which may be useful in identifying cutmarks is their location on 

the bone surface. Cutmarks may occur more frequently in certain areas, such as around 

epiphyses (Binford 2001, Domínguez-Rodrigo et al. 2009, Costamagno et al. 2019), 

where a forager needs to cut through tough tissues to dismember a carcass or harvest 

tendons and ligaments. However, cutmarks may also occur on long bone shaft surfaces in 

a non-predictable manner, meaning that the location of marks is not always a reliable 

signature (Soulier 2021).Orientation of marks may also aid in differentiating cutmarks 

from trampling marks, as experiments have shown that cutmarks are more frequently 

oriented perpendicular to the axis of the bone whereas trampling marks tend to be 

oriented randomly relative to the axis of the bone (Behrensmeyer et al. 1986; Olsen and 

Shipman 1988). While a longitudinal orientation may be helpful in differentiating 

between trampling marks and cutmarks, it may not always be reliable as trampling marks 

may also be oriented perpendicularly to the axis of the bone (Domínguez-Rodrigo et al. 

2009).  

Domínguez-Rodrigo et al. (2009) have defined a series of morphological features 

to differentiate between cut marks and trampling marks using low level magnification 

(10X-40X). They found that cutmarks tend to follow a straight trajectory, with continuous 

micro-striations and a deep, narrow V-shaped base (Domínguez-Rodrigo et al. 2009). 
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Likewise, Lupo and O’Connell (2002) and Costamagno et al. (2019) have summarized 

various methods that are useful in identifying and interpreting cut marks on 

archaeological remains. In the present study, the morphological indicators defined by 

Domínguez-Rodrigo et al. 2009 were used to identify cutmarks on faunal specimens ≥2 

cm. 

Burning 

The presence of burned specimens in an assemblage also provides compelling 

evidence of human accumulation at an archaeological site (Stiner et al. 1995; Villa et al. 

2004). Burned remains can be indicative of several anthropic activities including cooking 

and refuse disposal. Burned bone is typically identified based on surface color, ranging 

from shades of brown to black (carbonized) to white or grey (calcined) (Stiner et al. 

1995). Burnt specimens can be difficult to differentiate from chemically stained 

specimens, as minerals such as manganese or iron oxides may similarly alter the bone 

surface color (Shahack-Gross et al. 1997; López-González et al. 2006). In this study, 

burned specimens were identified by color and texture of the bone surface. 

Marrow Procurement 

Research has demonstrated that bone marrow provides an important source of fat 

and nutrients and is often among the most desirable animal products in foraging societies 

(Binford 1978, Morin 2007). In order to access the bone marrow stored in the medullary 

cavity of long bones, humans often use tools to break through the cortical surface. These 

tools can leave diagnostic notches on the bone surface in the form of percussion marks 

(Johnson 1985; Blumenschine and Selvaggio 1988, 1991; Alcántara García et al. 2006; 
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Pickering and Egeland 2006). These notches are morphologically similar to lithic flake 

scars. However, anthropic percussion notches can be confused with those produced by 

the static loading of carnivore teeth as they chew (Bunn 1989). Identification of anthropic 

percussion marks was based on the morphological characteristics defined by 

Blumenschine and Selvaggio (1991) and Blumenschine et al. (1996). These 

morphological indicators include: i) a position near or on the fractured edge, ii) a high 

breadth:depth ratio without evidence of crushing on the internal surface, and iii) a 

transverse orientation of the notch to the long axis of the bone.  

4.1.2 Identifying Non-Anthropic Modifications to Bone Surface  

Chemical Staining 

Bone surfaces can be altered by a variety of chemical factors including 

decomposition, soil chemical and fungal composition, heating, and aerial exposure 

(Bradfield 2018). Humic acids in soil often give bone surfaces a dark brown color 

(Dupras and Schultz 2014). As mentioned above, mineral oxides and other chemicals 

present in the depositional substrate can discolor the surface of bone in ways reminiscent 

of burning (Shahack-Gross et al. 1997; Šebela et al. 2015). Manganese can stain bone 

surfaces a dark brown-black color, whereas iron oxides can result in reddish-brown 

staining (Dupras and Schultz 2014). At Crvena Stijena, manganese and iron oxides are 

present in the geological system and give the rockshelter its red and black streaked 

appearance. Chemically stained bones were identified based on the texture, color, and 

distribution of stained bone surfaces. 
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Trampling 

Trampling may have an effect on bone surface preservation, fragmentation, and 

spatial displacement of elements in an archaeological site (Lyman 1994c). As mentioned 

above, trampling marks may be confused with cutmarks in archaeological assemblages. 

Trampling marks were distinguished from cutmarks in this study using the criteria set by 

Domínguez-Rodrigo et al. (2009). According to these criteria, trampling marks tend to 

have a more sinuous or curvilinear trajectory, with a shallower and broader cross-section 

than cutmarks (Domínguez-Rodrigo et al. 2009).  

Root Damage 

As skeletal remains are deposited, the roots of plants may secrete acids as they 

grow over them which break down the surfaces of the bone. This leaves diagnostic 

dendritic, grooved patterns visible on bone surfaces (Behrensmeyer 1978, Morlan 1980, 

Lyman 1994c). Extensive root etching is problematic as it can preclude the identification 

of other taphonomic signatures. However, root etching can be distinguished from other 

taphonomic signatures as a result of these unique dendritic patterns. 

The surface preservation of each identified specimen was assessed and recorded 

according to the degree to which the surface had been modified based on criteria 

established by Morin (2012) (Table 4.1). 

STATE OF SURFACE 

PRESERVATION 

CRITERIA 

Intact Bone surface intact; surface features present 

are clearly identifiable 
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Table 4.1: Levels of surface preservation and defining criteria (adapted from Morin 2012). 

4.1.3 Impacts of Excavation and Collection Methods 

Recovery methods are known to have an impact on both body part and taxonomic 

representation at archaeological sites (for impact on body part representation, see Klein 

1989; Turner 1989; Stiner 2002’; Pickering et al. 2003; for impact on taxonomic 

representation, see Payne 1972; Shaffer 1992; Graesch 2009). More thorough sampling 

and collection methods should result in a fuller representation of the original faunal 

assemblage. A detailed report on the exact excavation and collection strategies used 

during the 2005–2006 excavations at Crvena Stijena is not available. However, the small 

proportion of specimens ≤2 cm in the assemblages suggests that fine sieving was not 

systematically applied to the sediments. This likely led to an inflated representation of 

largest parts and species which could result in an interpretation favoring a narrower 

dietary breadth than was present during the Mesolithic occupations. This issue will be 

considered further in chapter six.  

STATE OF SURFACE 

PRESERVATION 

CRITERIA 

Slightly damaged Slight damage to surface; modifications 

identifiable over majority of the surface; 

some localized damage. 

Significantly damaged Some intact surface present, but most 

surface features are not visible or eroded. 

Extensively damaged Extensive damage of cortical surface; few 

to no visible surface features. 
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4.2 Measures of Quantification and Abundance 

One line of evidence that archaeologists draw upon to make inferences regarding 

past subsistence activities are the relative abundances of parts and species at a site 

(Voorhies 1969; Binford and Bertram 1977; Bayham 1979; Binford 1984; Grayson 1984; 

Lyman 1994a, 1994b, 2008). At Crvena Stijena, faunal remains were quantified using 

standard zooarchaeological quantification units. When a secure taxonomic identification 

could not be ascribed to a specimen, the remains were assigned to broader class-level 

identifications (i.e., Mammalia, Aves, Pisces) and to a body size class (i.e., small, 

medium, large, Table 4.2). 

SIZE CLASS WEIGHT (kg) EXAMPLES 

Large ≥100 Bison, aurochs, giant deer, 

horse, brown bear, red deer, 

panther, beluga sturgeon, 

Russian sturgeon 

Medium-large 60–99 Wild boar, ibex, fallow deer, 

Wels catfish 

Medium 20–59 Chamois, roe deer, lynx, dog 

Small-medium 10–19 Red fox, badger, conger eel 

Small 1–9 Brown hare, marmot, marten, 

white-tailed eagle, European 

pike, common carp, chub 

mackerel, Mediterranean 

moray  

Very small ≤1 Limpet, sea snail, land snail 
Table 4.2: Table depicting body size classes and examples of corresponding taxa. 

4.2.1 Number of Identified Specimens (NISP) 

The NISP is defined as the number of skeletal remains, including fragments, 

identified to skeletal element and taxon (Lyman 2008). NISP counts form the core of the 

abundance indices (discussed below) that were used in this study to assess changes in diet 
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at the site. NISP is negatively impacted by several issues, the most severe problem being 

the potential interdependence of fragmented specimens, whereby the multiple specimens 

could be derived from the same element or individual (Grayson 1984, Lyman 2008). In 

order to overcome the issue of interdependence, NISP was used in conjunction with NDE 

and other quantification measures. 

4.2.2 Minimum Number of Elements (MNE) and Minimum Number of 

Individuals (MNI) 

The MNE is calculated by tallying the number of distinct skeletal parts 

representing each element for each taxon (Lyman 2008). The MNI is calculated using the 

highest MNE value representing a specific taxon. MNE and MNI control for the potential 

interdependence of fragmented specimens as it considers that multiple fragments may 

belong to the same skeletal element and individual. However, MNE and MNI can be 

impacted by sample aggregation, and must be used in conjunction with other 

quantification measures in order to produce a more accurate representation of the initial 

abundances at the site (Grayson 1984, Plug and Plug 1990, Lyman 2008). 

4.2.3 Number of Distinct Elements (NDE) 

The NDE tallies the number of times a diagnostic landmark (≥ 50 % of cortical 

surface of the defined feature) is represented in a sample (Morin et al. 2017, 2019). NDE 

can be used to estimate both skeletal and taxonomic abundance (Morin et al. 2017). 

Morin et al.’s (2017) system of standardized landmarks make NDE a reproducible 

quantification method than MNE or MNI. In this study, the NDE was used to compare 
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skeletal part frequencies and to control for interdependence when measuring taxonomic 

frequencies.  

4.2.4 Abundance and Diversity Indices 

Changes in dietary breadth may be recognized by changes in the relative 

abundances of the low-ranked and high-ranked taxa in a faunal assemblage. These 

changes can be measured using abundance and diversity indices (Bayham 1979; Grayson 

and Delpech 1998; Grayson and Cannon 1999; Nagaoka 2001). Abundance indices 

provide a simple way to visualize the relative abundances of distinct types of fauna in an 

assemblage. These indices have been used to assess changes in dietary breadth and to 

assess the impact of environmental conditions on samples of different prey types 

(Broughton 1994b; Broughton et al. 2008, 2011). In this study, the relative abundance of 

high ranked taxa was calculated to assess their level of inclusion in the diet using the 

following formulas: 

𝛴 ℎ𝑖𝑔ℎ 𝑟𝑎𝑛𝑘 𝑡𝑒𝑟𝑟𝑒𝑠𝑡𝑟𝑖𝑎𝑙 𝑡𝑎𝑥𝑎 /

 𝛴 (ℎ𝑖𝑔ℎ 𝑟𝑎𝑛𝑘 𝑡𝑒𝑟𝑟𝑒𝑠𝑡𝑟𝑖𝑎𝑙 𝑡𝑎𝑥𝑎 𝑙𝑜𝑤 𝑟𝑎𝑛𝑘 𝑡𝑒𝑟𝑟𝑒𝑠𝑡𝑟𝑖𝑎𝑙 𝑡𝑎𝑥𝑎). 

𝛴 ℎ𝑖𝑔ℎ 𝑟𝑎𝑛𝑘 𝑎𝑞𝑢𝑎𝑡𝑖𝑐 𝑡𝑎𝑥𝑎 / 𝛴 (ℎ𝑖𝑔ℎ 𝑟𝑎𝑛𝑘 𝑎𝑞𝑢𝑎𝑡𝑖𝑐 𝑡𝑎𝑥𝑎 +  𝑙𝑜𝑤 𝑟𝑎𝑛𝑘 𝑎𝑞𝑢𝑎𝑡𝑖𝑐 𝑡𝑎𝑥𝑎) 

Prey rankings as determined in Table 3.1 were used in the calculation of these 

indices. In addition, Simpson’s Reciprocal Index was used to estimate changes in diet 

breadth by assessing the species richness (diversity) and evenness (proportional 

representation) of the faunal assemblages. This index was chosen over others (i.e., 
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Shannon’s Index) due to its increased performance at detecting changes in small and 

incomplete samples (Faith and Du 2018). 

4.3 Age and Sex Determination 

4.3.1 Age Determination 

Age determination of archaeological faunal remains can offer insight into prey 

choice and hunting strategies by providing information on the varying presence of 

juvenile, prime-age, and older individuals in a sample (Discamps and Costamagno 2015). 

Dental remains are often used by archaeologists to estimate age at death. Because teeth 

erupt, wear, and are replaced according to relatively regular schedules throughout an 

animal’s life, these patterns can be used to estimate the age at death of animals at a 

variety of phases in their life histories. At Crvena Stijena, age estimations focused 

primarily on the cervid remains, especially red deer, as they are abundant at the site. 

Patterns of dental eruption and wear schedules of red deer are well documented 

(Mariezkurrena 1983; Brown and Chapman 1991; Azorit et al. 2002; Azorit 2011; 

Calderón et al. 2019; Marín et al. 2024). The eruption sequence of mandibular teeth in 

red deer as reported by Azorit et al. (2011) and Marin et al. (2024) were used in the 

present analysis (Table 4.3).  

AGE RED DEER 

0–5 months Dp2, Dp3, Dp4, M1* 

Di1, Di2, Di3, Dc1, Dp2, Dp3, Dp4, M1* 

6 months–1.5 years Dp2, Dp3, Dp4, M1, M2 

I1, I2, Di3, Dc1, Dp2, Dp3, Dp4, M1, M2 

1.5 years–2.5 years (Dp2, Dp3, Dp4)***, M1, M2 

I1, I2, I3, C1, (Dp2, Dp3, Dp4)***, M1, M2 
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AGE RED DEER 

2.5 years–4.5 years (P2, P3, P4)**, M1, M2, M3** 

I1, I2, I3, C1, (P2, P3, P4)**, M1, M2, M3** 

4.5 years–6.5 years P2, P3, P4, M1, M2, M3 

I1, I2, I3, C1, P2, P3, P4, M1, M2, M3 

6.5 years–12 years P2, P3, P4, M1, M2, M3 

I1, I2, I3, C1, P2, P3, P4, M1, M2, M3 

>12 years P2, P3, P4, M1***, M2, M3 

I1, I2, I3, C1, P2, P3, P4, M1***, M2, M3 
Table 4.3: Red deer eruption and wear schedule adapted from Azorit 2011 and Marín et al. 2024. 

* Tooth is barely erupted, crown still largely beneath the gums. ** Tooth is beginning to show 

initial signs of wear/replacement. *** Tooth is in final stages of wear. 

Another approach used to estimate ages at death focuses on the rates of 

epiphyseal fusion. This approach is most useful when considering fetal and juvenile 

remains, as the skeletal elements of prime-age adult or older adult skeletons are often 

fully fused. As different bones fuse at various times during the life of a young animal, it 

is possible to estimate their age at death based on the degree of epiphyseal fusion (Reitz 

and Wing 2008). Calderón et al. (2019) suggest that full skeletal maturity in red deer 

takes place between 3.5–4.5 years (42–54 months), with hinds typically reaching skeletal 

maturity earlier than bucks (Table 4.4). 

SKELETAL 

ELEMENT 

8 MONTHS 20 MONTHS 32 MONTHS 

Scapula Tuber scapulae 

unfused. 

Tuber scapulae fused, 

often the fusion line is 

still visible. 

Tuber scapulae fused. 

Humerus Proximal epiphyses 

(head + lesser 

tubercle and greater 

tubercle) unfused; 

distal epiphysis fused 

in about half of 

specimens, but with a 

visible fusion line. 

Proximal epiphyses 

(head + lesser tubercle 

and greater tubercle) 

unfused; distal 

epiphysis is fused; the 

fusion line is only 

slightly visible in a 

few specimens.  

Proximal epiphyses 

(head + lesser tubercle 

and greater tubercle) 

are fused together but 

remain unfused to the 

diaphysis; distal 

epiphysis is fused with 

no fusion line visible. 
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SKELETAL 

ELEMENT 

8 MONTHS 20 MONTHS 32 MONTHS 

Radius Proximal epiphysis 

fused in most 

specimens; radial 

tuberosity not fully 

developed; distal 

epiphyses unfused. 

Proximal epiphysis 

fused and radial 

tuberosity is well 

developed, distal 

epiphysis unfused.  

Distal epiphysis 

remains unfused. 

Ulna Proximal (olecranon) 

and distal (styloid 

process) unfused. 

Proximal (olecranon) 

and distal (styloid 

process) unfused. 

Proximal (olecranon) 

and distal (styloid 

process) unfused. 

Metacarpal Distal condyles 

unfused. 

Distal condyles 

unfused. 

Distal condyles 

unfused. 

Pelvis Acetabulum divided 

between three bones, 

not fully fused; Pubic 

symphysis unfused. 

Acetabulum is fused; 

pubic symphysis 

unfused. 

Pubic symphysis 

remains unfused. 

Femur Proximal epiphyses 

(head and greater 

trochanter) and distal 

epiphysis unfused. 

Proximal epiphyses 

(head and greater 

trochanter) and distal 

epiphysis unfused. 

Proximal epiphyses 

(head and greater 

trochanter) and distal 

epiphysis unfused. 

Tibia Proximal and distal 

epiphyses unfused; 

tibial crest 

underdeveloped.  

Proximal epiphysis 

unfused with an 

underdeveloped tibial 

crest; distal epiphysis 

fused in about half of 

specimens, with a 

visible fusion line.  

Proximal epiphysis 

unfused with an 

underdeveloped tibial 

crest; no visible fusion 

line at distal epiphysis. 

Calcaneus Calcaneal tuberosity 

unfused. 

Calcaneal tuberosity 

unfused. 

Calcaneal tuberosity 

unfused. 

Metatarsal Distal condyles 

unfused. 

Distal condyles 

unfused. 

Distal condyles 

unfused. 

Phalanges 

(1&2) 

Proximal articular 

surfaces unfused. 

Most proximal 

articular surface fused 

with a visible fusion 

line.  

Proximal articular 

surfaces fused with no 

visible fusion line. 

Table 4.4: Epiphyseal fusion schedule for red deer adapted from Mariezkurrena (1983). 

4.3.2 Sex Determination 

The sex of a specimen can be estimated by comparing morphological features of 

skeletal elements that are known to be sexually dimorphic (i.e., the pelvis, canines, 
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antlers) between male and female skeletons (Klein and Cruz-Uribe 1984). Due to the 

highly fragmented nature of the faunal remains at Crvena Stijena, assessing sex was 

difficult for most specimens. Sex estimation in this study is primarily focused on cervid 

remains, using the presence or absence of antlers and/or pedicles as a sex indicator.  

4.4 Differentiating Between Wild and Domestic Fauna 

In some Late Mesolithic contexts, researchers have proposed that domesticated 

species (e.g., pig and dog) were present (i.e., Geddes 1985; Krause-Kyora et al. 2013; 

Crombé et al. 2020), a possibility that is disputed (Binder 2000; Dinu et al. 2006; 

Rowley-Conwy and Zeder 2014). Dogs are known domesticates in the Central Balkans 

during the Mesolithic, and evidence suggests that they were included in the diet 

(Dimitrijević 2008). Domesticated pigs have been claimed to have been present in the 

region (Boroneanţ 1973), although this proposition seems poorly supported (Dinu et al. 

2006). 

4.4.1 Morphological Identification of Domesticated Taxa 

It remains unclear just how morphologically distinct early domesticated suids 

were from their wild counterparts, making it difficult to differentiate between early 

domesticated pigs and wild boar (Rowley-Conwy et al. 2012). Despite this, research has 

shown that the morphology of molariform teeth vary between domestic and wild Sus 

scrofa populations, with wild populations having larger molariform teeth compared to 

domesticated populations (Evin et al. 2015). The well preserved suid molariform teeth in 

the Crvena Stijena assemblages were measured using protocols adapted from von den 

https://link.springer.com/chapter/10.1007/978-1-4419-6633-9_6#ref-CR34
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Driesch (1976) and assessed according to the references provided in Rowley-Conwy et 

al. 2012, Owen et al. 2014, and Evin et al. 2015. Differentiating between early dogs and 

wolves can also prove challenging, as the two groups are morphologically similar. 

Janssens et al. (2019) report that mesio-distal size reduction of P4 is a reliable 

characteristic to differentiate between wolves and early dogs, along with the mesio-distal 

reduction of M1, this last criterion being less useful. Because of this, dental remains, 

particularly carnassial teeth, were chosen to differentiate between wolf and dog remains 

in the assemblages following Janssens et al. (2019) protocol.  

4.5 Determining Seasonality 

Understanding patterns of site occupation is critical for understanding subsistence, 

as certain resources may only be available at specific times during the year. There is 

evidence that exploitation of dietary resources became more seasonal during the 

Mesolithic (Crombé and Robinson 2014). A simple method to estimate seasonal 

occupation is the presence or absence of certain seasonally available species (Monks 

1981). Archaeologists can also use physiological lines of evidence such as dental eruption 

and replacement, antler growth, and other physiological events reflected in the skeleton to 

estimate seasonality (Monks 1981; Lubinski and O’Brien 2001).  

Red Deer  

Red deer is the most frequent mammal represented in the Mesolithic assemblages 

at Crvena Stijena. Red deer are synchronous birthers, with the calving season of red deer 

in Europe taking place in early summer from late May to early June (Clutton-Brock and 

Guinness 1975; Clutton-Brock et al. 1982). The hind typically births one calf a year 
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(Guiness et al. 1971; Clutton-Brock and Guinness 1975; Clutton-Brock et al. 1982). In 

this study, red deer dental and fetal remains were used to estimate seasonal occupation at 

the site.  

Roe Deer 

Roe deer is one of the most common taxa in the Mesolithic assemblages at Crvena 

Stijena. Like red deer, roe deer are synchronous birthers, with most births occurring in the 

late spring to early summer (Linnell and Andersen 1998; Gaillard et al. 1993). Roe deer 

typically birth one to three calves at a time, and those calves follow a regular pattern of 

dental eruption and replacement after birth (Tomé and Vigne 2003; Høye 2006; Garel et 

al. 2014; De Marinis et al. 2018). Age estimates derived from roe deer dental remains 

were used to estimate seasonal occupation at Crvena Stijena.  
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Chapter 5 Results 
5.1 Description of the Faunal Sample 

The faunal assemblages associated with the early Holocene/Mesolithic 

occupations at Crvena Stijena contain 2,297 specimens (Table 5.1), of which 1,106 are 

identified to at least taxonomic class. Of those specimens, 800 are identified to either 

genus or species. The remaining specimens are quantified using the Number of Specimens 

of Uncertain Taxonomic Status (NSUTS) (sensu Morin 2012:67). The 1,191 remains that 

are taxonomically undiagnostic are recorded either as long bone shaft fragments (LBN) 

or indeterminate remains (non-identified specimens or NID). 

 
GS 1* GS 2 GS 4 Mixed/ Unclear 

Context 

NISP  60 378 89 274 

NSUTS  6 165 42 92 

LBN  33 359 134 215 

NID  61 188 79 122 

Total  160 1,090 344 703 

Table 5.1: Overview of Mesolithic faunal assemblages from Crvena Stijena. * Due to the mixed 

nature of the GS1 deposit, it is not included in any of the analysis, results, or interpretations 

discussed below. 
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5.2 Taphonomic Analyses 

5.2.1 Overall Bone Surface Condition 

The Early Holocene faunal assemblages generally display a poor to fair 

preservation of bone surface with many specimens covered in thick, ashy concretions, 

which occasionally completely obscure the surface of some specimens. In the total NISP 

sample (n = 800), the bone surface of most specimens is slightly to significantly damaged 

(Figure 5.1). The most common surface modifications are burning, concretions and root 

etching. These obstructions frequently made detailed observations of bone surfaces 

difficult.  

 

5.2.2 Fragmentation 

The Early Holocene assemblages at Crvena Stijena are all highly fragmented. 

Only 3.9% of the remains represent complete elements; these are primarily short bones 

Figure 5.1: Surface state of specimens throughout the assemblages. 
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(i.e., carpals, tarsals, phalanges). The relatively low frequency (6.5% TNSP) of 

specimens ≤ 2 cm suggests that the material was incompletely recovered, potentially 

favoring the representation of larger skeletal elements and species. In the combined GS2-

GS4 sample, 89.6% of the specimens are fragmentary. Green bone fractures are relatively 

common, being observed on 39.1% of the identified remains. As noted by Dimitrijević 

(2017), the first and second phalanges of ungulates are often fragmented, with some of 

these phalanges (n = 17) also bearing impact notches. 

5.2.3 Natural Agents 

Concretions 

Many of the bones in the Early Holocene assemblages are partially to fully coated 

in thick, often ashy, calcareous sediments. Throughout the sequence, 56.4 % of the 

identified faunal remains are covered to varying degrees by concretions. These 

concretions have made it difficult to fully assess the extent of taphonomic modifications 

such as cutmarks in the assemblages. The ashy nature of the concretions is not surprising, 

as many of the remains were recovered in direct or close association with a hearth feature 

in GS 2. 

Root Etching 

Plants had an impact on the faunal assemblages at Crvena Stijena as 22.4 % of the 

identified remains show evidence of root etching. This suggests that the bones remained 

in the active root zone for some time before being buried sufficiently deep enough to 

avoid the damage of plant roots and fungi.  
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Soil and Chemical Staining 

Manganese and other dissolved chemicals can stain and/or coat the surfaces of 

bones as they become exposed to water permeating the cave sediments (López-González 

et al. 2006). Some of the faunal remains from Crvena Stijena have been stained a dark 

black color from manganese oxides which occur naturally in the excavation zone. 

Overall, the impact of manganese on the Mesolithic assemblages seems to be limited. The 

proportion of manganese-stained bones decreases through the levels, from 1.8% NISP GS 

2 to .8% NISP GS 4. However, as many bone surfaces are obscured by thick concretions, 

the impact of chemical staining on the assemblages is possibly underestimated. 

Carnivore Activity 

Only 1.3% of the Mesolithic remains show signs of carnivore gnawing or tooth 

pitting. Only one specimen with crenulated edges from carnivore gnawing was recovered 

in GS 4. The GS 2 assemblage provided the most abundant evidence of carnivore 

presence, with several specimens bearing tooth marks, mostly on rabbit remains (n = 4). 

Based on the size of the tooth marks, this damage was likely produced by a medium-sized 

carnivore such as fox or lynx. However, it is known that Mesolithic populations in the 

Central Balkans had dogs, and while there are no identified Canis remains in the 

Mesolithic assemblages from Crvena Stijena, the action of this species cannot be 

excluded.  
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5.2.4 Human Agents 

Burning 

Fire appears to be one of the most significant taphonomic agents at Crvena 

Stijena. Overall, about 32.0% of the Mesolithic specimens show signs of thermal 

modification. Within the sample of NISP and NSUTS remains, the proportion of 

thermally modified specimens is lower at 23.0%, while 39.0% of the NID and LBN 

remains are burned or calcined. The frequency of burned specimens increases 

significantly from 25.0% in GS 4 to 37.2 % in GS 2. In GS 2, many specimens were 

found near a hearth feature, which may account for the higher proportion of burned bone 

in this level. Of the NID sample from GS 2 (NSP = 186), 15.6% of specimens are burned 

spongy bone, 31.7% are burned compact bone.  

Cutmarks and scrape marks 

Throughout the assemblages, unambiguous cutmarks are few (n = 39). Most 

cutmarks are observed on red deer remains (n = 24), particularly on mandibles and meat-

bearing long bones (i.e., femur: n = 6, mandible: n = 4). Cutmarks are also observed on 

roe deer (n = 5), wild boar (n = 3), and caprine (n = 1) remains. Cutmarks also appear on 

medium- (n = 1), medium-large- (n = 3), and large-mammalian (n = 1) specimens. In GS 

2—the layer with the highest frequency of cutmarks—3.1% of identified specimens have 
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cutmarks. Only 1.5% of identified specimens in GS 4 have cutmarks. Scrape marks are 

also present throughout the assemblages, although at a low frequency (n = 5).  

Impact Notches 

A number of specimens throughout the assemblages have impact notches (n = 56). 

These percussion marks are particularly common on the first and second phalanges (n = 

18) and on long bone fragments of ungulates (n = 36). Of all ungulates at the site, 88.8% 

of first and second phalanges are represented by fragmented/incomplete specimens. 

When considering only giant deer, red deer, and wild boar, 97.9% of first and second 

phalanges are represented by fragmented/incomplete specimens. Even the roe deer—the 

smallest ungulate species at the site—follows this pattern (57.7% of the specimens are 

incomplete). Twenty-six specimens in GS 2 have impact notches. Of these, 18 occur on 

red deer remains. Seven specimens in GS 4 have impact notches, all but one occurred on 

the long bones or phalanges of red deer. 

5.3 Faunal Analyses 

5.3.1 Taxonomic Composition of the Mesolithic Assemblages 

GS 2 

TAXA NISP MNI 

Cervus elaphus 233 4 

Capreolus capreolus 66 3 

Sus scrofa 27 2 

Lepus europaeus 23 5 

Vulpes vulpes 12 1 

Megaloceros giganteus 5 1 

Capra ibex 5 1 

Lynx lynx 4 1 

Martes sp. 2 1 
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Ursus arctos 1 1 

Total 378 20 
Table 5.2: NISP and MNI counts for GS 2. 

The faunal assemblage from GS 2 is dominated by ungulates, representing 88.9% 

of the identified specimens in the layer (Table 5.2). Red deer is the most frequently 

represented taxa, comprising 61.6% of the identified assemblage. Roe deer also 

comprises a large proportion of the assemblage, with 17.5% of the identified specimens. 

Wild boar and brown hare are also fairly common, comprising 7.1% and 6.1% of the 

sample, respectively. Various carnivores—including the lynx, fox, martens, mustelids, 

and brown bear—account for 5.0% of the total.  

GS 4 

TAXA NISP MNI 

Cervus elaphus 48 2 

Lepus europaeus 15 2 

Sus scrofa 11 1 

Capreolus capreolus 4 1 

Capra ibex 4 1 

Lynx lynx 2 1 

Vulpes vulpes 2 1 

Megaloceros giganteus 1 1 

Martes sp. 1 1 

Meles meles 1 1 

Total 89 12 
Table 5.3: NISP and MNI counts for GS 4. 
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Like GS2, the faunal assemblage from GS 4 largely consists of ungulates (76.4%, 

Table 5.3). Red deer is the most abundant species, comprising 53.9% of the GS 4 

identified specimens. The brown hare is the second most common species (16.9%). Wild 

boar is also relatively abundant in the GS 4 assemblage, with a prevalence of 12.4%. 

Other ungulates present in the layer include roe deer, giant deer, and ibex. Together, these 

constitute 10.1% of the total. Small- and medium-sized carnivores, including the lynx, 

fox, badger, and martens, are uncommon in the assemblage (6.7%).  

Table 5.4: Adjusted standardized residuals from χ2 test. Lightly highlighted cells signify a high 

positive residual; darkly highlighted cells signify a significant negative residual. 

To evaluate if there are differences between the Mesolithic layers, a chi-squared 

test was run. The result showed some significant differences with a small effect size (χ2 = 

31.13, p < .001, Cramer’s V= .26). To understand which taxa are statistically over- or 

under-represented in the assemblages, the adjusted standard residuals were calculated 

(Table 5.4). Values ≥ +/- 1.96 (α = .05) are considered significant. Some interesting 

patterns emerge. In GS 4, brown hare and badger are overrepresented, whereas roe deer 

TAXA GS 2 GS 4 

Cervus elaphus 1.34 -1.34 

Capreolus capreolus -3.08 3.08 

Sus scrofa -1.62 1.62 

Lepus europaeus -3.34 3.34 

Vulpes vulpes 0.46 -0.46 

Megaloceros giganteus 0.15 -0.15 

Capra sp. -1.96 1.96 

Lynx lynx -0.90 0.90 

Martes sp.  -0.63 0.63 

Ursus arctos 0.49 -0.49 

Meles meles -2.06 2.06 
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are underrepresented. Conversely, roe deer are significantly overrepresented in GS 2, 

while brown hare and badger are under-represented. 

5.3.2 Presence of Domesticated Animals and Seasonal Occupation 

No domesticated taxa were identified in the Mesolithic assemblages. While none 

of the specimens in the GS 4 assemblage could be used to assess seasonality, in GS 2, a 

fetal tibia and a mandible fragment from red deer point to a mid-fall to mid-winter 

occupation during the Late Mesolithic. 

5.3.3 Sample Diversity and Abundance Indices  

Simpson’s Reciprocal Index was used to assess change in species diversity in the 

Mesolithic assemblages (Table 5.5). Overall, species diversity is relatively low in both 

samples. To test for evidence of subsistence intensification during the Mesolithic and 

during the Pleistocene-Holocene transition, abundance indices were calculated to assess 

the changes in the use of high-ranked prey types (Table 5.5). The values from the two 
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Figure 5.2: NISP frequencies in GS 2 and GS 4. 
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levels are nearly identical, with a relatively high proportion of high-ranked prey in the 

assemblages. 

LAYER ∑NISP Simpson’s Reciprocal Index 

(1 / D) 

GS 2 378 2.4 

GS 4 89 3.0 

 Abundance index (terrestrial) 

GS 2 .72 

GS 4 .72 
Table 5.5: (Upper) Sample diversity in the Mesolithic layers as measured by Simpson’s 

Reciprocal Index. (Lower) The lowest value for this index is 1; the highest value is equal to the 

number of species in a sample. The higher the value, the greater the diversity of the sample. 

(Lower) Abundance indices for the terrestrial prey types. Values closer to 1.0 represent a 

predominance of high-ranked taxa, values closer to 0.0 represent a predominance of low-ranked 

taxa.5.4 Comparisons with the Upper Paleolithic Assemblages. 

5.4.1 Taxonomic Composition of Layer X 

 

TAXA NISP 

Cervus elaphus 20 

Capra ibex/caucasica 16 

Lepus sp. 6 

Marmota marmota 3 

Panther sp. 2 

Capreolus capreolus 1 

Sus scrofa  1 

Rupicapra rupicapra 1 

Total 50 

Table 5.6: NISP counts from X. Adapted from Morin and Soulier (2017). 
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The Mesolithic faunal assemblages were compared with the Late Gravettian/Early 

Epigravettian layer (X) to assess whether there are any differences in taxonomic 

composition between the Late Pleistocene and Early Holocene diet. According to Morin 

and Soulier (2017:293), ungulate taxa represent 78.0% of identified specimens in layer. 

Red deer comprise 40.0% of the assemblage, followed by caprines (32.0%). Chamois, roe 

deer, and wild boar each represent 2.0% of the assemblage (Table 5.6). Leporids and 

marmots comprise 12.0% and 6.0%, respectively. The only carnivore taxa identified inthe 

layer are panthers, representing 4.0% of the sample.  

 
GS 2 GS 4 X 

Cervus elaphus 2.60 -0.90 -2.75 

Capreolus capreolus 4.06 -2.78 -2.54 

Sus scrofa -0.57 1.89 -1.56 

Lepus sp. -3.26 3.10 0.93 

Vulpes vulpes 1.08 -0.29 -1.24 

Megaloceros giganteus 0.57 -0.04 -0.81 

Capra sp. -6.14 -0.16 9.42 

Lynx lynx -0.36 1.05 -0.81 

Martes sp. -0.25 0.74 -0.57 

Ursus arctos 0.61 -0.46 -0.33 

Meles meles -1.65 2.20 -0.33 

Rupicapra rupicapra -1.65 -0.46 3.06 

Panthera sp. -2.34 -0.65 4.33 

Marmota marmota -2.86 -0.79 5.31 

 

A chi-squared test show that there are some significant differences in the species 

represented between the two periods, with a large effect size (χ2 = 185.58, p < .001, 

Cramer’s V= .42). The adjusted standard residuals (Table 5.7) indicate that red deer and 

roe deer are overrepresented in the Late Mesolithic layer (GS 2), while the same species 

are significantly underrepresented in the Upper Paleolithic layer. Leporids are 

Table 5.7: Adjusted standardized residuals from χ2 test. Lightly highlighted cells signify a high 

positive residual; darkly highlighted cells signify a significant negative residual. 
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significantly underrepresented in GS 2, but overrepresented in GS 4. Caprines show the 

largest differences, being disproportionally abundant in layer X compared to all other 

layers— especially GS 2.

 

5.4.2 Sample Diversity and Abundance Indices 

Simpson’s Reciprocal Index was used to assess the diversity of the species in the 

assemblages (Table 5.8). Overall, diversity is low in all layers, although somewhat higher 

in layer X. The abundance index was used to assess the proportion of high-ranked prey 

types in the faunal assemblages. Values are high in all layers, which implies a large 

proportion of high-ranked prey in the assemblages. 

Layer ∑NISP Simpson’s Reciprocal 

Index(1 / D) 

GS 2 378 2.4 

GS 4 89 3.0 

X 50 3.7 

Figure 5.3: NISP frequencies in GS 2, GS 4, and X. 
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 Abundance index (terrestrial) 

GS 2 .72 

GS 4 .72 

X .78 
Table 5.8: (Upper) Sample diversity in the Mesolithic layers as measured by Simpson’s 

Reciprocal Index. (Lower) The lowest value for this index is 1; the highest value is equal to the 

number of species in a sample. The higher the value, the greater the diversity. 
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Chapter Six Discussion and 

Concluding remarks  
6.1 Taphonomic Impacts on the Mesolithic assemblages 

6.1.1 Intensive Carcass Processing 

The taphonomic evidence all suggest that the faunal assemblages of the 

Mesolithic at Crvena Stijena were accumulated as a result of human subsistence 

practices. The high degree of fragmentation of skeletal elements, particularly of long 

bones and other marrow-bearing skeletal elements suggests that the exploitation of 

marrow was an important subsistence activity. It is well known that the exploitation of fat 

stored in bones is quite common in forager populations (i.e., Levin and Potapov 1964; 

Binford 1978; Speth 1983; O’Connell and Hawkes 1988). Fat is a necessary part of the 

diet, as it provides easily metabolizable energy, and facilitates the absorption of important 

vitamins A, D, E, and K (Sanders 2024). Additionally, the caloric value of fats is far 

greater than that of proteins or carbohydrates (Sanders 2024). Fats or carbohydrates are 

also necessary to avoid protein poisoning, and ethnographic accounts show that hunters 

would seek out fat sources especially during the lean season (Speth and Spielmann 1983). 

The fats stored in bones offer a reliable source of fat, even when animals are lean or 

starved (Peterson et al. 1982; Davis et al. 1987). It is likely that the high degree of 

fragmentation of skeletal elements in the Mesolithic samples is due in large part to the 

targeted exploitation of fats stored in the bones.  
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Skeletal elements can be ranked in terms of their economic utility, particularly by 

the amount and type of fat stored in the bone marrow and grease (Binford 1978; Jones 

and Metcalfe 1988; Bar-Oz and Munro 2007; Morin 2007). According to the Marginal 

Value Theorem, the highest ranked elements (e.g., tibia, femur) should be processed 

before those of lower rank (e.g., first and second phalanges) (Charnov 1973; Burger et al. 

2005).  

Dimitrijevic (2017) noted the particularly high degree of fragmentation of the first 

and second phalanges of ungulates at the site, a pattern which is supported by this study. 

the majority of first and second phalanges of ungulates at the site, including the very 

small phalanges of roe deer, have been cracked for marrow. The intensive breakage of 

these skeletal parts suggests that the Mesolithic populations at Crvena Stijena were 

periodically facing subsistence stress. Because body fat composition varies seasonally in 

wild animals (Holand 1992; Ballard 1995; Peréz-Serrano et al. 2020; Stanisz et al. 2023), 

seasonal occupation of Crvena Stijena may have encouraged foragers to seek additional 

fat from the phalanges at times.  

6.1.2 Burning  

Because many burned specimens were recovered near a hearth feature in GS 2, 

the question of whether bone was used as fuel during this occupation arises. Because 

lipids are highly flammable, bone can be uses as an effective source of fuel (Morin 2010). 

Experimental data have shown that spongy epiphyses, especially distal epiphyses, 

generally are more efficient to burn compared to compact diaphyses due to the lipids 
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released from the spongy matrix, which produce a more prolonged burn 

(Costamagno et al.1999, 2005; Théry-Parisot et al. 2005). Costamagno et al. (2005) have 

argued that a high portion of burned epiphyseal bone relative to the portion of burned 

compact bone in an archaeological assemblage provides evidence for the use of bone as 

fuel. In the GS 2 assemblage, burning is more frequently recorded on compact bone than 

spongy bone fragments. Additionally, regional paleoenvironmental data suggest that it is 

likely that the Mesolithic occupants of Crvena Stijena had access to forested areas where 

they could gather plenty of wood or other vegetal matter to more efficiently burn in their 

hearths (Willis 1994; Aufgebauer et al. 2012; Cagliero et al 2023; Schmidhauser et al. 

2024). However, it is possible that unsystematic collection methods have led to an under-

representation of small spongy bone fragments, particularly fragile, burnt specimens. 

Therefore, the use of bone as fuel cannot conclusively be ruled out. 

Based on the available evidence, there is no clear pattern demonstrating that the 

occupants of the rockshelter were selectively using spongy bone as fuel. Rather, the 

relatively high occurrence of burned bone observed throughout the assemblages could be 

explained as a product of refuse disposal. Studies have attributed high frequencies of 

burnt bone in assemblages which do not appear to have been used as fuel to the hygienic 

disposal of organic waste (Cain 2005; Yravedra and Uzquiano 2013). Other studies have 

also emphasized the symbolic or ritual aspects of such deposition (Nolde 2020). In the 

case of the Crvena Stijena Mesolithic assemblages, it is very difficult to assess the 

occupants’ motivations and several interpretations are plausible. 
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6.2 Foraging Strategies 

6.2.1 Patch Use 

Based on the species frequently found in the assemblages, it seems that the 

Mesolithic occupants at Crvena Stijena foraged primarily within a deciduous forest patch, 

perhaps at lower altitudes such as the valley bottom, where they could more reliably 

encounter cervids, leporids, and wild boar. As a secondary patch, they perhaps exploited a 

more open, higher elevation patch where they could have encountered ibex. The higher 

frequency of ibex remains in GS 4 compared to GS 2 is perhaps suggestive of a more 

open environment surrounding the site during the Early Mesolithic compared to the Late 

Mesolithic, going along with a slightly higher reliance of those areas in foraging 

activities. However, ibex remains occur at relatively low frequencies of each Mesolithic 

assemblage, and its presence could alternatively be explained by opportunistic encounters 

at lower elevations along with the other species.  

In the Upper Paleolithic assemblage, patterns of patch exploitation appear similar, 

although perhaps accompanied with an increased reliance on the more open or higher-

altitude patch where ibex and alpine marmot could be encountered. These potential 

changes in patch exploitation could be related to changes in the local environment around 

the site. It seems that during the Upper Paleolithic/Late Pleistocene occupations at 

Crvena Stijena, the environment may have been less densely forested than during the 

Mesolithic/Early Holocene occupations, which is largely in accordance with known 

environmental changes that took place in the region during the Pleistocene-Holocene 



103 

 

transition (Willis 1994; Aufgebauer et al. 2012; Cagliero et al 2023; Schmidhauser et al. 

2024). 

6.2.2 Diet Breadth 

Based on taxonomic data, subsistence at the site appears focused on exploiting 

medium and large ungulates as the core of the diet, suggesting a relatively narrow 

subsistence strategy. Red deer is by far the most frequently encountered animal in both 

Mesolithic assemblages and represents one of the highest-ranked prey available to the 

foragers. The substantial proportions of lower and mid-ranked prey types such as hare 

and roe deer perhaps suggest that at times, lower-utility resources were pursued. 

Furbearers (fox, lynx, and various mustelids) may have been consumed during the 

Mesolithic, although they might have been captured primarily for their pelts. The 

estimated occupation of Crvena Stijena during the Late Mesolithic coincides with the 

season during which these animals’ pelts are at their peak. If the furbearer remains were 

also accumulated during this time, they could have been pursued to take advantage of this 

quality.  

Values for the abundance indices are nearly identical between the two layers, 

suggesting that throughout the Mesolithic, no significant changes in subsistence 

intensification occurred. Diversity is also relatively similar between the assemblages, 

although somewhat higher in GS 4 compared to GS 2. However, the small sample sizes, 

especially in GS 4, means that sampling error cannot be excluded. Diet breadth is also 

narrow in the Upper Paleolithic layer, X, a level where red deer and caprines are 
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dominant. However, there is a slight decrease in the values from abundance indices 

between the Upper Paleolithic and Mesolithic occupations—.78 and .72, respectively 

(Table 5.8). This could point to some intensification in subsistence strategies during the 

Pleistocene-Holocene transition. 

Variations in species recorded between the Mesolithic and Upper Paleolithic 

assemblages are likely indicative of changes in local environment rather than changes in 

human subsistence behavior. For example, the decreasing frequency of caprine remains 

through time at the site is possibly related to the population decline and eventual 

disappearance of ibex from the region during the Early/Middle Holocene due to habitat 

contraction and hunting pressure (Geskos 2012), an idea also put forth by Dimitrijević 

(2017). The decline in the frequency of marmot, another open-slope dwelling species, 

through the Pleistocene-Holocene occupations at the site is probably attributable to 

environmental changes as well. As the region became more heavily forested during the 

Holocene, the preferred open habitats of these taxa may have contracted significantly, 

making them less frequently available to foragers.  

Overall, it appears that there is no robust evidence to suggest any intensification 

in the use of animal resources within the Mesolithic occupations. However, there may be 

evidence of a somewhat broader subsistence pattern during the Mesolithic compared to 

the Upper Paleolithic. It is unclear whether these patterns of dietary breadth observed at 

the site are reflective of the overall subsistence pattern or the result of some specific 

attribute of site-use at Crvena Stijena. As discussed previously, the relatively small 
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sample sizes and the problem of unsystematic collection make it possible that the 

subsistence base was in fact wider than suggested by the current analysis.  

6.3 Subsistence at Crvena Stijena and Other Mesolithic Sites in the 

Central Balkans 

The available faunal data from other Mesolithic sites in the Central Balkans 

shows that the foragers in this region were often successful at capturing high-ranked prey 

types. During the Mesolithic throughout the Central Balkans, red deer and wild boar 

consistently are consistently well represented in the faunal samples. In the more rugged, 

open landscapes of the inland Adriatic zone, ibex was commonly procured as well. Along 

the Danube River, these terrestrial resources were consumed along with large aquatic taxa 

such as sturgeon and catfish. Unfortunately, many of these sites from the inland Adriatic 

and Iron Gates regions were excavated and curated during times when faunal remains 

were not fully collected. Therefore, it is possible that the diet breadth of foragers at these 

sites was broader than has been interpreted.  

Sites along the Adriatic coast are possible exceptions to this regional pattern of 

the exploitation of primarily high-ranked prey, as they show frequent use of marine 

gastropods. However, faunal data from this region are sparse, and it is possible that with 

more research a different foraging pattern may emerge. It is also possible that the more 

intensive subsistence practices along the Adriatic coast were implemented only 

seasonally or temporarily, during periods when higher ranking prey was not readily 

available to foragers. Such patterns of seasonal intensification—particularly increased 
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reliance on marine invertebrates—have been inferred at other coastal Mesolithic sites in 

other regions along the Mediterranean rim (Prendergast et al. 2016).  

Gendered foraging behavior may also explain the higher frequencies of shellfish 

in the Adriatic assemblages. Societies with a gendered division of labor, in which women 

forage primarily for prey types which are traditionally considered ‘low-ranking’ (i.e. 

small game, shellfish) are well-documented in the ethnographic record (e.g. Hurtado and 

Hill 1990; Bliege Bird 1999; Marlowe 2007; Bliege Bird and Bird 2008; Kelly 2013). 

When there are more women in a foraging group, women are spending more time 

foraging, or women are encountering certain prey types more frequently, the abundance 

of ‘low-ranked’ resources in the diet increases. Thus, the high frequency of shellfish 

remains in coastal Mesolithic assemblages could be reflective of changes in the 

demographic make-up of foraging groups, or to changes in the foraging behavior of the 

women in the group—not necessarily to decreased encounters with other ‘high-ranking’ 

prey. Overall, the subsistence patterns observed in the Mesolithic occupations at Crvena 

Stijena are consistent with those of most other contemporaneous site throughout the 

inland regions of the Central Balkans. 

6.4 Concluding Remarks 

The faunal data at Crvena Stijena and other inland sites of the Central Balkans 

suggest that the local diets mostly focused on highly-ranked prey types. While more 

marginal animal resources were occasionally exploited at these sites, prey types with high 

return rates appear to dominate the assemblages. Groups living along the Adriatic coast 

may have subsisted on a wider range of resources, but additional analyses from this area 
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are needed to support that this was due to overall subsistence intensification. Specifically, 

further research on the impacts of weather and tidal conditions on shellfish foraging in 

this region would be useful to better understand the position of marine invertebrates in 

local optimal foraging economies.  

At Crvena Stijena, there appear to be only minimal changes in the range and types 

of prey exploited between the Early and Late Mesolithic. More significant changes are 

recorded between the Early Holocene and Late Pleistocene occupations at Crvena Stijena, 

which may represent some intensification of subsistence strategies between the two 

periods. Along with this, changes in species representation are more likely related to local 

environmental changes. The taphonomic analyses show that the occupants of Crvena 

Stijena were intensively processing carcasses of their prey, perhaps in response to some 

level of nutritional stress, in ways that are consistent with what is reported for the Middle 

and Upper Paleolithic at the site (Morin and Soulier 2017).  

Ongoing research in the Central Balkans will generate larger and more 

extensively collected faunal samples to be analyzed, allowing the interpretations made in 

this study to be refined or revised. Hopefully, future studies will continue to assess the 

economic roles that animal prey types played in local Mesolithic foraging economies, 

alongside further studies regarding the social importance of animal prey. To more fully 

understand prehistoric subsistence, it will be important for future studies to incorporate 

multiple lines of evidence when interpreting the foraging decisions made by prehistoric 

hunter gatherers.   
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Klevezal, G. A., & Kleĭnenberg, S. E. (1969). Age determination of mammals from 

annual layers in teeth and bones. Israel Program for Scientific Translations. 

Koivisto, S. (2017). Archaeology of Finnish wetlands: with special reference to studies of 

Stone Age stationary wooden fishing structures. Helsinki: University of Helsinki. 

Komšo, D. (2006). The Mesolithic in Croatia. Opuscula Archaeologica, 30, 55–92. 

Kooijmans, L. L. (1987). Neolithic settlement and subsistence in the wetlands of the 

Rhine/Meuse delta of the Netherlands. European wetlands in prehistory, 227-251. 

Kopytov, S. V., Zaretskaya, N. E., Konstantinov, E. A., Lapteva, E. G., Sannikov, P. Y., 

Sychev, N. V., & Mekhonoshina, E. A. (2024). Palaeoenvironment of the Upper 

Kama Region during the Late Glacial and Early Holocene (Novozhilovo Lake 

Sediments Case Study). Doklady Earth Sciences, 519(2), 2208–2216.  

Kottelat, M., & Freyhof, J. (2007). Handbook of European freshwater fishes (Vol. 13). 

Cornol, Switzerland: Publications Kottelat. 

Koungoulos, L. G., & Brumm, A. (2024). Hunting with dogs: A synthesis of 

ethnohistorical data and discussion of their implications for prehistoric 

subsistence in New Guinea. Archaeology in Oceania, 59(1), 1–28.  

Kozłowski, S. K. (1987). The pre-Neolithic base of the Early Neolithic stone in Europe. 

In J. K. Kozłowski and S. K. Kozłowski (eds), Chipped Stone Industries of the 

Early Farming Cultures in Europe, 9–18. Warszawa. Archaeologia 

Interregionalis 9. 



129 

 

Kozłowski, J. K. (1999). Gravettian/Epigravettian sequences in the Balkans: 

Environment, technologies, hunting strategies and raw material procurement. 

British School at Athens Studies, 3, 319–329. 

Kozłowski, S. K. (2009). Thinking Mesolithic. Oxbow Books. 

Kozłowski, J. K., & Kozłowski, S. K. (1982). Lithic industries from the multi-layer 

Mesolithic site Vlasac in Yugoslavia. Origin of the chipped stone industries of the 

early farming cultures in the Balkans. Zeszyty Naukowe Uniwersytetu 

Jagiellońskiego DCLVIII, Prace archeologiczne, 33, 11-109. 

Kozlowski, J. K., & Kozlowski, S. K. (1984). Chipped stone industries from lepenski vir, 

Yugoslavia. Preistoria Alpina, 19, 259-294. 

Kozłowski, J. K., Kozłowski, S. K. & Radovanović, I. (1994) Meso- and Neolithic 

Sequences of the Odmut Cave (Montenegro). Warszawa, Wydawnictwa 

Uniwersytetu Warszawskiego. 

Krause-Kyora, B., Makarewicz, CA., Evin, A., Flink, L. G., Dobney, K., Larson, G., 

Hartz, S., Schreiber, S., von Carnap-Bornheim, CA., von Wurmb-Schwark, N., & 

Nebel, A. (2013). Use of domesticated pigs by Mesolithic hunter-gatherers in 

northwestern Europe. Nature Communications, 4(1), 2348. 

Krauß, R., Marinova, E., De Brue, H., & Weninger, B. (2018). The rapid spread of early 

farming from the Aegean into the Balkans via the Sub-Mediterranean-Aegean 

Vegetation Zone. Quaternary International, 496, 24–41.  

Kroeber, A. L., & S. A. Barrett (1960). Fishing among the Indians of northwestern 

California. University of California Press, 1960. 

Kubiak-Martens, L. (1999). The plant food component of the diet at the late Mesolithic 

(Ertebolle) settlement at Tybrind Vig, Denmark. Vegetation History and 

Archaeobotany, 8(1), 117–127.  

Kuhajda, B. R. (2014). Acipenseridae: sturgeons. In Melvin L., Warren, Jr. and B. M. 

Burr (eds.) Freshwater fishes of North America (pp. 160-206). Johns Hopkins 

University Press.  

Kyriacou, K. (2017). Intertidal shellfish as a source of protein and energy for the Middle 

Stone Age inhabitants of the southwestern Cape and northern KwaZulu-Natal, 

South Africa. Quaternary International, 438, 30–39.  

Lambeck, K., Yokoyama, Y., & Purcell, T. (2002). Into and out of the Last Glacial 

Maximum: Sea-level change during Oxygen Isotope Stages 3 and 2. Quaternary 

Science Reviews, 21(1), 343–360.  

Lambeck, K., Antonioli, F., Purcell, A., & Silenzi, S. (2004). Sea-level change along the 

Italian coast for the past 10,000 yr. Quaternary Science Reviews, 23(14), 1567–

1598.  

Lane, CA. S., Brauer, A., Blockley, S. P., & Dulski, P. (2013). Volcanic ash reveals time-

transgressive abrupt climate change during the Younger Dryas. Geology, 41(12), 

1251-1254. 

Langvatn, R., Mysterud, A., Stenseth, N. CA., & Yoccoz, N. G. (2004). Timing and 

Synchrony of Ovulation in Red Deer Constrained by Short Northern Summers. 

The American Naturalist, 163(5), 763–772.  



130 

 

Laroulandie, V. (2007). Les restes aviaires des niveaux aziliens de la grotte-abri du 

Moulin (Troubat, Hautes-Pyrénées): Paléoenvironnement et modalités 

d’exploitation. Préhistoire du Sud-Ouest, 14(1), 19-29. 

Larsson, L. (1978). Ageröd I:B-Ageröd I:D: A Study of Early Atlantic Settlement in 

Scania. Acta Archaeologica Lundensia (4), 12. Lund.  

Lawson, I., Frogley, M., Bryant, CA., Preece, R., & Tzedakis, P. (2004). The Lateglacial 

and Holocene environmental history of the Ioannina basin, north-west Greece. 

Quaternary Science Reviews, 23(14), 1599–1625.  

Le Gall, O. (1992). Poissons et pêches au Paléolithique (Quelques données de l’Europe 

occidentale). L’anthropologie, 96(1), 121-134. 

Le Gall, O. (1993). Evolution des pêches de l'Epipaléolithique au Néolithique 

ancien. Préhistoire anthropologie méditerranéennes, 2, 135-142. 

Leuenberger, M. C., Lang, C., & Schwander, J. (1999). Delta 15N measurements as a 

calibration tool for the paleothermometer and gas‐ice age differences: A case 

study for the 8200 BP event on GRIP ice. Journal of Geophysical Research: 

Atmospheres, 104(D18), 22163-22170.  

Levin, M. G. & Potapov, L. P. (1964). The Peoples of Siberia. Chicago: Chicago 

University Press. 

Lidén, K., G. Eriksson, B. Nordqvist, A. Götherström, and E. Bendixen. (2004). ‘The 

Wet and the Wild Followed by the Dry and the Tame’ – or Did They Occur at the 

Same Time? Diet in Mesolithic – Neolithic Southern Sweden. Antiquity, 78 

(299):23–33. 

Lightfoot, E., Boneva, B., Miracle, P. T., Slaus, M., O’Connell, T. CA. (2011). Exploring 

the Mesolithic and Neolithic transition in Croatia through isotopic investigations. 

Antiquity, 85(327), 73–87. 

Linnell, J., & Andersen, R. (1998). Timing and synchrony of birth in a hider species, the 

roe deer Capreolus capreolus. Journal of Zoology, 244, 497–504. 

Lipson, M., Szécsényi-Nagy, A., Mallick, S., Pósa, A., Stégmár, B., Keerl, V., Rohland, 

N., Stewardson, K., Ferry, M., Michel, M., Oppenheimer, J., 

Broomandkhoshbacht, N., Harney, E., Nordenfelt, S., Llamas, B., Gusztáv 

Mende, B., Köhler, K., Oross, K., Bondár, M., … Reich, D. (2017). Parallel 

palaeogenomic transects reveal complex genetic history of early European 

farmers. Nature, 551(7680), 368–372.  

Loe, L. E., Meisingset, E., Mysterud, A., Langvatn, R., & Stenseth, N. CA. (2004). 

Phenotypic and environmental correlates of tooth eruption in red deer (Cervus 

elaphus). Journal of Zoology, 262.  

Loe, L. E., Bonenfant, CA., Mysterud, A., Gaillard, J.-M., Langvatn, R., Klein, F., 

Calenge, CA., Ergon, T., Pettorelli, N., & Stenseth, N. CA. (2005). Climate 

predictability and breeding phenology in red deer: Timing and synchrony of 

rutting and calving in Norway and France. Journal of Animal Ecology, 74(4), 

579–588.  

López-González, F., Grandal-d’Anglade, A., & Vidal-Romaní, J. R. (2006). Deciphering 

bone depositional sequences in caves through the study of manganese coatings. 

Journal of Archaeological Science, 33(5), 707–717.  



131 

 

López-Sáez, J. A., Carrasco, R. M., Turu, V., Ruiz-Zapata, B., Gil-García, M. J., Luelmo-

Lautenschlaeger, R., Pérez-Díaz, S., Alba-Sánchez, F., Abel-Schaad, D., Ros, X., 

& Pedraza, J. (2020). Late Glacial-early holocene vegetation and environmental 

changes in the western Iberian Central System inferred from a key site: The 

Navamuño record, Béjar range (Spain). Quaternary Science Reviews, 

230(Complete).  

Losey, R. J., Nomokonova, T., Gusev, A. V., Bachura, O. P., Fedorova, N. V., Kosintsev, 

P. A., & Sablin, M. V. (2018). Dogs were domesticated in the Arctic: Culling 

practices and dog sledding at Ust’-Polui. Journal of Anthropological 

Archaeology, 51, 113–126.  

Lubell, D., Jackes, M., Schwarcz, H., Knyf, M., & Meiklejohn, CA. (1994). The 

Mesolithic-Neolithic Transition in Portugal: Isotopic and Dental Evidence of 

Diet. Journal of Archaeological Science, 21(2), 201–216. 

Lubinski, P. M., & O’Brien, CA. J. (2001). Observations on Seasonality and Mortality 

from a Recent Catastrophic Death Assemblage. Journal of Archaeological 

Science, 28(8), 833842.  

Lupo, K. D. (2007). Evolutionary Foraging Models in Zooarchaeological Analysis: 

Recent Applications and Future Challenges. Journal of Archaeological Research, 

15(2), 143–189. 

Lupo, K. D. (2017). When and where do dogs improve hunting productivity? The 

empirical record and some implications for early Upper Paleolithic prey 

acquisition. Journal of Anthropological Archaeology, 47, 139–151.  

Lupo, K. D., & O’Connell, J. F. (2002). Cut and Tooth Mark Distributions on Large 

Animal Bones: Ethnoarchaeological Data from the Hadza and Their Implications 

for Current Ideas About Early Human Carnivory. Journal of Archaeological 

Science, 29(1), 85–109. 

Lupo, K. D., & Schmitt, D. N. (2016). When bigger is not better: The economics of 

hunting megafauna and its implications for Plio-Pleistocene hunter-gatherers. 

Journal of Anthropological Archaeology, 44, 185–197.  

Lyman, R. L. (1987). Archaeofaunas and Butchery Studies: A Taphonomic Perspective. 

In M. B. Schiffer (Ed.), Advances in Archaeological Method and Theory (pp. 

249–337). Academic Press.  

Lyman, R. L. (1994a). Quantitative Units and Terminology in Zooarchaeology. American 

Antiquity, 59(1), 36–71.  

Lyman. R. L. (1994b). Relative Abundances of Skeletal Specimens and Taphonomic 

Analysis of Vertebrate Remains. Palaios, 9(3), 288–298.  

Lyman, R. L. (1994c). Vertebrate Taphonomy. Cambridge University Press.  

Lyman, R. L. (2008). Quantitative paleozoology. Cambridge University Press. 

Lyman, R. L. (2017). Paleoenvironmental Reconstruction from Faunal Remains: 

Ecological Basics and Analytical Assumptions. Journal of Archaeological 

Research, 25(4), 315–371.  

MacArthur, R. H., & Pianka, E. R. (1966). On Optimal Use of a Patchy Environment. 

The American Naturalist, 100(916), 603–609. 



132 

 

MacDonald, D., & Barrett, P. (1993) Mammals of Britain & Europe. Princeton 

University Press.  

Mace, R. (2000). Evolutionary ecology of human life history. Animal Behaviour, 59(1), 

1–10.  

Madsen, D. B., & Schmitt, D. N. (1998). Mass Collecting and the Diet Breadth Model: A 

Great Basin Example. Journal of Archaeological Science, 25(5), 445–455.  

Magyari, E. K., Pál, I., Vincze, I., Veres, D., Jakab, G., Braun, M., Szalai, Z., Szabó, Z., 

& Korponai, J. (2019). Warm Younger Dryas summers and early late glacial 

spread of temperate deciduous trees in the Pannonian Basin during the last glacial 

termination (20-9 kyr cal BP). Quaternary Science Reviews, 225, 105980.  

Malez, M. (1975). Kvartarna fauna Crvene Stijene. In Đ. Basler (ed.), Crvena Stijena - 

zbornik radova (pp.147-169). Zajednica kulturnih ustanova, Nikšić. 

Malkiewicz, M., Waroszewski, J., Bojko, O., Egli, M., & Kabala, CA. (2016). Holocene 

vegetation history and soil development reflected in the lake sediments of the 

Karkonosze Mountains (Poland). The Holocene, 26(6), 890–905.  

Malmström, H., Gilbert, M. T. P., Thomas, M. G., Brandström, M., Storå, J., Molnar, P., 

Andersen, P. K., Bendixen, C., Holmlund, G., Götherström, A., & Willerslev, E. 

(2009). Ancient DNA Reveals Lack of Continuity between Neolithic Hunter-

Gatherers and Contemporary Scandinavians. Current Biology, 19(20), 1758–

1762.  

Mancinelli, S., Peters, W., Boitani, L., Hebblewhite, M., & Cagnacci, F. (2015). Roe deer 

summer habitat selection at multiple spatio-temporal scales in an alpine 

environment. Hystrix, 26(2), 132–140. 

Manne, T., & Bicho, N. (2009). Vale Boi: rendering new understandings of resource 

intensification & diversification in southwestern Iberia. Before Farming, 2009(2), 

1–21.  

Manne, T., Cascalheira, J., Évora, M., Marreiros, J., & Bicho, N. (2012). Intensive 

subsistence practices at Vale Boi, an Upper Paleolithic site in southwestern 

Portugal. Quaternary International, 264, 83–99.  

Mansrud, A. (2017). Untangling Social, Ritual and Cosmological Aspects of Fishhook 

Manufacture in the Middle Mesolithic Coastal Communities of NE Skagerrak. 

International Journal of Nautical Archaeology, 46(1), 31–47.  

Marchand, G. (2014). Beyond the Technological Distinction between the Early and Late 

Mesolithic. Palethnologie. Archéologie et Sciences Humaines, 6, Articolo 6. 

Marchand, G., & Perrin, T. (2017). Why this revolution? Explaining the major technical 

shift in Southwestern Europe during the 7th millennium cal. BCA. Quaternary 

International, 428, 73–85.  

Mariezkurrena, K. (1983). Contribución al conocimiento del desarrollo de la dentición y 

el esqueleto postcraneal de Cervus elaphus. Munibe, 35(3/4), 149-202. 

Marín, J., Saladié, P., Azorit, C., & Rodríguez-Hidalgo, A. (2024). Identification of age 

at death in red deer (Cervus elaphus) through the upper dentition: Eruption 

pattern, wear stage and crown heights. Journal of Archaeological Science, 163, 

105934.  



133 

 

Markova, A. K., Puzachenko, A. Y., & van Kolfschoten, T. (2010). The North Eurasian 

mammal assemblages during the end of MIS 3 (Brianskian–Late Karginian–

Denekamp Interstadial). Quaternary International, 212(2), 149–158. 

Marković Č. (2006): Arheologija Crne Gore. Podgorica. 

Marlowe, F. W. (2007). Hunting and Gathering: The Human Sexual Division of Foraging 

Labor. Cross-Cultural Research, 41(2), 170-195. 

Marquebielle, B. (2014). Le travail des matières osseuses au mésolithique: 

Caractérisation technique et économique à partir des séries du sud et de l’est de 

la France [Phd thesis, Université Toulouse le Mirail - Toulouse II].  

Mason, R. D., Peterson, M. L., Tiffany, J. A. (1998). Weighing vs. counting: 

measurement reliability and the California school of midden analysis. American 

Antiquity 63, 303-324.  

Massei, G., & Genov, P. V. (2004). The environmental impact of wild 

boar. Galemys, 16(1), 135-145. 

Mateiciucová, I. (2008). Talking stones: the chipped stone industry in Lower Austria and 

Moravia and the beginnings of the Neolithic in Central Europe (LBK), 5700-4900 

BC. Masarykova univerzita.  

Mathieson, I., Alpaslan-Roodenberg, S., Posth, CA., Szécsényi-Nagy, A., Rohland, N., 

Mallick, S., Olalde, I., Broomandkhoshbacht, N., Cheronet, O., Fernandes, D., 

Ferry, M., Gamarra, B., Fortes, G. G., Haak, W., Harney, E., Jones, E., Keating, 

D., Krause-Kyora, B., Kucukkalipci, I., … Reich, D. (2018). The genomic history 

of southeastern Europe. Nature (London), 555(7695), 197–203.  

Maurel, D., Coutant, C., Boissin-Agasse, L., & Boissin, J. (1986). Seasonal moulting 

patterns in three fur bearing mammals: The European badger (Meles meles L.), 

the red fox (Vulpes vulpes L.), and the mink (Mustela vison). A morphological 

and histological study. Canadian Journal of Zoology, 64(8), 1757–1764.  

Mazzucco, N., Francisco Gibaja Bao, J., Perales Barrón, U., San Millán Lomas, M., 

Puchol, O. G., Guerra, M. R., Royo Guillén, J. I., García Martínez de Lagrán, I., 

Cabanilles, J. J., García Gazolaz, J., & Gassin, B. (2016). Insights into the Late 

Mesolithic toolkit: Use-wear analysis of the notched blades. Case-studies from the 

Iberian Peninsula. Preistoria Alpina, 48, 151–157. 

McQuade, M., & O’Donnell, L. (2007). Late Mesolithic fish traps from the Liffey 

estuary, Dublin, Ireland. Antiquity, 81(313), 569–584.  

Meehan, B. (1982). Shell bed to shell midden. Australian Institute for Aboriginal Studies. 

Meehan, B. (1983). A matter of choice? Some thoughts on shell gathering strategies in 

northern Australia. Animals and Archaeology, 2, 3–17. 

Mercier, N., Rink, W. J., Rodrigues, K., Morely, M. W., Vander Linden, V, Whallon, R. 

(2017). Radiometric Dating of the Crvena Stijena Sequence. In R. Whallon (Ed.) 

Crvena Stijena in Cultural and Ecological Context (pp. 140- 149). Podgorica: 

National Museum of Montenegro, Montenegrin Academy of Sciences and Arts, 

Special editions (Monographies and Studies. 

Mihailović, D. (1996). Upper Paleolithic and mesolithic chipped stone industries from the 

rock-shelter of Medena Stijena. In: D. Srejović (Ed.), Prehistoric Settlements in 



134 

 

Caves and Rock-Shelters of Serbia and Montenegro - Fascicule I (pp. 9–60). 

Centar za arheoloska istrazivanja. 

Mihailović, D. (1999). The Upper Paleolithic and Mesolithic stone industries of 

Montenegro. British School at Athens Studies, 3, 343–356. 

Mihailović, D. (2007). Social aspects of the transition to farming in the Balkans. 

Documenta Praehistorica, 34, 73–88. 

Mihailović, D. (2008). Lithic technology and settlement systems of the Final Paleolithic 

and Early Mesolithic in the Iron Gates. In CA. Bonsall, V. Boroneanţ., & I. 

Radovanović (Eds.) The Iron Gates in Prehistory: New Perspectives, pp. 11-18. 

Mihailović, D. (2009). Upper Paleolithic and Mesolithic Chipped Stone Industries from 

Crvena Stijena. In M. Lazić (Ed.) Prehistoric Settlements in Caves and Rock–

Shelters of Serbia and Montenegro Fascicule II. Centre for Archeological 

Research, Faculty of Philosophy, Belgrade. 

Mihailović, D. (2017). “Paleolithic-Mesolithic Crvena Stijena in Relation to Other Sites.” 

In R. Whallon (Ed.) Crvena Stijena in Cultural and Ecological Context (pp. 205-

229). Podgorica: National Museum of Montenegro, Montenegrin Academy of 

Sciences and Arts, Special editions (Monographies and Studies).  

Mihailovic, D., & Mihailovic, B. (2007). Considérations sur le Gravettien et 

l’Épigravettien ancien des Balkans de l’ouest. PALEO. Revue d’archéologie 

préhistorique, 19, Article 19.  

Mihailović, D., Mihailović, B., Borovinić, N. (2017). “Newer Excavations - 

Archaeological Stratigraphy.” In R. Whallon (Ed.) Crvena Stijena in Cultural and 

Ecological Context (pp. 132- 139). Podgorica: National Museum of Montenegro, 

Montenegrin Academy of Sciences and Arts, Special editions (Monographies and 

Studies). 

Mihailović, D., Mihailović, B., Whallon, R. (2017). “Excavations of Middle Paleolithic–

Mesolithic Layers.” In R. Whallon (Ed.) Crvena Stijena in Cultural and 

Ecological Context (pp. 150-204). Podgorica: National Museum of Montenegro, 

Montenegrin Academy of Sciences and Arts, Special editions (Monographies and 

Studies). 

Mihailović, D., & Whallon, R. (2017). Crvena Stijena revisited: The Late Mousterian 

assemblages. Quaternary International, 450, 36–49.  

Mihailović, D., Živaljević, I., Dimitrijević, V., Dragosavac, S., Pajović, D., Petrović, A., 

Bogićević, K., Đurić, D., Djurović, M., Kuhn, S., & Roksandic, M. (2024). First 

insights into the Mesolithic settlement of Southern Serbia: Excavation of the 

Pešterija Cave in the Ponišavlje Region. Documenta Praehistorica, 51, 60–87.  

Mijanović, D., Manojlović, B., & Perović, Đ. (2024). Archaeological Studies of Caves in 

Montenegro. In G. Barović (Ed.), Speleology of Montenegro (pp. 123–135). 

Springer International Publishing.  

Milner, CA. N. (2006). Subsistence. In Mesolithic Britain and Ireland: New Approaches, 

edited by CA. Conneller and G. Warren, 61-82. Stroud: Tempus. 

Miracle, P. (1995). Broad-Spectrum Adaptations Re-examined: Hunter-Gatherer 

Responses to Late-Glacial Environmental Changes in the Eastern Adriatica. PhD 

dissertation, University of Michigan, UMI. 



135 

 

Miracle, P. (2003). Excavations at Pupicina Cave: Preliminary Results of the 1999, 2001, 

and 2002 Field Seasons. Histria archaeologica 34, 5–37. 

Miracle, P., Galanidou, N., & Forenbaher, S. (2000). Pioneers in the Hills: Early 

Mesolithic Foragers at Šebrn Abri (Istria, Croatia). European Journal of 

Archaeology, 3(3), 293–329. 

Miracle, P., Mauch Lenardić, J., & Brajković, D. (2010). Last glacial climates, 

“Refugia”, and faunal change in Southeastern Europe: Mammalian assemblages 

from Veternica, Velika pećina, and Vindija caves (Croatia). Quaternary 

International, 212(2), 137–148.  

Miracle, P., & Sturdy, D. (1991). Chamois and the karst of Herzegovina. Journal of 

Archaeological Science, 18(1), 89–108.  

Mitchell, B., Staines, B. W., & Welch, D. (1977). Ecology of red deer: A research review 

relevant to their management in Scotland. Institute of Terrestrial Ecology.  

Mogensen, I. A. (2009). Dansgaard-Oeschger Cycles. In V. Gornitz (A ca. Di), 

Encyclopedia of Paleoclimatology and Ancient Environments (pp. 229–233). 

Springer Netherlands.  

Monahan, CA. M. (1998). The Hadza Carcass Transport Debate Revisited and its 

Archaeological Implications. Journal of Archaeological Science, 25(5), 405–424.  

Monnier, G., Tostevin, G., Pajović, G., Borovinić, N., & Baković, M. (2020). Nova 

Istraživanja Paleolitskog Nalazišta Crvena Stijena, Istorijski Kontekst. Istorijski 

Zapisi, 1–2, 71–108. 

Monnier, G., & Tostevin, G. (2023). The Paleolithic in Montenegro. In Crna Gora na 

političkoj i kulturnoj mapi Evrope—CLIO MAP (pp. 281–297). Historical 

Institute, University of Montenegro. 

Monks, G. G. (1981). Seasonality Studies. Advances in Archaeological Method and 

Theory, 4, 177–240.  

Mordant, D., Valentin, B., & Vigne, J.-D. (2013). Noyen-sur-Seine, vingt cinq ans après. 

In B. Valentin, B. Souffi, T. Ducrocq, J.-P. Fagnart, F. Séara, & CA. Verjux 

(Eds.), Palethnographie du Mésolithique Recherches sur les habitats de plein air 

entre Loire et Neckar (pp. 37–49). Paris: Société Préhistorique Française. 

Morrill, C., Anderson, D. M., Bauer, B. A., Buckner, R., Gille, E. P., Gross, W. S., ... & 

Shah, A. (2013). Proxy benchmarks for intercomparison of 8.2 ka 

simulations. Climate of the Past, 9(1), 423-432. 

Morin, E. (2007). Fat composition and Nunamiut decision-making: a new look at the 

marrow and bone grease indices. Journal of Archaeological Science 34:69–82.  

Morin, E. (2010). Taphonomic Implications of the Use of Bone as Fuel. Palethnologie. 

Archéologie et Sciences Humaines, (2).  

Morin, E. (2012). Reassessing paleolithic subsistence: the Neandertal and modern 

human foragers of Saint-Césaire. Cambridge University Press.  

Morin, E., Beauval, CA., Boileau, A., Ready, E., & Laroulandie, V. (2019). The Number 

of Distinct Elements: Extending a landmark-based counting unit to other taxa. 

Journal of Archaeological Science, Reports, 24, 773–784.  



136 

 

Morin, E., Bliege Bird, R., & Bird, D. (2020). Mass procurement and prey rankings: 

Insights from the European rabbit. Archaeological and Anthropological Sciences, 

12(11), 1–14.  

Morin, E., Bird, D., Winterhalder, B., & Bliege Bird, R. (2022). Deconstructing Hunting 

Returns: Can We Reconstruct and Predict Payoffs from Pursuing Prey? Journal of 

Archaeological Method and Theory, 29(2), 561–623.  

Morin, E., Bird, D., Winterhalder, B., & Bliege Bird, R. (2024). Why Do Humans Hunt 

Cooperatively?: Ethnohistoric Data Reveal the Contexts, Advantages, and 

Evolutionary Importance of Communal Hunting. Current Anthropology, 65(5), 

876–921.  

Morin, E., Meier, J., El Guennouni, K., Moigne, A. M., Lebreton, L., Rusch, L., ... & 

Cochard, D. (2019). New evidence of broader diets for archaic Homo populations 

in the northwestern Mediterranean. Science Advances, 5(3), eaav9106. 

Morin, E., Ready, E., Boileau, A., Beauval, CA., & Coumont, M. P. (2017b). Problems of 

Identification and Quantification in Archaeozoological Analysis, Part II: 

Presentation of an Alternative Counting Method. Journal of Archaeological 

Method and Theory, 24(3), 938–973.  

Morin, E. & Soulier, M. (2017). The Paleolithic Faunal Remains from Crvena Stijena. In 

R. Whallon (Ed.) Crvena Stijena in Cultural and Ecological Context (pp. 266-

294). Podgorica: National Museum of Montenegro, Montenegrin Academy of 

Sciences and Arts, Special editions (Monographies and Studies). 

Morlan, R. E. (1980). Taphonomy and archaeology in the Upper Pleistocene of the 

northern Yukon Territory: a glimpse of the peopling of the New World. National 

Museums of Canada.  

Morley, M. W. (2007). “Mediterranean Quaternary Rock Shelter Sediment Records:A 

Multi-Proxy Approach to Environmental Reconstruction.” Unpublished Ph.D. 

dissertation, University of Manchester, England. 

Morley, M. W., & Woodward, J. C. (2011). The Campanian Ignimbrite (Y5) tephra at 

Crvena Stijena Rockshelter, Montenegro. Quaternary Research, 75(3), 683–696.  

Mota-Rojas, D., Titto, C. G., de Mira Geraldo, A., Martínez-Burnes, J., Gómez, J., 

Hernández-Ávalos, I., Casas, A., Domínguez, A., José, N., Bertoni, A., Reyes, B., 

& Pereira, A. M. F. (2021). Efficacy and Function of Feathers, Hair, and Glabrous 

Skin in the Thermoregulation Strategies of Domestic Animals. Animals, 11(12), 

Article 12.  

Mussi, M., & Peresani, M. (2011). Human settlement of Italy during the Younger Dryas. 

Quaternary International, 242(2), 360–370.  

Mysterud, A. (1999). Seasonal migration pattern and home range of roe deer (Capreolus 

capreolus) in an altitudinal gradient in southern Norway. Journal of Zoology, 

247(4), 479–486.  

Naderi, S., Rezaei, H. R., Pompanon, F., Blum, M. G., Negrini, R., Naghash, H. R., ... & 

Taberlet, P. (2008). The goat domestication process inferred from large-scale 

mitochondrial DNA analysis of wild and domestic individuals. Proceedings of the 

National Academy of Sciences, 105(46), 17659-17664.  



137 

 

Nagaoka, L. (2001). Using diversity indices to measure changes in prey choice at the 

Shag River Mouth site, southern New Zealand. International Journal of 

Osteoarchaeology, 11(1–2), 101–111.  

Needs-Howart, S. (1996). Lake sturgeon fishing at prehistoric Iroquoian sites near Lake 

Simcoe, Ontario. Archaeofauna, (5), 147-154. 

Nettle, D., Gibson, M. A., Lawson, D. W., & Sear, R. (2013). Human behavioral ecology: 

Current research and future prospects. Behavioral Ecology, 24(5), 1031–1040.  

Niedziałkowska, M., Doan, K., Górny, M., Sykut, M., Stefaniak, K., Piotrowska, N., 

Jędrzejewska, B., Ridush, B., Pawełczyk, S., Mackiewicz, P., Schmölcke, U., 

Kosintsev, P., Makowiecki, D., Charniauski, M., Krasnodębski, D., Rannamäe, 

E., Saarma, U., Arakelyan, M., Manaseryan, N., … Stanković, A. (2021). Winter 

temperature and forest cover have shaped red deer distribution in Europe and the 

Ural Mountains since the Late Pleistocene. Journal of Biogeography, 48(1), 147–

159.  

Nolde, N. (2020). Sacred offerings or profane waste? Burned animal remains as an 

indication of Bronze and Iron Age disposal strategies. Anthropologischer 

Anzeiger; Bericht Uber Die Biologisch-Anthropologische Literatur.  

Novenko E. (2020). Dynamics of Landscapes and Climate in Central and Eastern Europe 

in The Holocene: Paleographic Aspects for Prognosis of Possible Environmental 

Changes. Экосистемы: экология и динамика, 4 (4), 81-104.  

Novenko, E., Olchev, A., Desherevskaya, O., & Zuganova, I. (2009). Paleoclimatic 

reconstructions for the south of Valdai Hills (European Russia) aspaleo-analogs of 

possible regional vegetation changes under global warming. Environmental 

Research Letters, 4(4), 045016. 

Novenko, E., & Olchev, A. V. (2015). Early Holocene vegetation and climate dynamics 

in the central part of the East European Plain (Russia). Quaternary International, 

388, 12–22.  

O’Connell, J. F., Hawkes, K., & Jones, N. B. (1988). Hadza Hunting, Butchering, and 

Bone Transport and Their Archaeological Implications. Journal of 

Anthropological Research, 44(2), 113–161. 

Olsen, S. L., & Shipman, P. (1988). Surface modification on bone: Trampling versus 

butchery. Journal of Archaeological Science, 15(5), 535–553.  

O’Regan, H. J., & Kitchener, A. CA. (2005). The effects of captivity on the morphology 

of captive, domesticated and feral mammals. Mammal Review, 35(3–4), 215–230.  

Ordonez, A., & Riede, F. (2022). Changes in limiting factors for forager population 

dynamics in Europe across the last glacial-interglacial transition. Nature 

Communications, 13(1), 5140–13. 

Outram, A., & Rowley-Conwy, P. (1998). Meat and Marrow Utility Indices for Horse 

(Equus). Journal of Archaeological Science, 25(9), 839–849.  

Overton, N. J. (2016). More than Skin Deep: Reconsidering Isolated Remains of ‘Fur-

Bearing Species’ in the British and European Mesolithic. Cambridge 

Archaeological Journal, 26(4), 561–578.  

Oxilia, G., Bortolini, E., Badino, F., Bernardini, F., Gazzoni, V., Lugli, F., Romandini, 

M., Radini, A., Terlato, G., Marciani, G., Silvestrini, S., Menghi Sartorio, J. CA., 



138 

 

Thun Hohenstein, U., Fiorenza, L., Kullmer, O., Tuniz, CA., Moggi Cecchi, J., 

Talamo, S., Fontana, F., … Cristiani, E. (2021). Exploring late Paleolithic and 

Mesolithic diet in the Eastern Alpine region of Italy through multiple proxies. 

American Journal of Physical Anthropology, 174(2), 232–253. 

Özdoğan, M. (2011). Archaeological Evidence on the Westward Expansion of Farming 

Communities from Eastern Anatolia to the Aegean and the Balkans. Current 

Anthropology, 52(S4), S415–S430.  

Özdoğan, M. (2014). A new look at the introduction of the Neolithic way of life in 

Southeastern Europe. Changing paradigms of the expansion of the Neolithic way 

of life. Documenta Praehistorica, 41, 33–49.  

Pacheco-Cobos, L., & Winterhalder, B. (2021). Ethnographic Observations on the Role 

of Domestic Dogs in the Lowland Tropics of Belize with Emphasis on Crop 

Protection and Subsistence Hunting. Human Ecology, 49(6), 779–794.  

Palacios, D., Hughes, P. D., García-Ruiz, J. M., & Andrés, N. (2023). Chapter 27—

Concept and global context of the glacial landforms from the Bølling–Allerød 

Interstadial. In D. Palacios, P. D. Hughes, J. M. García-Ruiz, & N. Andrés (A ca. 

Di), European Glacial Landscapes (pp. 263–269). Elsevier.  

Parrini, F., Cain, J. W., & Krausman, P. R. (2009). Capra ibex (Artiodactyla: Bovidae). 

Mammalian Species, 830, 1–12. 

Payne, S. (1972). “Partial recovery and sample bias: The results of some sieving 

experiments.” In E. S. Higgs (Ed.), British Academy Major Research Project 

(Vol. 1, pp. 49–64). British Academy.  

Pedrotti, L. (1995). La reintroduzione dello stambecco (Capra ibex ibex) nelle Alpi 

Orobie. Occupazione dello spazio, utilizzo dell’habitat, dinamica dei branchi e 

valutazione dgli home-range. [Ph.D. dissertation, University of Milano, Milano, 

Italy]. 

Pelton, S. R., Litynski, M., Allaun, S. A., Buckley, M., Govaerts, J., Schoborg, T., 

O’Brien, M., Hill, M. G., Sanders, P., Mackie, M. E., Kelly, R. L., & Surovell, T. 

A. (2024). Early Paleoindian use of canids, felids, and hares for bone needle 

production at the La Prele site, Wyoming, USA. PLOS ONE, 19(11), e0313610.  

Pépin, D., Morellet, N., & Goulard, M. (2009). Seasonal and daily walking activity 

patterns of free-ranging adult red deer (Cervus elaphus) at the individual level. 

European Journal of Wildlife Research, 55(5), 479–486.  

Peterson, D. L., Vecsei, P., & Jennings, C. A. (2007). Ecology and biology of the lake 

sturgeon: a synthesis of current knowledge of a threatened North American 

Acipenseridae. Reviews in Fish Biology and Fisheries, 17, 59-76. 

Peterson, R. O., Allen, D. L., & Dietz, J. M. (1982). Depletion of Bone Marrow Fat in 

Moose and a Correction for Dehydration. The Journal of Wildlife Management, 

46(2), 547–551.  

Pickard, CA., & Bonsall, CA. (2007). Late Mesolithic coastal fishing practices. On the 

road. Studies in honour of Lars Larsson. Acta Archaeologica Lundensia, 4(26), 

176-183. 



139 

 

Pickering, T. R., & Egeland, CA. P. (2006). Experimental patterns of hammerstone 

percussion damage on bones: implications for inferences of carcass processing by 

humans. Journal of archaeological Science, 33(4), 459-469.  

Pickering, T. R., Marean, C. W., & Domı́nguez-Rodrigo, M. (2003). Importance of limb 

bone shaft fragments in zooarchaeology: A response to “On in situ attrition and 

vertebrate body part profiles” (2002), by M.C. Stiner. Journal of Archaeological 

Science, 30(11), 1469. 

Pikelj, K., & Juračić, M. (2013). Eastern Adriatic Coast (EAC): Geomorphology and 

Coastal Vulnerability of a Karstic Coast. Journal of Coastal Research, 29(4), 

944–957. 

Pilaar Birch, S. E., & Vander Linden, M. (2018). A long hard road… Reviewing the 

evidence for environmental change and population history in the eastern Adriatic 

and western Balkans during the Late Pleistocene and Early Holocene. Quaternary 

International, 465, 177–191. 

Plug, CA., & Plug, I. (1990). MNI Counts as Estimates of Species Abundance. The South 

African Archaeological Bulletin, 45(151), 53–57.  

Ptáková, M., Šída, P., & Kovačiková, L. (2021). What was on the menu? Mesolithic 

cooking and consumption practices in inland central Europe based on analysis of 

fireplaces. Quaternary International, 586, 90–104.  

van der Plicht, J., van Geel, B., Bohncke, S. J. P., Bos, J. a. A., Blaauw, M., Speranza, A. 

O. M., Muscheler, R., & Björck, S. (2004). The Preboreal climate reversal and a 

subsequent solar-forced climate shift. Journal of Quaternary Science, 19(3), 263–

269.  

Pokorný, P., Chytrý, M., Juřičková, L., Sádlo, J., Novák, J., & Ložek, V. (2015). Mid-

Holocene bottleneck for central European dry grasslands: Did steppe survive the 

forest optimum in northern Bohemia, Czech Republic? The Holocene, 25(4), 716–

726.  

Polziehn, R. O., & Strobeck, C. (2002). A Phylogenetic Comparison of Red Deer and 

Wapiti Using Mitochondrial DNA. Molecular Phylogenetics and Evolution, 

22(3), 342–356.  

Ponomarev, D., Puzachenko, A., Bachura, O., Kosintsev, P., & van der Plicht, J. (2013). 

Mammal fauna during the Late Pleistocene and Holocene in the far northeast of 

Europe. Boreas, 42(3), 779–797.  

Porčić, M., Blagojevic, T., Pendic, J., & Stefanovic, S. (2021). The Neolithic 

Demographic Transition in the Central Balkans: population dynamics 

reconstruction based on new radiocarbon evidence. Philosophical Transactions of 

the Royal Society of London. Series B. Biological Sciences, 376(1816), 

20190712–20190712. 

Prasad, S., Witt, A., Kienel, U., Dulski, P., Bauer, E., & Yancheva, G. (2009). The 8.2 ka 

event: Evidence for seasonal differences and the rate of climate change in western 

Europe. Global and Planetary Change, 67(3), 218–226.  

Prendergast, A. L., Stevens, R. E., O’Connell, T. C., Fadlalak, A., Touati, M., al-Mzeine, 

A., Schöne, B. R., Hunt, C. O., & Barker, G. (2016). Changing patterns of eastern 

Mediterranean shellfish exploitation in the Late Glacial and Early Holocene: 



140 

 

Oxygen isotope evidence from gastropod in Epipaleolithic to Neolithic human 

occupation layers at the Haua Fteah cave, Libya. Quaternary International, 407, 

80–93.  

Radovanović, I. (1996). The Iron Gates Mesolithic. Ann Arbor: International 

Monographs in Prehistory. 

Radusinović, S., & Pajović, M. (2024). Geology of Montenegro. In G. Barović (Ed.), 

Speleology of Montenegro (pp. 21–50). Springer International Publishing.  

Rainsford, CA., O’Connor, T., & Miracle, P. (2014). Fishing in the Adriatic at the 

Mesolithic–Neolithic transition: Evidence from Vela Spila, Croatia. 

Environmental Archaeology, 19(3), 311–320.  

Randsalu-Wendrup, L., Conley, D. J., Carstensen, J., Snowball, I., Jessen, C., & Fritz, S. 

C. (2012). Ecological Regime Shifts in Lake Kälksjön, Sweden, in Response to 

Abrupt Climate Change Around the 8.2 ka Cooling Event. Ecosystems, 15(8), 

1336–1350. 

Rasmussen, S. O., Bigler, M., Blockley, S. P., Blunier, T., Buchardt, S. L., Clausen, H. 

B., Cvijanovic, I., Dahl-Jensen, D., Johnsen, S. J., Fischer, H., Gkinis, V., 

Guillevic, M., Hoek, W. Z., Lowe, J. J., Pedro, J. B., Popp, T., Seierstad, I. K., 

Steffensen, J. P., Svensson, A. M., … Winstrup, M. (2014). A stratigraphic 

framework for abrupt climatic changes during the Last Glacial period based on 

three synchronized Greenland ice-core records: refining and extending the 

INTIMATE event stratigraphy. Quaternary Science Reviews, 106, 14–28. 

Ray, N. & Adams, J. M. (2001). A GIS-based Vegetation Map of the World at the Last 

Glacial Maximum (25,000–15,000BP). Internet Archaeology 11. 

Real, C. A., Sanchis, A., Monroe, S., García-Puchol, O., Ripoll, M. P., & McClure, S. B. 

(2024). Animal exploitation by the last hunter-gatherers in the Mediterranean 

Iberia. New data from the Mesolithic groups from Cocina cave (Valencia, Eastern 

Iberia). Archaeological and Anthropological Sciences, 16(8), 116. 

Reed, J. M., Stevenson, A. C., & Juggins, S. (2001). A multi-proxy record of Holocene 

climatic change in southwestern Spain: the Laguna de Medina, Cádiz. The 

Holocene, 11(6), 707-719. 

Rees, A. (2013). Silurus glanis (wels catfish). CABI Compendium, 64279.  

Reitz, E. J. and E. S. Wing (2008) Zooarchaeology, Second Edition. Cambridge 

University Press, New York. 

Renssen, H., Seppä, H., Crosta, X., Goosse, H., & Roche, D. M. (2012). Global 

characterization of the Holocene Thermal Maximum. Quaternary Science 

Reviews, 48, 7–19.  

Ricci, G., Audiard, B., Tomasso, A., Hoareau, L., Julien, M.-A., Mologni, CA., Purdue, 

L., & Porraz, G. (2023). Mesolithic Occupations During the Boreal Climatic 

Fluctuations at La Baume de Monthiver (Var, France). Open Archaeology (Berlin, 

Germany), 9(1), 211–238.  

Richard, E., Morellet, N., Cargnelutti, B., Angibault, J. M., Vanpé, C., & Hewison, A. J. 

M. (2008). Ranging behaviour and excursions of female roe deer during the rut. 

Behavioural Processes, 79(1), 28–35.  



141 

 

Richards, M. P., Pettitt, P. B., Stiner, M. C., & Trinkaus, E. (2001). Stable isotope 

evidence for increasing dietary breadth in the European mid-Upper Paleolithic. 

Proceedings of the National Academy of Sciences, 98(11), 6528–6532.  

Richards, M. P., & Schulting, R. J. (2006). Touch not the fish: The Mesolithic-Neolithic 

change of diet and its significance. Antiquity, 80(308), 444–457.  

Riede, F., Matzig, D. N., Biard, M., Crombé, P., Pablo, J. F.-L. de, Fontana, F., Groß, D., 

Hess, T., Langlais, M., Mevel, L., Mills, W., Moník, M., Naudinot, N., Posch, 

CA., Rimkus, T., Stefański, D., Vandendriessche, H., & Hussain, S. T. (2024). A 

quantitative analysis of Final Paleolithic/earliest Mesolithic cultural taxonomy 

and evolution in Europe. PLOS ONE, 19(3), e0299512.  

Rigano, K. S., Gehring, J. L., Evans Hutzenbiler, B. D., Chen, A. V., Nelson, O. L., 

Vella, C. A., Robbins, C. T., & Jansen, H. T. (2017). Life in the fat lane: Seasonal 

regulation of insulin sensitivity, food intake, and adipose biology in brown bears. 

Journal of Comparative Physiology B, 187(4), 649–676.  

Rillardon, M., & Brugal, J.-P. (2014). What about the Broad Spectrum Revolution? 

Subsistence strategy of hunter–gatherers in Southeast France between 20 and 

8 ka BP. Quaternary International, 337, 129–153.  

Rivollat, M., Jeong, CA., Schiffels, S., Küçükkalıpçı, İ., Pemonge, M.-H., Rohrlach, A. 

B., Alt, K. W., Binder, D., Friederich, S., Ghesquière, E., Gronenborn, D., 

Laporte, L., Lefranc, P., Meller, H., Réveillas, H., Rosenstock, E., Rottier, S., 

Scarre, CA., Soler, L., … Haak, W. (2020). Ancient genome-wide DNA from 

France highlights the complexity of interactions between Mesolithic hunter-

gatherers and Neolithic farmers. Science Advances, 6(22), eaaz5344-. 

Rizner, M., Vukosavljevic, N., & Miracle, P. (2009). The palaeoecological and 

paleodietary significance of edible land snails (Helix sp.) across the Pleistocene-

Holocene transition on the eastern Adriatic coast. Mesolithic Horizons. Oxbow 

Books, Oxford, 531-536. 

Roberts, S. E. (2017). The Dog Days of Winter: Indigenous Dogs, Indian Hunters, and 

Wintertime Subsistence in the Northeast. Northeastern Naturalist, 24, H1–H21. 

Robson, H. K., & Ritchie, K. (2019). The Early Mesolithic fisheries of southern 

Scandinavia. In Working at the sharp end at Hohen Viecheln: From bone and 

antler to Early Mesolithic life in Northern Europe (Vol. 10). Wahholtz. 

Roda Gilabert, X., Martínez-Moreno, J., & Torcal, R. M. (2016). Ground stone tools and 

spatial organization at the Mesolithic site of font del Ros (southeastern Pre-

Pyrenees, Spain). Journal of Archaeological Science: Reports, 5, 209–224.  

Roll, T. & Deaver, K. (1978). The Bootlegger Trail Site: A Late Prehistoric Spring Bison 

Kill. Montana State University, Bozeman. 

Rossignol-Strick, M. (1999). The Holocene climatic optimum and pollen records of 

sapropel 1 in the eastern Mediterranean, 9000–6000BP. Quaternary Science 

Reviews, 18(4), 515–530.  

Rowlandson, M. (1682). The Soveraignty and Goodness of God. Cambridge, 

Massachusetts. 

Rowley-Conwy, P. (2011). Westward Ho! The Spread of Agriculturalism from Central 

Europe to the Atlantica. Current Anthropology, 52(S4), S431–S451.  



142 

 

Rowley-Conwy, P., & Zeder, M. (2014). Mesolithic domestic pigs at Rosenhof – or wild 

boar? A critical re-appraisal of ancient DNA and geometric morphometrics. 

World Archaeology, 46(5), 813–824.  

Rowley-Conwy, P., Albarella, U., & Dobney, K. (2012). Distinguishing Wild Boar from 

Domestic Pigs in Prehistory: A Review of Approaches and Recent Results. 

Journal of World Prehistory, 25(1), 1–44.  

Roy, A., Crellin, R. J., & Harris, O. J. T. (2023). Use-wear analysis reveals the first direct 

evidence for the use of Neolithic polished stone axes in Britain. Journal of 

Archaeological Science: Reports, 49.  

Rubenstein, D. I. (1986). Ecology and Sociality in Horses and Zebras. Ecological aspects 

of social evolution, 282-302. 

Sakuragi, M., Igota, H., Uno, H., Kaji, K., Kaneko, M., Akamatsu, R., & Maekawa, K. 

(2003). Seasonal habitat selection of an expanding sika deer Cervus nippon 

population in eastern Hokkaido, Japan. Wildlife Biology, 9(2), 141–153.  

Sanders, T. A. B. (2024). 1 - Introduction: The role of fats in human diet. In T. A. B. 

Sanders (Ed.), Functional Dietary Lipids (Second Edition) (pp. 1–28). Woodhead 

Publishing.  

Schaefer, J. A., Morellet, N., Pépin, D., & Verheyden, H. (2008). The spatial scale of 

habitat selection by red deer. Canadian Journal of Zoology, 86(12), 1337–1345.  

Schmidhauser, N. R. M. M., Finsinger, W., Cagliero, E., & Heiri, O. (2024). Holocene 

ecosystem and temperature development inferred from invertebrate remains in 

Zminje Jezero (Dinaric Alps, Montenegro). Journal of Paleolimnology, 72(3), 

343–361.  

Schmölcke, U., Endtmann, E., Klooss, S., Meyer, M., Michaelis, D., Rickert, B.-H., & 

Rößler, D. (2006). Changes of sea level, landscape and culture: A review of the 

south-western Baltic area between 8800 and 4000 BCA. Palaeogeography, 

Palaeoclimatology, Palaeoecology, 240(3), 423–438.  

Schulting, R., Tresset, A., & Dupont, CA. (2004). From Harvesting the Sea to Stock 

Rearing Along the Atlantic Façade of North-West Europe. Environmental 

Archaeology: The Journal of Human Palaeoecology, 9(2), 143–154.  

Seidel, D. P., & Boyce, M. S. (2015). Patch-use dynamics by a large herbivore. 

Movement Ecology, 3(1), Article 1.  

Seppä, H., & Birks, H. J. B. (2001). July mean temperature and annual precipitation 

trends during the Holocene in the Fennoscandian tree-line area: Pollen-based 

climate reconstructions. The Holocene, 11(5), 527–539.  

Šebela, S., Miler, M., Skobe, S., Torkar, S., & Zupančič, N. (2015). Characterization of 

black deposits in karst caves, examples from Slovenia. Facies, 61(2), 6.  

Shackleton, J. CA., van Andel, T. H., & Runnels, CA. N. (1984). Coastal Paleogeography 

of the Central and Western Mediterranean during the Last 125,000 Years and Its 

Archaeological Implications. Journal of Field Archaeology, 11(3), 307–314.  

Shaeffer, C. E. (1966). Bear ceremonialism of the Kutenai Indians. University of 

Montana Mansfield Library. 

Shaffer, B. S. (1992). Quarter-Inch Screening: Understanding Biases in Recovery of 

Vertebrate Faunal Remains. American Antiquity, 57(1), 129–136.  



143 

 

Shahack-Gross, R., Bar-Yosef, O., & Weiner, S. (1997). Black-Coloured Bones in 

Hayonim Cave, Israel: Differentiating Between Burning and Oxide Staining. 

Journal of Archaeological Science, 24(5), 439–446.  

Skoglund, P., Malmström, H., Omrak, A., Raghavan, M., Valdiosera, C., Günther, T., 

Hall, P., Tambets, K., Parik, J., Sjögren, K.-G., Apel, J., Willerslev, E., Storå, J., 

Götherström, A., & Jakobsson, M. (2014). Genomic Diversity and Admixture 

Differs for Stone-Age Scandinavian Foragers and Farmers. Science, 344(6185), 

747–750.  

Smith, J. M. (1978). Optimization Theory in Evolution. Annual Review of Ecology, 

Evolution, and Systematics, 9(Volume 9, 1978), 31–56.  

Smith, J. M. (1982). Evolution and the theory of games. Cambridge University Press. 

Smith, D. E., Harrison, S., Firth, CA. R., & Jordan, J. T. (2011). The early Holocene sea 

level rise. Quaternary Science Reviews, 30(15), 1846–1860.  

Snyder, L. M. (1991). Barking mutton: Ethnohistoric, ethnographic, archaeological, and 

nutritional evidence pertaining to the dog as a Native American food resource on 

the Plains. Beamers, bobwhites, and blue-points: Tributes to the career of Paul W. 

Parmalee. Springfield: Illinois State Museum Scientific Papers, 23, 359-378.  

Sommer, R. S., & Nadachowski, A. (2006). Glacial refugia of mammals in Europe: 

Evidence from fossil records. Mammal Review, 36(4), 251–265.  

Sørensen, L., & Karg, S. (2014). The expansion of agrarian societies towards the north – 

new evidence for agriculture during the Mesolithic-Neolithic transition in 

Southern Scandinavia. Journal of Archaeological Science, 51, 98–114.  

Sørensen, M., Lübke, H., & Gross, D. (2018). The Early Mesolithic in Southern 

Scandinavia and Northern Germany. In N. Milner, CA. Conneller, & B. Taylor (A 

ca. Di), Star Carr (Vol. 1, pp. 305–329). White Rose University Press.  

Sørensen, M., Rankama,T., Kankaanpää, J., Knutsson, K., Knutsson, H., Melvold, S., 

Eriksen, B. V., & Glørstad, H. (2013). The First Eastern Migrations of People and 

Knowledge into Scandinavia: Evidence from Studies of Mesolithic Technology, 

9th-8th Millennium BC. Norwegian Archaeological Review, 46(1), 19–56.  

Soulier, M.-C. (2021). Exploring meat processing in the past: Insights from the Nunamiut 

people. PLOS ONE, 16(1), e0245213.  

Soulier, M.-C., & Morin, E. (2016). Cutmark data and their implications for the planning 

depth of Late Pleistocene societies. Journal of Human Evolution, 97, 37–57. 

Soto, A., Rodríguez-Lejarza, A., Jiménez, L., Domingo, R., Utrilla, P., Montes, L., & 

Alday, A. (2023). There and back again: Late Mesolithic technological change in 

the northeast of the Iberian Peninsula. Journal of Archaeological Science: 

Reports, 50, 104086.  

Speth, J. D. (1983). Bison kills and bone counts: Decision making by ancient hunters. 

University of Chicago Press.  

Speth, J. D., & Spielmann, K. A. (1983). Energy source, protein metabolism, and hunter-

gatherer subsistence strategies. Journal of Anthropological Archaeology, 2(1), 1–

31.  

Spikins, P. (2008). Mesolithic Europe: Glimpses of Another World. In Mesolithic 

Europe, edited by G. Bailey and P. Spikins, 1-18. Cambridge University Press. 



144 

 

Srejović, D. (1966). Lepenski Vir, Boljetin - neolitsko naselje. Arheološki Pregled 8:94-

96. 

Srejović, D. (1966a). Lepenski Vir – a new prehistoric culture in the Danubian region. 

Archaeological Iugoslavica 7:13-17. 

Srejović, D. (1979). Protoneolit – Kultura Lepenskog Vira. In A. Benac (Ed.) Praistorija 

jugoslavenskih zemalja II. Neolit (pp. 33–76). Centar za balkanološka ispitivanja 

ANUBiH, Sarajevo. 

Srejović, D. (1996). Prehistoric settlements in caves and rock-shelters of Serbia and 

Montenegro 1. University of Belgrade, Faculty of Philosophy. 

Srejović, D. (1988). A Neolithic of Serbia: A review of research. In D. Srejović the 

Neolithic of Serbia. Archaeological research 1948–1988 (pp. 5–19). Centre for 

Archaeological research, Belgrade. 

Srejović, D., & Letica, Z. (1978). Vlasac: mezolitsko naselje u Đerdapu. Srpska 

akademija nauka i umetnosti. 

Stefansson, V. (1922). The friendly Arctic, the story of five years in Polar regions / by 

Vilhjalmur Stefansson. The Macmillan company, 1922. 

Stephens, D. W., & Krebs, J. R. (1986). Foraging Theory (Vol. 1). Princeton University 

Press. 

Stewart, F. L., & Finlayson, W. D. (2000). Subsistence at the Irving-Johnston Village and 

the Question of Deer Tending by the Neutrals. Canadian Journal of 

Archaeology, 24(1), 17–40. 

Stiner, M.CA. (1994). Honor Among Thieves. Princeton: Princeton University Press, pp. 

271–351. 

Stiner, M. CA. (2002). On in situ Attrition and Vertebrate Body Part Profiles. Journal of 

Archaeological Science, 29(9), 979–991.  

Stiner, M. CA., Dimitrijević, V., Mihailović, D., & Kuhn, S. L. (2022). Velika Pećina: 

Zooarchaeology, taphonomy and technology of a LGM Upper Paleolithic site in 

the central Balkans (Serbia). Journal of Archaeological Science: Reports, 41, 

103328.  

Stiner, M. CA., Kuhn, S. L., Weiner, S., & Bar-Yosef, O. (1995). Differential burning, 

recrystallization, and fragmentation of archaeological bone. Journal of 

archaeological science, 22(2), 223-237. 

Stiner, M. CA., & Munro, N. D. (2002). Approaches to Prehistoric Diet Breadth, 

Demography, and Prey Ranking Systems in Time and Space. Journal of 

Archaeological Method and Theory, 9(2), 181–214.  

Stiner, M. CA., Munro, N. D., & Surovell, T. A. (2000). The Tortoise and the Hare: 

Small‐Game Use, the Broad‐Spectrum Revolution, and Paleolithic Demography. 

Current Anthropology, 41(1), 39–79. 

Stiner, M. CA., Munro, N. D., Surovell, T. A., Tchernov, E., & Bar-Yosef, O. (1999). 

Paleolithic population growth pulses evidenced by small animal exploitation. 

Science, 283(5399), 190-194. 

Strandberg, G., Brandefelt, J., Kjellstro¨M, E., & Smith, B. (2011). High-resolution 

regional simulation of last glacial maximum climate in Europe. Tellus A: 

Dynamic Meteorology and Oceanography, 63(1), 107–125.  



145 

 

Sundqvist, H. S., Zhang, Q., Moberg, A., Holmgren, K., Körnich, H., Nilsson, J., & 

Brattström, G. (2010). Climate change between the mid and late Holocene in 

northern high latitudes &ndash; Part 1: Survey of temperature and precipitation 

proxy data. Climate of the Past, 6(5), 591–608.  

Surić, M., Juračić, M., Horvatinčić, N., & Krajcar Bronić, I. (2005). Late Pleistocene–

Holocene sea-level rise and the pattern of coastal karst inundation: Records from 

submerged speleothems along the Eastern Adriatic Coast (Croatia). Marine 

Geology, 214(1), 163–175.  

Svoboda, N. J., Belant, J. L., Beyer, D. E., Duquette, J. F., & Lederle, P. E. (2019). 

Carnivore space use shifts in response to seasonal resource availability. 

Ecosphere, 10(7), e02817.  

Tarasov, P. E., Volkova, V. S., Webb III, T., Guiot, J., Andreev, A. A., Bezusko, L. G., 

Bezusko, T. V., Bykova, G. V., Dorofeyuk, N. I., Kvavadze, E. V., Osipova, I. 

M., Panova, N. K., & Sevastyanov, D. V. (2001). Last glacial maximum biomes 

reconstructed from pollen and plant macrofossil data from northern Eurasia. 

Journal of Biogeography, 27(3), 609–620.  

Taylor, M., Bamforth, M., Robson, H.K., Watson, CA., Little, A., Pomstra, D., Milner, 

N., Carty, J.CA., Colonese, A.CA., Lucquin, A. & Allen, S. (2018). The wooden 

artefacts. Star Carr, 2, 367-418. 

Teit, J. A. (1906). The Lillooet Indians. Memoirs of the AMNH; v. 4, pt. 5. 

Théry-Parisot, I., Costamagno, S., Brugal, J. P., Fosse, P., & Guilbert, R. (2005). The use 

of bone as fuel during the Palaeolithic, experimental study of bone combustible 

properties. The archaeology of milk and fats, 50-59. 

Thomas, F. R. (2007). The Behavioral Ecology of Shellfish Gathering in Western 

Kiribati, Micronesia 1: Prey Choice. Human Ecology, 35(2), 179–194.  

Thomas, J. (2022). Neolithization and Population Replacement in Britain: An Alternative 

View. Cambridge Archaeological Journal, 32(3), 507–525.  

Thomas, J. S. (2008). The Mesolithic-Neolithic transition in Britain. In J. P. 

(Ed.), Prehistoric Britain (pp. 58-89). Basil Blackwell Ltd. 

Thomas, E. R., Wolff, E. W., Mulvaney, R., Steffensen, J. P., Johnsen, S. J., Arrowsmith, 

C., White, J. W. C., Vaughn, B., & Popp, T. (2007). The 8.2 ka event from 

Greenland ice cores. Quaternary Science Reviews, 26(1), 70–81.  

Thulin, C.-G. (2003). The distribution of mountain hares Lepus timidus in Europe: A 

challenge from brown hares L. europaeus? Mammal Review, 33(1), 29–42.  

Tindale, N. B. (1974). Aboriginal Tribes of Australia: Their Terrain, Environmental 

Controls, Distribution, Limits, and Proper Names. Canberra: Australian National 

University Press. 

Tinner, W., & Lotter, A. F. (2001). Central European vegetation response to abrupt 

climate change at 8.2 ka. Geology, 29(6), 551–554.  

Tomasso, A., Serradimigni, M., Ricci, G., & Mihailović, D. (2020). Lost in transition: 

Between late pleistocene and Early Holocene around the adriatica. Quaternary 

International, 564, 3–15.  



146 

 

Tomé, CA., & Vigne, J.-D. (2003). Roe deer (Capreolus capreolus) age at death 

estimates: New methods and modern reference data for tooth eruption and wear, 

and for epiphyseal fusion. Archaeofauna, 12, 157–173.  

Tonkov, S., Possnert, G., Bozilova, E., Marinova, E., & Pavlova, D. (2018). On the 

Holocene vegetation history of the Central Rila Mountains, Bulgaria: The 

palaeoecological record of peat bog Vodniza (2113 m). Review of Palaeobotany 

and Palynology, 250, 16–26.  

Tresset, A., & Vigne, J.-D. (2011). Last hunter-gatherers and first farmers of Europe. 

Comptes Rendus Biologies, 334(3), 182–189.  

Turner, A. (1989). Sample selection, schlepp effects and scavenging: The implications of 

partial recovery for interpretations of the terrestrial mammal assemblage from 

Klasies River Mouth. Journal of Archaeological Science, 16(1), 1–11.  

Tzedakis, P. CA., Lawson, I. T., Frogley, M. R., Hewitt, G. M., & Preece, R. CA. (2002). 

Buffered Tree Population Changes in a Quaternary Refugium: Evolutionary 

Implications. Science, 297(5589), 2044–2047. 

Ugan, A. (2005). Does Size Matter? Body Size, Mass Collecting, and Their Implications 

for Understanding Prehistoric Foraging Behavior. American Antiquity, 70(1), 75–

89.  

Ugarković, N., Konjačić, M., Malnar, J., Tomljanović, K., Šprem, N., & Ugarković, D. 

(2021). Proximate Chemical Composition, Fatty Acid Profile, and Lipid 

Qualitative Indices of Brown Bear Meat. Foods, 10(1), Article 1.  

Vander Linden, M., Marriner, G., Orton, D. CA., de Vareilles, A., Edinborough, K., 

Daković, G., Boronović, N., Gazivoda, D., & Mihailović, D. (2014). Preliminary 

report on the excavations in Seocka pećina, Montenegro (September 2013). In D. 

Mihailović (Ed.) Paleolithic and Mesolithic Research in The Central Balkans. 

Belgrade. 

Vander Linden, M., Marriner, G., Orton, D. CA., de Vareilles, A., Gazivoda, D., & 

Mihailović, D. (2015). Seocka pećina: an early Mesolithic site in south-eastern 

Montenegro. Mesolithic Miscellany, 23(2), 49-54. 

Veiberg, V., Loe, L. E., Mysterud, A., Solberg, E. J., Langvatn, R., & Stenseth, N. Chr. 

(2007). The Ecology and Evolution of Tooth Wear in Red Deer and Moose. 

Oikos, 116(11), 1805–1818.  

Veličković, N., Djan, M., Ferreira, E., Stergar, M., Obreht, D., Maletić, V., & Fonseca, 

CA. (2015). From north to south and back: The role of the Balkans and other 

southern peninsulas in the recolonization of Europe by wild boar. Journal of 

Biogeography, 42(4), 716–728.  

Vermeersch, P. M. (2011). The human occupation of the Benelux during the Younger 

Dryas. Quaternary International, 242(2), 267–276.  

Vettese, D., Blasco, R., Cáceres, I., Gaudzinski-Windheuser, S., Moncel, M.-H., Thun 

Hohenstein, U., & Daujeard, CA. (2020). Towards an understanding of hominin 

marrow extraction strategies: A proposal for a percussion mark terminology. 

Archaeological and Anthropological Sciences, 12.  

Villa, P., Castel, J. CA., Beauval, CA., Bourdillat, V., & Goldberg, P. (2004). Human and 

carnivore sites in the European Middle and Upper Paleolithic: similarities and 



147 

 

differences in bone modification and fragmentation. Revue de paléobiologie, 

23(2), 705-730. 

Villalba-Mouco, V., Loosdrecht, M. S. van de, Posth, C., Mora, R., Martínez-Moreno, J., 

Rojo-Guerra, M., Salazar-García, D. C., Royo-Guillén, J. I., Kunst, M., Rougier, 

H., Crevecoeur, I., Arcusa-Magallón, H., Tejedor-Rodríguez, C., Lagrán, I. G.-M. 

de, Garrido-Pena, R., Alt, K. W., Jeong, C., Schiffels, S., Utrilla, P., … Haak, W. 

(2019). Survival of Late Pleistocene Hunter-Gatherer Ancestry in the Iberian 

Peninsula. Current Biology, 29(7), 1169-1177.e7.  

Vimont, B. (1898). Relation de ce qui s’est passé en la Novvelle France, és années 1644 

and 1645. In R.G. Thwaites (Ed.). The Jesuit Relations and Allied Documents. 

Vol. 28 (pp. 21–103). Burrows Brothers, Oxford, UK. 

Vitezović, S. (2011). The Mesolithic bone industry from Kula, eastern Serbia. Before 

Farming, 2011(3), 1–21.  

Vitezović, S. (2023). Neolithisation of the Balkans: One hundred years of research. In S. 

Babić and M. Milosavljević (Eds.) Archaeological Theory at the Edge(s) (pp. 33-

54). Faculty of Philosophy, University of Belgrade. 

von den Driesch, A., 1976. A Guide to the Measurement of Animal Bones from 

Archaeological Sites, vol. 1. Peabody Museum Bulletin, Cambridge, MA.  

Voorhies M. (1969). Taphonomy and population dynamics of an early Pliocene 

vertebrate fauna, Knox County, Nebraska. University of Wyoming, Contribution 

to Geology, 69. 

Vukosavljević, N., & Perhoč, Z. (2017). Lithic raw material procurement of the Late 

Epigravettian hunter-gatherers from Kopačina Cave (island of Brač, Dalmatia, 

Croatia). Quaternary International, 450, 164–185. 

Vukosavljević, N., Perhoč, Z., & Altherr, R. (2014). Pleistocene-Holocene transition in 

the Vlakno Cave on the island of Dugi otok (Dalmatia, Croatia)–lithic 

perspective. Prilozi Instituta za arheologiju u Zagrebu, 31(1). 

Vukosavljević, N., Perhoč, Z., čečuk, B., & Karavanić, I. (2011). Late Glacial knapped 

stone industry of Kopaćina Cave. Vjesnik Za Arheologiju i Povijest 

Dalmatinsku, 104, 7–54.  

Vušović-Lučić, Z., Mihailović, D., Whallon, R. (2017). History of Research at the 

Rockshelter of Crvena Stijena. In R. Whallon (Ed.) Crvena Stijena in Cultural 

and Ecological Context (pp. 45-48). Podgorica: National Museum of Montenegro, 

Montenegrin Academy of Sciences and Arts, Special editions (Monographies and 

Studies). 

Walker, M. J. CA., Johnsen, S., Rasmussen, S., Popp, T., Steffensen, J.-P., Gibbard, P., 

Hoek, W. Z., Lowe, J., Andrews, J., Björck, S., Cwynar, L., Hughen, K., 

Kershaw, P., Kromer, B., Litt, T., Lowe, D., Nakagawa, T., Newnham, R., & 

Schwander, J. (2009). Formal definition and dating of the GSSP (Global 

Stratotype Section and Point) for the base of the Holocene using the Greenland 

NGRIP ice core, and selected auxiliary records. Journal of Quaternary Science, 

24, 3–17. 

Wallace, A. (1949). The role of the bear in Delaware society. Pennsylvania 

Archaeologist, 19(1-2), 37-46. 



148 

 

Waselkov, G. (2020). Ethnohistorical and Ethnographic Sources on Bear-Human 

Relationships in Native Eastern North America. In H. Lapham and G. Waselkov 

(Eds.) Bears: Archaeogial and Ethnohhistorical Persepctives in Native Eastern 

North America (pp. 16-47). University of Florida Press.  

Weber, B., & Baales, M. (2011). Between warm and cold: Impact of the Younger Dryas 

on human behavior in Central Europe. Quaternary International, 242(2), 277–

301.  

Weninger, B., Alram-Stern, E., Bauer, E., Clare, L., Danzeglocke, U., Jöris, O., Kubatzki, 

C., Rollefson, G., Todorova, H., & Andel, T. van. (2006). Climate Forcing Due to 

the 8200 Cal yr BP Event Observed at Early Neolithic Sites in the Eastern 

Mediterranean. Quaternary Research, 66(3), 401–420.  

Weninger, B., Clare, L., Gerritsen, F., Horejs, B., Krauß, R., Linstädter, J., Özbal, R., & 

Rohling, E. J. (2014). Neolithisation of the Aegean and Southeast Europe during 

the 6600–6000 cal BC period of Rapid Climate Change. Documenta 

Praehistorica, 41, 1–31.  

Whallon, R. (Ed.) (2017). Crvena Stijena in Cultural and Ecological Context. 

Multidisciplinary Archaeological Research in Montenegro. Podgorica: National 

Museum of Montenegro, Montenegrin Academy of Sciences and Arts, Special 

editions (Monographies and Studies). 

Whallon, R. (2017a). Introduction: Theoretical Framework for New Research at Crvena 

Stijena. In R. Whallon (Ed.) Crvena Stijena in Cultural and Ecological Context 

(pp. 1-10). Podgorica: National Museum of Montenegro, Montenegrin Academy 

of Sciences and Arts, Special editions (Monographies and Studies). 

Whallon, R. (2017b). International Collaborative Investigations at Crvena Stijena An 

Outline of Recent and Ongoing Research. In R. Whallon (Ed.) Crvena Stijena in 

Cultural and Ecological Context (pp. 49-81). Podgorica: National Museum of 

Montenegro, Montenegrin Academy of Sciences and Arts, Special editions 

(Monographies and Studies). 

Wicks, K., & Mithen, S. (2014). The impact of the abrupt 8.2 ka cold event on the 

Mesolithic population of western Scotland: A Bayesian chronological analysis 

using ‘activity events’ as a population proxy. Journal of Archaeological Science, 

45, 240–269.  

Wilmshurst, J. F., Fryxell, J. M., & Hudsonb, R. J. (1995). Forage quality and patch 

choice by wapiti (Cervus elaphus). Behavioral Ecology, 6(2), 209–217.  

Wilton, M. L. (1992). Implications of Harvesting Moose During Pre-rut and Rut Activity. 

Alces, 28, 31–34. 

Yost, J. A., & Kelley, P. M. (1983). CHAPTER 6 - Shotguns, Blowguns, and Spears: The 

Analysis of Technological Efficiency. In R. B. Hames & W. T. Vickers (Eds.), 

Adaptive Responses of Native Amazonians (pp. 189–224). Academic Press.  

Yravedra, J., Álvarez‐Alonso, D., Estaca, V., López‐Cisneros, P., Andrés‐Chaín, M., 

Arrizabalaga, Á., ... & Uzquiano, P. (2017). Selection and Exploitation of Macro‐

Vertebrate Resources During the Upper Paleolithic in Northern Spain. New 

Evidence from Coímbre Cave (Peñamellera Alta, Asturias). Oxford Journal of 

Archaeology, 36(4), 331-354. 



149 

 

Yravedra, J., & Uzquiano, P. (2013). Burnt bone assemblages from El Esquilleu cave 

(Cantabria, Northern Spain): Deliberate use for fuel or systematic disposal of 

organic waste? Quaternary Science Reviews, 68, 175–190.  

Yu, H., van de Loosdrecht, M. S., Mannino, M. A., Talamo, S., Rohrlach, A. B., 

Childebayeva, A., Villalba-Mouco, V., Aron, F., Brandt, G., Burri, M., Freund, 

C., Radzeviciute, R., Stahl, R., Wissgott, A., Fewlass, H., Tagliacozzo, A., 

Piperno, M., Tusa, S., Collina, C., … Krause, J. (2022). Genomic and dietary 

discontinuities during the Mesolithic and Neolithic in Sicily. iScience, 25(5), 

104244.  

Zivaljević, I., (2013). Big fish hunting: interpretation of stone clubs from Lepenski Vir. 

Documenta Praehistorica, 34, 52–71. 

Živaljević, I., Askeyev, I., Galimova, D., Askeyev, O., Monakhov, S., Borić, D., & 

Stefanović, S. (2021). Size estimations of sturgeons (Acipenseridae) from the 

Mesolithic-Neolithic Danube Gorges. In D. Borić, D. Antonović, and B. 

Mihailović (Eds.) Foraging Assemblages. Vol. 2 (p. 422‒427). 

Živaljević, I., Dimitrijević, V., Jovanović, J., Blagojević, T., Pendić, J., Putica, A., 

Uzelac, V., Bulatović, J., Spasić, M., Jončić, N., Penezić, K., Anđelić, D., 

Bajčeta, M., & Stefanović, S. (2021). Revealing the “hidden” Pannonian and 

Central Balkan Mesolithic: New radiocarbon evidence from Serbia. Quaternary 

International, 574, 52–67. 

Živaljević, I., Vander Linden, M., Gaastra, J. (2020). Mesolithic lifeways on the shores of 

Skadar Lake: The evidence from Seocka pećina, Montenegro. In Meso'2020 - 

Tenth International Conference on the Mesolithic in Europe 7-11 Sep 2020 (pp. 

146-147). Toulouse (France). 

Zhilin, M. G. (2014). Early Mesolithic Hunting and Fishing Activities in Central Russia: 

A Review of the Faunal and Artefactual Evidence from Wetland Sites. Journal of 

Wetland Archaeology, 14(1), 91–105.  

Zilhao, J. (1993). The spread of agro-pastoral economies across Mediterranean Europe: a 

view from the far west. Journal of Mediterranean Archaeology, 6(1), 5–63.  

Zilhao, J. (2001). Radiocarbon Evidence for Maritime Pioneer Colonization at the 

Origins of Farming in West Mediterranean Europe. Proceedings of the National 

Academy of Sciences - PNAS, 98(24), 14180–14185.  

Zupancich, A., Cristiani, E., Carra, M., Antonović, D., & Borić, D. (2025). Mesolithic 

plant processing unveiled: Multiscale use-wear analysis of the ground stone tools 

from Vlasac (Serbia). Journal of Archaeological Science: Reports, 61, 104907.  

Zvelebil, M. (1986). Hunters in transition: Mesolithic societies of temperate Eurasia and 

their transition to farming. Cambridge University Press. 

Zvelebil, M. (1996). The agricultural frontier and the transition to farming in the circum-

Baltic region. In The Origins and Spread of Agriculture and Pastoralism in 

Eurasia. Routledge. 

 


