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1. Introduction 

1.1. Background 

The study of European Mesolithic hunter-gatherers by means of 

archaeobotanical analysis (macroremains analysis in particular) represents seriously 

understudied topic. The thesis forms part of the research project „Prior to the Neolithic: 

Contextual Analysis of Environmental Dynamics during Early Postglacial 

Transformation of Central Europe‟, financed by the Czech Science Foundation (13-

08169S). The main goal of the research project is to fill gaps in our knowledge 

concerning changes and processes occurring in the Early Postglacial Central Europe. 

Within this frame, the thesis concerns the study of hunter-gatherer archaeobotany, with 

the main focus on Central European Mesolithic. 

 

1.2. Aims 

  The thesis is primarily aimed to be a literature study based on published 

information. This study thus seeks to provide knowledge about European Mesolithic 

hunter-gatherers by focusing on plant use and human impact on the vegetation. A 

further aim is to analyse plant macroremains recovered from two Mesolithic sites from 

the Czech Republic. 

To be able to fulfil above mentioned aims, the following issues need to be considered: 

 To evaluate the existing state of research into the Central European Mesolithic, 

particularly in terms of plant use and human impact upon the vegetation; 

 To bring new data on Mesolithic archaeobotany in the Czech Republic by means 

of plant macroremains analysis; 

 To incorporate various lines of evidence and deliver a holistic understanding of 

the issue. The desired outcome is a review supplemented by new results. 
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1.3. A methodological issue 

 

The thesis is based on integration of various disciplines in order to collect all 

available data and obtain the clearest picture possible of the topic. The study of plant 

use by the hunter-gatherers is thus based on data extracted from the literature 

particularly of the disciplines of archaeology, archaeobotany, experimental archaeology, 

and ethnobotany.  

A literature search for references to the specific plant use offered by the 

ethnobotanical record was carried out. Naturally, one cannot assume that recorded traits 

are inevitably identical with the ancient ones. On the other hand, patterns of behaviour 

documented ethnographically are useful to be compared with patterns observed in the 

archaeological record (Schiffer 1978). Moreover, ethnobotany, the study of people and 

plants and their interactions providing evidence on a variety of edible plants as well as 

information how the plants are used, manipulated and cultivated, can be very useful for 

archaeologists and archaeobotanists studying plant remains recovered from the 

archaeological sites (Messer 1979). Not only plant remains themselves, but also 

archaeological structures and overall archaeological context is studied and presented. 

Moreover, application of experimental archaeology sheds more light on the studied 

issues. Then, it is possible to interpret archaeobotanical findings and generate and test 

hypotheses. 

The other part of this work focuses primarily on two Mesolithic sites in the territory 

of the Czech Republic, studied by means of plant macroremain analysis. For further 

details of material and methods see chapters 4 and 5. 

 

 

1.4. The analysis of plant remains in the archaeological context 

Archaeobotany, the discipline of environmental archaeology, examines botanical 

finds in the context of archaeology. Analytically it consists of different methods, which 

can be divided into two main groups. First one deals with microscopic objects such as 

pollen, diatoms, and phytolites. The other group examines macroremains such as fruits, 

seeds, wood/charcoal, leaves, tubers, etc. (Miller 1997; Beneń 2008). The main focus of 

this work is on the analysis of plant macroremains. 
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Archaeobotanical analysis in terms of plant macroremains aims to study past 

plant-human relationship in terms of diet, subsistence, agricultural strategies, social and 

cultural role of plants, production of fodder as well as the exploitation wild foods 

(Jacomet – Kreuz 1999; van der Veen 2007). The last mentioned is of special 

importance with regard to hunter-gatherer archaeobotany, which is the main focus of 

this study. However, the reconstructions are strongly dependent on the quality of data 

recovered from excavation, sampling and sieving techniques, and also specific 

preservation conditions. The most common encountered modes of preservation are 

carbonization, waterlogging, mineralization, and desiccation (Jacomet – Kreuz 1999; 

Fuller 2007; van der Veen 2007; Beneń 2008). 

In addition, a range of different factors including formation and taphonomic 

processes influence the assemblages. Therefore, understanding of these processes is of 

crucial importance when trying to interpret archaeobotanical data. It is also important to 

bear in mind that various processes could have been involved in assemblage formation 

and material of mixed origin can occur within one sample (van der Veen 2007).  

To summarize, the analysis of plant macroremains can help to answer questions 

outlined above, when properly applied. This is especially true in combination with other 

methods, particularly pollen analysis bringing information on vegetation as well as 

human impact on the landscape on a broader scale (Behre 1981). The plant 

macroremains analysis, on the other hand, provides more precise information on species 

level and related to the local vegetation. Currently, only the interdisciplinary research 

can be considered as suitable tool for answering questions concerning human past 

(Beneń 2008). 

In this work, main attention is paid to plant remains retrieved from 

archaeological features and layers. It should be stressed that this thesis does not attempt 

to reconstruct specific vegetation types or to address ecological issues. Rather, it aims to 

shed more light on plant-human interactions as well as reconstruction of formation of 

archaeological features infills. 
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1.5. Chronological and spatial framework of the work 

This study focuses primarily on the territory of the Czech Republic. However, a 

literature study concerning archaeobotanical evidence covers the whole European 

region, due to little attention paid to the archaeobotany of hunter-gatherers in particular 

and consequently poor data within the region. Ethnobotanical references used within 

this work are not geographically defined, since their role is to broadly examine human 

behaviour and its material context instead of drawing persuasive analogies and 

interpretations (Binford 1967). 

Chronologically, this work concerns the period during which particularly the 

Mesolithic, and peripherally also the Early Neolithic, which was dominated in earlier 

phase by the Linear Pottery Culture (LBK, derived from the German term 

Linearbandkeramik) occurred. Chronological questions may be addressed by various 

types of records such as biostratigraphic evidence, archaeological typology, and 

radiocarbon dating (Kuna et al. 2007, 101-105). According to the archaeological 

chronology, the Early Mesolithic, predominantly characterised by presence of 

microlithic triangles, segments and Tardenoisian points as a diagnostic tool types, lasted 

between 10,000 – 7000 BP. The Late Mesolithic, a period of dominance of geometric 

trapezes and blades longer than before, concerns the period between 7000 – 6500 BP 

(Vencl 2007; Svoboda 2008, 227). The existence of the LBK can be roughly linked to 

the period from the beginning of the 6th millennium BC to the beginning of the 5th 

millennium BC (5600 – 4900 BC) (Pavlů 2004; Pavlů – Zápotocká 2007).  

Environmentally, this period covers the time span from the Preboreal to the 

Atlantic stage of Holocene. The Preboreal was marked by dramatic climatic change 

with annual temperatures about 3 degrees lower than today and an observable growing 

density the birch-pine stands and a simultaneous retreat of steppe vegetation. The 

Boreal can be characterised by a further temperature increase. The birch-pine forests 

were invaded by Quercus, Ulmus, and Corylus, whereas heliophilous and montane 

plants disappeared. The Atlantic was marked by continuity of warm and human 

condition, characterised by thermophilous oak forest and mesophilous mixed lime-oak 

forest spreading in the lowlands and new trees such as Tilia, Acer, Fraxinus, Ulmus, and 

Taxus spreading over the whole area (Roberts 1989; Dreslerová et al. 2007; Loņek 

2007). 
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1.6. A short introduction to the Mesolithic in the Czech Republic 

The term "Mesolithic" was coined by M. H. Westropp to distinguish lithic 

artefacts belonging to the Palaeolithic and polished stone tools of the Neolithic (1866, 

291). Although Mesolithic artefacts were collected by amateurs in the Czech Republic 

from the very beginning of the 20th century, the existence of the Mesolithic was 

disregarded by Czech archaeology (Vencl 2007, 124). A general scepticism was even 

shared by some leading authorities about the very existence of the Mesolithic in the 

region of Central Europe (see e.g. Vencl 2007; Svoboda 2008, 224). In the Czech 

Republic, the Mesolithic was almost unknown period for years (Vencl 2007, 124-125). 

Moreover, study of the Mesolithic period was neglected in the second half of the 20th 

century by Czech archaeologists, who instead paid attention to the study of the 

following Neolithic age. Therefore, the study of the Mesolithic-Neolithic transition in 

the Czech Republic is distorted by large systematic error (Beneń 2004, 147). For 

detailed study concerning Neolithisation process in Central Europe see appendix. 

On the other hand, currently, there is clear evidence for Mesolithic settlement of 

the Czech Republic (see for instance Prońek 1951; Vencl 1990; 1992; 2007; Svoboda et 

al. 1999; 2007; 2013; Svoboda ed. 2003; Vencl ed. 2006; Ńìda – Prostřednìk 2007; 

2010; 2011; Vencl 2007; Svoboda 2008;  Pokorný et al. 2010; Čuláková et al. 2012). 

Mesolithic occupation, as documented in the present-day archaeological record, 

demonstrates a change of settlement strategies compared to the Neolithic, which is 

reflected in all three types of sites encountered in the region: open-air sites, karstic 

caves, and pseudokarstic rockshelters (Svoboda 2008, 221-224). Mesolithic populations 

thus preferred rocky areas with lakes, wetlands, and forested areas. 
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1.7. An outline 

Chapter 1 „Introduction‟ brings the general information and introduction to the 

topic, which sets out the overall framework of the work.  

Chapter 2 „Hunter-gatherer archaeobotany from a European perspective‟ 

provides a look at selected issues in hunter-gatherer archaeobotany. This chapter is not 

meant to be a complete literature review of the subject. Rather, some particular aspects 

such as plant use in the Mesolithic, woodland clearance and discussion concerning 

Mesolithic agriculture are presented. Special attention is paid to particular plant taxa 

occurring at Mesolithic sites in Europe. 

Chapter 3 „Food preparation and consumption‟ represents an attempt to briefly 

summarize evidence and methods of dietary reconstruction and food preparation. The 

chapter includes two papers. The first one discusses acorns as a food resource, with 

emphasis on taste of acorn products and their preparation methods. The second paper 

focuses on specific cooking techniques associated with particular archaeological 

features. Particular attention is also paid to experimental work dealing with hearth-pits. 

Chapters 4 and 5 bring new data obtained by means of analyses of plant 

macroremains from two Mesolithic sites in the Czech Republic. „Archaeobotany of 

Schwarzenberg Lake, South Bohemia‟ is dealing with material recovered from 

archaeological features lying on the sandy peninsula adjacent to the original shore of the 

lake. Special attention is paid to factors affecting composition of archaeobotanical 

remains such as taphonomy and depositional dynamics. „Archaeobotany of Dvojitá 

Brána u Rohlin, North Bohemia‟ then focuses on the Mesolithic in Bohemian Paradise 

bringing interesting, although tentative, indications connected with the study of 

Mesolithic-Neolithic transition . 

Chapter 6 „Conclusion‟ summarizes the key points made in the work. This 

closing section of the work also reflects the significance of a holistic comprehensive 

research and a growing need for interdisciplinary activities between specialists in both 

natural sciences and humanities. 

Finally, the appendix presents the author‟s paper „Current knowledge of the 

Neolithisation process: a Central European perspective‟ summarizing current state of 

research into the transition to farming in Central Europe, which is in many points 

connected to the hunter-gatherer archaeobotany, the subject matter of the work. 
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2. Hunter-gatherer archaeobotany from a European perspective 

 

2.1.  An outline of the history of research into the hunter-gatherer 

archaeobotany with an emphasis on the European Mesolithic 

The importance of plants in diet of modern hunter-gatherer has already been 

stressed by Lee (1968) on the basis of data from the Ethnographic atlas (Murdock 

1967). However, archaeologically, most studies dealing with foods, has long put 

emphasis on animal remains, bones, likely with respect to their visibility in the 

archaeological record and also due to applied research methods. Moreover, when 

dealing with plants, investigations of domesticated and cultivated plants or their 

immediate wild relatives has long dominated in archaeobotanical studies (Hather – 

Mason eds. 2002). As a result, the role of plants has been long systematically 

underestimated (Zvelebil 1994; Hather – Mason eds. 2002).  

  In European perspective, a crucial turning point occurred in 1994, when M. 

Zvelebil published a key study concerning plant use in the Mesolithic. In this study, he 

builds on Clarke‟s model (1976), in which Clarke emphasizes the wide availability of 

potential plant food in temperate and Mediterranean Europe. Zvelebil (1994), however, 

has reviewed that time evidence and has brought information on finds of edible plant 

remains from 74 northern European sites. He revealed that at 40 sites only remains of 

Corylus sp. were reported. Further, 24 sites had only two species, commonly Corylus 

sp. and Quercus sp. or Trapa natans. Taxa such as Prunus sp., Chenopodium sp., 

Nuphar lueta, Nymphaea alba, Rubus idaeus, Polygonum sp., Crataegus sp., Rumex sp., 

Filipendula sp. Malus sp., or Pyrus sp. have also been occasionally reported. Apart 

from plant macroremains, Zvelebil has also discussed other lines of evidence of plant 

use such as pollen data, artefactual, and palaeopathological evidence concluding that the 

patterns of plant use in the Mesolithic should be considered in terms of wild plant food 

husbandry instead of the incidental and opportunistic use of plants for food, based on 

these four lines of evidence. 

Since then, rather individual reports by few authors instead of systematic study 

of the issue can be observed (e.g. Holden et al. 1995; Regnell et al. 1995; Kubiak-

Martens 1996; 1999; Knörzer et al. 1999; Perry 1999; Mason – Hather 2000; Robinson 

2000; Rösch 2000). The exception is the edited volume Hunter-gatherer 
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archaeobotany. Perspectives from the northern temperate zone (Hather – Mason eds. 

2002), which represents a significant milestone in hunter-gatherer archaeobotany. 

Within this volume, a number of investigations of European sites have been undertaken 

(e.g. Mason et al. 2002; Perry 2002; Robinson – Harild 2002; Zapata et al. 2002). 

Several tentative conclusions have been drawn from this project. Firstly, the number of 

small seeds and fruits recovered is extremely low, which can be assigned to poor 

preservation, implying that focusing only on fruits and seeds may not be sufficient when 

dealing with pre-agricultural societies. Secondly, most importantly, identification of 

parenchyma turned out to be of crucial importance when studying past hunter-gatherers, 

since underground storage organs such as rhizomes, roots, and tubers are expected to 

play an important role in relation to seeds and fruits and, also, are frequently present at 

investigated sites. However, identification of parenchymatous tissues is associated with 

many practical problems, particularly a need of examining the remains by scanning 

electron microscopy (SEM). Further, larger seeds and fruits such as Corylus sp., Trapa 

natans, Quercus sp., Prunus sp. or Crataegus sp. are often present and identified. With 

respect to methodology, a need of holistic approach incorporating various disciplines 

such as experimental archaeology, ethnobotany, and also broader archaeobotanical 

analyses including anthracology and palynology are stressed (Mason et al. 2002). Also, 

proper sampling and recovery techniques should be applied to obtain satisfactory 

reflection on the issue. Authors further note that adapting of such a holistic approach is 

relatively time-consuming and its time-effectiveness often questionable, which may also 

be reflected on the state of research. 

Since then, several works presenting new data deserve to be mentioned here 

(Kubiak-Martens 2002; Aura et al. 2005; Out 2008a). However, another important point 

in the history of research into hunter-gatherer archaeobotany worth considering is the 

dissertation of W. Out, Sowing the seed? Human impact and plant subsistence in Dutch 

wetlands during the Late Mesolithic and Early and Middle Neolithic (5500-3400 cal 

BC), bringing substantial evidence on natural vegetation, human impact, plant use and 

cultivation processes in the Dutch wetlands during the Mesolithic and Neolithic, hence, 

contributing to an understanding of the transition from hunting and gathering to 

agriculture on the basis of archaeobotanical research (Out 2009). In terms of further 

development of research, some studies concerning archaeobotany at European 

Mesolithic sites should be mentioned (Filipović et al. 2010; Holst 2010; Regnell 2011; 

Out 2012; Deforce et al. 2013; Marinova et al. 2013; Out – Verhoeven 2014).  
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Another point to be made is that, apart from foods, evidence of broader human 

use of plants, such as structures and artefacts, should be focused. These are for instance 

housing, thatching, vessels, objects of art, sources of fibres for cordage and textiles, 

dyeing tanning, medicinal and psychoactive agents etc. (Hather – Mason 2002). This 

issue have been tackled by a number of authors such as Burov (1998), Hurcombe (2000; 

2007), Mason et al. (2002), Zapata et al. (2002), Hardy (2007; 2008), Wood (2011) 

from the perspective of ethnographic, archaeobotanical, and experimental evidence. 

When focusing on the territory of the Czech Republic, few studies bringing 

extremely scarce data in terms of plant remains found in the Mesolithic context can be 

mentioned (Opravil 2003; Pokorný 2003; Hajnalová in Svoboda et al. 2007 Pokorný et 

al. 2010). The presence of Corylus avellana, Trapa natans, Rubus idaeus, R. saxatilis, 

Sambucus nigra, Chenopodium album, and Galium sp. is reported. 

 To summarize, according to above mentioned studies, several patterns can be 

observed. Firstly, plant macroremains bring substantial evidence about only few 

intentionally used species. Secondly, a clear pattern concerning hazelnuts as the most 

important plant food resource arises (e.g. Holst 2010; Regnell 2011). However, their 

role may be overestimated, particularly in relation to other resources such as roots and 

tubers (Mason et al. 2002). This is connected with another important issue concerning 

foods such as roots, inner bark, stems, leaves, or other vegetative parts of plants. Their 

presence in the assemblage suggests they were available. However, there is a need to 

identify them and integrate the results from all categories of evidence, since number of 

studies has proved that these remains may be identified by scanning electron 

microscopy (e.g. Hather 1991; 1993; 2000; Holden et al. 1995; Kubiak-Martens 1996; 

1999; 2002; 2008; Perry 1999). Therefore, modification of methodological practices 

common on agrarian sites is needed. Lastly, one should note that most of published 

information on plant use in the Mesolithic lack a critical evaluation, since the presence 

of taxa cannot be uncritically associated with their utilisation. 
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2.2. Plant use patterns in hunter-gatherers 

Another issue deserving attention is the intensity of plant use in the Mesolithic. 

As already mentioned, archaeobotanical data are very scarce to estimate the contribution 

of plants to the Mesolithic diet. The extent and significance of Mesolithic plant use have 

been suggested to vary from 5% to 80%, with 15 – 20% being the most commonly 

proposed estimate by several scholars (e.g. Clarke 1976; Jochim 1976; Price 1978; see 

Zvelebil 1994 for further details). These represent very approximate estimations and 

one should take into account considerable variation, which is likely occurring among 

individual European regions, also depending on the availability of fatty aquatic 

resources, fat content of terrestrial mammals, birds, fish, and the overall seasonality. 

With respect to previously mentioned, it is important to bear in mind that human 

intolerance of lean meat-based diet indicates that at least 50% of human energy needs 

have to come from fat or plant foods (Speth et al. 1991), since lean meat can compose 

no more than 35 % of dietary energy (Hardy 2010). When focusing on Central 

European inland Mesolithic communities with rare or no fatty aquatic resources, 

contribution of plants varying between 30% and 40% in order to satisfy human energy 

needs and protein requirements has been proposed, depending on fat content of 

available terrestrial mammals, game birds, and fish (Zvelebil 1994, 58). 

 Moreover, these data are possible to be compared with ethnographic accounts, 

since diets of modern-day hunter-gatherers may represent a reference to past pre-

agricultural dietary practices. Subsistence data in worldwide hunter-gatherer diet based 

on ethnographic atlas (Gray 1999) have been analysed and following trends have been 

recognised (Cordain et al. 2000). Authors report that, when it was ecologically possible, 

hunter-gatherers gained between 45 – 65% of energy from animal foods. Most (73%) 

hunter-gatherer societies derived between 56% and 65% of their subsistence from 

animal foods, whereas 14% of these communities consumed more than 50% of wild 

plant foods (Cordain et al. 2000). Another noticeable fact, considering ethnographic 

evidence, is represented by the diversity within known hunter-gatherer diet. According 

to Kelly‟s ethnographic atlas (1995), diets whose gathered component (including small 

mammals and fish) varies from 0% to 85%, hunted portion from 10% to 90% and fish 

element from 0% to 80%. 

 Taken together, these observation suggest that plant component in hunter-

gatherer diet is not negligible. On the other hand, one should be cautious, since food 
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resources vary by latitude, environment, and season, as already mentioned above. Thus, 

overgeneralization and drawing precise analogies between modern-day and Mesolithic 

hunter-gatherer may be problematic, particularly due to the fact that diets of many 

modern hunter-gatherer communities contain substantial portions of domesticated 

resources having different concentrations of fats, carbohydrates, vitamins, fibre, 

minerals etc. (Jenike 2001, 208). 

Furthermore, ethnographic record also indicates that not all available resources 

were utilised. This fact is clearly apparent on the example of the Kalahari !Kung, who 

consider 85 plant species edible, however, more than half of the entire plant diet is 

formed by a single plant species the mongongo (Schinziophyton rautanenii) (Lee 1968; 

1973). Also, other factors affecting food choice should be taken into consideration. 

Apart from above mentioned availability, one should bear in mind that social factors, 

fashion, affluence, price, religion, tradition, cultural patterns, etc. could have played an 

important role in food choice (Fisher – Bender 1970, 6-7).  

Furthermore, ethnographic accounts have repeatedly shown the wide range of 

behaviours and the flexibility of hunter-gatherers. Hunter-gatherer diversity in habitat, 

technology, diet, physical attributes, reproductive histories, technology, languages, 

social organisation, issue of local response to environmental constraints etc. is well 

reported among present and past hunter-gatherers (Panter-Brick et al. 2001).  Therefore, 

the danger of misinterpretation and overgeneralization must be emphasised. 

 To summarize, current finds need to be critically re-evaluated since many of 

them lack information concerning particular archaeological context and the presence of 

potential useful plants at the site itself cannot be considered as convincing evidence for 

their utilisation. Unfortunately, this is often disregarded in publications dealing with 

hunter-gatherer archaeobotany. Evidence of food plants can be then provided by plant 

remains found in human intestines or human coprolites. Strong indication for plant 

foods may be represented for instance by plant residues in storage pits or vessels, which 

are regrettably exceptional in the Mesolithic context.   On the other hand, criteria to 

prove human transport and manipulation of plants suggested by Dietsch (1996) should 

be taken into consideration. According to Dietsch (1996), following five main criteria 

may be observed to enable detection of wild plants manipulated by humans: 

1) Ecology, which can be used to identify presence of taxa outside their natural 

environment; 
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2) Number of plant remains, since overrepresentation of some taxa may reflect 

gathering; 

3) Carbonization, which may indicate human processing activities; 

4) Fragmentation, also suggesting possible plant processing practices; 

5) Spatial distribution, as location in archaeological structures may reflect 

anthropogenic manipulation. 

 

2.2.1. Human impact on the vegetation: woodland clearance 

Apart from the evidence available from plant macroremains, pollen studies play 

important role in understanding human impact on the vegetation in the Mesolithic. 

During this period, hunter-gatherers started to be less mobile due to environmental 

changes and consequently affected local environments around camp sites more 

intensively (Kuneń et al. 2008). Particularly, the phenomenon of woodland clearance 

belongs to the most discussed issues concerning Mesolithic societies. 

Although traditionally, Mesolithic communities were not expected to clear 

forests (see Vera 2000), these disturbance phases visible in pollen diagrams, for 

example in Britain (e.g. Simmons 1996; Innes et al. 2003), Germany (Bos – Urz 2003), 

and recently also the Czech Republic (Nováková et al. 2008; Pokorný et al. 2008; 

2010), are associated with evidence of regular and recurrent burning and clearance 

activity delaying forest regeneration (Jacobi et al. 1976; Mellars 1976). Such burning of 

the vegetation is documented not only by the permanent presence of microcharcoal in 

pollen records, but also increased incidence of certain anthropogenic pollen indicators. 

These are plants that prefer open habitats such as Thalictrum, Rumex, Melampyrum, 

Plantago lanceolata, Poaceae, and that expand to fire-affected areas including 

Pteridium aquilinum, or Calluna vulgaris (Simmons 1996; Pokorný 1999; Kuneń et al. 

2008; Pokorný et al. 2008). 

Such evidence also supports the suggestion that Mesolithic people deliberately 

manipulated their environment as a part of organized land use strategy (Zvelebil 1994). 

However, these disturbances can be interpreted also in terms of natural processes such 

as lightning strike, storms, windthrows etc. that would leave an identical signal in the 

palaeoecological record as anthropogenic clearance (Simmons 1996; Brown 1997). In 

addition to mentioned above, it has been proposed that only the presence of cereal 

pollen can indicate without doubt the anthropogenic origins of disturbances (Simmons – 

Innes 1987), but this would consider only forest clearances associated with cereal 
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cultivation (Zvelebil 1994). Despite all of this, Mesolithic sites are almost everywhere 

in the world accompanied by large amounts of microcharcoal, which is found in 

sedimentary records. This plays into the idea of burning forests as a usual way of 

dealing with nature (Sádlo et al. 2008) and continuous presence of microscopic charcoal 

in the sediments is now also considered as reliable indicator of human activity during 

the pre-agricultural Holocene (Pokorný 1999). 

Moreover, it is generally accepted that woodland clearances, irrespectively of 

their causation, were utilized by Mesolithic populations for food procurement. However 

clearances were created, they had an economic use. Plant and animal productivity could 

be almost doubled by a strategy of controlled burning (Mellars 1976). Forest clearance 

would have led to particular advantages for the propagation of edible plants and 

clearings serve also in order to facilitate hunting as well as mobility of human 

populations (Jacobi et al. 1976; Mellars 1976; Zvelebil 1994; Mason 2000). 

One should also take in account the fact that discussion concerning Mesolithic 

socialities is seriously lacking (Davies et al. 2005). However, ecological relationships 

may have been a key factor in the development of social relationships in the Mesolithic 

and it is important not to separate the economic from the cultural, particularly in terms 

of understanding human interaction with woodlands in the Mesolithic (Moore 2003). 

Nonetheless, environment and trees within it could be considered as more than a 

background to human activity. In this regard, it is important to distinguish between two 

possible modes of human-environment relationships. The first one can be described as 

beneficent human-environment relationship, where human and non-humans influence 

one another in a mutually beneficial way. This contrasts, however, with another mode 

of human-environment relationship, concept of wilderness, where fear is a primary 

motivator determining behaviour and surroundings is more often seen as malevolent 

rather than benevolent (Evans et al. 1999; Warren 2003; Davies et al. 2005). 

With respect to anthropological and ethnographic evidence, Davies et al. (2005) 

suggest that Mesolithic populations may have been driven more likely by anxiety and 

fear of their surroundings, rather than be familiar with it. Therefore, thinking of the 

woodlands as being marked by paths (Warren 2003; Tilley 1994, 202), one of the 

primary motivators in establishing paths may have been fear of actual harm of wildlife, 

spirits, or getting lost in surroundings where the horizon is seldom visible. 

Consequently, woodland clearings may result from such fears and could be explained as 

a purely social phenomenon. 
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2.2.2. Mesolithic agriculture? 

Moreover, recently there has been also discussion of accumulating 

palaeobotanical evidence that points out to agricultural activity in Central and Northern 

Europe well before the onset of the Neolithic (Innes et al. 2003; Klassen 2004; Poska 

and Saarse 2006; Behre 2007; Tinner et al. 2007). The palynological evidence is based 

on the consistent presence of the Cerealia pollen within the sediments that provide high 

temporal resolution and precision for the period of interest. The presence of pollen of 

Cerealia during the Mesolithic period also correlates with the pollen of semi-cultural 

plants or weeds, such as Plantago lanceolata that is considered to be one of the most 

reliable indicators of agriculture (Tinner et al. 2007; see Behre 2007 for further 

discussion). Given that the evidence for cereal cultivation during the Mesolithic is 

provided for instance from Switzerland, Austria, France, Estonia, British Isles (Innes et 

al. 2003; Poska and Saarse 2006; Tinner et al. 2007) etc., some scholars (e.g. Tinner et 

al. 2007) thus consider the occurrence of pollen indicative of agriculture activities 

during the Late Mesolithic as a widespread phenomenon in Europe. 

However, the topic is in the centre of controversial debates mainly because there 

are no well-dated macroremains of crop plants of pre-Neolithic age (Behre 2007) that 

may be caused by the fact that no Late Mesolithic sites in and around central Europe are 

known with good conditions for preservation of botanical remains (Jacomet – Kreuz 

1999). The Mesolithic agriculture, as assumed, is based solely on the occurrence of 

single Cerealia or Cereal-type pollen in the respective levels of pollen diagrams (Behre 

2007; Tinner et al. 2007). Firstly, single pollen grains of Cerealia-type which have been 

interpreted as indicators of earliest agriculture, however, may not really derive from 

cereals, because cereal pollen can be morphologically similar to that of wild grasses and 

is not always distinguishable (Dumayne-Peaty 2001, 381). Another problem is the 

spontaneous polyploidization of wild grasses, which leads to the development of large 

pollen grains, contributing to the difficulties of identification cereals (Behre 2007; 

Pokorný et al. 2008). In addition to misidentification, there are also problems of 

contamination or possible long-distance transport of the Cereal-type wild grass pollen 

grains from the Near East and the eastern Mediterranean that cannot be distinguished 

from cereals (Behre 2007). Another explanation of the appearance of pre-Neolithic 

cereal-type pollen would be the cultivation of indigenous wild grasses (Zvelebil 1994).  
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One of the most common arguments for ruling out Mesolithic agriculture is that 

crops cannot be produced without permanent settlement activity protecting the fields 

against herbivores (Behre 2007). However, protection can be provided by simple fence 

construction made from prickly shrubs (Pokorný – Sádlo 2008). Moreover, evidence 

suggests that possible cereal production during the Mesolithic was low-intensity and the 

purpose of this could have been planting cereals for prestige reasons (Mithen 1996; 

Tinner et al. 2007). Although this may represent economically useful activity, one 

should take into account that growing sedentarism, associated with adoption of 

agriculture, gave rise to epidemics and health problems and should not be perceived 

unambiguously (Tringham 2000; Bánffy 2005; Beneń 2013). On the other hand, very 

little is known about the social organisation and beliefs of Mesolithic communities in 

Central Europe, particularly in contrast to the South-East European Neolithic and the 

issue concerning the origins of agriculture, where cult and ritual life has been well 

documented in the archaeological record (Hodder 1990; Bánffy 2005).  

 

2.2.3. Selected plants occurring in the Mesolithic context: perspectives 

from archaeobotany and ethnobotany 

The plant macroremains of following taxa are recorded to occur at European 

Mesolithic sites based on above mentioned studies (see chapter 2.1). Special attention is 

also paid to taxa recovered from the sites in the Czech Republic. Here, also 

ethnobotanical information on these plants is provided. One should keep in mind that 

these are not all taxa identified within Mesolithic context. Rather, those occurring at 

more sites or within context suggesting their manipulation by humans are presented and 

discussed. 

 

Seeds, fruits and nuts 

Corylus avellana 

Hazelnut shells represent very abundant macroremains at most sites. Very likely, 

hazelnuts functioned as staple food, since their energetic value is very high, containing 

more than 60% fat, 15% proteins and nearly 17% carbohydrate, in addition to a large 

amount of unsaturated fatty acids, mineral and vitamins (Holst 2010). However, they 

are easily recognisable in contrast to other sources, particularly underground storage 

organs in the archaeological record. Therefore, their role may be overestimated (Mason 
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et al. 2002). Their frequent occurrence may also be connected with their roasting, which 

enables good storability etc. (see chapter 3.2 for further details). Large amounts of 

hazelnut shells are known for instance from the sites of Duvensee, Germany (Holst 

2010) or Staosnaig, Scotland (Mithen et al. 2001). In the Czech Republic, finds of 

hazelnut shells are reported from Okrouhlìk, Dolský Mlýn, Máselnìk, Pod Zubem, Pod 

Křìdlem, Arba, Sojčì Převis, Jezevčì Převis, Kristova Jeskyně, Schwarzenberg Lake, 

Údolì Samoty, Dvojitá Brána u Rohlin, (Opravil 2003; Pokorný 2003; Komárková 

2005; Pokorný et al. 2008; Ņáčková 2008; Svoboda et al. 2013; Divińová in this thesis). 

 

Quercus sp. 

Acorns are known to be used extensively for a variety of purposes such as foods, 

animal fodder, dyeing and tanning agent. For detail information concerning use of 

acorns see chapter 3.1. Finds of acorns are reported from a number of sites such as 

Tybind Vig and Halsskov, Denmark (Kubiak-Martens 1999; Robinson – Harild 2002) 

or Roc del Migdia, Catalonia (Holden et al. 1995). 

 

Trapa natans 

Fruits of Trapa natans are rich in starch (50%), protein (10%) and fat. They can 

be eaten raw, as well as boiled or roasted. They can also be preserved for several weeks, 

when roasted. As in the case of hazelnuts, roasting makes them easier to open, ground 

to flour and better flavour is also induced (Renfrew 1973; Karg 2006). Remains of T. 

natans have been found for instance at sites in the Dutch central river area (Out 2009). 

In the Czech Republic, fruits of T. natans have been found at the site of Schwarzenberg 

Lake (Pokorný et al. 2008; 2010). 

 

Cornus mas 

 Bushes of Cornus mas bear edible fruits, which are widely used as food and 

medicine, since they contain a large amount of vitamin C (Klimenko 2004; Łuczaj 

2012). Interestingly, finds of C. mas stones in deposit related to burial infill are reported 

from the site of Vlasac, Serbia (Filipović et al. 2010). 
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Cornus sanguinea 

 Although the edibility of fruits of C. sanguinea is discussed (Dietsch 1996; Out 

2009), they are known to be eaten from ethnobotanical record (e.g. Dénes et al. 2012). 

The fruits are slightly toxic, but their palatability and edibility increase after 

preparation. Moreover, selective use of C. sanguinea for Mesolithic and Neolithic fish 

traps has been observed in Netherlands (Out 2008b). There are finds of stones of C. 

sanbuinea at several sites in Netherlands (Out 2009) as well as in Denmark (Kubiak-

Martens 1999). 

 

Rubus sp. 

Fruits of Rubus taxa represent food resource often referred to as unsuitable for 

storage (Out 2009). On the other hand, recent hunter-gatherers are reported to store 

them over the winter (Mears – Hillman 2007). Also, these taxa may be consumed 

directly without any preparation and evidence of their consumption may thus be 

underrepresented (Out 2009). Ethnobotanically, the utilization of Rubus fruits, leaves, 

roots as well as whole plants mostly for food and medicine may be traced (Moerman 

1998, 492-494; Mears – Hillman 2007). Fruits or Rubus taxa have been found at several 

sites, for example R. idaeus from the site of Halsskov, Denmark can be mentioned 

(Robinson – Harild 2002). In the Czech Republic, R. idaeus and R. saxatilis have been 

retrieved from Jezevčì Převis and Schwarzenberg Lake (Pokorný 2003; Ņáčková 2008; 

Pokorný et al. 2010). 

 

Sambucus sp. 

Sambucus nigra represents one of the most versatile plants used for food, 

medicine, crafts and games, as well as for ornamental purposes. In addition, almost 

every part of the plant, including the bark, roots, leaves, flowers, and fruit, has some 

uses. Finds of Sambucus ebulus/nigra are known for instance from Vlasac, Serbia 

(Filipović et al. 2010). In the Czech Republic, seeds of Sambucus nigra were recovered 

from Jezevčì Převis (Pokorný 2003). 

In contrast to Sambucus nigra, S. racemosa requires processing to render it 

edible, since the fruit and its seeds are somewhat toxic.  However, S. racemosa 

represents widely used food, as well documented through the ethnobotanical record, 

representing a particularly good source of vitamin C, copper and fibre. Due to the 

toxicity, the berries are nearly always described as being cooked prior to consumption. 
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Native American groups on the southern Northwest Coast cooked red elderberry fruit 

through steaming on rocks, pit-baking, and boiling. Interestingly, there are no clear 

reports that seeds were removed during the cooking or drying phases of processing. 

Seeds were generally removed while the fruit was being consumed. Red elderberry 

appears to have been a readily and commonly stored fruit on the Northwest Coast, also 

being described as an important winter food (Moerman 1998, 513-514; Losey et al. 

2003). In the Czech Republic, Sambucus racemosa was recorded at the site of Dvojitá 

Brána u Rohlin (Divińová in this thesis). 

 

Chenopodium album 

 Chenopodium album has edible foliage as well as easily gatherable seeds, which 

can be harvested in great quantity. Its extensive use for food as well as medicine is 

widely known. Green leaves and stems are eaten raw, boiled or dried for future use. 

Seeds are most commonly used for porridge or ground into flour subsequently used for 

making bread (e.g. Moerman 1998, 154-155; Mears – Hillman 2007). Seeds of C. 

album are commonly found at Mesolithic sites. For example, Halsskov and Tybrind 

Vig, Denmark (Kubiak-Martens 1999; Robinson – Harild 2002) or German Rhineland 

(Knörzer et al. 1999) can be mentioned. In the Czech Republic, the presence C. album 

has been recorded at Jezevčì Převis (Pokorný 2003). 

 

Rosa sp. 

The fruits of Rosa sp. are edible, characterized by uniquely high concentration of 

vitamin C. On the other hand, it is interesting to note that although the flesh is of good 

taste, the seeds and hairs need to be rinsed away as they cause choking and irritation of 

the throat (Mears – Hillman 20007). Fruits of Rosa sp. have been found for instance at 

Danish site of Tybrind Vig (Kubiak-Martens 1999) or at Dutch wetland sites (Out 

2009). 

 

Malus sylvestris 

 Malus sylvetris bears good tasting fruits, although their vitamin content is 

relatively poor. However, energetic value of dried apples is considerable, since they 

contain 62% of carbohydrates (Renfrew 1973; Out 2009). Fruit fragments and seeds of 

M. sylvestris have been recovered from many sites in Dutch wetland sites; in some cases 

even evidence of fruit drying and storage is recorded (Out 2009). 
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Green vegetables 

Many taxa found at the Mesolithic sites represent plants which could have been 

used as green vegetables, although one should keep in mind that this is extremely 

difficult to prove. Among these potentially edible taxa, namely Chenopodium album 

(see above), Urtica dioica, Phragmites australis, Rumex crispus, Rumex sp., Atriplex 

sp., Stellaria media, Polygonum sp., Potentilla anserina etc. could be considered. 

 

Roots/tubers/rhizomes 

As already mentioned, underground storage organs are argued to represent an 

important food resource in European Mesolithic. Furthermore, many of the following 

plants are known for their extremely versatile use. A case study concerning the use of 

Pteridium aquilinum is presented below to illustrate this phenomenon. Not only 

Pteridium aquilinum, but also taxa such as Ficaria verna, Bolboschoenus maritimus, 

Beta vulgaris ssp. maritimus, Typha latifolia/angustifolia, Allium sp., Sagittaria 

sagittifolia, Polygonum sp., Phragmites australis, Schoenoplectus lacutris, Nymphaea 

alba, Nuphar lutea etc. should be perceived in this manner. 

 

Pteridium aquilinum 

The bracken has been widely utilized in a variety of ways by humans in all parts 

of the world (Rymer 1976). Bracken has been mainly used as a food. Either the young 

fronds or the rhizomes have been widely used as food in many areas such as aboriginal 

Australia, New Zealand, North America, Britain or Japan. Particularly the rhizomes 

have considerable stores of starch and have been the source for a sort of flour, which 

was used as a caloric staple by hunter-gatherers such as the Maori of New Zealand 

(McGlone et al. 2005) and the indigenous people of Western Washington (Norton 

1979). The ethnographic record even shows how this fern was collected and prepared as 

a form of flour and baked or dried into cakes and bread. 

The ethnographic record also shows that plant management by burning was 

occurring in Western Washington in association with bracken, which survives periodic 

burning well since its top growth dies down in the autumn ant the root system is not 

harmed by fires. Moreover, not only land management by burning encourage bracken 

growth, but heating bracken can also reduce its toxicity (Pohl 1955, Norton 1979). 

Apart of already mentioned use of bracken as a food resource, bracken fern has 

been widely used for other purposes such as bedding for animals and man, floor cover, 
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fuel, as ornamental and ritual plant, as dying agent, roofing, baskets, mulch, or as source 

of potash for the glass and soap industry in various parts of the world in various eras 

(for further details and literature see Rasmussen 2003). Moreover, in many parts of the 

world such as Japan, Korea, China or Brazil bracken is still used for food, since the 

content of ptaquiloside, which causes bracken toxicity, can be significantly reduced by 

steeping, boiling etc. (e.g. Rasmussen 2003). 

Furthermore, to find out if bracken could have been a staple food, Ray Mears 

and Gordon Hillman conducted an experiment concerning digging up the rhizomes of 

many populations of bracken in several parts of the British Isles. Surprisingly, they 

failed to find any with sufficient stores of starch to justify the effort expended, which 

highlights the importance of detailed local knowledge when foraging for wild foods 

(Mears – Hillman 2007). 

Turning now to the archaeological record, one should bear in mind that spores of 

bracken fern, Pteridium aquilinum, appear in pollen record in Central European 

Mesolithic (e.g. Pokorný et al. 2008). Another striking fact about that pollen record is 

that bracken spores seem to be significantly correlated with the human activity and 

disturbances visible in pollen record (Pokorný 1999; Kuneń et al. 2008).  

The important question that remains to be answered is whether bracken fern was 

utilized by Mesolithic hunter-gatherers, as implied by Western Washington analogy. In 

this manner, particularly interesting is the case of the Late Mesolithic Netherlands. L. 

Kubiak Martens (2008) conducted analysis of charred parenchymal tissue from 

vegetative parts of plants originating from a large number of samples which are 

associated with the Late Mesolithic site of Hattemerbroek using scanning electron 

microscope (SEM). She succeeded in identifying parenchymal tissue of at least two 

types of fern – bracken (Pteridium aquilinum) and most likely male fern (Dryopteris 

filix-mas). Those were found along with some other plants such as horsetail (Equisetum) 

or a rhizome belonging to Cyperaceae. According to the author, the context they come 

from suggests that they represent a food waste, but they must have first become charred, 

likely during cooking elsewhere. 

It is clear at this point that the identification of charred fragments of 

pyrenchymatical tissue from tubers and rhizomes using SEM is of crucial importance 

and that evidence gained by this technique is easily overlooked when standard methods 

of plant identification are used (Perry 1999; Kubiak-Martens 1999; 2008; Mason et al. 

2002). However, an identification of root food is not a common part of archaeobotanical 
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research. It is obvious, as already stated, that the analysis of roots and tubers is essential 

in the study of plant use in the Mesolithic as well as the hunter-gatherer economy. This 

contribution aims to show that the evidence for the use of root food and other vegetative 

plant parts can be recovered from many other hunter-gatherer sites and, therefore, the 

identification of charred fragments of parenchymatous tissue is of special importance in 

studying Mesolithic hunter-gatherers. Last but not least, it is important to note that the 

case of bracken fern is only one of many possible plant resources. 

 

Other uses 

Apart from plant use for food and medicine, also other uses such as use for 

dyeing, tanning, constructions, vessels or cordage should be taken into account. Taxa 

such as Phragmites australis, Pteridium aquilinum, Typha angustifolia/latifolia, 

Quercus sp., Cornus sanguinea, Urtica dioica etc. can be mentioned here.  
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3. Food preparation and consumption 

Primarily it is important to note that data concerning food preparation and 

consumption are very scarce and methodology often coarse. Human subsistence 

practices are therefore difficult to reconstruct, particularly in case of plant foods. Hence, 

several lines of evidence are under consideration. Diet measurement from bone 

chemistry brings direct dietary reconstruction (e.g. Sealy 2001). Animal and plant 

remains as well as study of artefacts and archaeological structures, on the other hand, 

represent indirect evidence of past diet and food preparation (Fischer et al. 2007). 

Direct method of dietary reconstruction is represented particularly by stable 

isotope analysis. With respect to the Mesolithic, recent research has mainly focused on a 

sharp shift in subsistence practice during the transition to farming. For further 

information see appendix. An alternative approach regarding the direct evidence on 

specific food consumption may be derived from studying human coprolites. Such 

evidence is recorded in Central Russia, where water lilies seed were found in coprolites 

from the early Mesolithic cultural layer at the site Ivanovskoye VII (Zhilin – Karhu 

2002, 115). Also, analysis of pollen from coprolites at Vlasac may be mentioned 

(Cârciumaru 1978), since they may provide insight into Mesolithic subsistence by 

detecting potentially edible plant such as pine, oak, walnut or hazel. However, 

association of these coprolites with Mesolithic layers is arguable (see Kozlowski – 

Kozlowski 1986, 97). Similarly, pollen of Hippophae, Solanum dulcamara and 

Sambucus nigra was contained in coprolite from Schipluiden. This coprolite may, 

however, belong to human or large dog (Bakels 2006). 

Reconstructing food procurement in the Mesolithic has mostly been dealing with 

animal remains clearly visible in the archaeological record, whereas plants have been 

long neglected and tend to be underestimated due to various factors such as poor 

preservation or insufficient research methods (Zvelebil 1994; López-Dóriga 2012). 

With respect to preparation practices and cooking techniques, one should bear in mind 

that many practices such as grinding, pounding, sun-drying, eating raw foods are 

extremely difficult to trace archaeologically. However, present-day research is able to 

detect even some of these techniques through the study of phytoliths, starch residues or 

by means of use-wear analysis of tools. As an example, detection of Corylus sp. and 

Quercus sp. starch granules on artefacts associated with nut remains from the site of 

Font del Ros, Spain can be mentioned (Martinez-Moreno – Mora Torcal 2011 after Juan 
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1997). Another example comes from the territory of the Czech Republic, where 

analyses of stone tools including microscopic use-wear and residues analyses were 

performed and plant processing as the primary activity at the short-time site Pod 

Křìdlem was suggested. Alternatively, stone tools recovered from long-term site Pod 

Zubem indicate they were used on a variety of materials. These traces, however, cannot 

be clearly associated with food preparation (Hardy – Svoboda 2009). 

Considering the evidence from plant macroremains found within the 

archaeological context (see chapter 2.2.3), it is possible to observe particular plant 

species probably used. On the other hand, one should bear in mind that available 

evidence brings information concerning domestic preparation and consumption, since 

presented data come from the archaeological sites. Therefore, off-site practices may 

have been undervalued, particularly in case of species such as Rubus sp., Rosa sp., 

Sambucus sp., Vaccinium sp. etc., which may have been consumed on the hoof  (Out 

2008a, 92).  

Special attention is paid to acorns as a food resource. Literature review dealing 

with current knowledge of acorns as a food resource in prehistoric Europe is presented. 

Furthermore, experimental work shedding light on the question of the taste of acorn 

products, which is closely linked to preparation methods, is included and reported 

below in chapter 3.1. 

Archaeologically, some specific cooking techniques are associated with 

particular features. Those are summarized and discussed also with respect to 

archaeobotanical implications separately in chapter 3.2.  
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3.1.  Acorns as a food resource 

Acorns as a food resource. An experiment with acorn preparation and taste
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Abstract  

This paper summarizes our current knowledge of acorns as a food resource in 

prehistoric Europe. It sheds light on the question of the taste of acorn products, which is 

closely linked to preparation methods. An experiment was conducted that consisted of 

the preparation of eight different acorn recipes, human tasters, a questionnaire-based 

survey, and statistical evaluation. The paper presents the various factors that testers 

indicated had an effect on the taste of differently prepared acorn products. 

 

Introduction 

Although oaks formed a significant component of European prehistoric 

landscape, their potential as a food resource has been underestimated relative to other 

plant foods. In spite of their characteristic taste, acorns have always been an attractive 

food resource, and exploited by humans. This contribution considers acorns and their 

importance in human diet throughout European prehistory. Additionally, the paper 

                                                 
1
 The main contribution of the author is the review of current knowledge of acorns as a food 

resource in prehistoric Europe, which is presented in this chapter. Further, the author 

contributed to the experiment, which is described in detail in Ńálková et al. 2011 

(http://www.iansa.eu/papers/IANSA-2011-02-salkova.pdf) and also briefly summarized as part 

of the chapter. 
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examines some methods of acorn processing and how various factors affect the taste of 

acorn products. 

 

Oaks  

From the beginning of the Holocene oak trees were an important element of the 

vegetation of much of Europe (Pokorný 2004; Dreslerová et al. 2007; Kuneń 2008). The 

common presence of oaks in forests throughout prehistory is evidenced by the 

numerous charcoal fragments found within the archaeological record of most prehistoric 

cultures (Vencl 1985, 535). In the Boreal period (Mesolithic, 11,500–8,900 BP), mixed 

oak forests (Quercetum mixtum) increasingly dominated the forest landscape. Mixed 

forests expanded from the floodplains to their current range and then gradually 

transformed to acidophilous oak forests. A new type of forest, in which beech and fir 

were the dominant species, spread and became dominant in the Subboreal period 

(Eneolithic – early Iron Age, 5700–2600 BP). However, the process of the degradation 

of mixed oak forest and the spread of modern forest communities was asynchronous 

(Dreslerová et al. 2007, 41-44). 

Apart from acorns for food, oaks were exploited for numerous other purposes, 

including construction material, charcoal production, firewood, production of rope, and 

the extraction of tannin (Rosenberg 2008, 169). The use of oak (along with hazel, elm, 

ash, linden, willow, maple, alder and fir) as brush-wood fodder in winter during early 

prehistoric agricultural development was also of crucial importance (Dreslerová et al. 

2007, 48; Hejcman et al. 2014).  

 

Acorns as a food resource 

Acorns are nutritionally comparable to cereals, being largely a source of 

carbohydrates, fats and fibres. Acorn also contains proteins, amino acids and vitamins, 

mostly A and C (Rosenberg 2008). The caloric value of acorn varies between species, 

but ranges between 265 and 520 calories per 100g (see Rosenberg 2008). Additionally it 

has been proven that acorns have antioxidant effects (Rakić et al. 2006). In the right 

conditions acorns may also be stored for long periods (Mason 1995; Cunningham 

2011).  

On the other hand, acorns also contain a high concentration of tannic acid, a 

mild toxin which gives them a bitter taste. The concentration of tannin varies between 

oak species and even between individual trees of one species (Mason 1995). Some oak 



Food preparation and consumption 

 

 

26 

species produce acorns low in tannin and all acorns are edible when properly prepared. 

Tannins can be removed by a variety of methods such as soaking in water, boiling, 

roasting or even simply burying them in the ground (see Vencl 1985 for further details).  

Vencl (1996) notes several factors limiting the exploitation of acorns as food. 

First, individual oak species differ in their annual fruit production and acorn taste. Oak 

begins to bear fruit after about 25 years. Even though oak trees usually produce a 

plentiful crop of acorns, a rich crop does not occur annually, and the interval between 

good yields varies by species. Although this irregularity of availability could be 

compensated by the durability of acorns and the coexistence of diverse oak species 

within one area, it can be assumed that this was a factor that limited oak cultivation 

(Vencl 1996, 95). Both good and poor producers tend to be similarly represented in the 

fruiting population (Greenberg 2000). With regard to central European oaks (Q. robur 

and Q. petraea), which go through a 2 to 6 year cycle, Karg and Haas have suggested 

that these could have been managed in prehistory in order to increase the availability of 

nutrient resources and consequently to enlarge the yields (Karg – Haas 1996). Another 

factor limiting acorn exploitation for food includes the amount of work involved in 

preparation. 

Acorns were also exploited by past communities for many other reasons. They 

were consumed in the form of bread, soups, porridge, or as a coffee substitute right up 

to modern times (Rakić et al. 2006). Since acorns are also a source of food for many 

domestic animal species, the occurrence of acorns in archaeological contexts may result 

from their use as livestock fodder (Vencl 1996, 96-97). The use of acorrns for pig food 

has also been well documented since medieval times (Le Goff 1991). It should also be 

mentioned that acorns could be used for the processing of animal hides or dyeing 

(Vencl 1985). With respect to medicine it has been reported that oak acorns can be used 

to reduce urination, treat wound and inflammation, stop bleeding and to treat kidney 

stones (Lev – Amar 2000; Lev 2002). 

 

Acorns in prehistory 

In evaluating the evidence for acorn use by ancient communities, we need to consider 

several issues. First, one should bear in mind that the recovery of plant remains depends 

on harvesting and processing methods, preservation conditions, and method of retrieval 

(Dennel 1976). In the case of acorns, poor preservation results from certain processing 

techniques, due to carbonization which usually destroys the thin-walled shells (Lev et 
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al. 2005). Additionally, the manner and location of acorn processing may have been 

undertaken completely or partially off site (Lev et al. 2005). Moreover, a limited use of 

flotation techniques in Europe and significant national and regional differences in the 

intensity of archaeobotanical research (Vencl 1985; Mason 1995), result in an 

underestimation of acorns as a source of human nutrition in the past. On the other hand, 

it needs to be stressed that recent research has put acorns as food into a new perspective. 

Currently, there is no doubt about the extensive use of acorns as food in prehistory (e.g. 

Vencl 1985; 1996; Mason 1992; 1995; Karg – Haas 1996; Kubiak-Martens 1999; 

Bouby et al. 1999; Lev et al. 2005). 

To summarize, acorns are a food resource that could have played an important 

role in prehistoric human subsistence in Europe. As already stated, finds of charred 

acorns are not exceptional, and occur from the Mesolithic through to modern times 

throughout Europe. A considerable body of research indicates that acorns were used 

both occasionally, in emergencies, and systemically. The archaeological record, 

however, cannot resolve whether the individual findings represented a staple or a 

sporadic food resource (Vencl 1985, 552). Acorn use has been widely investigated 

ethnographically, including a well-known ethnographic study of acorns use for human 

consumption in prehistoric California (e.g. Mason 1992). Aside from ethnographic 

research, finds of charred acorns in archaeological contexts have been examined and 

discussed by several authors (see for instance Vencl 1985, 1996; Mason 1992; De 

Hingh 2000). 

Although plant remains are scare in the Palaeolithic, the oldest acorns have been 

found in a number of Palaeolithic sites in the Near East (e.g. Kislev et al. 1992; Goren-

Inbar et al. 2002; Aura et al. 2005; Lev et al. 2005). In light of this, it is thought that 

acorns may have been a staple plant food long before the maximal spread of oak that 

occurred during the Atlantic period (late Mesolithic and Neolithic, 8900–5700 BP) 

(Vencl 1996, 100). 

During the Mesolithic, finds of concentrations of charred acorns increase 

(Zvelebil 1994; Vencl 1996; Kubiak-Martens 1999; Aura et al. 2005), in accord with the 

spread of oak forests, which enabled intensive acorn gathering. Mason (2000) 

considered the possible role played by fire in the Mesolithic, and from ethnographic and 

ecological data suggested that fire could have been used to manipulate the acorn supply. 

This approach to Mesolithic forest burning challenges the traditional view that fire 

might have been used mainly to improve hunting by improving the productivity and 



Food preparation and consumption 

 

 

28 

nutritional quality of animal forage, or to attract animals or to improve visibility of 

animals by reducing their cover (Mason 2000, 139-140). Mason focuses on the manner 

in which burning contributes to acorn gathering. She posits that burning reduces 

competition for nutrients etc. from other species, and in so doing concentrates available 

resources to the acorn crop. In addition, removing ground cover facilitates the gathering 

of acorns. 

It should be clear at this point that during the pre-agricultural period acorns were 

an important plant food resource for hunter-gatherers in Europe. One should also bear in 

mind that archaeological evidence supports the conclusion that acorns have always been 

an attractive food resource within various resource strategies, including agrarian 

societies. According to De Hing (2000, 200-202) acorns in prehistoric agricultural 

communities may have played a role as food substitute or reserve for bad times, 

reserved for emergencies, for example when cereal agriculture had failed. 

Within the context of agricultural sites acorns are usually located close to 

fireplaces and in furnaces. Frequently they are accompanied by other crops (De Hingh 

2000). In addition, acorns are common finds in vessels and storage pits. They are often 

shelled and mixed with cereals. Acorns also occur in shallow pits and are also found 

unshelled (Deforce et al. 2009). Acorns are found in graves, and their use as a sacrifice 

cannot be discounted (Vencl 1985). 

There is no doubt that there is sufficient evidence for acorn use in human 

subsistence in prehistory, as proved above. The focus of this article is on the way in 

which acorns may have been processed to remove their tannins when using them for 

food. In order to do so we conducted an experiment, described below, the aim of which 

was to identify how preparation methods affect the final taste of the product. 

 

Experiment: discussion and conclusions 

Though acorns are considered to be unattractive as a food resource, previous 

studies have clearly demonstrated that acorns were very likely used as a food resource 

throughout prehistory. The present study brings a new perspective on the acorns as a 

food. 

Our experiment found no substantial difference in the taste of pure acorn 

products, by preparation method (the way in which tannin is removed). On the other 

hand, not surprisingly, that taste of pure acorn products differed significantly from those 

with added wheat flour. This may be caused by the fact that tasters are used to the taste 
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of wheat, contrary to acorns. Adding wheat flour likely mitigated the acorn taste and the 

mixed flour products were consequently thought tastier. 

We should also consider the fact that samples processed by acorn shelling, 

grinding and subsequent roasting of acorn flour resulted in a less tasty product than 

other procedures. This result could indicate that the procedure failed to remove the 

tannins. Consequently, this preparation method appeared to be unsuitable in comparison 

to others used in the experiment.  

Tasting results of the remaining samples varied depending upon the addition of 

wheat flour, acorn source, and the respondent (gender, field of study). According to 

these results it is reasonable to assume that final taste of acorn products may not have 

played a crucial role in the choice of preparation method.  Rather, the amount of time, 

labour and energy invested in the procedure could have been of greater importance.   

It is worth considering the variability in results found in relation to acorn source 

and tester. Since oak trees are tolerant to many different conditions, it seems that taste 

differs in relation to various environmental conditions under which oaks grow. In 

addition, some variability could be also explained by minor baking differences of the 

individual experimentators. 

In summary, this paper clearly shows that modern humans are able to consume 

acorns after proper preparation. The statistical evaluation of test data shows that pure 

acorn products were rated between 4 and 5 on a scale of 1 (excellent) to 7 (disgusting). 

Interestingly, a common commercially available Czech rye wheat bread was evaluated 

as 4 on the same scale, by selected testers. 

Taking into account that acorns are nutritionally comparable to cereals, the 

results support the hypothesis that acorns could have been a human staple, particularly 

in the preagricultural period. On the other hand, there are some factors limiting the 

possible exploitation of acorns (see Part 1.2 of the paper), including the amount of work 

involved in acorn preparation. These are of interest and will be the subject of authors‟ 

further investigations. 
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3.2. Food preparation practices in the European Mesolithic with emphasis 

on hearth-pits:  an experimental approach 
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Abstract  

Food preparation practices in the European Mesolithic have been seriously 

understudied, particularly in view of the lack of data. Therefore, presented work 

attempts to shed some light on this issue on the basis of several lines of evidence. 

Selected archaeological features occurring within the European archaeological record, 

accompanied particularly by ethnoarchaeological and experimental data, are presented. 

Particular attention is paid to experimental work dealing with hearth pits. 

 

Keywords: Mesolithic, cooking techniques, hearth-pits, experimental archaeology 

 

Introduction 

A study of food preparation practices in prehistoric European hunter-gatherer 

societies represents issue which has received little attention. Such situation may have 

arisen due to various issues such as scarce archaeological evidence and poor 

preservation conditions. Therefore, this paper aims to bring a clearer picture of 

Mesolithic cooking practices on the basis of encounter of several disciplines – 

archaeology, ethnoarchaeology, and experimental archaeology. Special attention is paid 

to the issues of recognition of selected features in the archaeological record and suitable 

methods of their research. 
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Mesolithic cooking techniques and associated archaeological features 

With respect to a variety of cooking techniques and associated archaeological 

features, several lines of evidence are presented.  This is not meant to be a complete 

review of the subject. Rather, some particular features and their illustrative examples 

are presented with regard to their visibility in the archaeological record. Therefore, 

procedures including pounding, grinding, sun-drying, eating raw foods etc. are not 

considered here. 

 

Surface hearths 

Surface hearths represent a common archaeological feature occurring at 

Mesolithic sites. They are generally assumed to have been used for preparing all kinds 

of food such as those reconstructed in Fig. 3.1, which displays roasting fish over the fire 

as well as on the hot stone, baking cakes made from cattail (Typha latifolia) and acorns 

(Quercus robur) using hot stone or smoke-drying of wild boar meat. Unfortunately, 

these surface hearths, particularly the non-structured ones, are seldom visible in the 

archaeological record mainly due to their short-time use, soil conditions etc. (Sergant et 

al. 2006). Moreover, organic remains recovered from these hearths are commonly 

interpreted as food remains. Nevertheless, one should bear in mind that these finds may 

represent waste thrown into the fire instead of evidence of specific cooking techniques. 

 

Baking in clay 

Another cooking technique that may have been performed using hot ash in 

surface hearth is baking of fish/meat in clay. However, this technique can be 

accomplished just as well using stone-lined pit or hearth-pit without heated stones (see 

below). Unfortunately, there is no direct evidence for this practice from the European 

Mesolithic and referring archaeological evidence in the form of stone-lined pit with a 

great amount of burnt clay comes for example from the following Neolithic and Bronze 

Age (e.g. Higgenbotham 1977). At this point it is important to note that baking in clay 

produce the amount of small fragments of amorphous, slightly burned clay, which can 

be mistakenly interpreted as daub when recovered from the archaeological record 

(Wood 2000). 
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Roasting hearths 

Features interpreted as roasting hearths are known from the Mesolithic sites such 

as Duvensee in Northern Germany. Local roasting structures consist of pine and birch 

bark covered with a layer of sand mixed with ash, charcoal, hazelnut shells and lithic 

artefacts (Fig. 3.2a). These features have been interpreted as roasting facilities for 

hazelnuts (Holst 2007; 2010; 2011). The roasting process can be reconstructed as 

follows: hazelnuts were placed into shallow depressions with sand layer, where fire had 

burned out and the glowing charcoal was mixed into the sand. Hazelnuts were then 

buried and roasted using the hot sand. This is also supported by ethnographic data, since 

similar structures are well-known for roasting mongongo nuts (Schinziophyton 

rautanenii) by the Kalahari !Kung (Lee 1973). Hazelnuts roasted in such way are easy 

to transport by reducing the weight and storable for long periods. Furthermore, roasting 

facilitates hazelnut cracking and grinding, destroys contaminants, induces nutty flavour 

and digestion and last but not least enables their synchronous harvest (Mithen et al. 

2001; Mears – Hillman 2007; Holst 2010). Above mentioned information are also 

confirmed by experimental work (Mithen – Score 2000; Mears – Hillman 2007, 22-28). 

 

Boiling and steaming pits 

Features interpreted as boiling pits represent other features occurring at 

Mesolithic sites. These could be describes as cattle-shaped pits, spatially associated with 

other hearths, and surrounded by heated pebbles. Such features have been revealed for 

instance at the North Bohemian rockshelter Okrouhlìk, Czech Republic (Fig, 3.2b) 

(Svoboda et al. 2007; Svoboda 2008).  Ethnographically and experimentally, these pits 

are lined with bark or animal hide and filled with water. Then, water is brought to the 

boil using stones, heated in nearby hearths, as heat accumulators. As the stones cool, 

they are replaced by hot ones as needed. Ethnographic record also brings evidence that 

most foods are cooked within the range from 15 to 30 minutes (Wood 2000; Thoms 

2006).  Furthermore, ethnographic and experimental data indicate that steaming pits 

should be distinguishable from boiling pits in the archaeological record primarily by the 

presence of large- and medium-size stones in comparison to small-size (less than 10 cm 

in diameter) stones expected to characterize boiling features. Also, pit steaming is 

referred to as being used for cooking plant and root foods in particular (Thoms 2006). 
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Hearth-pits 

Firstly, the archaeological record brings evidence for cooking practices using 

hearth-pits in the form of sunken features lined with stones (Fig. 3.2c). These have been 

documented at Mesolithic sites such as Staosnaig, Scotland (Mithen – Finlay 2000, Fig. 

5.2.35), or Dolský Mlýn, Czech Republic (Svoboda 2003, 94-95; Svoboda et al. 2007). 

The stone-lined shallow pits are also known ethnographically (Wandsnider 1997; 

Peacock 2002; Thoms 2006). According to the latter line of evidence, open stone-lined 

pits are used to process mostly plant tissues, whereas closed hearth pits with the stones 

are referred to as being used for processing of meat of any kind, as first step in drying 

process or for immediate consumption (Thoms 2006). Despite lack of direct evidence of 

such a process, cooking underground in this way can be reconstructed on the basis of 

experimental work as follows. Firstly, suitable rock element is put in a fire. When the 

rock is hot, a created hole in the ground is lined with it. Afterwards, meat, roots or other 

underground storage organs are placed straight on the hot rocks, followed by more hot 

rocks, mat of leaves and enclosing with earth. Archaeologically, this process results in 

sunken feature lined with stones, ash, and charcoal (Mears – Hillman 2007, 84-85). 

The other kind of the Mesolithic hearth-pits is characterised by the absence of 

heating stones. These represent typical Mesolithic feature, especially in the sandy 

European regions. Numerous finds of these features come particularly from the area of 

northern Belgium, the Netherlands and neighbouring part of Germany. These hearth-

pits can be defined as relatively small (generally < 1 m in diameter) and relatively deep 

(mean depth 0.4–0.5 m) bowl-shaped features with a round to oval outline, filled either 

entirely or partially with a dark charcoal-rich matrix (Fig. 3.2d). Most hearth pits are 

archaeologically sterile, as they only contain charcoal fragments and ash. Occasionally 

small amounts of (un)burnt lithics, bones, and hazelnut shells are reported (Groenendijk 

1997; Crombé et al. 2005; 2013; Fries et al. 2013). However, similar structures are also 

known, for instance, from the site of Halsskov in Denmark, where shallow depressions 

and pits consisting of sandy clay, charcoal, ash and charred twigs were identified 

(Kubiak-Martens 2002, 30). 

However, tough issue that remains to be answered is the function of the last 

mentioned features. Functions suggested in literature are summarized in Tab. 1. With 

respect to food preparation, ethnographic record evidences that animal as well as plant 

tissues were processed using hearth-pits (Davis et al. 1994; Wandsnider 1997, 19). 

However, these data include pit-hearths lined with stones as those without them. 
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Nevertheless, according to data concerning food processing and food preparation 

(length of cooking time and temperature) hearth-pits with no rock heating element are 

not suitable to hydrolyse inulin-bearing plants or fatty meats. Rather, seeds, roots, 

tubers, or lean meat could have been processed there (Wandsnider 1997, 29). The last 

option concerning lean meat processing using hearth-pit without stones was 

reconstructed by means of experiment presented below. 

 

Tab. 1: Possible functions of the hearth-pits without heating stones. After Fries et al. 

2013, modified. 

Suggested function Reference 

Drying/smoking non-food items Groenendijk 1987 

Drying/roasting/smoking meat Groenendijk 1987; Jansen – Peeters 2001 

Plant processing Perry 1999; Kubiak-Martens 2002 

Charcoal production Hermsen 2006 

Resin production Kubiak-Martens et al. 2011 

 

Hearth-pit cooking: an experimental approach 

The purpose of the conducted experiment was to find out whether a piece of 

meat can be processed in hearth-pit without the use of heating stones, since there is little 

archaeological, ethnographical, and experimental evidence for such cooking technique.  

The experiment was conducted in Strakonice, Czech Republic, as follows (Fig. 

3.3): Two pits (final size: 50 cm in diameter, depth 35 cm) were created in the ground. 

One of them was lined with 20 cm thick layer of sand serving as a heat conductor, since 

most such hearth-pits are archaeologically documented in sandy areas. A fire was lit in 

the pits and maintained till sufficient amount of hot ash and glowing charcoal was 

gained. For this purpose, pine wood was used. At this point a piece of wild boar meat of 

about 1kg was wrapped into soaked birch bark and put into each pit with hot ash and 

glowing charcoal. Immediately afterwards, the pits were covered with pieces of moss 

and turf to prevent material inside the pits from burning or charring. Since there was 

still observable rising smoke signifying burning, the pits were covered with the layer of 

clay.  Afterwards, a fire was lit on the surface of the pits. After four hours, the pits were 

opened and meat was taken out. 

Both pieces of meat were perfectly cooked – sufficiently roasted as well as juicy 

enough. This can indicate that such roasting features without heating stone can also 
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occur in other regions, not only in the sandy areas. The presence of sand, however, may 

allow processing of larger amount of foods since sand acts as heat conductor instead of 

heating stones.  

 It is also important to note that the pits after removing meat contained only 

charcoal and pieces of burned clay. All other organic material consisting of bark, moss, 

and turf remained uncarbonised (Fig. 3.4). Ethnographic data also confirm that the only 

plant materials that came into direct contact with fire was firewood, whereas meat or 

plant foods processed in the hearth-pits are covered in foliage or bark to avoid burning 

(Peacock 2002).  

On the basis of mentioned above, it is questionable if such object could be 

recognized in the archaeological record, in particular when revealed within previously 

unknown settlement. This experimental work has following implications for the design 

of research method when studying such objects in the archaeological record. It is 

important to bear in mind that the only feature detectable in the archaeological record 

remains shallow pit containing charcoal and fragments of slightly burned clay. Besides, 

archaeobotanical assemblage associated with these structures would be likely dominated 

by the carbonised remains of firewood. However, this may not be true in case of 

unsuccessful food processing. Also, depending on the preservation conditions, the 

presence of meat or plant foods could be tested on the basis of protein, fat, phytolith or 

starch residues analyses. 

 

Conclusions 

Review of selected archaeological features occurring in the archaeological 

record along with ethnoarchaeological and experimental work gives some evidence of 

food preparation practices in Mesolithic Europe. Moreover, experimental investigation 

of the heart-pits has brought important information concerning possible function of such 

features and also their detection within the archaeological record. 
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Fig. 3.1. Experimental roasting of fish over the fire as well as on the hot stone, 

baking cakes made from cattail (Typha latifolia) and acorns (Quercus robur) using 

hot stone and smoke-drying of wild boar meat. Photo provided by Sofie se bavì 

festival. 
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Fig. 3.2. Schematic illustration of archaeological features associated with food 

preparation. Modified after Holst 2010, Svoboda et al. 2007; Svoboda ed. 2003; Fries 

et al. 2013. (a – roasting pit, b – boiling pit, c – hearth-pit lined with stones, d – heart-

pit without stones). Drawing by N. Vadlejchová. 
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Fig. 3.3. Hearth-pit cooking. An experimental approach. Photo: author.  
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Fig. 3.4. Remains after experimental hearth-pit cooking. Photo: author.  
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4. Archaeobotany of Schwarzenberg Lake, South Bohemia 

4.1. Introduction 

The former Schwarzenberg Lake site is located in the northern edge of the 

Třeboň Basin, South Bohemia, Czech Republic (49° 9‟ N, 14° 42‟ E) at 412 m a.s.l. 

(Fig. 4.1). The site was discovered in 1970s, when V. Jankovská identified lacustrine 

sediments under a peat layer in the wetland area adjacent to the present-day fishpond 

(Jankovská 1980). The uninterrupted sequence of deposited sediments is unique for its 

potential based on conditions suitable for both, palaeoenvrionmental and archaeological 

research. Therefore, investigations of the lake have brought important data on 

vegetation, landscape development and human occupation since the end of Last Glacial 

Maximum (Pokorný – Jankovská 2000; Pokorný et al. 2008; 2010). Fig. 4.2 presents 

situation plan of the study area with displayed cores, trenches, sections, and 

archaeological sites. 

The chronology of the sedimentary record was based on radiocarbon dates and 

on relative palynostratigraphic dating. The central profile, whose lower 5 meters had 

arisen in the course of late glacial era, was used for reconstruction of the development 

of vegetation and geochemical changes in the catchment area of the lake in connection 

with the rapid global climatic changes at the turn of the Pleistocene and Holocene. It is 

interesting to note that there was success in correlating traces of aeolian activity 

detectable in the lake sediments to the appearance of aeolian sand dunes in the region, 

and in explaining this phenomenon as a reaction to climate deterioration which occurred 

at the beginning of the Younger Dryas (Pokorný – Růņičková 2000). With regard to the 

origin of the lake, it can be viewed as the remnant of some kind of a compound Late 

Glacial Maximum pingo (ground-ice lens) structure (Pokorný et al. 2008; 2010). 

Vegetation dynamics and the infilling process of the lake were studied by means of 

pollen analysis, algae remains, and macroremain analssis (see Pokorný – Jankovká 

2000; Pokorný et al. 2010 for further details). According to the latest research 

Schwarzenberg Lake is not an isolated phenomenon in the region. The presence of other 

features of this kind was revealed in the area of present-day Velký Tisý pond (Ńìda – 

Pokorný 2011; Hońek et al. 2013). This area also shows signs of human occupation in 

the Mesolithic period. 
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Another point deserving attention is finding of exceptionally intensive settlement 

in the Early and Middle Holocene periods, which was first discovered indirectly based 

on the presence of pollen grains of anthropogenic indicators and large quantities of 

microscopic charcoal particles in lacustrine sediments (Fig. 4.3) (Pokorný 1999; 

Pokorný et al. 2008; 2009; 2010). 

Mesolithic occupation was confirmed and further studied by means of 

archaeological research, focused on the wet shore of the former lake as well as on dry 

archaeological situations lying on the sandy peninsula adjacent to the original shore of 

the lake (see Fig.4.2). As already noted, wetland researched concentrated on the least 

disturbed southern section of the shore. This research fulfilled the potential of wet shore 

sections and provided the organic strata rich in pollen grains and vegetation remains 

including large pieces of fresh wood. Also, finds of plant macroremains of Corylus 

avellana, Rubus idaeus, and Rubus saxatilis within the lake sediments point to the 

Mesolithic settlement, likely representing gathered foodstuff. Moreover, the finds of 

Corylus avellana and Trapa natans are dated to the very beginning of the Holocene and 

could be related to their introduction to the region (Pokorný et al. 2008; 2009; 2010). 

Dry archaeological research has taken place at location no. 7, sandy peninsula, 

which is characteristic by number of archaeological sunken features and abundant 

Mesolithic industry. Special attention needs to be paid to the feature 9 interpreted as 

Mesolithic hearth-pit, since its infill forms key material for macroremains analysis (see 

below). This unique feature has contained a large number of burnt argillaceous slabs, 

which likely constituted the hearths. Their interference indicates that the hearth was 

repeatedly renewed. The only exception is the uninterrupted situation located in the 

northwest end of the feature, which has interesting stratigraphy (Fig. 4.6). A burnt infill 

was found at the bottom of the sunken feature, which had to be dug into the sand in this 

position. Above that, diversified layers of sand, charcoal, and argillaceous slabs follow. 

At the top, two reddish clay structures mixed with charcoal were detected. This feature 

is interpreted as remains of special hearth for preparing food (Pokorný et al. 2010; Ńìda 

et al. 2010). 

The primary aim of the analysis is to shed some light on the character of the 

infill of above mentioned archaeological feature, eventually to bring data enabling 

feature interpretation, hence unravel its function. A further aim is to get better 
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understanding of taphonomy and depositional dynamics that could explain the 

assemblage composition. 

 

4.2. Material and methods      

For the archaebotanical analysis, material recovered from the archaeological 

features located at Schwarzenberg site 7 was used. A number of samples, from which 

19 have been processed to date, were collected. For list of processed samples, their 

volumes and number of identified plant macroremains see Tab. 4.2. Unfortunately, only 

4 samples contained plant macroremains, from which only 3 samples, all retrieved from 

one archaeological feature, comprises representative amount of plant macroremains. 

The macroremains samples were processed by water flotation with a 0.25 mm 

sieve. All samples were dried at room temperature. The samples were processed in the 

entire volume. Plant macroremains and fungi sclerotia were picked out and 

microscopically (Arsenal SZP3112-T ZOOM, magnification 6.2 - 50x) determined 

according to Berggren (1981); Anderberg (1994); Cappers et al. (2006); and the 

reference seed collection from the Laboratory of Archaeobotany and Palaeoecology, 

Faculty of Science, University of South Bohemia. Plant names are according to Kubát 

and colleagues (2002).  

The plant taxa were separated into ecological groups according to their 

specifications and environmental requirements (Hejný – Slavìk eds. 1988-1992, Slavìk 

ed. 1995-2000, Slavìk – Ńtěpánková eds. 2004, Ńtěpánková ed. 2010). Ratios of 

ecological groups based on the abundance of particular subfossil and charred 

macroremains were plotted. Tab. 4.1 shows ecological groups that are distinguished. 

This classification is meant only as method to examine taxa composition within 

individual archaeological features. Nevertheless, it is important to bear in mind that the 

distinction between some groups is not precise, since some taxa commonly occur in 

more than one community. Moreover, modern plant ecology may have differed from 

that of ancient plant communities. 
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Tab. 4.1. Ecological groups used for the classification of macroremains 

Ecological groups 

1 Ruderals and taxa indicating disturbance 

2 Taxa of grasslands 

3 Taxa indicative of wet meadows, exposed pond bottoms, and banks 

4 Taxa indicative of open water 

5 Taxa that cannot be associated with specific ecological conditions 

 

4.3. Results 

A total of 835 plant macroremains belonging to 38 taxa have been identified. 

Tab. 4.4 shows the results of processed samples. Tab. 4.4 shows the number of 

macroremains and taxa of representative samples for each ecological group. The small 

numbers of samples significantly restrict the representativeness of the results, since 

most samples showed to be sterile. The assemblage consists of waterlogged and 

carbonised taxa. Unfortunately, macroremains of these two groups cannot be 

distinguished without their destruction, which may be attributable to their state of 

preservation in organic-rich sediment. The samples contain a large number of fungal 

sclerotia of Fungi. Also, carbonised bulbs/roots/tubers and fragments of mosses formed 

significant portion of the assemblage.  

All representative samples containing plant macroremains show similar structure 

with respect to distinct ecological groups (Graph 4.3). A significant majority of 

identified plants indicate wet environments such as wet grasslands, exposed pond 

bottoms, and banks. Especially Eleocharis ovata, Carex bohemica and Ranunculus 

sceleratus are well represented.  The presence of taxa associated with open water in 

case of Batrachium sp. and Potamogeton sp. was also detected. On the other hand, 

Rumex acetosella and Hypochaeris glabra can be associated with grasslands. Finally, 

the rather scarce occurrence of Chenopodium album, Potentilla anserina, and Stellaria 

media point to disturbance of the vegetation, probably due to anthropogenic influence. 

For radiocarbon dates obtained from feature 9 see Tab. 4.3, Fig. 4.5. 
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Tab.4.2. List of processed samples providing information on their location (see Fig. 

4.4), number and concentration of plant macroremains. 

Sample Location context Volume 

Number of 

plant 

macroremains 

Macroremains 

concentration 

(number/l) 

1 G1A C feature 9, layer 1 12 l 713 59.4 

2 G1A C feature 9, layer 2 12 l 59 4.9 

3 G2B A feature 9, layer 1 10 l 59 5.9 

4 G2B A feature 9, layer 2 12 l 4 0.3 

5 G4C B layer 1 20 l _ _ 

6 G4C B layer 2 20 l _ _ 

7 G4C B layer 3 20 l _ _ 

8 G4C B layer 4 20 l _ _ 

9 G5D B layer 1 20 l _ _ 

10 G5D B layer 2 20 l _ _ 

11 G5D B layer 3 20 l _ _ 

12 G5C A layer 1 20 l _ _ 

13 G5C A layer 2 20 l _ _ 

14 G5C D layer 3 20 l _ _ 

15 G2B D feature 9; argillaceous slab 1.4 l _ _ 

16 G2B D feature 9; argillaceous slab 2 l _ _ 

17 G2B D feature 9; argillaceous slab 1.1 l _ _ 

18 G2B C feature 9; argillaceous slab 3.5 l _ _ 

19 G2B C feature 9; argillaceous slab 0.25 l _ _ 

 

  

Tab. 4.3. Radiocarbon date obtained from feature 9, calibrated with OxCal v. 4.2.3. 

(Bronk Ramsey 2009).   

Name Location Material 

dated 

Lab code C14 age BP Range Probability % Calibrated age (AD) 

 

Schwarz 1 Feature 9; 

sample 1 

seed UGAMS 

15458 

50 25 95.4 1695-1728, 1812-1854, 

1867-1919 

Schwarz 2 Feature 9; 

surface 

charcoal Poz-

22171 

115 30 95.4 1680-1764, 1801-1939 
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Sample 1 2 3 4 

Group 1 

    Chenopodium album 1 - - - 

Chenopodium sp. - 1 - - 

Potentilla anserina 1 1 - - 

Stellaria media - - 1 - 

Group 2 

    Hypochaeris glabra fr. 7, 6fr. 1 - - 

Rumex acetosella 18 18 16 - 

Trifolium repens 1 - - - 

Group 3 

    Alisma plantago-aquatica 4 1 4 - 

Callitriche cf. palustris 

 

- - - 

Carex bohemica 44 6 1 - 

Carex cf. hirta 4 2 - - 

Carex nigra 9 - - 1 

Cyperaceae 9 - - - 

Eleocharis ovata 476 13 18 - 

Eleocharis sp. 2 - - - 

Glechoma hederacea 1 - - - 

Juncus sp. 2 1 2 - 

Linum catharticum  10 1 - - 

Lycopus europaeus 4 - - - 

Menyanthes trifoliata 1 - - - 

Montia fontana/arvensis 1 - - - 

Persicaria lapathifolia 1 - - - 

Ranunculus sceleratus 40 3 3 - 

Rumex cf. maritimus 1 - - - 

Sparganium cf. erectum 2 1 - - 

Sparganium cf. natans 9 - - - 

Sparganium emersum - - - 1 

Group 4 

    Batrachium sp. 3 2 - - 

Potamogeton sp. 3 - 1 - 

Group 5 

    Apiaceae - - 1 - 

Asteraceae - 1 - - 

Carex sp. 16 3 6 2 

Lepidium sp. - 1 - - 

Poaceae  22 - 3 - 

Poaceae stem fr. - 1 3 - 

Ranunculus sp. fr. 1 - - - 

Rumex sp. 10 - - - 

Sparganium sp. - 2 - - 

Trifolium sp. 3 - - - 

cf. Trifolium sp. 1 - - - 

 

Tab. 4.4. Results of plant macroremains analysis. Number of plant macroremains 

ordered by ecological group (fr. = fragment) 
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Graph  4.2. Schwarzenberg  Lake, site no. 7. The overall number of taxa, sum of 

samples 1-5. 

Graph  4.1. Schwarzenberg  Lake, site no. 7. The overall number of plant 

macroremains, sum of samples 1-5. 



Archaeobotany of Schwarzenberg Lake, South Bohemia 

 

 

48 

 

  

Graph  4.3. Schwarzenberg  Lake, site no. 7. Number of plant macroremains/taxa: 

samples 1, 2, and 3, ordered by ecological group (see Tab 4.1). 
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4.4. Discussion 

The vast majority of taxa identified within the feature infill indicate wet 

environment (Graph 4.1 and 4.2). Moreover, the assemblage most likely reflect the 

presence of fishpond, constructed directly on the site between 1698 and 1701, since 

most abundant identified taxa  such as Eleocharis ovata and Carex bohemica possibly 

indicate exposed pond bottoms. This is also confirmed by radiocarbon dates (Tab. 4.3, 

Fig. 4.5). Furthermore, this interpretation is in accordance with data reported from 

profiles (trench 3 and 4) investigated using pollen and macroremains analysis. Within 

these profiles, particular identified taxa are found in the context of modern fishpond 

(Ņáčková 2008; Pokorný et al. 2010).  

The structure of the assemblage in terms of affiliation to ecological group did 

not vary considerably among individual samples recovered from the investigated feature 

(Graph 4.3). The only observable phenomenon is the stronger prevalence of wetland 

taxa recorded in sample 1, retrieved from upper layer of the feature infill. This may 

represent signs of disturbance or contamination, which can be expected to a greater 

extent closer to the surface.  

At this point, it is important to note that the archaeobotanical assemblage may 

reflect the results of human activities as well as natural processes, which are extremely 

difficult to distinguish (Fuller – Weber 2005). Particular important role is very likely 

played by postdepositional agents. In the case of studied assemblage recovered from 

sandy peninsula of Schwarezenberg Lake, several agents should be taken into account. 

Firstly, one should bear in mind that examined features and cultural layers are very 

shallow at the site. Moreover, the presence and movement of water may easily transport 

seeds, which is especially important factor in case of shallow sandy sediments present at 

the site. Last but not least, action of plant roots and disturbance caused by rodents needs 

to be considered.  

The feature itself is interpreted as remains of special hearth for preparing food 

on the basis of stratigraphy and artefact presence, namely a number of chipped stone 

industry, from which some is burnt. Unfortunately, archaeobotanical analysis may 

neither confirm nor reject this interpretation. According to the plant macroremains 

analysis, three possible explanations concerning character of the investigated feature 

could be offered: 
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1) The existence of the feature can be associated with its infill connected with the 

existence of modern fishpond, which used to be summer-drained. Nevertheless, 

no clear interpretation or function of the feature can be suggested in this case. 

Moreover, stratigraphic evidence and the fact that a number of chipped stone 

industry found at greater abundance within the feature than in the surrounding 

area does not support this hypothesis. 

 

2) The feature is of the Mesolithic age, as suggested by archaeological findings and 

vertical stratigraphy. If the feature represents hearth-pit associated with food 

preparation, it would be improbable that such an object would detectable by 

means of macroremains analysis, as confirmed by experimental work (see 

chapter 3.2). In this case, archaeobotanical assemblage could reflect 

contamination related to modern fishpond.  

 

3) Also, the possibility of mixed assemblage reflecting both, Mesolithic human 

action as well as contamination from younger periods needs to be taken into 

account. Taxa composition signifying former lake would not likely be specific 

enough to be detected and interpreted in this way if forming only part of the 

archaeobotanical assemblage.  Unfortunately, macroremains analysis cannot 

solve this issue itself, since individual plant macroremains are impossible to be 

distinguished with respect to their origin.  

 

 Furthermore, assemblage consisting of taxa of several ecological groups within 

one feature may imply that found taxa do not merely reflect natural processes occurring 

at the site and some other agent may have entered the process of deposition. The 

presence of ruderals such as Chenopodium album and Potentilla anserina further 

indicate that some disturbance, possibly of anthropogenic origin, occurred, although 

these assumptions should be considered as rather tentative due to extremely scarce data.  

 The presence of significant amount of charred bulbs/roots/tubers is also 

interesting. These underground plant parts are reported to be of great importance when 

dealing with past hunter-gatherers, since such parenchymous foods could have played 

substantial role in hunter-gatherer diets (Mason et al. 2002). However, the identification 

of parenchymous tissues requires the use of scanning electron microscopy (SEM), 
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which needs to be systematically applied in hunter-gatherer archaeobotany in future 

research (see chapter 2).  

 More importantly, with respect to above mentioned assumptions, the presence of 

charred bulbs/roots/tubers and also mosses may shed some light on the depositional 

dynamics. Instead of representing gathered foodstuff, underground plant parts may 

more likely  indicate that plants may have been carbonised directly in the place of their 

recovery, namely within the investigated feature. Also the other option, however, needs 

to be considered. The bulbs/roots/tubers could have easily been transported by some 

agent, most likely water during the existence of fishpond. The last mentioned option 

seems to be more likely, since the significant amount of bulbs/roots/tubers have been 

recovered and detected from another feature of medieval age at the same site by the 

author of the thesis. 

 Mention should also be made of samples 15 – 19. These were retrieved from five 

burnt argillaceous slabs and all were sterile in terms of plant macroremains. This 

suggests that argillaceous slabs situated in the investigated feature have different origin 

than the rest of the feature infill and the fact that the slabs are burnt may have prevented 

them from contamination by younger material. 

 Moreover, assemblages dominated by uncarbonised wetland taxa, retrieved from 

the hearth, are also reported from Dutch Mesolithic and Neolithic sites such as the 

Neolithic camp at Bergschenhoek, the Netherlands (Out 2012). The presence of 

uncarbonised wetland species is discussed in various ways. Mostly they are considered 

to post-date the use of hearth or in connection with natural deposition with no 

anthropogenic input. Nevertheless, carbonised remains of both dry land and wetland 

taxa are commonly interpreted as food remains. When considering reflected variation in 

plant use and depositional processes, one should be cautious about proposed 

interpretations, since the depositional processes and plant use, which do not involve fire, 

remain to be understood and systematically studied. Thus, this variety can be related to 

many factors such as the natural vegetation, preservation, geomorphology, site function, 

seasonality, hearth function etc. (Out 2012). 

 Finally, it is important to note that the site of Schwarzenberg Lake is not unique 

with respect to the issues with sampling materials and sampled contexts situated in 

bioturbated sandy sediments. Similar problems in the Mesolithic archaeology are 

reported for example from the coversand regions of North Bohemia (Svoboda et al. 

2007) or northern Belgium and Netherlands (Strydonck et al. 2001; Crombé et al. 
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2012). Last mentioned authors suggest that intensive radiocarbon dating of samples 

from various contexts can considerably contribute to understanding of formation 

processes of unstratified open-air settlements as well as occupation chronology. 

 

4.5.  Conclusion 

 To conclude, archaeobotanical analysis revealed that infill of investigated 

feature comprises quite uniform taxa composition with prevailing wetland herbs in all 

samples. Unfortunately, these results did not allow either confirming or rejecting the 

interpretation of the feature as remains of special hearth for preparing food. On the other 

hand, presented study brings information concerning taphonomy and depositional 

dynamics. To summarize, societal as well as depositional/postdepositional factors 

cannot be ignored when dealing with archaeobotanical assemblages, particularly with 

those recovered from sandy sediments. The implications for Mesolithic archaeobotany 

are twofold. Firstly, special attention should be paid to factors affecting composition of 

archaeobotanical remains in future research. Secondly, current knowledge of plant use 

reported on the basis of finds of plant macroremains recovered from Mesolithic sites 

with no regard to the archaeological context and formation processes need to be re-

evaluated, since a critical overview of indications for plant use is lacking. 
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Fig. 4.2. Situation plan of the study area with cores, trenches, sections and 

archaeological sites. Arrow shows  site no. 7. Drawing by P. Ńìda. After 

Pokorný et al. 2010. 

Fig. 4.1. Location of the Schwarzenberg Lake projected 

on map of Bohemia. After Pokorný et al. 2010.  
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Fig. 4.3. Pollen diagram from the centre of the lake basin (core 1), upper part. The diagram 

represents the Holocene period. After Pokorný et al. 2008, 156. 
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Fig. 4.4. Location of processed samples projected on a map of the site no. 7 (red 

circles – positive samples, green circles – negative samples). The different grey 

scale signifies the concentration of stone industry in particular squares. Plan by P. 

Ńìda. 
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Fig. 4.5. Schwarzenberg Lake, the calibration diagrams of the radiocarbon dates, 

using OxCal v. 4.2.3. 
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Fig. 4.6. Complex structure of an archaeological feature no. 9 interpreted as hearth 

pit. Site no. 7. Photo P. Pokorný. 
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5. Archaeobotany of Dvojitá Brána u Rohlin, North Bohemia 

 

5.1. Introduction 

 The site Dvojitá Brána u Rohlin represents small rock gate (Fig. 5.1), which lies in 

the area of pseudokarst of the Bohemian Paradise (Fig. 5.2). Since the Bohemian Paradise 

represents an area without recognized Late Palaeolithic and Mesolithic settlement for a 

long time, investigation of the Mesolithic within the region has been neglected in spite of 

numerous collections of Mesolithic industry obtained before the Second World War, which 

were mistakenly dated to the Eneolithic due to the that time research methods. 

Nevertheless, according to current state of research, the Mesolithic occupation of the area 

of the Bohemian Paradise seems to be much more intensive (see Ńìda – Prostřednìk 2007, 

Fig. 1) having implications for the issues of further landscape development and the 

Neolithisation process (Ńìda – Prostřednìk 2007; Ńìda – Prostřednìk 2010). 

The site itself was partially excavated by means of small test in 1947, when L. Jisl 

and F. Prońek obtained a small assemblage of Mesolithic stone industry. A further 

excavation in the same trench followed in spring 2011 and spring/autumn 2012, led by P. 

Ńìda (Fig. 5.3). During this excavation, four Mesolithic hearths in superposition were 

revealed at base (Fig. 5.4.) (Filip 1947; Ńìda 2004; Prostřednìk – Ńìda 2006; Ńìda – 

Prostřednìk 2007; Ńìda – Prostřednìk 2010; Ńìda et al. 2011). Two radiocarbon dates were 

obtained. (see Tab. 5.1., Fig. 5.5). 

Tab. 5.1. Overview of radiocarbon dates obtained. All samples calibrated with OxCal v. 

4.2.3. (Bronk Ramsey 2009). 

 

 

 

Sample Location Material dated Lab 

code 

C14 

age BP 

Range Calibrated 

age (BC) 

Proba

bility 

Reference 

Dvo 1 Hearth 1, 

layer depth 

60-70 cm 

Hazelnut shell UGAM

S 9516  

6730 30 5711-5573 

 

95.4 Ńìda et al. 

2011 

Dvo 2 Layer under 

hearth 4; 

depth 80-

90cm 

Hazelnut shell UGAM

S 

11223 

7900 30 7023-6648 95.4  Novák et 

al. in prep. 
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An interesting finding at the site, as in the whole region, is the use of local raw 

materials, particularly Jizera-type metabasites, which are typical primarily as a material 

used for the Neolithic polished stone industry. In the Mesolithic, they are used for the 

chipped stone industry (Ńìda – Prostřednìk 2007). Nevertheless, the issue of polished stone 

industry at least in the Bohemian region and its chronological and cultural affiliation needs 

more attention, since many of these artefacts represent isolates finds without further 

archaeological context. Consequently, they are commonly ascribed to the Neolithic 

according to the traditional point of view associating polished stone industry with the 

Neolithic period (Ńìda 2011). As an interesting example, chipped stone axe head from Babì 

Pec, abri in the northern part of the Bohemian Paradise, can be mentioned.  The axe, long 

believed to be Neolithic, is made of Jizera-type metabasite pebble and it substantially 

differs from the Neolithic axes in its design (Ńìda – Prostřednìk 2007, 450-452; Ńìda – 

Prostřednìk 2011). Also, the use of Jizera-type metabasite in the Mesolithic and its quick 

and extensive dispersion let the authors to conclude that there is an indication of contact 

between the Mesolithic communities and first farmers (Ńìda – Prostřednìk 2007). 

 Apart from lithics and pottery, the investigations at the site included the analysis of 

charcoal remains (Novák et al. in prep.), malacofauna, animal bones, and plant 

macroremains. The results of the analysis of plant remains are presented separately below. 

 

5.1.1. Environmental settings 

The region under study is formed by quarzitic sandstones of the Březno and Teplice 

formations (Upper Turonian-Santorian) (Cháb et al. 2007). The soil cover is formed of 

dystric cambisol (Tomáńek 2004).  Actual elevations in immediate proximity to the site 

range between 350 and 370 m a.s.l. Based on a map of potential natural vegetation Luzulo-

Fagetum beech forests are reconstructed (Neuhänslová et al. 1998). 
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5.2. Material and methods 

For the archaebotanical analysis, material recovered from the trench 0.5 x 0.3 m 

(D4B), collected in 5 cm mechanical layers to a depth of 120 cm was used. The volume of 

all samples can be estimated to 7.5 litres.  All retrieved layers were investigated. The 

macroremains samples were selected in two ways. The first class of samples consists of 

material collected from the coarse mesh width of 2 mm of the field sieving procedure, 

which was subsequently flotation-sieved on a 2 mm and 1 mm sieve (Samples 350-373). 

Second class of samples comprises material that passed through the 4 mm sieve, which 

was further processed using flotation with a 0.25 mm sieve (Samples 374-397).  

All samples were dried at room temperature. Subsequently, plant remains, animal 

bones and teeth, malacofaunal remains, and lithics were separated from floating 

component and residues under a stereo-microscope (Arsenal SZP3112-T ZOOM, 

magnification 6.2 - 50x). The samples were processed in the entire volume. Plant 

macroremains were picked out and microscopically determined according to Berggren 

(1981); Anderberg (1994); Cappers et al. (2006); and the reference seed collection from the 

Laboratory of Archaeobotany and Palaeoecology, Faculty of Science, University of South 

Bohemia. Species were associated to general eco-groups according to the specifications 

and environmental requirements of each species (Hejný – Slavìk eds. 1988-1992, Slavìk 

ed. 1995-2000, Slavìk – Ńtěpánková eds. 2004, Ńtěpánková ed. 2010). The diagram was 

created using Tilia 1.7.16. software (Grimm 2011). 

Only the carbonised plant remains are included in the diagram and discussed below, 

since the uncarbonised remains may represent recent/subrecent contamination. Primary 

data including uncarbonised remains are presented in Tab 5.2. The diagram (Graph 5.1) 

shows absolute numbers of macroremains. Plant names are according to Kubát and 

colleagues (2002).  
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5.3. Results 

Analysis comprises 48 samples obtained from 24 mechanical layers. A total of 847 

plant macroremains belonging to 15 taxa have been identified, from which 691 are 

carbonised. Sieving through a 0.25 mesh turned out to be essential, since most 

macroremains come from samples sieved through the fine mesh and would not be captured 

by means of field coarse sieving procedure. The samples contained carbonized and 

uncarbonised material. Plant remains preserved by desiccation are commonly found in dry 

rock shelters (Jacomet – Kreuz 1999). Therefore, some of uncarbonised remains may 

represent fossil material. However, some remains clearly represent recent/subrecent 

contamination (marked in Tab. 5.2|). 

The whole profile also contains a large number of fungal sclerotia of Fungi. Last 

but not least, it is important to note that crop plants are absent in the whole profile, despite 

the presence of pottery sherds in some layers. Special attention is paid to the Mesolithic 

section of the profile, since it represents main topic of the thesis. 

Fig. 5.1 shows the macroremains diagram from Dvojitá brána u Rohlin. The 

sections of the profile listed below were defined on the basis of archaeological findings and 

available radiocarbon dates. 

 

 60 – 120 cm 

According to archaeological dating, based on the presence of Mesolithic chipped 

stone industry supported by radiocarbon date, layers from 60 cm to the profile base belong 

to the Mesolithic. From these layers, carbonised plant macoremains of following taxa were 

retrieved and determined. These are the pine needles (Pinus sp.), fragments of hazelnut 

shells (Corylus avellana), and the seeds of elderberry (Sambucus racemosa). Plant remains 

are accompanied by a number of burnt animal bones, lithics, and charcoal in this section. 

 

 40 – 60 cm 

The layers between 40 cm and 60 cm are interpreted to originate during the Late 

Mesolithic and Neolithic period. Archaeologically, in this stratum ceramics are not present. 

The similarity with the preceding section can also be visible in terms of plant remains, 

since the assemblage is dominated by Pinus sp. accompanied by individual seeds of 

Sambucus racemosa, Ranunculus sp., and Sanguisorba minor. 
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 0 - 40 cm 

The layers between 30 cm and 40 cm attributable to the Eneolithic contained only 

the remains of Pinus sp. The following unit between 10 and 30 cm, belonging to the 

Bronze and Iron Age, contained apart from Pinus sp., fragments of hazelnut shells 

(Corylus avellana), a stem of Poaceae family, and seeds of Sambucus nigra. The remaining 

upper section of the profile representing Medieval period comprises a fragment of Corylus 

avellana and Pinus sp. 
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5.4. Discussion 

5.4.1. Reconstruction of the vegetation in the Mesolithic period and question 

of human impact 

 

Due to a small number of identified taxa, one can only make highly tentative 

assumptions. Identified taxa may represent natural vegetation near the site. This could be 

the case of pine (Pinus sp.), which strongly prevails in the whole assemblage. Also the 

hazelnut shells and elderberry seeds indicate the presence of Corylus avellana and 

Sambucus racemosa close to the site. This is also in accordance with charcoal data (Novák 

et al. in prep.). Pine grows well on the exposed, rocky slopes and poor sandy substrates, 

whereas hazel prefers warmer and sunny stands. Red elderberry then occurs in forests, 

forest edges and openings, bushy slopes and ravines. 

On the other hand, two last mentioned taxa may have been gathered for 

consumption or other use. This may be especially the case of Corylus avellana, staple food 

in the plant diet of Mesolithic people. Consequently, one should bear in mind selective 

nature of the assemblage. With respect to the Mesolithic period, an interesting find is the 

seed of Sambucus racemosa. For more information on this taxon, particularly from the 

perspective of archaeobotany and ethnobotany, see chapter 2.2.3.  

Importantly, the human impact at the site is undoubtedly evidenced in the form of 

hearths found at the profile base. It is very likely that abovementioned carbonised plant 

remains as well as burnt animal bones, charcoal, and lithic industry are associated with 

these structures and human activity. Therefore, the data most likely reflect taxa brought to 

the site and burn by humans and ecological interpretations cannot be drawn.  

During the Upper Mesolithic/Neolithic period, the same taxa composition 

accompanied by Sanguisorba minor is recorded. Ethnobotanically, Sanguisorba minor is 

known to be associated with medicinal use as well as for consumption (Slavìk ed. 1995, 

244; Camejo-Rodrigues et al. 2003; Łuczaj 2012). 
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5.4.2. Dvojitá Brána u Rohlin within the context of North Bohemian 

Mesolithic archaeobotany 

 

Mesolithic sites in the Bohemian Paradise are significant for their good 

preservation of charcoal, macroremains as well as osteological material (Ńìda – Prostřednìk 

2007). Unfortunately, there is lack of systematic environmental archaeological research 

and presented analysis represents one of pioneer studies concerning this area. On the other 

hand, the assemblage can be set in the context of the Mesolithic of North Bohemia, where 

a representative sample of sites has been studied, some of them also in terms of 

archaeobotany (Svoboda ed. 2003). 

On the basis of available plant macroremains and charcoal data from sandstone 

rockshelters in North Bohemian, the dominance of Pinus sylvestris is reported (Opravil 

2003). E. Opravil goes on to reconstruct landscapes of the Dicrani-Pinion society on the 

sandstone plains and rock edges, with debris of the Tilio-Acerion society on the slopes, 

transitional units towards the Vaccinio-Pineon society on the moister slopes, and likely the 

Pruno-Fraxinetum (or Carici elongatae-Alnetum society) at the valley floors. The forest is 

reconstructed as compact, interrupted by open areas, as indicated by the finds of Corylus 

avellana and related faunal record. This reconstruction is in agreement with pollen data 

from Jestřebské blato – Doksy (Jankovská 1992). 

With respect to potentially gathered taxa, carbonised remains of Corylus avellana 

are known from a number of sites such as Máselnìk, Okrouhlìk, or Pod Zubem (Opravil 

2003, 41; Svoboda et al. 2007). Furthermore, the assemblage comprising cf. Rubus idaeus, 

Rubus sp., Sambucus nigra, and Chenopodium album was retrieved at Jezevčì převis 

(Pokorný 2003). The presence of Sambucus racemosa at Dvojitá Brána u Rohlin thus 

represents the first Mesolithic find of this taxon in the region. 

 

5.4.3. Seasonality 

 

Carbonised macroremains are believed to provide information on the season of 

occupation at the site. In this regard, the presence of carbonised Corylus avellana may 

suggest that site was occupied during September/October, even though it is important to 

bear in mind that nuts could have been stored when roasted (see chapter 3.2) and these 

finds may consequently point to false seasonality indication. Further, the carbonised 
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remains of the fruits of Sambucus racemosa may indicate occupation between July and 

September. In this case, however, the possibility of dried fruits storing needs to be taken 

into account. To summarize, carbonized plant macroremains point to occupation during 

summer and autumn. Nevertheless, the data are extremely scarce, and the issue of 

seasonality is particularly difficult to address on the basis of these finds. 

 

5.5. Conclusion 

Archaeobotanical analysis of Dvojitá Brána u Rohlin represents one of the pioneer 

studies on plant macroremains in the North Bohemian Mesolithic, and also one of the few 

studies concerning hunter-gatherer archaeobotany in the Czech Republic. Presented data 

are extremely scarce and conclusions should be therefore seen as rather tentative. On the 

other hand, the study may be reflected as beneficial in terms of providing new data, since 

the Mesolithic archaeobotany lacks systematic attention and the research must necessarily 

start with data collection, applying diverse research methods in Mesolithic archaeology 

respectively. Thereafter, it will be possible to address various issues regarding Mesolithic 

hunter-gatherers. 

Most identified taxa may represent natural vegetation near the site, but it cannot be 

ruled out that some of them were gathered for consumption or other use. The presence of 

Pinus sp., Corylus avellana, and Sambucus racemosa associated with the Mesolithic and 

Sanguisorba minor associated with Upper Mesolithic/Neolithic was detected. 

The identified taxa composition indicates unusual uniformity throughout the whole 

profile ranging from the Mesolithic to the Middle Ages. The absence of domestic crops 

seems especially interesting in connection with the study of Mesolithic-Neolithic transition 

and may suggest continuing of hunter-gatherer tradition to the following periods. This is 

particularly remarkable with respect to the fact the Bohemian Paradise is considered as key 

area in terms of the study of this issue, since it is known for its Mesolithic as well as Early 

Neolithic settlement, which is unique situation within the Czech Republic. Also, the issue 

of continuous use of Jizera-type metabasite plays into the idea of the cultural contacts 

between the Mesolithic hunter-gatherers and first farmers.  
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Fig. 5.1. The site of Dvojitá Brána u Rohlin. Photo: P. Ńìda. 
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Fig. 5.2. Map of Bohemian Paradise showing location of Dvojitá Brána u 

Rohlin. Map created by P. Ńìda.  
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Fig. 5.3. Plan of the site of Dvojitá Brána u Rohlin. Arrow shows location of 

profile sampled for analysis of plant macroremains. Drawing by P. Ńìda. 

10m 
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Fig. 5.4. Dvojitá Brána u Rohlin. Trench 1, eastern section. Drawing by P. Ńìda. 
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Fig. 5.5. Dvojitá Brána u Rohlin, the calibration diagrams of the radiocarbon dates, 

using OxCal v. 4.2.3. 
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sample 350 374 351 375 352 376 353 377 354 378 355 379 356 380 357 381 358 382 359 383 360 384 361 385 

depth cm    0-5  5-10  10-15  15-20  20-25  25-30  30-35  35-40  40-45 45-50  50-55  55-60 

taxon                                                 

Pinus sp. (needle 

fr.) 

4c 47, 

19c 
6c 4, 

24c 

8c 76c 8c 192, 

185c 

1c 9c 4c 120, 

118c 

1c 83, 

82c 

_  40c 1 19c  _ 1  _   2, 

1c 

7, 4c 

Pinus sp. (needle 

apex) 

_  10, 
3c 

 _    _ 1  _ 5, 2c  _ 1c  _ 6, 5c  _ 6, 4c  _ 3c  _ 2c  _  _  _ 1c  _ _  

Pinus sp. (needle 

base) 

 _ 4c  _ 1c 1c 4c 1c 10c  _ 1c  _ 4c  _ 9c  _ 2c  _ 3c  _  _  _ 1c  _ 1c 

Pinus sp. (cone fr.) 9c  _  3c  _ 3c  _  16c _   1c _  4c 1c 9c  _  1c _   _ _   _  _ 1  _  _  _ 

Pinus sp. (twig)  _  _  _  _  _ 1c  _  _  _  _  _ 1c  _ 1c  _  _  _  _  _  _  _  _  _  _ 

Corylus avellana 

fr. 

1c  _  _  _  _  _  _ 1c  _  _  _  _  _  _  _  _  _  _  _  _  _  _  2c  _ 

cf. Corylus 

avellana fr. 

 _  _  _  _  _  _  _  _  _  _  _ 1c  _  _  _  _  _  _  _  _  _  _  _  _ 

Poaceae  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 1  _  _  _  _  _  _ 

Poaceae (stem)  _  _  _  _  _  _  _  _  _ 1c  _  _  _  _  _  _  _  _  _  _  _    _  _ 

Sambucus nigra  _  _  _  _  _  _  _  _  _ 1c  _ 1c  _  _  _  _  _  _  _  _  _  _  _  _ 

Sambucus 

racemosa 

 _  _  _  _  _  _  _  _  _  _  _  _  _ 1  _  _  _ 1c  _  _  _  _  _  _ 

Sambucus sp.  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Ranunculus sp.  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 1c  _ 1c  _  _  _  _ 

Sanguisorba minor  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 2c  _  _ 

Astragalus 

glycyphyllos 

 _ 3r  _  _  _ 1r  _  _  _  _  _  _  _  _  _ 1r  _ 2r  _  _  _  _  _  _ 

Sorbus sp.  _ 1r  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Juncus sp.  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 1r 

Oxalis acetosella  _  _ _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Carum carvi  _  _ _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Apiaceae  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Vicia sp.  _  _  _  _  _  _  _  _ 1r  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Rubus idaeus  _  _  _  _  _  _  _  _  _ 2r  _ 4r  _  _  _ 1r  _  _  _ 1r  _  _  _  _ 

Indet.. (cone fr.)  _  _  _  _ _   _  _  _  _  _ 2c  _  _  _  _  _  _  _ _  _  _  _  _  _ 

Indeterminata  _  _  _  _  _  _ _  1c  _ 1c _  1c  _  _ _   _ _   _ _   _ _   _ _   _ 

Tab. 5.2. Plant macroremains from Dvojitá Brána (c = carbonised; x, yc = x macroremains, from which y are carbonised; r = recent/subrecent 

contamination; fr. – fragment). Part 1. 

. 

Ignac87
Tužka
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sample 362 386 363 387 364 388 365 389 366 390 367 391 368 392 369 393 370 394 371 395 372 396 373 397 

depth (cm)  60-65 65-70  70-75  75-80  80-85  85-90  90-95  95-100  100-105  105-110  110-115  115-120 

taxon                                                 

Pinus sp. (needle 

fr.) 

 _ 5c  _  _ _   _  _  _  _ 2, 1c  _  _  _  _  _  _  _  _ _ 1  _  _  _  _ 

Pinus sp. (needle 

apex) 

 _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Pinus sp. (needle 

base) 

 _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Pinus sp. (cone fr.)  _  _  _  _  2c  _  _  _  _  _ _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Pinus sp. (twig)  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Corylus avellana 

fr. 

 _  _ 1c  _  _  _  1c  _  _  _  _  _  _  _  _  _  1c  _  _  _  _  _  _  _ 

cf. Corylus 

avellana fr. 

 _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Poaceae  _  _  _  _  _  _  _  _  _ 1  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Poaceae (stem)  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Sambucus nigra  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Sambucus 

racemosa 

 _  _  _ 1c  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Sambucus sp.  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Ranunculus sp.  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Sanguisorba minor  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Astragalus 

glycyphyllos 

 _ 1r  _ 1r  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Sorbus sp.  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Juncus sp.  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Oxalis acetosella  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 1r  _  _  _  _  _  _ 

Carum carvi  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 1r  _  _  _  _ 

Apiaceae  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 1r  _  _  _  _ 

Vicia sp.  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Rubus idaeus  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Indet. (cone fr.)  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _  _ 

Indeterminata  _ 1c  _  _  _ 1c  _  _  _  _  _  _  _ 1c  _  _  _  _  _  _  _  _  _ _  

Tab. 5.2. Plant macroremains from Dvojitá Brána (c = carbonised; x, yc = x macroremains, from which y are carbonised; r = recent/subrecent 

contamination; fr. – fragment). Part 2. 

. 

Ignac87
Tužka
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6. Conclusion 

 

The main conclusions, specific to each issue, have been mentioned in individual 

chapters. Here, some concluding remarks are drawn: 

 

1) Archaeobotany of Mesolithic hunter-gatherers represents seriously 

understudied research topic. However, some patterns including woodland 

clearance or utilisation of selected plant taxa could be observed. A conclusion 

that can be drawn at this point is that by the Late Mesolithic, the patterns of 

plant use support the notion of controlled, regular, and intensive use of plant 

resources on a scale which left an imprint on the landscape instead of the 

incidental and opportunistic use of plants for food. 

 

2) Some methodological implications can be drawn, of which the most important 

seems to be the identification of parenchymatous issue, since there is growing 

evidence for consumption of roots, tubers, bulbs or rhizomes among past as 

well as recent hunter-gatherer communities. 

 

 

3) Data concerning food preparation and consumption are very scarce and 

methodology often coarse. However, review of selected archaeological features 

occurring within the European archaeological record, accompanied particularly 

by ethnoarchaeological and experimental data can shed some light on food 

preparation practices. In this manner, archaeological features including surface 

hearths, roasting hearths, boiling and steaming pits, and last but not least hearth 

pits can be perceived. 

 

4) The thesis also brings new original data from the Czech Republic. Since 

systematic research in terms of plant macroremains analysis is still lacking 

here, new data, although extremely scarce, should be considered as valuable in 

terms of starting point for further research. In addition to that, assemblage from 

Dvojitá Brána u Rohlin provides hints towards the study of the Neolithisation 

process in the Czech Republic. 
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5) Case study from the Schwarzenberg Lake has brought considerable focus on 

the issue of depositional/postdepositional processes, especially when dealing 

with shallow sandy sediments. On the basis of this case, one should be cautious 

in interpreting archaeobotanical assemblages as well about assessment of 

already existing published data. 

 

6) Finally, the thesis strongly reflects the growing need for interdisciplinary work 

to address issues related to Mesolithic hunter-gatherers. That is required both 

from a perspective of archaeobotany itself, which has to apply a full range of 

techniques such as pollen, macroremains, wood and charcoal, phytolith, and 

starch analyses as well as by means of incorporating various approaches 

including reflection of overall archaeological context, analysis of stable 

isotopes, use-wear analyses, and last but not least integration of ethnobotanical 

and experimental work, which is also of crucial importance. 
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1.  Introduction

at the end of the 19th century, it was generally accepted that 
a hiatus occurred between the palaeolithic and the neolithic. 
therefore, the appearance of the neolithic in europe was 
associated with the arrival of new people, colonists from 
the south-east (Vencl 2007, 124–125). since that time, the 
Mesolithic period and the emergence of farming in the near 
east and its spread to europe has received broad attention 
among researchers, particularly in the english-speaking 
world (Zvelebil, ed. 1986; gronenborn 2007, 73–75). thus, 
a large number of hypotheses regarding the process of 
neolithisation have been suggested, which can be divided 
into three main groups, based on the relative contribution 
of local hunter-gatherers and newcomers, early farming 
communities, to the european neolithic.

The first group of models consists of migration hypotheses 
which argue that the neolithic arrived in central europe along 
with the first farmers from the Near East and south-eastern 

europe. the second group, in contrast, explains the arrival of 
the neolithic through the acculturation theories suggesting 
that the local hunter-gatherers played the decisive role and 
accepted the neolithic way of life themselves only through 
the spread of information and the plant-animal package. 
Finally, the most recent group of models, the integrationist 
view, suggests that both the indigenous Mesolithic population 
and the neighbouring neolithic societies played an important 
role in the neolithisation of central europe.

1.1  The migration theories
according to Marek Zvelebil, the notion of farmers as our 
ancestors is one of the pervading claims regarding national 
and european identity. he argues that there was traditionally a 
tendency for european prehistorians to place a major emphasis 
on the neolithic. Zvelebil considers three particular reasons 
for this tendency. The first is the prejudice against savage, 
primitive and barbarian foragers, particularly in contrast to 
civilised, ordered and cultured farming communities. the 
second arose from the rise of urbanism which resulted in the 
idealization of the pastoral and rural way of life. the last 
one is the need on the part of certain nation-states, including 
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the present work provides a literature review of the neolithisation process in central europe. certain 
particular aspects including genetics, stable isotope analysis, lithic studies, and demography have been 
dealt with in order to obtain the clearest possible picture of the process. It has become clear that the 
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former czechoslovakia, to construct a national identity. apart 
from archaeology, this theme, which Zvelebil calls “farmers 
our ancestors”, can also be found in literature or in popular 
culture (Zvelebil 1995a, 145–147).

In archaeology, these views were supported by Vere 
gordon childe, who offers the ex oriente lux interpretation 
of agricultural dispersal. In his book the Dawn of european 
Civilisation, published in london in 1925, he argues that 
the transition from foraging to farming in europe was the 
result of immigration of populations from the near east, 
who brought with them advanced and superior technology 
and culture, and replaced the indigenous Mesolithic hunter-
gatherers. he believes that this process was a major turning 
point in human history and referred to it as the “neolithic 
revolution”. on the other hand, he emphasises that the term 
“neolithic revolution” amounts to a gradual, rather than 
radical, but transformational process (childe 1925; 1936).

an entire series of authors have substantiated these 
diffusionist and migration models (e.g. clark 1966; 
tringham 1971; runnels, van andel 1995; Bogucki 2003). 
Furthermore, these hypotheses have been supported by 
genetic studies. the pioneering works of albert ammerman, 
an archaeologist, and l. l. cavalli-sforza, a population 
geneticist (1984), are well-known, however, their model has 
been intensely criticised (see below). a special contribution 
to this hypothesis has been provided by colin renfrew, who 
has added a linguistic aspect to the discussion and linked the 
Neolithic colonisation of Europe to the advent of the first 
agrarian populations speaking Indo-european languages 
(renfrew 1987, 145–152).

traditionally, the spread of farming across central 
europe has been accepted as an example of agricultural 
colonisation by farmers of lBK (Vencl 1986; Bogucki 2001; 

neustupný 2004). In the czech republic, one of the most 
notable studies of the neolithisation of central europe has 
been carried out by slavomil Vencl (1982). on the basis of 
anthropological, demographic, botanical, ecological and last 
but not least archaeological evidence, he has supported the 
notion that the neolithisation of central europe involved 
several waves of colonisation, in which the colonists 
settled in practically unoccupied land. Vencl assumes that 
the indigenous Mesolithic population played a negligible 
role in the transition, apart from certain peripheral regions, 
where the quality of the environment was insufficient for the 
advancing agriculture societies. Vencl has also considered 
certain parallels from ethnography and antique sources and 
has pointed out that the first farmers were mentally more 
advanced than the indigenous hunter-gatherers and that 
such a difference could lead to some hostile violent conflicts 
(Vencl 1982, 665–678; Vencl 1986). In terms of the further 
development of research into the nature of the transition to 
agriculture, a special offshoot of the models has been applied 
by Petr Květina (2007). On the basis of anthropological 
and ethnographic evidence, Květina makes an attempt to 
reconstruct the encounter between early farmers and local 
hunter-gatherers and suggests possible violent clashes 
between the domestic and incoming populations. Květina, 
however, considers only the first contact between the 
communities.

despite the fact that the migration theories appeared to 
be compatible with the rate of the spread of the neolithic 
measured from radiocarbon dates (ammerman, cavalli-
sforza 1984), there are several implications for this 
immigrationist explanation. The first is that this process had 
to be driven by the rapid population growth experienced 
by the emergence of neolithic farming populations (e.g. 

Figure 1.  a location of the Vedrovice site at 
a map of Moravia.

0                                                             100 km
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renfrew 1987). however, such a population growth as an 
explanation for agriculture transition has been criticised for 
a lack of evidence by a number of scholars (e.g. Zvelebil 
2002). secondly, this approach fails to consider the role 
of the original hunter-gatherer population. unfortunately, 
extremely sparse evidence concerning late Mesolithic 
settlement in central europe may support these hypotheses 
(Mateiciucová 2008, 34–36; Zvelebil 1986a, 9).

1.2  The acculturation theories
the acculturation theories represent the opposite perspective 
to the migration hypotheses. the adoption of farming in 
europe and the origins of the neolithic are viewed exclusively 
as the uptake of the so-called “neolithic package”, including 
a sedentary way of life, the first permanent villages, 
domesticated crops and animals, and new skills such as 
polished stone production and pottery, by local forager 
populations. these hypotheses do not credit that migration 
from the near east played any important role. consequently, 
the transition of hunters and gatherers to agriculture is 
primarily explained by the reduction of available resources 
with an emphasis on the fact that hunter-gatherers adopted 
farming under pressure. a further emphasis is placed on the 
sedentary way of life, which is perceived as the crucial aspect 
leading to the farming (Binford 1968; Zvelebil 1981; 1986a; 
rowley-conwy 1983; Mateiciuciová 2008). authors such 
as dennel (1983), Barker (1985), tillmann (1993), pavúk 
(1994), Kind (1998), or the later work of tringham (2000) 
may be placed in this group.

these authors argue that domesticated animals and plants 
were acquired via trade with the neolithic population of the 
near east, and subsequently with agriculturalists living in the 
Balkans and the Mediterranean area. this idea is supported 
by accumulating archaeobotanical evidence pointing out 
agricultural activity in central and northern europe well 
before the onset of the neolithic (erny-rodmann et al. 
1997; gehlen, schön 2003; Innes et al. 2003; poska, saarse 
2006; Behre 2007; tinner et al. 2007). on the basis of these 
results, the authors suggest that agriculture developed locally 
throughout the late Mesolithic and neolithic.

Mention should also be made of a. Whittle (1996), who 
provides a view of the acculturation process from a social 
perspective and suggests the local adoption of non-local 
resources and technologies, facilitated through contacts and 
interactions outside of central europe. In his view, however, 
the original forager population was motivated by existing 
social ethics, instead of accepting the notion of population 
growth leading to the colonisation of new territories.

1.3  The integrationist theories
apart from the previous two groups of hypotheses, a number 
of scholars have regarded both types of processes, involving 
migration and acculturation, as playing an important role in 
the transition to farming in central europe. this intermediate 
model, described by Zvelebil (2002) as “integrationism”, sees 
the agricultural transition in terms of selective colonization 
by fairly small groups through mechanisms such as “leapfrog 

colonisation”, frontier mobility, and contact (Zvelebil 1986a; 
1986b; gronenborn 1994; Mateiciucová 2004; 2008). the 
availability model, suggested by Zvelebil and rowley-
conwy (1984; 1986; Zvelebil 1986a; Zvelebil 1986b), 
placed a great deal of emphasis, in contrast to the earlier 
ones, on the members of the Mesolithic societies. therefore, 
this theory is based on the assumption that there is not a 
substantial difference between Mesolithic foragers and the 
early farming population. consequently, the entire zone of 
foraging-farming interactions is assumed as the frontier, 
rather than as merely the line of forager-farmer contact. the 
availability model is divided into three phases depending on 
the relationship between incoming farmers and indigenous 
Mesolithic populations within a region and on the intensity 
of farming practises:
1. the availability phase

the availability phase exists in the early stages of the 
agricultural frontier, when farmers and foragers are 
developing contacts but are still two culturally and 
economically independent units. during this phase, 
the agricultural way of life is known to the Mesolithic 
population through a certain exchange of materials and 
information. the availability phase ends with the adoption 
of some elements of farming by foragers or with the 
settlement of farmers in the territory used by hunter-
gatherers.

2. the substitution phase
the substitution phase is divided into two forms: external, 
in which farmers settled in the forager territory and 
competed with the remaining hunter-gatherers for land 
and resources, and internal, in which the foragers add 
certain elements of farming into their range of subsistence 
strategies. In both cases, the key concept is the competition 
between two mutually incompatible ways of life.

3. the consolidation phase
This consolidation phase, the final stage in the transition 
to farming, is the first phase with a predominantly 
neolithic economy, marked by extensive and intensive 
growth of food production: having occupied the best soils, 
extending to new, secondary areas, and having exhausted, 
the possibilities of the extensive form of land-use, more 
intensive farming practices are employed. the use of 
wild resources is merely complementary, and its role 
increases only as an emergency strategy. this phase ends 
when the socio-economic conditions in the area become 
indistinguishable from those in areas settled earlier and 
the effects of the transition disappear (Zvelebil 1986a, 
10–13).

this third group of hypotheses is supported by an analysis 
of the isotope of strontium and sulphur contained in the 
bones and teeth of early farmers, revealing that not all the 
people buried within the same place spent their childhood or 
adulthood there. thus, they are likely to have been immigrants 
from an area where the isotopic values correspond to those 
found in the previously hunting-gathering regions (Bentley 
et al. 2002; richards et al. 2008). arguments supporting 
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the integrationist model of the transition to agriculture 
have also been provided by genetic researchers discussing 
the ancestry of europeans (richards 2003), and an analysis 
of chipped stone artefacts, indicating that early farmers of 
central europe partly continued in the traditions of the local 
forager populations (tillmann 1993; Mateiciucová 2004; 
2008). excellent evidence for interaction between farming 
communities and adjacent groups practising hunting and 
gathering is also offered from prehistoric poland. according 
to this evidence, many hunter-gatherers had produced and 
used pottery long before they took up farming. Moreover, 
these hunter-gatherer groups appeared to have incorporated 
some elements of neolithic group’s technology into their 
existing ceramic traditions (nowak 2009).

the availability model introduced space, time, and 
regional variability into the transition and this model has 
been widely referred to. however, there are also certain 
problems related to this complex view of the neolithisation 
process. Firstly, the transition is basically seen as a one-way 
process, populations are defined within it according to the 
stage they have reached towards a pre-defined end, farming. 
Thus, particular difficulties derive from the application of 
the general model in certain areas. another problem involves 
the fact that the model assumes both the general process and 
the end result as constant, despite the huge diversity in space 
and time, which the transition from foraging to farming 
represents (Pluciennik 1998, 68–69; Pavlů 2005, 295).

turning now to the nature of the transition to farming, 
it is worth pointing out that a number of authors have also 
considered contacts that took place within the farmer/forager 
transition on the social level (Zvelebil, dolukhanov 1991; 
Zvelebil 1995b). Certain models even stress the significance 
of deeper symbolic meanings in the process of neolithisation. 
previously mentioned factors leading to the neolithisation 
such as climate, environment, and population pressure have 
been relegated to the background. Instead, an emphasis is 
placed on the study of the social and ideological components 
of the “neolithic package”. according to J. cauvin, the 
neolithisation process led to a shift in human thinking, 
culminating in the increasing sophistication of human 
symbolic and ritual behaviour (cauvin 2003). similarly, 
I. hodder (1990) draws attention to the transition to farming 
as a process, in which the wild and natural was transformed 
into the domesticated. this means that the transition from 
a society living in the wild (agrios) to a domestic economy 
(domus), which he calls the domestication of society.

2.  The Neolithisation process: various approaches

apart from the models and hypotheses, further aspects of 
the transition to farming and the origin of the lBK such 
as genetics, stable isotope analysis, lithic studies, and 
demography are also considered and presented. In addition 
to trying to answer questions such as how farming was 
introduced to europe, they aim at increased exploration of 
the nature of the agricultural transition.

2.1  Genetic aspects of the transition to farming
the nature of agricultural transition is a matter of continuing 
debates not only in archaeology, but also in population 
genetics. the genetic history of past populations has 
mostly been drawn from modern-day eurasian populations. 
recently, however, ancient dna studies, which allow 
for the direct comparison of archaeological and modern 
populations, have also enabled the answering of the question 
as to whether early european farmers were immigrants or 
descendants of resident hunter-gatherers who had adopted 
farming (richards 2003; haak et al. 2005). these methods 
are still being verified and tested, however, and are, as yet, 
not extensive enough to provide conclusive results regarding 
the genetic contribution of sW asian farmers to the european 
gene pool. thus, they cannot solve this question themselves 
(Bellwood 2001).

2.1.1  Modern human DNA
the subject of the genetic history of europe was primarily 
created by luca cavalli-sforza and his colleagues in the 
1970s. his pioneering work, carried out in collaboration 
with the archaeologist Albert Ammerman, was the first 
sustained attempt to apply genetic data to a question of 
archaeological interest. their work the neolithic transition 
and the Genetics of Population in europe, published in 1984, 
offered a scientific model explaining the origins and spread 
of farming in western eurasia, accepting the central role of 
sedentism, population growth, and resource pressure in the 
early farming communities. cavalli-sforza and ammerman 
measured the rate of spread of farming into europe, drawing 
on radiocarbon dates provided by clark (1965), and concluded 
that the entire process of the spread of the neolithic, from 
greece to the British Isles, took place over about 2500 years, 
at a uniform rate of approximately one kilometre per year. 
they compiled synthetic gene maps which demonstrate 
geographic clines by principal component analysis. the 
genetic map produced by the first principal component, 
accounts for 27% of the total variation in classical marker 
frequencies across europe and the near east, indicating a 
gradient from the south-east to the north-west. they thus 
introduced the expression “demic diffusion” to illustrate the 
immigration of farmers themselves, in contrast to “cultural 
diffusion”, the spread of farming as an idea through the 
indigenous hunter-gatherers (ammerman, cavalli-sforza 
1973; 1984; cavalli-sforza et al. 1994).

Moreover, they suggested a different model known as “wave 
of advance”, instead of the traditional model of migration and 
colonization. the wave of the advance model assumes the 
population growth resulting from agricultural surpluses, and 
either displacing or absorbing the less numerous Mesolithic 
hunter-gatherer population. this process leads to a radial 
expanding population wave, in which the culture spreads with 
the expansion of people. not only did the wave of the advance 
model seem to be compatible with the available radiocarbon 
dates from neolithic sites, but also the introduction of 
genetic data including allele frequencies for blood groups, 
the tissue antigen hla system, and certain enzymes, into 
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the question of agricultural transition supported this notion 
(ammerman, cavalli-sforza 1973; 1984; richards 2003). It 
is worth pointing out that although ammerman and cavalli-
sforza (1984) predict that a major component of the modern 
european gene pool is derived from near-eastern farmers, 
they acknowledge the role of indigenous people in the spread 
of the neolithic. a number of recent publications (Barbujani, 
dupanloup 2002; chikhi 2002), however, seem to not credit 
any role to local foragers and argue that the neolithic must 
have spread into the continent exclusively by population 
movement (thomas 2006, 52).

nevertheless, the wave of the advance model introduced by 
ammerman and cavalli-sforza (1984) has been substantially 
criticised (e.g. Zvelebil 1986a; 1989; 1998; 2002; thomas 
1996; pluciennik 1998; price 2000). Firstly, there has been 
no evidence for identifying the first principal component 
with the neolithic expansion. Instead, the gradients might 
have be the result of numerous other dispersals. another 
problem derives from the fact that the items of the neolithic 
package, used by ammerman and cavalli-sforza to identify 
a settlement as the neolithic, might often be exchanged into 
Mesolithic communities. Finally, there is broad agreement 
among archaeologists that there is no evidence for large scale 
continent-wide migration. also, 25 years later at a conference 
in Venice in 1998, one of the authors, a. ammerman, 
looked back and debated how his and cavalli-sforza’s ideas 
developed and influenced further research (see Ammerman, 
Biagi 2003).

In the 1980s, apart from the principal component analysis 
of the classical markers such as blood groups, hla antigens, 
and enzymes, it became possible to analyse the dna 
sequences of the genes themselves. In particular, attention 
has been drawn to the two non-recombining loci in humans: 
the mitochondrial dna (mtdna), which is inherited only 
down the maternal line, and the y chromosome, which is 
only present in males and inherited from father to son. the 
mitochondrial genome and the y chromosome are ideal for 
reconstructing evolutionary trees or networks, which can be 
put into a time frame, and the age of the molecules at their 
nodes can be estimated (richards 2003, 144–145).

Mitochondrial dna analysis indicates a similar trend as 
the principal component analysis of the classical markers but 
accounts for only 10–20% of the mitochondrial sequences 
all throughout europe (richards et al. 1996; 1998). The first 
results from european mtdna concluded that the ancestors of 
the great majority of modern lineages entered europe during 
the upper palaeolithic, whereas the incoming lineages were in 
the minority (richards et al. 1996; 1998). these results have 
been further supported by numerous studies (torroni et al. 
1998; richards et al. 2000; richards 2003) also indicating 
that on the maternal line of descent, only a minority of 
european ancestors were near eastern farmers. the majority, 
however, were indigenous european hunter-gatherers, who 
adopted farming at a later point. It is also worth mentioning 
that these results provide information about female heritage, 
therefore, men could be of foreign origin (ammerman et al. 
2006). nevertheless, the mtdna work has been criticised 

by a number of authors in the field of traditional population 
genetics, using a different methodological protocol (cavalli-
sforza, Minch 1997; Barbujani et al. 1998; chikhi et al. 
2002; Barbujani, Bertorelle 2001).

y-chromosomal dna analysis suggests that the frequency 
of haplotypes originating in the near east averages about 
20–25%, similar to the estimates from mtdna (semino 
et al. 1996; 2000; underhill et al. 2000; but see chikhi et al. 
2002). the contribution of palaeolithic hunter-gatherers 
as opposed to neolithic agriculturalists to the colonisation 
of europe has also been recently studied in the czech 
population (Kračmarová et al. 2006). the results indicate 
that the haplogroups (I, r1a, r1b) linked to the post-glacial 
recolonisation of europe reached frequencies of 80.6%. In 
contrast, haplogroups (e3b, g, J2) likely brought to europe 
by agriculturalists from the near east occurred in 15% of 
the test sample. (Kračmarová et al. 2006; see Zvelebil, pettit 
2006 for further discussion).

In spite of the fact that the above-mentioned genetic 
studies have led to conflicting results, it is possible to see 
a congruence in the results of all three systems (autosomal, 
mtdna, y-chromosome) in relation to the demic expansion 
of neolithic near eastern farmers into europe (lell, Wallace 
2000). all would suggest the contribution of south-west 
asian populations into the european gene pool and report 
similar south-east-north-west clines across europe. on a 
continental scale, the above-mentioned genetic evidence can 
be summarised as follows (table 1).

Table 1.  summarised genetic evidence.

Source Contribution of Near 
Eastern farmers to the 
European gene pool

ammermann, cavalli-sforza 1984 75–90%
chikhi et al. 2002 50–65%
King, underhill 2002 2–40%
richards et al. 1996; 2000 20–25%
semino et al. 2000 20–25%

to sum up, the authors of recent studies of modern human 
DNA tend to support the integrationist view that the first 
farmers of central europe made only a small contribution 
to the genetic heritage of present-day europeans (richards 
et al. 1996; 1998; 2000; semino et al. 1996; 2000; torroni 
et al. 1998; simoni et al. 2000; underhill et al. 2000; 2001; 
Richards 2003; Kračmarová et al. 2006).

Furthermore, the difference between greater male 
(y-chromosomal dna) and lesser female (mtdna) genetic 
contribution to the neolithisation process might indicate 
male exogamy and long-distance travel on the one hand, and 
female matrilocality and regional endogamy on the other 
(Zvelebil 2002).

according to Marek Zvelebil (2002), four major processes 
are involved with the arrival of the neolithic and contributed 
to the generation of south-east-north-west genetic gradient 
patterns:
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1. the pattern of small-scale population movements 
progressing from south-east europe to the north-west 
over millennia.

2. at the onset of the neolithic, “targeted”, “leapfrog” or 
“pioneer” settlement of selected and targeted optimal 
areas by small numbers of incoming farmers from 
the near east/anatolia to south-east, central and 
Mediterranean europe, resulting in the foundation of 
agricultural “enclaves” within landscapes occupied by 
hunter-gatherers.

3. the adoption of farming by indigenous foragers through 
contact, intermarriage, and socially regulated mobility 
between hunter-gatherers and farmers within frontier 
zones.

4. A consequent regional demic expansion, infilling 
of locally available niches by a genetically mixed 
population involving local hunter-gatherers and some 
immigrant farmers (Zvelebil 2002, 385–386).

2.1.2  Ancient human DNA
genetic studies carried out on modern european populations 
have led to conflicting results (see above). Ancient DNA 
studies, however, seem to support gene admixture on a 
regional scale (haak et al. 2005; ammerman et al. 2005; 
Bramanti 2008; Bramanti et al. 2009). haak et al. (2005) 
analysed mtdna of neolithic skeletons from central europe 
and concluded that those first farmers did not have a strong 
genetic influence on modern European female lineages. 
the likely explanation for these results offered by authors 
suggests that the female early neolithic farmers could have 
been genetically diluted by resident native hunter-gatherers, 
since a particular mtdna haplotype (n1a) found in early 
neolithic skeletons is comparatively rare among modern 
europeans (see ammerman et al. 2006; Burger et al. 2006 
for further discussion). this conclusion is supported by 
the above-mentioned studies of modern human dna, 
archaeologically (e.g. gronenborn 1999; 2007), and also by 
stable isotope studies (Bentley et al. 2002).

In contrast, a number of more recent ancient mtdna 
studies (Bramanti et al. 2009; haak et al. 2010) have 
suggested that the LBK populations shared an affinity with 
the modern-day near east and anatolia, supporting a major 
genetic input from this area during the advent of farming in 
europe. these data are compatible with a model of central 
europe in the early neolithic of indigenous populations plus 
major genetic inputs from expanding populations in the near 
east. thus, on a regional scale, these results support the 
“leapfrog” colonization model, where early farmers initially 
targeted the economically favourable loess plains in central 
europe. nevertheless, the lBK populations also showed 
unique genetic characteristics including a clearly distinct 
distribution of mitochondrial haplogroup frequencies, 
implying that further significant genetic changes took place 
in europe after the early neolithic (haak et al. 2010). 
Moreover, despite the fact that discontinuity seems to be an 
important feature of the prehistoric mitochondrial record of 
central europe, one should bear in mind that there are major 

problems with sample size, population substructure, and, of 
course, the danger of sample contamination (soares et al. 
2010). In the czech republic, Bramanti (2008) has carried 
out ancient mtdna analysis of an early lBK population 
from Vedrovice (see below).

2.2.  Stable isotope analysis
stable isotope analysis helps directly answer frequently 
discussed questions concerning former diet, demography, 
residence patterns, and diseases. Stable isotopes find their way 
into organisms through diet, and are consequently gradually 
integrated into the tissue of bones and teeth. Bioarchaeology 
primarily uses the following isotopes and their ratios: 13c/12c, 
14n/15n, 87sr/86sr, 18o/16o, and 34s/32s. their natural sources 
are atmosphere, water, and a geological base, from where 
they enter the plant and animal bodies and participate in their 
tissue building. to analyse for stable isotopes, collagen or 
hydroxyapatite is extracted from the bone with the resulting 
material providing a relative abundance of the different 
isotopes present (Mays 1998, 182; Kovačiková, Brůžek 2008). 
In order to investigate the nature of the agricultural transition, 
an emphasis is placed on analysis concerning mobility and 
dietary patterns carried out by examining human skeletons 
from Mesolithic and early neolithic central europe.

2.2.1 Mobility patterns
Measuring of strontium and sulphur isotopes in human 
skeletons can directly, in contrast to dna analysis, examine 
human mobility on a regional and local scale. Migrant 
individuals who moved between geologic regions can be 
identified by comparing the isotope signature in adult teeth, 
composed over the first years of life, with that in the bones, 
which preserve the isotopic profile corresponding to the last 
years of life. therefore, if the teeth and bones of an adult 
have different signatures, then that individual spent his or 
her final years in different geological areas. These ratios are 
further compared with the values from the local geology 
and indicate whether an individual moved into the region 
during later life (Bentley et al. 2002; Bentley 2007; Bickle, 
hofmann 2007; Katzenberg 2008; richards et al. 2008).

a strontium isotope analysis of skeletal remains from lBK 
sites in south-west germany has indicated a high incidence of 
migration in these neolithic communities (price et al. 2001; 
Bentley et al. 2002; 2003a; 2003b; Bentley 2006; Bickle, 
hofmann 2007). a high incidence of non-locals was revealed, 
for example, at lBK cemeteries of Flomborn (64%) and 
schweitzingen (25%) in the rhine Valley, dillingen (65%) 
along the danube Valley, and Vaihingen (30%) in the neckar 
Valley. the authors have dealt with the pattern of migration of 
farmers into central europe at the beginning of the neolithic 
and have offered a derivation from or interaction with hunter-
gatherers as a likely explanation. In addition, the results from 
schweitzigen have demonstrated that migration was dominated 
by females having grown up in the uplands on either side of the 
rhine Valley and joining the agricultural community through 
marriage (price et al. 2001; Bentley et al. 2002; Bentley 2007; 
Zvelebil, pettitt 2008). this is a common pattern observed 
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and discussed in ethnographic and anthropological literature 
(Zvelebil 1986a; Zvelebil, pettitt 2008).

2.2.2 Dietary patterns
stable carbon, nitrogen, and sulphur isotope analysis has been 
successfully applied to address questions of subsistence and 
diet during the transition to farming (e.g. richards, hedges 
1999; Bocherens et al. 2007; Fischer et al. 2007; nehlich 
et al. 2010). It is based on the assumption that differences 
in the isotope ratios of elements reflect the fact that each 
organism is a component of global geochemical cycles and 
the concentration of isotopes deposited in human and animal 
bones and teeth during life inform us about climate and food 
web position by means of the isotope ratios which increase at 
each trophic level. consequently, the ratio of 13c/12C (δ13c) 
can be used to distinguish between marine and terrestrial 
ecosystems or c3 (a number of temperate plant species) and 
c4 (e.g. maize, sorghum, millet, sugar cane) plants, which fix 
carbon by different photosynthetic pathways. In combination 
with the stable nitrogen isotope ratio (δ15n), it is possible 
to identify categories of plants and separate herbivores from 
carnivores. the ratio of 34s/32S (δ34s) provides evidence of the 
proportion of terrestrial, freshwater, and marine sources in a 
diet, and is complementary to that of the carbon and nitrogen 
ratios (Mays 1998, 183; sealy 2001, 270–271; Katzenberg 
2008, 423–424; Kovačiková, Brůžek 2008).

as mentioned above, recent research has focused on 
stable isotope analysis, which provides strong evidence of 
a sharp shift in subsistence practice during the transition 
to farming from various corners of the continent such as 
denmark (tauber 1981; Fischer et al. 2007), portugal 
(lubell et al. 1994), great Britain (richards, hedges 1999; 
schulting, richards 2002; richards et al. 2003), and the 
danube gorges (nehlich et al. 2010). all of the citied 
studies have reached the same conclusion, stating that there 
was a large input of marine and riverine food in the human 
diets of the Mesolithic period, while with the onset of the 
neolithic, humans started consuming primarily terrestrial 
food (see Milner et al. 2004; richards, schulting 2006 for 
further discussion). the scholars mainly explain this pattern 
either by agricultural colonisation by new people, whose 
diet was based on domesticates, or by the rapid adoption 
of neolithic culture and domesticates by the indigenous 
people.

In contrast, it is worth mentioning that a stable isotope 
analysis cannot distinguish between wild and domesticated 
resources, consequently the shift from marine and freshwater 
resources may not indicate that they were replaced by 
domesticates, but it is possible that this pattern is connected 
with subsistence diversity as well. cereals could not be 
used as staples in the neolithic, but in a range of different 
ways such as special-purpose food or alongside wild foods 
(thomas 2003; 2007). Julian thomas (2003, 69–70) further 
argues that neolithic people had access to a rich source 
of food in the form of fishing and that the shift in dietary 
preferences can be explained by a cultural prohibition on 
marine food, a new relationship between humans and the 

sea, a certain kind of cultural identification, or the marker of 
taking on a new identity – “being neolithic”.

2.3  Lithic studies
the potential of the lithic studies for the question of the 
Mesolithic studies of the Mesolithic-neolithic transition in 
central europe has been emphasised by an entire range of 
authors (recently gronenborn 1999; Mateiciucová 2003; 
2004; 2008), since analysis of chipped stone artefacts is 
one of the few sources to be used by both the Mesolithic 
hunter-gatherers, as well as by the early farmers. Inna 
Mateiciucová (2003; 2004; 2008), whose studies build on 
the work of s. Vencl (1960) and d. gronenborn (1997), 
has concentrated her study on the following features of the 
chipped stone industry: the technology of blade production, 
the distribution of raw stone sources, and the occurrence of 
so-called “culturally specific” tool types (trapezes, borers, and 
retouched blades) in order to answer questions concerning 
lBK origin and dispersals into a vast area of central europe 
with an emphasis on the local Mesolithic background.

On the basis of the identification of different techniques 
of regular blade production at Mesolithic and neolithic sites, 
Mateiciucová suggests that the process of neolithisation in 
Central Europe was not unified. Furthermore, indigenous 
Mesolithic populations played an important part in certain 
regions, and were gradually acculturated. Moreover, the 
Balkan cultural complex (including the Starčevo and Körös 
culture) most likely participated in the neolithisation of 
central europe through mediation, the transfer of information 
via contacts in the exchange of raw materials, products, and 
partners. consequently, the participation of the indigenous 
Mesolithic population in the formation of the Körös and 
possibly also the Starčevo culture is indicated by the 
danubian tradition of blade production which originated in 
the late Mesolithic period as a local response to technological 
changes in the Mediterranean, which Mateiciucová calls “a 
variation on the Mediterranean tradition” (Mateiciucová 
2004, 91–96; 2008, 57–110; 165–166).

the second focus of her study has been placed on the issue 
of the distribution of stone raw materials with special attention 
to the raw materials that may have played an important role 
in the neolithisation process in central europe (szentgál 
radiolarite, carpathian obsidian, Krakow Jurassic silicites). 
Mateiciucová suggests that the earliest lBK may have spread 
through pre-existing networks in central europe, since the 
distribution of raw materials indicates that a network of 
contacts already existed in certain areas of central europe at 
the end of the early Mesolithic. these networks, connecting 
areas of central europe with areas in the Balkans, enabled the 
flow of information and formed an ideal basis for the later rise 
of the neolithic. In addition, certain features of distribution 
typical for the Mesolithic period also continued to appear in the 
early neolithic period. attention should be especially drawn 
to the network of transdanubian radiolarites, the dispersion of 
which corresponds with the west and north-west spread of the 
earliest phase of the lBK culture (Mateiciucová 2004, 96–98; 
2008, 111–155; 165–167).
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on the basis of the information noted above, Mateiciucová 
concludes that the lBK culture developed autochthonously 
from the local Mesolithic substrate in the region of 
transdanubia and immediately adjacent areas, but under the 
influence of contacts and partial mixing with the Starčevo 
culture communities (Mateiciucová 2004, 99–101; 2008; 
165–167). her hypotheses also emphasises the psychological 
implications of the neolithisation process by suggesting that 
initially, there was a neolithisation of the hunter-gatherers’ 
soul or psyche, followed by the neolithisation at the material 
level (Mateiciucová 2004, 99–100).

2.4  Demographic aspects of the Neolithic transition
although many different disciplines have been involved in 
explaining the mechanism of neolithic dispersal, surprisingly 
little attention has been paid to the demographic aspects of the 
agricultural transition (Galeta, Brůžek 2009). Given the fact 
that the crucial prerequisite of colonisation would have been a 
high rate of population growth, lBK farmers would have had 
to reproduce at a rate approaching the theoretical maximum 
for human population (Brůžek 2003; Galeta, Brůžek 2009).

a population growth rate from 2.0% to 3.5% per year has 
been established as the input value in the models of ammerman 
and cavalli-sforza (1973). since that time, e. neustupný 
(1983), using life tables from lBK skeletons from germany, 
and J. petrasch (2001), employing data acquirated from the 
function of exponential growth and input variables derived 
from the distribution of lBK settlement and radiocarbon 
dates, have estimated the growth rate at 1–2%. recently, 
Galeta and Brůžek (2009, 141) have, in contrast, argued that 
these estimates do not account for the uncertainty connected 
with adopting input parameters from archaeological sources. 
Instead, they have developed their demographic model of the 
neolithic transition in central europe.

In their study, Galeta and Brůžek (2009) estimated the 
level of fertility (around 6–13 children per woman) and 
growth rate (0.64–1.96% per year) of the lBK population 
via demographic modelling in order to assess whether 
such a level of fertility and population growth rate would 
be high enough to allow the lBK farmers to spread across 
central europe within less than 200 years without any 
admixture with indigenous hunter-gatherers. on the basis 
of data from human demography, archaeology, and human 
ecology, they constructed a stochastic demographic model 
of changes in farming population size and concluded that 
the establishment of farming communities in central europe 
without an admixture with foragers may be rejected in 
92% of the simulations. their study thus provides a strong 
argument against the colonization hypothesis and supports 
the integrationist view of the neolithic transition in central 
europe.

3.  Vedrovice: a case study in South Moravia

the site Vedrovice is located in south Moravia in the czech 
republic, within the drainage basin of the rivers Jihlava 

and Svratka (figure 1). Sections of the site were excavated 
between 1961 and 2001, and have yielded a settlement, three 
enclosures as well as two cemeteries: the early lBK cemetery 
“Široká u lesa” and that called “u Vinklerovy cihelny” 
(ondruš 2002). the conditions on site provided excellent 
preservation. therefore the site of Vedrovice encompasses 
a significant range of material culture including ceramic 
vessels, figurine fragments, housing structures, construction 
pits, ovens, ceramic weights, flaked and polished stone 
tools, grinding stones, faunal remains as well as bones and 
bone tools and last but not least human skeletal remains 
(podborský, ed. 2002).

recently, there has been a comprehensive international 
collaborative research programme focused on the human 
skeletal remains recovered from the cemetery “Široká u 
lesa” with an emphasis on two key goals: first, to establish 
comprehensive holistic bioarchaeological research, and 
secondly, to generate new knowledge about the emergence 
of the lBK culture and the transition to farming in central 
europe in the broader context of european neolithisation. 
to do so, multiple bioarchaeological approaches have been 
applied including aMs radiocarbon dating, palaeopathology 
studies, dental microwear studies, material culture studies, 
and also ancient dna analysis as well as chemical trace 
analyses (lukes et al. 2008).

3.1   The origins and ancestry of the Vedrovice 
community: isotopic and ancient DNA analyses

although the Vedrovice samples are not among the genetically 
best preserved ones, Bramanti (2008) has successfully 
sequenced ancient mitochondrial dna polymorphism from 
three male and three female individuals. she observed a 
prevalence of t2 (2 individuals) and K (2 individuals) 
sequences, whose founders are proposed to have been 
introduced into europe during the lower upper palaeolithic. 
these have also been observed in another lBK sample from 
north-central europe (haak et al. 2005). the remaining 
two individuals belong to the haplogroup h, also deriving 
from the european upper palaeolithic, and haplogroup J1c, 
which might be associated with the spread of the neolithic 
(richards et al. 2000; Zvelebil, pettitt 2008). It is also worth 
noting that Bramanti (2008) has thus supported the results 
of a recent study by Kračmarová et al. (2006), who have 
claimed that modern czech male ancestry shows about a 
80% predominance of the palaeolithic genetic markers as 
indicated by y-chromosome polymorphisms.

to reconstruct human mobility, strontium and sulphur 
isotope analyses of skeletal remains have also been 
undertaken. the results indicate that most of the humans 
buried at Vedrovice spent their childhood, as indicated by 
the strontium isotope values, and adulthood, indicated by 
the sulphur isotope value, at or near Vedrovice. In contrast, 
there are eight individuals with different isotopic values, 
which means, that they spent their childhood or adulthood 
elsewhere, so they are likely to have been immigrants to the 
site. these results thus suggest that a small percentage of the 
Vedrovice community were allochtonous and derived from 
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areas at all points of the compass (richards et al. 2008). as 
observed by Zvelebil and pettitt (2008, 199), these migrants 
may have derived from or interacted with hunter-gatherers 
from the upland areas. this is a pattern that has been observed 
elsewhere, for instance by price et al. (2001).

It can be seen quite clearly that ancient dna and isotopic 
analyses have contributed to our understanding of the 
transition to agriculture in central europe. additionally, 
the results of bioarchaeological research at Vedrovice 
have provided information about the health condition, 
palaeodemography and nutrition of Vedrovice inhabitants, 
their social status, and the transmission of cultural traditions 
(Zvelebil, pettitt 2008). on the basis of all these results, 
Zvelebil and pettitt (2008, 213–214) have concluded that 
Vedrovice was likely a neolithic “gateway community”, 
both receiving individuals from afar and maintaining long-
distance contacts, and also serving as a founder community 
for other early lBK settlements. they propose that Vedrovice 
was founded by a small community of incomers, who 
probably originated in western hungary, since links with 
western hungary are evident in the material culture. soon 
after Vedrovice was founded (at some point prior to 5300 
Bc), it attracted people from hunting-gathering communities 
within the region of the Bohemian-Moravian uplands and 
north-east Bohemia. Zvelebil and pettitt go on to suggest 
that Vedrovice also served as the focal point of a far-flung 
contact network that facilitated the exchange of goods and 
information. the evidence for these connections is apparent 
from the material culture, such as the spondylus ornaments, 
flints from southern Poland, Hungarian radiolarite, or schist/
amphibolite from northern Bohemia. they even go on to 
reconstruct the life biographies of selected individuals from 
the Vedrovice community in order to reconstruct the personal 
diversity and variability of the Vedrovice community and 
to emphasise that we can, within the bioarchaeological 
approach, reconstruct the life histories of people who died 
long ago (Zvelebil, pettitt 2008).

4.  Certain concluding remarks

the current research into the neolithisation process in 
central europe can be summarised as follows:

1. although much attention has been paid to the 
agricultural transition, archaeological attitudes towards 
the transition to farming have been influenced by a 
variety of reasons such as the political and academic 
climate (Zvelebil 1995a; pluciennik 1998). therefore, 
prehistorians placed a great emphasis on the neolithic, 
whereas the study of Mesolithic hunter-gatherers has 
remained one of the neglected issues in european 
prehistory. this has been particularly true in the case of 
czech archaeology (Beneš 2004).

2. It is believed that the first farmers of Central Europe 
originated in the transdanubia, and spread rapidly 
across a broad area extending from the western ukraine 
to the rhine river in germany (lukes, Zvelebil, 

eds. 2004; Gronenborn 2007). These first farmers 
appeared in Central Europe around 5500 BC (Pavlů 
2005). recently, it has become clear that the spread of 
agriculture involved a variety of mechanisms and cannot 
be merely explained by a simple model of migration 
or acculturation (Zvelebil 2004; robb, Miracle 2007). 
according to the integrationist model, local Mesolithic 
groups played an important role in this process and, 
at present, the majority of researchers concerned with 
early neolithic archaeology prefer this intermediate 
scenario (gronenborn 2007).

3. The integrationist model finds strong support in a number 
of disciplines. genetic studies of classical markers, 
mtdna, and the y-chromosome have indicated the 
major contribution of Mesolithic foragers to the gene 
pool of modern europeans. the contribution of near 
eastern lineages to the european gene pool has been 
indicated at around a quarter or less (richards 2003). 
similarly, ancient dna supports gene admixture on a 
regional scale (haak et al. 2005).

4. In addition, strontium isotope analyses of lBK skeletons 
from germany have revealed a high incidence of non-
locals, which may indicate that people from hunting-
gathering groups had joined agriculturalist communities 
(price et al. 2001).

5. the admixture view has also been supported by recent 
lithic studies, which suggest continuity in stone tool 
production and the distribution of stone raw materials 
from the Mesolithic to the early lBK (gronenborn 
2007; Mateiciucová 2008).

6. the integrationist view of the neolithic transition 
in central europe is supported by a demographic 
model, which has indicated that lBK fertility was not 
high enough to allow farmers to spread over central 
europe without an admixture with the local Mesolithic 
population (Galeta, Brůžek 2009).

7. Imported LBK finds within the late Mesolithic context 
of central europe may demonstrate contacts between 
Mesolithic foragers and lBK farmers, which also 
supports the integrationist view of the agricultural 
transition (Zvelebil 2004; gronenborn 2007).

8. With regard to lBK homogeneity, traditionally 
considered as evidence of the rapid colonisation of 
central europe by farming groups, currently, a number 
of scholars regard this uniformity as an actively chosen 
phenomenon for social reasons (robb, Miracle 2007). 
since current research has reached the conclusion that 
the lBK culture has numerous origins (an admixture 
of intrusive near eastern farmers and indigenous 
Mesolithic populations) (Zvelebil 2004, 199), the lBK 
culture had to be symbolically standard and uniform. In 
other words, people from various communities joined 
the lBK and accepted a new way of life and new 
identity. this strategy, consequently, enabled rapid and 
successful spread of the lBK to all of central europe 
(Zvelebil 2009). on a continental scale, the sharp shift 
in subsistence practice with the onset of the neolithic 
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might also have been bound up with the assumption of a 
new cultural identification (“being Neolithic”) (Thomas 
2003).
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