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Abstract
An Optimal Foraging Perspective on Early Human Holocene Prey Choice
on Gotland. Affluence or Starvation?
Ingegärd E. Malmros, Master thesis, 2012/Spring term. Gotland University, Department of Archaeology and Osteology
The Optimal Foraging Theory, rooted in the processual archaeology, uses a
measuring methodology where the foraging strategy that gives the highest payoff measured as the highest ratio of energy gain per time unit is analysed (Mac
Arthur & Pianca 1966, Emlen 1966). The theory is a branch of evolutionary ecology why much attention is paid to the interdependence of humans and preys
and environmental conditions caused by climatologically and geographical
changes or by overexploitation or other changes caused by humans. The analysis of Early Mesolithic pioneers on Gotland, who settle in a transforming
landscape, leaves indications of a Maglemose culture origin, probably from flooded original settlements in the south/southwest Baltic basin. The pioneers
have to adapt to a seal-hunting economy dominated by grey seal which give the
best cost-benefit outcome as big terrestrial mammals are missing and only
mountain hare is available. The diet is narrow and there is a great risk for deficiency diseases as well as for acquiring hypervitaminosis and osteoporosis caused by excess of seal food.
There is a hiatus c. 5000-4500 BC in the archaeological records on Gotland and
the south-western Baltic region, and the master thesis hypothesises that Littorina Transgression I with a severe cold dip called the “8.2 ka BP cold event”
has a delayed, but such a severe impact also on fauna and flora on Gotland,
that the ecological system is destroyed. The possibility for humans to survive in
a sustainable society is questionable. The extremely cold winters during this c.
400 years cold event, with glaciers moving southwards, delayed the blooming
season, diminished the harvest and changed both flora and fauna. When the
ecological niche for the grey seal is destroyed with flooded beaches close to the
pioneers, human overexploitation is reinforced. With a diminishing population of
mountain hare, which eventually gets extinct at the end of the Mesolithic, there
are no alternatives but some birds and fish, hard to catch. Probably the pioneers abandon Gotland or move to a higher level on Gotland but no records are
yet found why the period is called a hiatus. Extinction is the worst scenario or
survival in such a small number that a sustainable society is lost. If so, new
population groups repopulated Gotland after the Littorina transgressions. The
origin is still unknown of the Pitted-ware and Funnelbeaker cultures that are
populating Gotland after the transgressions. This master thesis can not confirm
an affluent life style but rather a suffering starving society flooded by Littorina
transgressions and struggling with the severe cold, caused by the “8.2 ka cold
event” that makes the environmental conditions even worse. The subsistence
economy is successively destroyed which probably causes the hiatus in archaeological records. The Littorina Transgression I with the “8.2 cold event” and
the lack of terrestrial big animals are bottle necks.
Key words: Gotland, grey seal, Holocene, hunter-gatherer, Mesolithic, Optimal Foraging Theory,
OFT, 8.2 ka BP cold event, Zen Road
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Abstrakt
Överflöd eller svält? En studie av optimal födoinsamling och människors
val av jaktbyte på Gotland under början av Holocen
Ingegärd E. Malmros, Magisteruppsats, 2012. Högskolan på Gotland, Avdelningen för arkeologi och osteologi
Optimal Foraging Theory, med sina rötter i den processuella arkeologin, använder en metodik utgående från mätningar där insamlingsstrategin som ger den
högsta avkastningen per tidsenhet analyseras (Mac Arthur & Pianca 1966, Emlen 1966). Teorin är en undergrupp inom den evolutionära ekologin och därför
ägnas stor tid åt att uppmärksamma det ömsesidiga beroendet och påverkan
som sker i miljön p.g.a. klimatologiska och geologiska orsaker men också p.g.a.
mänsklig påverkan som exempelvis överförbrukning. Analysen av tidigmesolitiska pionjärbosättare på Gotland, som möter ett landskap i förvandling, lämnar
spår efter sig som tyder på ett ursprung i Maglemosekulturen i södra/sydvästra
Östersjöregionen. De tvingas bli adapterade till en säljägarekonomi dominerad
av gråsäl som ger det bästa energiutbytet, eftersom stora landdäggdjur saknas
och endast bergshare finns tillgänglig. Dietvalet är smalt och det föreligger stor
risk för både bristsjukdomar och A-vitaminförgiftning och osteoporos p.g.a.
överkonsumtion av sälprodukter.
Det finns ett uppehåll i de arkeologiska fynden c. 5000-4500 BC på Gotland
liksom i södra Östersjöområdet. Magisteruppsatsens hypotes är att den kalla
perioden med temperatursänkning som kallas ”8.2 ka BP cold event” under Littorinatransgression I har en fördröjd men så kraftigt övergripande effekt, på
både djur- och växtliv på Gotland, att den förstör det ekologiska systemet och
därmed möjligheten för människor att överleva i ett hållbart samhälle. De mycket hårda vintrarna under de c. 400 årens ”cold event” medför att glaciärerna
dras sig söderut, blomningssäsongen fördröjs, skörden minskar och både fauna
och flora förändras. När den ekologiska nischen för gråsälen förstörs av översvämmade stränder nära bosättarna förstärks överexploateringen, och då det
inte finns någon alternativ föda utom en minskande harstam, svårfångade fåglar
och fiskar, blir situationen fatal för de tidigmesolitiska bosättarna. Troligtvis flyttar de till andra platser inom Östersjönätverket eller till en högre nivå på Gotland, men fynd saknas hittills varför detta tomrum benämns ”hiatus”. Det värsta
scenariot är att bosättarna dör ut eller överlever i ett så litet antal att det hållbara
samhället går under. Om så är fallet återbefokas Gotland av gropkeramisk kultur och trattbägarkultur i anslutning till Littorinatrasgressionernas slut. Denna
magisteruppsats kan inte konfirmera en livsstil i överflöd, utan snarare ett lidande svältande samhälle som översvämmas av Littorinatransgressioner med miljömässiga förhållanden som förvärras av den allvarliga kylan orsakad av ”8.2 ka
cold event”. Försörjningsmöjligheterna förstörs succesivt och befolkningen försvinner vilket troligen orsakar ett hiatus i de arkeologiska fynden. Littorina
Transgression I med ”8.2 ka cold event” och bristen på stora landdjur är stora
flaskhalsar.
Key words: Gotland, grey seal, Holocene, hunter-gatherer, Mesolithic, Optimal Foraging Theory,
OFT, 8.2 ka BP cold event Zen Road
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Introduction

“A Gotlander’s home is the sea” says Per Arvid Säwe when explaining seal
hunting on Gotland, an important food resource until the beginning of the 20th
century (cited Wallin & Sten 2007:24). The pioneers on Gotland were sealhunters during the Ancylus and Mastogloia stages facing changing sea-levels
and fluctuations in the economy (Lindqvist & Possnert 1997). Seal hunting is
therefore in focus when looking into Early Mesolithic subsistence strategy
among pioneers on Gotland in the Early Holocene period. The environmental
conditions influenced humans, fauna and flora why these topics are of interest
when looking into the question on possible affluence or starvation during the
Mesolithic. In this master thesis a comparison will be made between the perspectives of Optimal Foraging Theory (OFT) formulated in 1966 by Robert H.
MacArthur & Eric R. Pianca (1966) and Stephen Emlen (1966) and Marshall
Sahlins’s the Original Affluent Society theory from 1966 (Lee & DeVore 1968;
Sahlins 1972; Solway 2006). Thereafter an optimal foraging perspective will be
used when discussing the early Holocene subsistence among pioneers on Gotland.
Both OFT and the Original Affluent Society theories are presented in the 1960’s
and are grounded in the processualistic tradition but do they use the archaeological and anthropological records in the same way? For being able to discuss
researchers’ different results and interpretations it is necessary to know their
theoretical perspectives and methodologies. In Sweden Per Persson (1999:172177) is accepting Sahlins’s thoughts about affluence in Scandinavia without any
reservation in his doctoral thesis ”Neolitikums början”. The results of this master
thesis will be discussed and compared with Persson’s statement on affluence.
In the bachelor thesis on “Optimal Foraging Theory – OFT. Background, Problems and Possibilities” (Malmros 2012) the conclusion was that OFT as a
benchmark for measuring culture and subsistence seems to be useful and suitable for Mesolithic hunter-gatherer research on Gotland. OFTcan be used for
analyses of prey choices (prey choice synonymous with the diet breadth model)
in relation to environmental factors as sea levels, climate, fauna and flora. Heuristic discussions can compare a construction of an “optimal Gotlandic pioneer
forager’s” food item selection with archaeological records (Malmros 2012). With
an ecologically oriented explanation of human past, discussions on return rates
and fluctuating resources are possible. OFT discusses why food selection
sometimes is broad, sometimes narrow and especially deviations from the optimal foraging model can help to identify constraints when discussing the energy
budgets (MacArthur & Pianca 1966; Emlen 1966).
1.1.1

Aim and purpose

The purpose of this master thesis is to analyse the prey choice of pioneer settlers on Gotland during the Early Holocene with focus on the Early Mesolithic
period 9500-6800 BP in an optimal foraging perspective, aiming to find possible
indications on affluence or starvation. The theory states that it is possible to
generate predictions about subsistence strategies that will give individuals the
best cost-benefit outcome (the currency is measured in calories) and compare
the predicted residues with those found in the archaeological record (Smith &
6

Winterhalder1992; Shennan 2002). The results will be compared with the
“Original Affluence Theory” proposed by Sahlins´ in 1966 (Lee & Devore 1968)
and with Persson’s dissertation on “Neolitikums början” (1999) with the conclusion that good margins existed in the Mesolithic economies in Scandinavia.
This paper will be written as a part of a research program on “The Pioneer Settlements of Gotland – Early Holocene Maritime Relations in the Baltic Sea Area”
driven by Jan Apel (Gotland University) and Jan Storå (Uppsala University).
One of the questions in this program is dealing with the introduction and evolution of marine mammal hunting in the Baltic Sea and its role in the economy and
demography. The prey animals are in focus and especially the seals. The question is whether the grey seals (Halicoerus grypus) are overexploited as they are
decreasing while the ringed seals (Phoca hispida) and later the harp seals
(Phoca groenlandica) are increasing and they are harder to hunt. Harbour seals
(Phoca vitulina) probably come later. Technology causes as well as ecological
circumstances (climate changes and altered sea levels) are discussed but not
seal diseases.
The first pioneers reached Gotland c. 9400 years ago and records from Stora
Förvar on Stora Karlsö show that they adopted seal hunting. There were no big
mammals on Stora Karlsö or on the rest of Gotland. The settlers had to adjust
to an unfamiliar environment. One of the earliest traces of maritime adaption
strategies in the Baltic area is thus represented by the Gotlandic seal hunters
(Lindqvist & Possnert 1997).
1.1.2
•
•
•
•
•
•

Research questions
Why is an Optimal Foraging Theory not chosen for forager research in
the Baltic Region before?
What environmental conditions (climate, sea levels, fauna and flora) are
characterizing Gotland during Early Holocene?
What is the recolonialisation history in the Baltic Region?
Which are the prey choices among Early Mesolithic settlers on Gotland?
Which prey will give the best cost-benefit outcome?
Are there any signs of affluence or starvation among the first settlers on
Gotland?

1.2 Material
1.2.1

Source Material

Primary source material:
Osteological records from a recent excavation in Gisslause Lärbro (fig.
1) in 2010 (Malmros is one of the excavators [Apel & Vala in prep.:2])
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Fig. 1. The black dots are known Early Mesolithic dwellings dated to the pioneer phase on Gotland (c. 7200-5000
BC). The red circles are the places included in this master thesis. The actual sea level corresponds to the situation
c. 7000 BC. The distances are to the mainlands in west, east and south directions. The map is modified by Apel
from Statens Geologiska Undersökningar (SGU) (Apel & Vala in prep. Used by Apel’s permission 2012)

Secondary source material:
Osteological records (fig. 1, tab. 1) analysed from:
Stora Förvar on the island of Stora Karlsö. The osteological mate
rial from the Stora Förvar excavations on Stora Karlsö that was
collected during the 1900-century was enormous with a weight of c.
4000 kilograms (Storå, 2006). Only a small part is examined to this
date.
Visborgs Kungsladugård in Visby
Gisslause in Lärbro parish (earlier excavations)
Strå in Bunge parish

Tab 1. Weight distribution on the Mesolithic sites reported by Sjöstrand (2011:5)
VBKL= Visborgs Kungsladugård

Previous documentation of excavation records on fauna and flora, focusing on possible prey animals, including research reports on analysed osteological material from well documented studies.
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Archaeological literature in history and theory with focus on Optimal Foraging Theory and Sahlins’s theory.
The literature is picked up from libraries, archives, universities, Internet,
book shops, unpublished material as well as some lectures.
1.2.2

Criticism of source material

It might be problematic that osteological fragments may be impossible to analyse (seal species, age and sex) even if the conditions in the Gotlandic limestone soil are better than in many other places. Data on Early Holocene reference material might also be hard to find.
As the optimal foraging perspective has not been used on Mesolithic material in
the Baltic Area, it might be hard to find the energy content of different species
and activities as well as data on time intervals needed for foraging. A lot of variables are needed for the construction of the cost-benefit curves in the mathematical simulated model. Some anthropological studies will be presented, making analogies possible between modern living Inuit’ practices in seal hunting in
arctic and sub-arctic areas and Early Mesolithic seal-hunters and their possible
hunting practices written in the records from Gotland.
The material used is mostly based on secondary sources that are well documented; peer reviewed, and written by well-known archaeologists working in
institutions with good reputation using methodological accuracy. It is however
difficult to evaluate the amount and direction of bias among the researchers.
The authors and researches themselves have used primary archaeological artefact sources as well as secondary ones (other researches reports) with the potential risk that every new author may distort and bias the secondary source.
The demand for updated material on theoretical foraging perspectives is fulfilled
as the literature is spanning from the first original reports on OFT in 1966 and
until 2012.
Criticism of the primary source material (archaeological records) might be that
the result of artefacts is depending on special environmental taphonomic conditions as for example low temperature, high ph-level and a low exploitation level.
Archaeology is a diverse discipline in which a variety of professions, methods
and theories are useful for interpreting the past but it is also a discipline filled
with traps when interpreting these finds. As every single researcher is allowed
to use his/her own opinion in the interpreting and evaluating process it is essential to know from which perspective the evaluation is made, which bias is colouring the views and which archaeological theory is the base for the assessment.
1.2.3

Criticism of time schedules

Archaeology is about the past and the issue about time is very complicated and
problematic. Even if we take time for granted our different ways of understanding time affects the way we do archaeology which Gavin Lucas (2004:1-31) has
discussed on a philosophical level and Berit V. Eriksen (1999:25-37) on a natural scientific level. Lucas (2004:1) focuses on “time as a theoretical concept and
how this is understood and employed in contemporary archaeology”. There is a
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great problem to compare cultures using different time schedules. Chronological
and archaeological times are different why the problem remains: how can we
discuss different topics without a common basic time framework? In archaeological chronologies there is a distinction between absolute and relative chronologies. The absolute chronology is based on a time framework that is independent of the data being studies (AD, BC, BP) while the relative chronology is
based on the inter-dependence of the data being studied. The relative chronology is divided into primary chronology (stratigraphy, seriation and typology) and
secondary chronology with larger periodic systems (stone, bronze and iron
ages). Absolute dating is possible after the introduction of C14 in the 1950s even
if the calibrated form is a relative system too, since it is cross-referenced to
dendrochronology (Lucas 2004:1-31).
Berit V. Eriksen (1999:25-37) discusses the extremely important issue on time
in “Reconsidering the geochronological framework of Lateglacial huntergatherer colonisation of Southern Scandinavia”. She focuses on the need for a
reliable correlation of the relative archaeological and absolute geochronological
frameworks for the Lateglacial, and the problem that arises when discussing the
timing and nature of colonisation in relation to environmental preconditions in
this area. As the terminology is confusing many archaeologists, she argues, do
not know the difference between chronozones (a slice of time that begins at a
given identifiable event like the tephra event and ends at another) and biozones
(pollen zones). For example the Bølling chronozone and biozone are most
probably not synchronous. The onset of Preboreal oscillation after the younger
Dryas biozone and chronozone anyway seems to be rather synchronous but the
absolute dating of this boundary is still a matter of some discrepancy due to
methodological problems. There are problems in correlating observations from
for example absolute or relative chronological series in varves, deep sea or ice
cores, dendrochronological series in varves, palynological series and all the
problems associated with obtaining reliable radiometric datings. As a consequence, she argues, it will be impossible to distinguish between absolute and
relative contemporaneity of most archaeological sites, and between degrees of
co-existence of major cultural groups and traditions during the period in question. Chronological markers (events) can be useful in a region as for example
the Laacher See Tephra (LST) horizon. Eriksen asks (1999) for extended interdisciplinary research.
In this master thesis, with so many reports by multidisciplinary researchers,
there will be no absolute time schedule. One of the hardest problems will be to
evaluate which environmental event coincides with a certain archaeological record and to reach a consensus on what world the pioneers on Gotland faced.
The Littorina Transgression 1 will be used as a reference using relative chronology.

1.3 Limitations
Only Early Mesolithic settlers in Gotland (Stora Förvar, Visborgs Kungsladugård, Gisslause and Strå) and Early Holocene environmental conditions (fauna and flora, climate and sea levels) are analysed.
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If necessary for understanding Early Mesolithic hunting methods, anthropological interpretations might be used looking into the Inuit hunting
methods in the arctic and sub-arctic regions.
Only literature representing archaeological history and theory from 1966
when OFT and the Zen Road were presented and onwards (Internet
documentation included) are analysed. Climatologically, geological, biological as well as medical literature is examined.
Excavation reports are included whenever they are presented.
Only authors who are well-known, with good academic reputation will
have their books or reports analysed.

1.4 Methods
Literature review on archaeological history and theory
In the literature review a qualitative comparative research method is used aiming to gather information and understanding on archaeological history and theory as a background for the understanding of Optimal Foraging Theory. As
qualitative methods only produce information on the special cases that are studied it is not wise to draw any general conclusions but the comparative perspective hopefully will discover some similarities or differences in the analysed reports.
Literature review of excavation reports on finds of fauna and flora
The documentation is analysed and interpreted from an optimal
foraging perspective.
Excavation on site in Gisslause 2010, procedure described in Apel &
Vala (in prep.).
Heuristic methodology (qualitative research) will be used in this report to
questions that are not possible to answer based on purely scientific
proofs. The decision making as a form of problem-solving is based on
possible, plausible conclusions to questions asked for.
The heuristic methodology will be combined with quantitative research
based on the Prey Choice (syn. Diet Breadth OFT Model) (MacArthur &
Pianca 1966).
Etnoarchaeology, anthropological studies used for interpreting archaeological records, and in this thesis hunter-gatherer analogies are in focus.

1.5 Dictionary
OFT: Optimal Foraging Theory
Halichoerus grypus, Grey seal. Swedish: gråsäl
Pagophilus (Phoca) groenlandica, Harp seal. Swedish: grönlandssäl
Phoca hispida, Ringed Seal. Swedish: vikaresäl
Phoca vitulina, Harbour seal/Harbor seal. Swedish: knubbsäl
Prey choice model synonymous with diet breadth model
The “8.2 ka cold event”: has many synonyms and it is a climatologically term
adopted for a sudden decrease in the global temperature c. 8200 BP. The “ka”
(kiloannum/kilo-annum) stands for thousand years. The “kilo”-prefix derives
from the Greek word “chilioi” which means thousand and “annum” from the Latin
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“annus” which means year. “K” for thousand is used side by side with the Roman “M” but not in this master thesis. Synonymous terms are the “8.2 kiloyear,
kilo year (ky/kyr) event”, “8.2 ka cooling event”, “8.2 ka climate event” etc.,
meaning non-calibrated C14 dates, but sometimes it also is written “8.2 ka BP
cold event”. Still there is no consensus on the terminology that can clear up
some of the confusion how to call this event.

1.6 Relevance
There have been many questionable romantic evaluations on happy easygoing
foragers but surprisingly few seem to have been interested in reports where the
hard environmental conditions and diseases have been discussed. At the symposium in Chicago1966, organized by Richard Lee and Irven Devore (1968),
the new idea was presented that a hunter-gatherer society was as Sahlins
called it “an Original Affluent Society” following the “Zen Road” (Buddhistic influence). This became the new consensus even if many disagreements also
were presented (Lee & Devore 1968). One of the opponents was Asen Balikci
(1968), an Eskimo researcher, but none of them were heard. Even in Scandinavia Sahlins’s perspectives were adopted and Persson (1999)) in his PhD dissertation “Neolitikums början” is convinced that resources were available but not
used because of affluence. His statement is based on assumptions due to different hunting and fishing customs in the Baltic region. The hunter-gatherer
made conscious voluntarily decisions which prey to choose, according to him,
but no reasons why are left. The strength of the optimal foraging perspective is
that OFT discusses why food selection sometimes is broad, sometimes very
narrow and that especially deviations from the optimal foraging model can help
to identify constraints when discussing the energy budgets (MacArthur & Pianca
1966; Emlen 1966). Oft has still not been used in Scandinavian hunter-gatherer
analyses why this master thesis hopefully will add some new perspectives on
different prey choices (if the early settlers had a wide or broad diet in their daily
food intake) and if there were any constraints. A post-glacial climate is expensive in energy-costs for the heart and brain even before any environmental activity has started. It is not enough with an excess of calories with no variation for
only a part of a year if sustainability is lacking.

2

Theoretical perspectives

Archaeology as a scientific discipline has a short history from the 19 th century
and the theoretical approaches are almost hundred years younger. Bruce
G.Trigger (2006:137) summarised the Scandinavian prehistoric archaeology as
one that owes its origin in the evolutionary, culture historical, functional and
processual approaches that have characterised prehistoric archaeology thereafter. When “new archaeology” emerged during the 1960s a new interest awoke
that emphasised technology, settlement patterns and subsistence on the empirical side along with ecologically oriented explanations of the human past on
the conceptual side (Grayson & Cannon 1999:141-151). In the 1980s the growing criticism against the processualistic ideas resulted in a diverse new framework called postprocessualism which adds an interpretative platform focused on
symbols (Hodder 2001; Trigger 2006; Scarre 2009; Renfrew & Bahn 2008;
Johnson 2010).
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2.1 OFT as a benchmark for measuring culture
Optimal Foraging Theory (OFT) has its origin in the processualistic ideas in the
1960s. In “The American Naturalist” in 1966 Robert H. Mac Arthur & Eric R. Pianka and Stephen Emlen present their reports “On optimal use of a patchy environment” respective “The role of time and energy in food preference”. The
framework was later called “The Optimal Foraging Theory”. The theory states
that organisms forage in such a way that they will maximise their net energy
intake per unit time. OFT is closely connected to evolutionary ecology with ties
both to the Darwinian and processual archaeology (Trigger 2006). They demonstrated the need for a model where an individual’s food item selection could
be understood as an evolutionary construct which maximises the net energy
gained per unit feeding time. It gives a better understanding of adaption, energy
flow and competition and how and why food selection sometimes is broad and
sometimes very narrow. The constructed model of an “optimal forager” would
have perfect knowledge of how to maximise usable food intake, but real animals
and humans are not that predictable. OFT as a benchmark provides a method
of comparing a virtual “optimal forager” with the performance of a real forager
interpreted in archaeological records. As there are no perfect real optimal foragers these discrepancies will shed light upon problems worth to discuss and
analyse further (Emlen 1966; MacArthur & Pianka 1966).
Different models of OFT have been developed by evolutionary ecologists. Evolutionary ecology is defined as the study of adaptive design in behaviour, life
history and morphology within the framework of evolutionary biology. The theory
has been useful for ecological anthropologists when applying this model to
hunter-gatherer systems aiming empirically quantification of predator-prey relationships. Behavioural ecology is the study of ecological and evolutionary basis
for animal behaviour and how a special behaviour promotes adaption to its environment. Natural selection (Darwinian fitness) will probably favour organism
with special traits which provide selective advantages in a new environment.
Adaptive significance will be visible in traits beneficial for increased survival and
reproduction (Bird & O’Conell 2006; Scarre 2009).
The energy budget in OFT and the evolutionary behavioural and ecological approaches make empirical observations possible to operationalize, and with
mathematical simulation models it is possible to find out the optimal choice of
patches, food items etc. The results are comparable with real archaeological
records. Deviations from the optimality can help to identify unexpected constraints in the individual’s behavioural or cognitive repertoire or in the environment (MacArthur and Pianca 1966; Emlen 1966; Shennan 2002; Johnson
2010).
Systems theory and systems thinking in archaeology are introduced by Sally
and Lewis Binford (1968) dealing with low, middle and upper range theory, and
Kent V. Flannery (1968) in “Archaeological Systems Theory and Early Mesoamerica”. Binford (1968) is a promoter of ethnoarchaeological research and archaeological theory with an emphasis on the application of scientific methodologies. His research focuses on generalities and the way human beings interact with their ecological niche. He is using hunter-gatherer and environmental
data in his analytical method for archaeological theory-building (Binford 2001).
Binford (1983:14-18) makes a notation in his book “In pursuit of the past” that
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science without philosophy is sterile but also that philosophy without science is
simply just culture. These two approaches therefore have to be integrated for
creating a productive discipline. Flannery (1968, 1969) looks at culture as a
natural system that can be explained in an objective manner in mathematical
terms. New Archaeology defines archaeological cultures as systems and Graham Clarke defines systems as “an intercommunicating network of attributes or
entities forming a complex whole” (Bonsall 1996:2-4; Johnson 2010:72). This is
an empirical definition of culture and makes approach research on cultural system and its adaption to an outside environment very important.
Cultural systems according to Johnson (2010) are adapted to an external environment (Darwininan influence) and elements of culture are more or less observable. By measuring, quantifying and weighing, evaluation can be made
from a faunal assemblage. From these data the researcher can construct links
between subsistence economies and trade off. This hypothesised link might
then be tested by reference to the archaeological record. Such cultural systems
can be modelled and compared from culture to culture and lead to comparative
observations and generalisations about cultural processes. As elements of cultural systems are interdependent, change in one part of the system will affect
the whole system and lead to a positive or negative feedback, homeostasis or
transformation. Ecology, as a natural system, strives towards a state of balance
when affected by external changes (for example climate or a new predator).
Archaeologists can make their research on links between subsystems in terms
of correlation rather than simple causes. As archaeologists are interested in
long term perspectives and cultural anthropologists in the present the two disciplines together can contribute with knowledge about human beings. An artefact
is looked upon as a representative of trade or craft specialisation and to chart
the process which led to this trade or specialization is the important matter
(Johnson 2010:72-75).
OFT uses a mathematical simulated model of an “optimal forager” built on predicted various decision mechanisms. The analysis is based on the foraging
strategy that gives the highest payoff measured as the highest ratio of energy
gain per time unit. Both fauna and flora are called preys in the OFT model. It is
possible to construct a hypothesised link between subsistence economies and
trade off and then test it by reference to the archaeological finds (MacArthur &
Pianca 1966; Emlen 1966; Charnov 1976; Grayson & Cannon 1999). Opponents (Pierce & Ollason 1987) argue that OFT is self-verifying; what is optimal
is impossible to test and animals should not be expected to be optimal but
MacArthur & Pianca (1966), E. A. Smith (1983), Winterhalder (1993) and Grayson & Cannon (1999) argue it is of secondary importance as OFT serves as an
benchmark, and how close foragers might approach this optimum is an empirical issue. Shennan (2002) states that OFT is not self-verifying as it is predictable what is optimal in a given situation. All agree about the fact that “good
enough” has to be assumed. These predictions are used in the simulated “optimal forager” model without assuming that animals are aware of their decisions,
but the model analyses what would be optimal. The same can be said for humans. As OFT can be used for research of diversity from a few general decision
rules, hopefully parsimonious explanation of the heterogeneity of human foraging strategies will be possible to explain (E.A. Smith 1983).
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OFT derived from evolutionary ecology as a branch of behavioural ecology
which studies the foraging behaviour of animals in response to their environment. The foraging behaviour of animals and the payoff animals obtain from
different foraging strategies are in focus, where the highest payoff measured as
the highest ratio of caloric gain cost while foraging should be favoured. The theory helps biologists to understand the factors that determine the operational
range of food types or diet width of the consumers. Animals with a generalist
strategy tend to have broader diet than those with a specialist strategy with a
narrow diet. Specialists seem to ignore many of the prey items crossing their
way. As foraging is critical to the survival of animals, more successful foragers
according to the evolutionary perspective are assumed to increase their reproductive fitness passing their genes on into the next generation (Grayson & Cannon 1999).
The energy budget in OFT and the evolutionary behavioural and ecological approaches make empirical observations possible to operationalize. Therefore the
optimal foraging choice of patches, food items etc. are possible to mathematically find out and compare with real archaeological records. Mathematical models and simulation techniques can visualise different scenarios. Deviations from
the optimality can help to identify unexpected constraints in the individual’s behavioural or cognitive repertoire or in the environment. Genetic and other effects
on the behaviour are included (MacArthur and Pianca 1966; Emlen 1966;
Shennan 2002; Johnson 2010). Burger, Hamilton & Walker (2005) use prey as
a patch model suggesting Marginal Value Theorem (MVT) (Charnov 1976:129132) as a useful tool for analysis of resource processing intensity and overall
return rate. Heavily fractured processed bones seem to relate to resource depression and starvation. When looking at temporal changes in human predation
strategy, OFT is often used focusing on the role of overexploitation of highranked prey recourses and resulting resource depression (Burger, Hamilton &
Walker 2005).
A selective review of theories and tests in the field of optimal foraging is made
in 1977 (Pyke, Pullman & Charnov). The reason is that many researchers are
trying to develop mathematical models for predicting foraging behaviours of
animals after the introduction by MacArthur & Pianka (1966) and Emlen (1966)
and OFT has usually been applied in situations that can be divided in four categories:
1. Optimal diet (choice by an animal of which food types to eat) - Diet breadth
model, Prey choice model
2. Optimal patch choice (which patch type to feed in) - Patch choice model
3. Optimal allocation of time to different patches - Marginal Value Theorem
4. Optimal patterns and speed of movements
Optimal foraging models allow the researchers to frame their hypotheses in a
falsifiable form, and E. A. Smith (1983) sees it as useful even when the model
fails to explain all the stated questions. The missing answers will focus on the
search for additional determinants and thus stimulate further research and E. A.
Smith (1983) has the opinion that OFT has a potential worth developing for the
future. He stresses that foraging theory allows research of diversity from a few
general decision rules. This offers hope of parsimonious explanation of the het-
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erogeneity of human foraging strategies which for orthodox cultural ecologists
have been very hard to explain.
Donald K. Grayson & Michael D. Cannon (1999) recommend the prey-choice
OFT model for studies of interaction between humans and their environment.
The profitability of a prey item is the ratio of the energy content to the time required for handling the item, often called the strategy equation. If a predator
continues to search for the more profitable items already in its diet and ignores
the “next most-profitable” ones the energy intake is decreased. Irons et al.
(1986) therefore concludes that the situation in which pursuing the “next mostprofitable" item is the optimal strategy as it is most profitable. OFT predicts that
species preying on a wide range of food items with varying profitability will be
generalists. For species with long handling times relative to search times the
two sides of the equation are similar. OFT predicts that such species will adopt
a specialist strategy, preying only on items with high energy content. Generalist
strategy therefore sacrifice some profitability but loose less energy and time
searching for prey items. Specialists pursue comparatively rarer items with
higher profitability but spend more time and energy searching for the prey (Irons
et al. 1986).
Cannon refines the concept in the report on “Central Place Forager Prey Choice
Model” (2003) using a model aimed for hunter-gatherers leaving and returning
to a central place. The analysed preys are divided in small and large prey types.

Fig. 3. The central place forager prey choice model (Cannon 2003: 5).

Focus is laid on the large type and sometimes there is a need for processing
the prey more than just for ordinary transport back home. Extra processing the
prey for increasing its utility and leave the rest behind has an extra transport
cost in energy which is included in this model. The different variables necessary
for creating a mathematical simulated model of an “optimal forager” in the prey
choice model are presented in fig. 4, and in fig. 3 data is diagrammed and visualised.
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Fig. 4. Variables needed for creation of a simulated “optimal forager” (Cannon 2003: 5).

The simulated curves are empirically constructed, and have no exact known
shape and vary from situation to situation, why no general prediction is possible.
The curves are possible to use for predictions about changes in the degree of
specialisation of the diet. There is a lot of criticism on that (Pierce & Ollason
1987) but supporters like Bruce Winterhalder (1993) argue it is of secondary
importance to know exactly how close a forager actually might approach this
optimum. OFT does not assume that animals are aware of their decisions or
aims, it simply analyses what would be optimal (Shennan (2002).
The essential questions in Winterhalder’s work are: How do hunter-gatherer
population’s food choice and growth respond to resource exploitation and depletion? Winterhalder’s (1993:323) results are based on a dynamic, computer
simulation OFT model which takes the number of resources initially available,
subtracts any harvest and then calculates logistic recovery to determine the resources available to the forager in the subsequent round of foraging. With
longer foraging, resources will eventually be depleted to lower and lower levels.
The optimal forager moves when the marginal return in the present location
drops to the average return for the habitat as a whole, but how close foragers
actually might approach this optimum is an empirical issue that Winterhalder
argues is of secondary importance. An evolutionary ecological approach will
look into case-specific dynamics of production, distribution and consumption
which all act to diminish the extended time-reward to foraging. Some foragers
will experience hard pressure and face circumstances that compel long hours of
hard work but the overall tendency of the foraging economy appears to be one
of limited effort, according to Winterhalder. His opinion is that an evolutionary
ecology approach provides a logically sufficient explanation and also focuses on
the observed diversity among foragers in the subsistence behaviours (Winterhalder 1992, 1993).
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Some researchers like Louis R. Binford (1968, 1983), Kent Flannery (1968,
1969) and James L. Boone (2002) address even the evolution of agriculture as
an extreme form of resource intensification. Binford argues that human beings
exist within a world composed of ecological systems (systems theory), and have
the option of adopting cultural innovations as a means of coping. Flannery presents his Broad Spectrum Revolution (BSR) hypothesis in 1968, inspired by
Binford’s ideas, and suggests that the diet breadth was introduced after the Ice
Age first in the Middle East and then in Europe and played an active role in the
emergence of the Neolithic period. The evolutionary ecological approach attracts many researchers due to the concept of energy budget, in which time and
energy allocation is conceptually divided into 1. Somatic effort (growth, development and maintenance including subsistence activities) and 2. Reproductive
effort (divided in mating and parental effort) (Boone 2002). Boone (2002) explores the relationship between population dynamics and subsistence intensification. According to him the near-zero growth rates probably are due to longterm averages across periods with rapid local population growth interrupted by
infrequent crashes caused by both density-dependent and density independent
factors. The broad changes in population growth rates are explained in terms of
changes in mortality due to the dampening or buffering of crashes rather than
significant increases in fertility. Boone questions why growth rates are so low
when essentially all humans are foragers. Why do growth rates increase during
Holocene with a period with global warming and a wide-scale adoption of domesticates and increased sedentism (Boone 2002:7)? Boone presents an alternative view of human population history where individual energetic efficiency in
resource acquisition and production, rather than total productivity rates or the
environmental carrying capacity, play a critical part in determining reproduction
rates. Studies show that effective control of fertility has been quite rare in human history and the fertility baseline differs very little between human foragers,
horticulturalists and intensive agriculturalists. Human population seems to be
characterised by a saw-tooth pattern instead of series of stepped dynamic equilibriums. Human foragers are no longer seen as the natural resource conservationists they once were and overexploitation and population density must be
discussed together (Pennington 2001; Boone 2002).
The diet breadth model assumes that foragers encounter potential food items in
the environment at random (Boone 2002). Foraging costs are measured in
terms of time, and total foraging time is divided in search time and handling time
(pursuing, capturing, processing and consuming). Prey profitability is defined as
the net energy return obtained per unit of time. The result is that foragers should
take low-ranked prey only as long as the return rate per encounter (profitability)
is greater than the average return rate gained from searching for and handling
higher-ranked prey. That also implies that high-ranked prey should be taken
whenever encountered and depletion of foraged resources is nearly inevitable
states Boone (2002). The adoption and cultivation of domesticates can be seen
in some parts as the culmination of the historical trend at the end of Pleistocene
towards lower individual energetic efficiency in human subsistence strategies.
Boone has the opinion that the commonly accepted definition of carrying capacity is unrealistic as depletion of resources is always occurring and has an ongoing dynamic relationship with forager population size. Boone has the opinion
that this specific aspect of domestication may be one of the most critical distin-
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guishing characteristics for a change in the subsistence pattern. The adaption of
domesticates might be expected to dampen the amplitude of growth and crash
phases and in that way push long-term average growth rates to a higher level.
Probably the population crashes are not atypical and when domesticates were
introduced crashes decreased and the growth rates increased markedly (Boone
2002). The fertility rates of traditional populations across all subsistence modes
vary around nearly the same mean which also other studies confirm (Pennington 2001).
In contemporary human foraging groups there is a consistent relationship between the mean foraging return rate and the degree of carcass-processing intensity, as predicted by the prey as patch model (Burger, Hamilton & Walker
2005:1154-1155). Three different habitats from the Arctic Circle, African Congo
and Australia have been examined with very different habitat types and faunas
and the prey as a patch model is applicable for all of them, showing that withinbone nutrients are more limiting to foragers than calories gained from meat.
Quantitative ethno archaeological studies of carcass use and butchery practices
can be used to present marginal gain curves. Archaeologically visible butchery
practices including the intensive extraction of within-bone macronutrients, suggest extremely low encounter rates with high-ranked resources and it might
stand for possible periods of nutrient stress for local hunter-gatherer groups
(good times and bad times). Limitations to the prey as a patch model is seen
where all possible energy is extracted from all acquired carcasses through intensive processing and boiling (Burger, Hamilton & Walker 2005:1154-1155).
Darwin’s theory introduced a new way of understanding the total environmental
context with humans, flora and fauna (Boyd & Silk 2009; Scarre 2009). “Darwinian fitness” describes the rate of increase of a special gene in the population
and the capability for that certain genotype to reproduce due to its environmental and cultural fitness. Natural selection is the process where such genes are
selected due to their higher fitness to reproduce. Evolutionary ecology studies
the adaption of species to their environments in both biological and behavioural
terms and behavioural ecology analyses the special behaviour that promotes
adaption to a special environment. According to behavioural ecologists cultural
behaviour has a minor role as only behaviours that lead to the best reproductive
outcome will last. More successful foragers will pass on their genes according
to the evolutionary perspective as foraging is critical to their own survival (Boyd
& Silk 2009; Scarre 2009).
Environmental factors like climate are presented by Steve Wolverton (2005:91)
when he uses the OFT prey-choice model for analysing the human response to
fluctuations in prey availability related to climate changes and stress as environmental changes may produce similar effects on human predation strategies
as resource depression.

2.2 Sahlins’s Original Affluent Society - the Zen road
The theory about the Original Affluent Society by Sahlins was presented at the
1966 “Man the hunter” conference in Chicago (Lee & DeVore 1968; Solway
2006:65-77). It was a provocative conception of hunter-gatherers as the previous assumption was that this group of people was on the edge of starvation.
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Sahlins based his Original Affluent Society idea on two case studies performed
by Lee and one of them is the often referred Zhu (San) population in Africa.
(Lee & DeVore 1968; Kaplan 2000; Kaplan cited Solway 2006:72-75). For Sahlins (1972:11) the interesting question is why the hunter gatherers he has analysed are content with so few possessions with an objectively low standard of
living. “Want not, lack not” is the parole which makes this living possible according to Sahlins. What about the Zen Road? In “Stone age economics” (Sahlins
1972) he explains the Zen road, inspired by the Buddhistic movement, and his
basic argument is that hunter-gatherer societies are able to achieve affluence
by a very low level of desires, and meeting those desires and needs are therefore easy with what is available to them. According to Sahlins: “There is also a
Zen Road to affluence, departing from premises somewhat different from our
own; that human material wants are finite and few, and technical means unchanging but on the whole adequate. Adopting the Zen strategy, a people can
enjoy an unparalleled material plenty – with a low standard of living” (Lee & DeVore 1968:85-89; Sahlins 1972:2; Solway 2006:65-78) Sahlins argues that this
group experience reasonable material security and consequently is not on the
edge of starvation because of the relative ease with which they satisfy their
wants. Sahlins challenges the formalist anthropological and neoclassical economics who assume that there is a relation between ends and means and takes
unlimited ends for granted. He proposes the Zen possibility arguing that hunters
and gatherers could have both limited means and limited ends. The explanation
given is that wants can be satisfied with modest work effort if people have no
need to “suppress desires that were never broached” (Solway 2006:66). Sahlins
is convinced that there is a possibility of freedom from everlasting deprivation
and states that “economic man” is a “bourgeois construction” and not a “natural
construction” and his opinion is that economy constitutes a category of culture
and thus economy represents the “material life process of society” (Sahlins
1972; Solway 2006:3). In cultural anthropology Sahlins’s ideas about huntergatherers have become essential and very often referred.
Sahlins’s term the Original Affluent Society has offered a romantic view outside
the academic world that according to Solway (2006:65-77) was a point that
Sahlins was careful not to make. The Original Affluent Society, says Solway,
has been used by organizations promoting ecological sustainability proclaiming
a return to nature, and antimaterialism and communalism find a rationale and a
vision for utopic dreams and positions. Solway’s opinion is that Sahlins’s theoretical proposition that societies can have limited ends does not readily lend itself
to testing, added with his “complex, clever and persuasive manner of writing”
the Original Affluent Society has made the work almost resistant to conventional
critical scrutiny. An important reason why the theory rapidly became part of the
anthropological oral tradition was the fact that the era of 1960s was a time of
social instability, opposition to prevailing ideas and utopic dreams. The “militaryindustrial” complex was the target of much protest and foragers became the
symbol for an alternative and gentler way of being than the capitalistic one. The
Original Affluent Society became something like a “sacred text” Bird-David’s
proclaimed (1992; cited Solway 2006:67) and became unquestionable by cultural anthropologists for two decades (Solway 2006:65-77). Lee, Sahlins and
Solway believe in forager societies as egalitarian communities and the book
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“The Politics of Egalitarianism” (Solway 2006) draw its inspiration from the work
of Lee with a Marxistic perspective.
Sahlins as an anthropologist used Lee’s material as an archaeologist and became famous on Lee’s material. Lee (Gailey 2003:19) was born in Brooklyn,
New York, child to progressive Jewish parents heavily involved in left-winged
politics and the political and ideological background influenced his whole life
and work. Lee was brought up with political discussions which probably addressed his involvement in the anthropological debates about foraging peoples, primitive communism, the social constructions of gender and gender hierarchies.
As a Jewish boy he sometimes felt as an outsider and has worked hard for indigenous people and their rights (Gailey 2003:19).
Sahlins was at the time of the 1966 “Man the hunter” conference a nonspecialist invited discussant in response to the researchers’ papers, and the
participants were struck by the brief contribution of Sahlins, states Nurit BirdDavid (1992:25) He earned a Ph.D. at Columbia University in 1954 in anthropology and is today a prominent American anthropologist. His works has focused on demonstrating the power that culture has to motivate and shape people’s perceptions and actions and the uniqueness of power in culture not derived from biology (Sahlins 2012). Thomas C. Patterson (2006:53-63) makes,
as a friend since their student years, a review of Lee which tells about the atmosphere around Lee, Sahlins and others during the 1960s. In this environment
discussions were ongoing leading also to the feminist social critic launched by
Haraway. The theoretical framework is marked by an adherence to liberal social
thoughts. Lee adopted instead a Marxist theoretical perspective that contrasted
with the liberal viewpoints around him. Solway (2006) explores both theoretical
and practical dimensions of egalitarianism as a political possibility, and projects
based on the works by the authors in her book are dedicated Lee. Sahlins
would have no Original Affluent Society theory without Lee. Sahlins used Lee’s
material which challenged long-held assumptions that hunter-gatherer life was
“nasty, brutish and short” (Solway 2006:2) and Lee demonstrated his interpretation of a society with a security inherent in a foraging subsistence base. Sahlins
was were attracted by this idea and advanced his extremely significant concept
of the Original Affluent Society presented for the fist time at the 1966 “Man the
Hunter” conference and refined his ideas in his book “Stone Age Economics”
(Solway 2006:3, 79-98; Lee & DeVore 1968). Solway (2006) is an anthropologist and Original Affluence supporter defending both Lee and Sahlins.
Ecological anthropologists, and especially those with a biologically oriented perspective, were among the first to critically scrutinize The Original Affluent Society (Solway 2006:67-68). Scott Cook’s review “’Structural Substantivism’: A
Critical Review of Marshall Sahlins’ Stone Age Economics “(1974:355-379) predicts that the book from 1972 will become a “minor classic” in the literature dealing with “primitive” (or tribal) economic life. It is original and provocative but
lacks the theoretical scope and scholarly judiciousness, he argues, as it is an
uneven book with loosely integrated chapters by common theses but lacking
proper conclusion. “In content it is eclectic and yet partisan, embodying as it
does ethnography, social philosophy, Marxian, Neoclassical and ‘Substantivist’
economies, speculations, tedious exegeses of facts, imaginative synthesis and
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interpretations, flights of wishful thinking, and incisive logic sometimes applied
in defence of moot propositions” (Cook 1974:354).
Some researchers (Hawkes and O’Connel cited Solway 2006:68) used the Optimal Foraging Theory in 1981 to test aspects of the empirical basis of Sahlins’s
hypothesis by adopting a more inclusive definition of work than did Sahlins and
Lee in the data that Sahlins’s argument relies on. The category of work was
broadened to include also food processing, not only food procurement. The expanded definition of work suggested that foragers enjoyed less leisure time and
thus were less “affluent” than Sahlins suggested. The optimal foraging strategy
analyses pointed out important questions provided valuable data and offered
new ways by which data from different societies could be compared. Solway
argues that Optimal Foraging Theory and The Original Affluent Society are
based on fundamentally different premises and are hard to compare. Sahlins
performs a culturalist analysis but also problematises the economics’ basic assumption of maximization. Optimal Foraging Theory assumes economic maximization as a given labour saving strategy that individuals take to gain the most
valuable food for the least effort, usually of highest caloric content, and not in
the market choice that actors make. Therefore Solway has the opinion that decreased affluence based on greater labour only addresses part of Sahlins’s hypothesis. As Sahlins is a cultural-anthropologist the theoretical question relates
to the nature of ends and their cultural construction. Optimal Foraging Theorists
is instead using positivistic methods to analyse original affluence with the fundamental assumption of scarcity and maximization as inherited instructions on a
genetic level. Solway’s opinion is therefore that Optimal Foraging Theory and its
reduction of culture from social fact to inherited instructions is not possible to
compare with Sahlins’s analysis based on cultural construction. Solway argues
that Sahlins’s combination of culturalist and ecological quantitative analyses
opened up for evolutionary ecologists to go where others had hesitated to work
(cited Solway 2006:67-68).
Alan Barnard and James Woodburn are cultural anthropologists who critically
examine Sahlins’s thesis but admit “that the argument for original affluence has
stood up well to twenty years additional research” (cited Solway 2006:69). Their
opinion is that original affluence more appropriately characterizes foragers with
“immediate return” systems (immediate yield for their labour with minimal delay
with minimal emphasis on property relations) than those with “delayed-return”
(Neolithic like systems). They also ask for a sharper delineation of the definition
of “material wants”. As not all foragers have immediate-return systems but more
like the delayed-return system the Original Affluence Theory can not be applicable to all hunter-gatherer groups. Immediate-return societies exhibit the quality of man that Sahlins identifies as typifying original affluence. The problem with
the definition of material wants is explained by Solway that they do not work
longer hours to obtain what they want, even though foragers often desire more
than they have. The foragers’ production targets are set low; desire may exist,
but fulfilling is not tied to production. The level of basic needs for what they
deem necessary for their satisfaction is culturally-defined as is the requirement
to share (Sahlins 1972; cited Solway 2006:69-75).
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Bird-David (1992; cited Solway 2006:71) has the opinion that the Original Affluent Society did not reflect conventional academic scrutiny as it was treated like
a sacred text by cultural anthropologists. She accuses him for violating his own
anthropological precepts when blurring cultural and ecological-rationalist argumentation by attributing foragers’ leisure to their trust in bounty of the environment. She argues that he uses an ecological, not a cultural proposition in contrary with his own advice in his book “Culture and Practical Reason” from 1976
(cited Solway 2006:71). Bird-David (1992) admits that Sahlins had a point especially when referencing to immediate-return foragers and proposes a cultural
explanation instead of an ecological one noted as a “cosmic economy of sharing” which fits better into the theory.
Edwin N. Wilmsen (cited Solway 2006:72-73) is very critical to Sahlins’s use of
only two case studies for his original affluence theory and from that makes the
statement that gives a romantic projection upon so-called simpler societies
when in fact the real nature of their contemporary poverty and disempowerment
is masked. Wilmsen’s opinion is that Sahlins due to his “rhetorical sleight of
hand” is very convincing although his statement is a misprojection of the reality
which instead can harm and damage the people he has in focus. The reason is
that the foragers are described as innocent, happy-go-lucky individual’s unconscious of their exploitation and portrayed as lacking sophistication and political
understanding to recognise, negotiate and take their place in the contemporary
world. Wilmsen also claims that Sahlins’s opinion is that the Zhus reap “natural
abundance” without thought, planning and social organization. But Solway defends Sahlins saying Wilmsen is doing a convenient misreading of original affluence. Among all questions lifted up by Wilmsen is the Zhus’s small stature
that he proclaims is due to nutritional deprivation, while Lee interprets this fact
as an adaption to a hunting and gathering life in a hot climate. Both agree that
Zhus grow taller when they switch to an agro-pastoral diet but their interpretations differ and depend on each person’s value judgment (Solway 2006:72-73).
David Kaplan’s (2000:301-324) article “The Darker Side of ‘The Original Affluent
Society’” finds it surprising that the anthropological world, despite some serious
reservations, has followed in Sahlins’s foot steps. Kaplan notes that Sahlins’s
thoughts have enjoyed such unquestioned success that introductory texts in
anthropology portray hunter-gatherers as living idyllic lives. Kaplan is interested
in the data that the theory is based on and finds in Australia a contrived study
with a small group of missionary station residents in one of Sahlins’s two central
studies. The study consisted of adults only, who were persuaded by anthropologists to participate in an experiment with a very short duration. Solway
(2006:73-75) contradicts with an Australian researcher who accepts the limitations but still she has to admit that the researcher has the opinion that Australian foragers may not have experienced the leisure in the precontact period that
Sahlins suggests, but she adds that it is likely that they worked no harder or
longer than people in modern industrial societies. Kaplan also finds later ethnographic studies of San that contradict Lee’s conclusion of ready and adequate
subsistence. Kaplan is questioning the methodological basis and asks for a
definition of and a distinction between “wants” and “needs”. He is also sceptic
regarding the legitimacy of the argument’s empirical evidence and he is questioning its validity (Kaplan 2000; cited Solway 2006).
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In “Man the hunter” (Lee & DeVore 1968:78-95) an interesting chapter by
Balikci presents a description of the Netsilik Eskimos and their adaptive process
which according to him consists of four major complexes on the basis of the raw
material: the snow-ice complex, the skin complex, the bone complex and the
stone complex. Their technology is thus adaptive through the very wellfunctioning manufacture of a large number of specialised artefacts made from a
local small number of available raw materials suitable for their own specific environmental conditions. Therefore Balikci contradicts Lee’s opinion on regular
availability of resources as well as considerable leisure time. Instead he argues
it is rather obvious that in each geographic zone inhabited by hunter-gatherers
there will be different adaptive forms and different qualities of pressures. He
suggests that “a regional typology should have a greater heuristic value than
blunt assumptions about global lack or presence of ecological pressure in hunting and gathering societies” (1968:82).

3

Previous research

3.1 Colonisation phase and early Hunter-Fisher societies in
the Baltic Area
The recolonisation of the Baltic Region after the Last Glacial Maximum (LGM) is
closely connected with palaeographic and palaeoclimatologic factors which
made it possible for flora and fauna, humans included, to move into new deglaciated areas (Riede in prep.; Schmölcke 2008:231-246). A common terminology
used by all researchers in the Baltic Area is lacking as not even the definition of
an ethnic group is clear (Damm 2010). When analysing and interpreting material records from the Stone Age, different theoretical frame-works are giving a
variety of perspectives on how and why things were made and how and why
they were used. Recent researchers try to find out more about the symbolic values hidden in the finds as identities, cosmic thoughts and ceremonials. When
analysing where the Hunter-Fisher colonised the different areas in the Baltic
Region it is very important also to know the background from where they came
and which cultural traditions they brought. Technology, the material records and
languages will help tracing migration and immigration and stone, flint, pottery
and ancient DNA (aDNA) are some of the useful tools (Damm 2010). For being
able to move into a new area the environment must be able to host fauna and
flora for the subsistence of human beings, and geography, climate and sea levels decide the framework for what kind of life is possible (Riede in prep.).
3.1.1

Resettlement of Northern Europe

Barbara Wolfarth (2010:377-398) evaluates C14 dates from Sweden older than
the Last Glacial Maximum Ice advance. Acceptable C14 dates indicate that the
age ranges for interstadial organic material in Northern and Central Sweden are
between c. 60 kyr and c. 35 kyr BP and in Southern Sweden between c. 40 and
c. 25 kyr BP (recently derived Optical Simulated Luminescence ages confirms
that). Wolfarth’s analysis based on calibrated C14 dates from interstadial deposits makes her suggest that Central and Northern Sweden were ice-free during
the early and middle part of marine Isotope Stage 3 and that Southern Sweden
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remained ice-free until c. 25 cal. kyr BP. A first ice advance might have occurred into Northern and Central Sweden as late as around c. 35 cal. kyr BP. It
is around the same time as the Last Glacial Maximum ice advance reached the
Norwegian shelf. Wohlfarth asks for a new multi-proxy and high-resolution investigation of several key sites in north, central and south Sweden.
Riede (in prep. and lecture) discusses the resettlement of Northern Europe that
started after melting of the Scandinavian ice sheet which reached its maximum
extent around 20.000 years ago, the Last Glacial Maximum (LGM). Flora and
fauna (including the humans) survived in southern refugias in Franco-Iberian
regions, Italy and Balkan. Pollen and ice-coring analyses show that the magnitude of climatic changes at the end of Pleistocene was much greater than ever
during the Holocene and would probably have happened within one or two generations. The Late Glacial (LG) followed thereafter and now the human population expanded into previously depopulated landscapes. Western and Eastern
Europe were colonised by different groups where Magdalenians populated the
western part and Epi-Gravettians populated the eastern part. They were named
after their different tool-kits and original find places. The hunter-gatherers were
members of the biotic communities and both ecological and geomorphologic
factors had a great impact on their colonisation.
Environmental events and processes as the Laacher See volcanic eruption c.
12.900 BP (fig. 5), the development of the North Sea landmass and the stepwise formation of the Baltic Sea were rapid and dramatic events and of large
geographic extent. As they were coupled to very low population densities with a
great vulnerability for environmental upheavals, these changes often were
“catastrophic” as they could lead to series of social, ecological and demographic
challenges.

Fig. 5. Laacher See near Koblenz Germany (see Internet link)

Some researchers argue that the archaeological distinguishable technocomplexes or cultures are caused by “punctuated scenarios” as the pioneer
human settlers easily will be cut off from the rest of the group due to environmental and social catastrophes (Riede in prep. and lecture).
Stephen Shennan & Kevan Edinborough (2007:1139-1345) discuss “Prehistoric
population history: from the Late Glacial to the Late Neolithic in Central and
Northern Europe” referring to Clive Gamble et al. who identify a series of five
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population “events” over the period c. 25-10 ka. They demonstrate a complex
population history with fluctuating population levels among hunter-gatherers
during the Earlier Holocene, probably partly in response to climatic fluctuations.
There are historically low levels immediately before the local beginning of farming, and a rapid rise in population at the beginning of the Neolithic. There is an
enormous population crash in the centuries after 5000 BC wiping out the LBK
agricultural system which lasts for c. 1500 years and the reason is unknown.
Shennan & Edinborough (2007:1344) state “that we cannot explain regional
culture historical patterns without first understanding regional demography and
its impact on cultural transmission”.
Christopher Smith (1992:11-26) tries to reconstruct some characteristics of
hunter-gatherer behaviour related to anthropological studies and analyses of
archaeological records. He states:
1. Hunter-gatherers live at very low densities, below 0.1 person/km2.
2. Hunter-gatherer populations have very low growth rates, usually c. 0.001 %.
3. Because of low population densities, to avoid inbreeding, hunter-gatherers
usually participate in open or exogamous breeding networks. Endogamy usually
is not found until population densities lay above 0.1 person/ km2.
Felix Riede (in prep. and lecture; Gamble et al. cited Riede) summarises research using radiocarbon dates as proxies for population density or activity in
four phases:
1. Refugium, see fig. 6 (prior to 19.5 thousand years ago).

Fig. 6. European LGM refugia 20.000 years ago (See Internet link)

2. Initial demic expansion (19.5 to 16.000 years ago)
Riede calls phases 1 and 2 for the “Magdalenian prelude”. Finds show a spatially extensive but very low-intensive use of the landscape. The “Venus figurines” found in both Eastern and Western Europe reflect a shared symbolic
world distributed in social alliances and marriage networks. River valleys with
cave sites targeted for habitation are used for these cold-adapted humans.
3. Main demic expansion (16 to 14.000 years ago).
Hunter-gatherer groups of Middle/Late Magdalenian traditions began to expand
into Great North European Plain, Central Europe and the British Isles. The climate turns into a warmer phase Glacial Interstadial-ie (GI-ie, the Bølling
chronozone). A land bridge of lowland exists that is now submerged under the
North Sea, “Doggerland”. Cave art performed by Late Glacial explorers tells
about locations of human settlements and part of their symbolic world. The main
pioneer settlement of the North European Plain was made by the Hamburgian
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techno-complex with a diagnostic tool-kit including for ex. Zinken with an extremely well executed flint technology. Hamburgian settlement seems to be
linked to immigration in the newly de-glaciated landscapes and there is a peak
in reindeer presence in Southern Scandinavia during GI-1e (Riede in prep.).
Also according to Eriksen (1999) the first hunter-gatherer groups to reach
southern Scandinavia were the Hamburgians. Exploitation might have been
both episodic and ephemeral and limited by seasonal or cyclical fluctuations in
resource availability. The young morainic landscapes of southern Scandinavia
were still too hostile during the early Lateglacial for the hunter-gatherer groups.
Only modest shelter to protect against the dust- and snowstorm of the cold season were available. Reindeer herds usually split up during winter time in small
groups which made hunting still more unpredictable. During late Younger Dryas
in Southern Sweden the hunter-gatherer groups seem to have subsisted in an
exposed, harsh, hostile and cold environment very close to the Scandinavian
glaciers. Still when they once are adapted to the new environment humans are
able to withstand dramatic climate changes, says Eriksen (1999). Eastern Germany and Poland were probably never settled during this early phase after deglaciation (Riede in prep.).
Some researchers argue that an early form of reindeer husbandry was practiced but osteological evidence is lacking (Riede in prep.). There is a technological and ecological overlap between reindeer hunting and herding and the
Hamburgian sites hint a mobility strategy hard to explain without a specialized
reindeer economy, possible of the herd-following type. According to Riede they
also used bow and arrow. The Hamburgian settlement ceased at the same time
as the reindeer population declined sharply. Arctic fur animals and amber (for
art objects and personal decoration) were attractive products in the northern
regions. Long-distance trade and exchange for maintaining regular contacts
within the dispersed Magdalenian group enhanced the remarkable material culture homogeneity of the Middle Magdalenian culture. In upland areas there is
evidence for a more diverse economic strategy with seasonal horse hunting,
game hunting and aquatic resources (Riede in prep. and lecture).
4. Population stasis (14 to 12.900 years ago)
The northern part of Late Magdalenian is often called “Federmessergruppen”.
The GI-1d climate became warmer with a woodland and stabilized ecosystem.
The Allerød population dispersals migrated from western Central Europe. They
used bow, arrow and spear-thrower and a plethora of harpoon forms as well as
fishing tools. Stone-working technology shows finds with simple modes of execution. Cave sites were abandoned and open-air localities were favoured with
traces of tent habituation structures. The climate allowed population to consolidate their exploitation ranges and colonise peripheral regions depopulated in
GI-1d (Riede in prep. and lecture).
5. Population contraction (12.900 to 11.500 years ago)
Riede (in prep. and lecture) describes his research made on the German
Laacher See volcano eruption ca 13.000 BP (fig 6.). His opinion is that the eruption was causing substantial reduction in the extent of human settlements in
Northern Europe during late Allerød and Glacial Stadial-1 (GS-1). The widespread volcanic ash (tephra) has been used as a chronostratigraphic marker for

27

late Allerød. The cold during GS-1 was thought to be the cause of the population contraction but Riede’s opinion, not discussed before, is that the volcano
activity with its impact on the population was the main cause. The protective
tephra blanket area with a depth of more than one meter, larger than 1.400 km2,
has preserved some of the richest Late Glacial campsites. The tephra is found
also in the Baltic area, Gotland included (fig. 7).

Fig. 7. Tephra map (see Internet link)
Riede (in prep.) and his colleagues share the opinion that the Laacher See
eruption caused climatologic and environmental changes, depressed plant
growth and affected a number of population fluctuations and material culture
transformations. The traditional trade, travel and communication routes along
the major river valleys were destroyed and the population in Southern Scandinavia became isolated. Although there was a lot of flint resources and a rather
favourable climate during GI-1a in Southern Scandinavia their tool-kit became
“simplified” and “straightforward” with loss of knowledge. The Bromme culture
emerges with the absence of curve-backed points, probably due to loss of bowand-arrow technology. Population declined to a very low level as did the lithic
technology. About 200 years after the eruption northern population was pushed
southwards again due to GS-1 and met curve-backed point groups of the uplands, and took up the bow-and-arrow technology again. Now the diminutive
tanged points were seen in Western Europe among the Ahrensburgian reindeer
hunters and in eastern part among the Sviderians. Reindeer had reclaimed the
North European Plain as far as the temperature allowed (end of GS-1). The
Ahrenburgian and Sviderian groups travelled northwards driving reindeer herds
but settlements of the island-, sea- and ice-landscapes of the Swedish west
coast and south-western Norways show a rapid development of marine adaptions. The coastal environment of Holocene Scandinavia was an extraordinarily
productive region following the drainage of the Baltic Ice Lake. Skin-boats were
probably used for hunting and travel. The dog appeared in Central Europe
among Magdalenians and Epi-Gravettians. The tool-kit became re-expanded
with both organic and lithic tools of different kinds. The Ahrenburgian tool-kit
converges with ethnographic examples of arctic adaption. Complex pattern of
trade and exchange was re-established in northern Europe with economically
symbiotic inland and coastal groups (Riede in prep. and lecture).
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Nunez & Gustavsson (1996) discusses the possibility of the existence of recurring polynyas in archipelagos as Åland and Gotland in prehistoric times, where
changing salinities would contribute. Polynyas tend to be formed at the same
time of the year in the arctics and may remain open the whole winter and are
caused by for ex. currents, tides, winds, upwelling conditions, salinity etc. Marine mammals and birds gather and become “trapped” as their habitat is fenced
by ice. The rich seal population on Åland attracted population from both East
and West (Nunez & Gustavsson 1996). The first seal hunters on Åland are
dated c. 5000-3500 years ago (Storå, 2001) and the first seal hunters on Gotland are found on Stora Karlsö already more than 9400 years ago (Lindqvist &
Possnert 1999).
Foragers used mobility and migration when dealing with environmental and social crises (Riede in prep.). The population density of Late Glacial huntergatherer groups were very low why they were very vulnerable to loss of personnel, knowledge and skills. Genetic analyses and radiocarbon dates will increase
the possibility to link the results to material culture and increase the history of
demography and migration. Riede proposes research on connections and
movements along the northern settlement periphery as well as from the Magdalenian core and its northern periphery. Due to environmental stress generated
by great and rapid climate oscillations as well as many extreme geophysical
events probably the population suffered badly. Sometimes they were swept
away why changes in lithic and organic technology documented in the Late
Glacial and early Holocene record could be carried by different populations and
not due to evolution. There is a need for formulating models of prehistoric metapopulation dynamics for Northern Europe which should include also population
genetics and ancient DNA data, Riede says. Mitochondrial DNA (mtDNA), haplogroups and y-chromosome studies tell a lot about migrations (Riede in prep.
and lecture).
3.1.2

Eastern Baltic region

North-eastern Europe was populated slightly later than the western regions by
rapid movements into northern Fennoscandia during early Mesolithic according
to radiocarbon dated finds (Riede in prep. and lecture). Interestingly there are
no signs of any major cultural upheavals and there are no signs of punctuated
developments as in west but long sequences of cultural continuity and increasing regionalization lasting well into the late Holocene. The descendants of the
Ahrensburgian foragers, the “coastal Arhensburgains” (Fosna and Komsa traditions) travelled along the Norwegian west coast and others along an eastern
route, meeting each other in the northernmost Norway and Finland, just as did
the plants and animals. The pioneer colonisation was completed around 9.000
BP and they had developed a sophisticated technology and a social system
adapted to high latitudes. Marine adaptions facilitated a permanent settlement
in artic and subarctic areas of Northern Europe. Some of the rock art is probably
associated with the earliest phases of occupation and their motives tell about
social lives and cosmologies (Riede in prep. and lecture).
Nunez (1987) in his report on “A Model for the early settlement of Finland” proposes a model of population dispersion into deglaciated areas. The model is
based on archaeological and palaeoenvironmental data. As the ice border did
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not retreat evenly both periglacial features and proglacial basins would appear
and affect the distribution of exploitable resources. Human groups probable split
to occupy new areas where some preferred to stay and others move into new
unexploited and unknown areas. But as Nunez (1987) points out, the departing
members would keep their links to the “mother group” through trades, marriages
and kinship ties which would lay the foundation for interaction patterns and a
common cultural and linguistic tradition. The excellent waterways in Finland
made long distance trips by boat and sledge possible. Nunez (1987) asks for
more genetic as well as anthropological and linguistic data for future testing of
the model for seeking out the roots of migration pattern.
Aivar Kriiska (2001) reports that during the Late Mesolithic (6500-5000 cal. BC)
foraging settlements are established in Estonia with continuity for thousands of
years, and in some places even into the Neolithic. Radiocarbon dates provide
evidence for the earliest settlement on Saaremaa c. 5800 cal BC, on Hiiumaa c.
5700 cal BC and on Ruhnu c. 5300, The diverse economy is based on seal
hunting (ringed seal, grey seal, greenland seal and porpoise), marine and river
fishing and game hunting. A dual settlement pattern is seen and inland and
coast are distinguished in the records about 7000 cal. BC, but both types were
living close to the water; inlanders at lakes, river seasides and river deltas. The
Littorina Sea was salter then the Baltic Sea today and offered good conditions
for marine growth of biomass and the increasing population of seals on the top
of the food chain. People living at the seaside took advantage of this new natural niche and the distant western Estonian islands were probably discovered
during seal-hunting trips. At Saaremaa Island permanent habitation seems to
exist already during Late Mesolithic. Kriiska also tells the interesting difference
between groups in the western and eastern Baltic Area where in Estonia,
Lithuania, Latvia and Finland the transition to the Neolithic is not marked by the
beginning of agriculture but the introduction of pottery. The islands of Hiiumaa
and Ruhnu have traces of Mesolithic settlements suitable only for temporary
hunting camps. At the same time also many other coastal areas and islands
were inhabited in Denmark and Southern Sweden. The human impact is traced
in pollen diagrams and lake sediments. Broad contacts were reflected in the
material culture. Raw material and some ready-made items had moved more
than hundreds of kilometres during the Early Mesolithic in the territory of Kunda
culture. The distances had doubled within the Comb Ware Culture. Flint from
Central Russia, Slate from the Onega region and amber from the Eastern Baltic
spread far away within the culture territory (Kriiska 2001).
Valter Lang & Aivar Kriiska (2007) highlight the sea as a uniting factor between
prehistoric people across the Baltic Sea and in the development of common
traits in the pottery, particular in that of Gotland and Saaremaa. The EstonianScandinavian contact has changed over time. Contacts were established already before the Corded Ware culture (3200/3000-1800 cal. BC). Probably
seal-hunters accidentally met each other from either side of the Baltic Sea.
These contacts continued and increased after the Corded Ware period and became extensive during the late Bronze Age.
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3.1.3

Fennoscandian perspective - Ethnicity and identity

Fredrik Hallgren (2004) and Charlotte Damm (2010) focus on identities and
choice or refusal of new technologies, for example pottery. Damm presents her
report on “Ethnicity and Collective Identities”. With a framework based on segmented collective identities in a hierarchy she illustrates the complexity of relations between identity, material culture and geographical distribution. Her opinion is that a collective identity can be both primordial (identity that is primary to
the individual) as well as situational and that a diachronic perspective will make
it easier to recognise these mobilized identities. Damm argues that different cultural groups seen in the middle Neolithic in Southern Scandinavia possibly is a
part of the ethnic differentiation process as there are many diverse groups in the
Fennoscandian region. One really important aspect pointed out is the need for a
debate on which characteristics constitute an ethnic group, how it is related to
material culture and how it is discerned in archaeological data. She wants to
define ethnicity very broadly as a collective identity based on descent and cultural differences, real or fictive. Her opinion is that humans are all embedded in
hierarchies of collective identities expressed in both different cultural and material elements. A collective identity may be mobilized during pressure or threat
when the collective group becomes aware of its own identity in relation to other
collective groups. These contacts were possible through travels as emigration,
immigration and colonisation or local or regional reorganization or conflicts.
Very often the external view will play a role in how the self-ascription of “us” is
constructed. In Stone Age Scandinavia often geographical borders have been
based on material differentiation: between quartz and flint in Mesolithic Eastern
central Sweden, bipolar and cylindrical reduction in western Norway in Early
Neolithic or between different types of pottery (Damm 2010).
Apel (manuscript) shows how tracing pressure-flaked arrowheads in Europe
tells a lot about the migration of knowledge among specialists which reaches
north Scandinavia and Finland already in the 5th Millennium BC from an eastern
origin. There might be a discontinuity representing independent historical
events. Apel also discusses the need for more research on whether the different
pressure flaking technologies are a result of local innovation (analogous) or cultural transmission (homologous development) and to which extent. Damm
(2010) refers to Barth that these material differences are conscious choices
within a process of ethnic categorization and dichotomization to distinguish “us”
from “them”. Damm asks for a discussion about the motivation for this differentiation and an evaluation of the processes that may have led to this ethnic mobilization. Here she means that the diachronic perspective may be useful.
Esa Hertell & Miikka Tallavaara (2011:94-110) have another opinion about the
choice of a particular technology and their paper discusses the relationship between forager mobility and Mesolithic core technology in North-Eastern Europe.
Regression analyses suggest that lithic core data and mobility indicators in the
archaeological records are correlated. The authors argue that this indicates that
hunter-gatherers make conscious choices but not due to ethnic categorizations
but due to practical reasons according to their needs. The technologies are
seen as strategies for solving problems. Mesolithic foragers do not make a special kind of blade just because of inherited knowledge from their ancestors and
they are not tied to one specific production strategy but own a variety of core
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reduction strategies. Cost and benefit for the user was instead the cause of the
technology choice as different raw materials, reduction techniques and tools
have different technical solutions and outcomes. Selection of one strategy over
another means gaining something at the cost of something else. Mobile individuals cannot be sure to find lithic raw material at the new site why adequate
supplies of tool stone have to be brought to as low cost as possible, which
means as low weight as possible. Therefore the technology needs to be adjusted to the constraints of mobile life. Conical cores, compared with narrowface and irregular cores have a generalised blade production strategy useful if
there is a need for a wide variety of tool blanks extracted from a single core (fig.
7). In the archaeological record it is possible to note a reduction of conical cores
in the favour of other strategies when groups are settling down and raw materials do not need to be carried (Hertell & Tallavaara 2011).

Fig 7. Central core and tools from Gisslause used by pioneers on Gotland during the Early
Mesolithic mobile hunter gatherer phase. Photo by Ingegärd E. Malmros.

Damm (2010) emphasises that ethnicity is not only about refusal to adopt for
example agriculture but may also be about exclusion and stigmatisation for not
being allowed to participate in a process, which is seldom discussed. She is
also looking for more discussion on diversity, negotiation of cultural contents
and of open boundaries, and sees no simple relationship between archaeological cultures and ethnic groups. Therefore geographical borders based on raw
material, technologies and artefacts do not imply in itself the existence of an
ethnic boundary. The sparse archaeological data shows little contact between
groups along the Atlantic coast and the Gulf of Bothnia before ca 6000 BC.
Damm proposes that a new level of collective identity increased in the 6 th millennium BC between these groups. This interaction increased after 5000 BC. In
the 5th millennium there still was a hunter-fisher society but semi-sedentariness
increased. Damms hypothesis is that a greater emphasis on logistic mobility
and task-groups increases with a group of seasonal hunters (leaving fewer
traces behind) which would consist of interaction between local bands within the
regional bands and distant bands, all entities corresponding to collective identities in a hierarchy. These interactions probably existed of gift exchange, marriage alliances, information and knowledge and might influence the social organization and ranking within each regional band (Damm 2010).
3.1.4

Southern Baltic Region - Need for marine archaeology

There is a problem of assessing late Palaeolithic settlements in northern
Gdansk Pomerania which is the youngest landscape in Poland, still with no official name (Was 2009). It was the last available land for human occupation after
the retreat of the ice sheet. Today it is not possible to reach the area without
marine archaeology as the early phases of deglaciation exposed a swathe of
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land up to 100 km north of the present Baltic edge. The cause is the retreat of
the Scandinavian ice sheet and dynamic isostatic movement in Early Holocene
which caused a transgression. Finds from the Stone Age has been collected by
marine archaeologist but most of the area is not still examined. A reconstruction of the palaeoenvironment is made to identify the natural barriers which limited the territorial extent and settlement. Three sites of Stone Age remains with
Palaeolithic finds (tools, blades, flakes etc.) have been found at the Kashubian
Coast, close to waterways, valleys and uplands and connected to the drainage
of the Baltic Sea. The tools represent intercultural forms commonly noted in the
Late Palaeolithic period in Poland. The earliest settlement of the Kashubian
Coast is now revised to late Pleistocene which is about 5000 years earlier than
said before. In southern Gdansk Pomerania the areas linked to Lower Vistula
valley are rich in archaeological traces of late Palaeolithic occupation. Was asks
for intensifying research of palaeogeography for understanding the environmental factors affecting Early Postglacial settlements in the coastal zone.
Torben Malm (2003) and David Jones (2009) presents the diving research on
Tybrind Vik in Denmark beneath the sea level 300 meters from the coast line
where a Mesolithic settlement associated with seafaring and fishing is situated
(Late Mesolithic ErtebØlle culture). The place was inhabited 7500-6000 years
ago and well-preserved organic material due to the sediment in brackish water
and low in oxygen are still able to collect. Three canoes from hollowed-out lime
trees up to nine meters were found, as well as paddles made of ash with ornaments, fish hooks, fish traps and z-spun plant fibres in needle-netting technique.
Along the German coast the SINCOS project confirms that the shift to seafaring
was accompanied by a transition from nomadic life to a more settled existence.
Large dumps of shells for harvested oysters, limpets and scallops are found
there as well as in Denmark.

3.2 Ecology and sea levels in Mesolithic research
Stig Welinder (1978:11-23) has the opinion that a hunting/fishing/gathering
group and its setting in the natural environment has to be looked upon as an
ecosystem where the human society is dependent on topography, subsoil and
climate. The human society is both dependent on and itself influencing the surrounding fauna and flora. Ecological archaeology deals with resource exploitation methods and settlement patterns. An ecological analysis of a Mesolithic
ecosystem involves:
1. A quantification of the components which make up the system
2. A consideration of changes within the ecosystem through time
Welinder (1978) discusses the shallow lake that passes the ecological succession of open water, the growing-over stage and the carr. The growing-over
stage is rather short but with a high biological production when the biotope is at
its maximum and the lake is covered by reeds. Spearing of pike in shallow water seems to be very usual. This stage is favourable for Mesolithic fishing and
gathering groups represented by Mesolithic bog sites. Many bog areas in south
Sweden changed from open lake to carr around early Boreal-later Boreal or late
Boreal and early Atlantic transition. The main growing-over period of lakes in
south Sweden is dated to the early Atlantic. In ecological terms the Mesolithic
period is represented by three different environments in south Sweden: open
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forest, shallow lakes during the growing-over phase and lagoons and estuaries.
These environments are the base for the economic exploitation to Mesolithic
hunting/fishing/gathering groups. There are two demographic peaks in the
Scania inland. The first is seen at the transition to the boreal-leaved forest with
a temporary increase of biomass of big-game animals, and the main growingover stage of the lakes contributed to exploitation of shallow lakes. The second
peak is at the end of the Mesolithic during the later Atlantic period and involved
both the inland of Scania and the coastland. The coastline from before the time
of the maximum Littorina Transgression is submerged by the rising sea, leaving
archaeological records under the water surface. During the Atlantic the resource
exploitation was based on exploitation of Littorina lagoons that were ecologically
similar to the shallow lakes and river estuaries and not based upon sealing or
other kinds of sea hunting (Welinder 1978:11-23).
The Nordic countries have a long and distinguished history in palaeoclimatologic research as for example Blytt-Sernander’s scheme for postglacial climate change, the foundation of modern pollen analysis by Lennart von Post and
the important concept of Holocene Thermal Maximum (HTM) by Gunnar
Andersson (Seppä, Birks, Bjune & Nesje 2010). Northern Europe is rich in ideal
sedimentary deposits in mires and lakes as well as glaciers, all leaving distinct
morphological and sedimentological evidence of their past advances and retreats. The glaciation history is analysed in the whole Fennoscandian-Baltic region which was covered by the Ice Sheet over 10.000 years ago. The glaciation
history provides an important chronological framework as the palaeoclimatic
records obtained from sedimentary deposits represents the postglacial time.
The geographical location of the Nordic region located downwind of the dynamic North Atlantic and its meridional overturning circulation gives the region a
warmer climate than expected on that latitude and also a climate with great varieties with abruptly changes. The “8.2 ka BP event” was recorded in Greenland
ice core in1990s, in Norway 1994 (termed the Finse event), Latvia and Estonia.
The winters were long and severe during the event and the cooling started
about 50 years later in Fennoscandia compared with Greenland. A period followed thereafter with a temperature maximum at c. 8000 cal. BP followed by
gradual cooling towards the present. These authors point out the problem with
poor chronological precisions between different reports, why many speculations
occur when discussing events and the conclusions based on comparisons will
remain ambiguous (Seppä et al. 2010). This cold period was noted also in Sweden (Lindqvist & Possnert 1997; Shi-Yong Yu 2003).
Maija Heikkilä & Heikki Seppä (2010:705-719) analyses a pollen-based summer
temperature reconstruction of Holocene climate history in Southern Latvia.
Steady climate warming of the Early Holocene was interrupted c. 8350-8150
cal. BP by the “8.2 ka BP cold event”, recorded as a decrease of 0,90 to 1,80 C
in summer temperature. The “8.2 ka event” is particularly clearly reflected in the
Baltic region where the distinct climatic and ecological gradients have a great
impact on the sensible vegetation growth pattern to seasonal temperature
changes. For quantitative past climate reconstructions from terrestrial environments, biological proxies preserved in lake sediments are some of the best
tools. There is a clear temporary drop in the values of temperate tree taxa, especially Alnus and Quercus. In the Earliest Holocene Betula, Pinus and non-
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boreal taxa dominate in the Eastern Baltic zone. In Mid-Holocene temperate
forests are dominated by broad-leaved tree taxa as Ulmus, Corylus, Tilia, Quercus, Fraxinus and Acer. Picea has been present since the Younger Dryas.
There is a gradual warming of the Early Holocene to Holocene Temperature
Maximum (HTM) and cooling in the late Holocene. Between c. 11000 – 9500
cal. BP temperatures have a slightly rising trend (c. 0.5 oC below modern temperature) and warming at c. 9000 cal. yr BP with .2.5-3,5 oC above modern
temperature with temp max of 3-3,7 oC c. 7500-5000 cal. BP. The “8.2 cold
event” around c. 8350-8150 cal. BP probably represents the widespread cooling
at 8200 cal. yr BP in the Northern Hemisphere as a response to the weakening
of Atlantic meridional overturning circulation.
During the cooler period there is a distinct drop of Alnus and Corylus, the first
trees to flower in the spring but also for Ulmus (flowering in April) and Tilia
(flowering in July). Betula and Picea increase (Heikillä & Säppä 2010). The
same pattern is seen in Southern Sweden, Southern Finland, Denmark and the
Alps. The Baltic region lies in an ecologically sensitive location between the
temperate and boreal vegetation zones and between the continental climate of
the Eurasian mainland and the oceanic climate of Western Europe. There is a
critical role of winter and spring air temperatures for flowering Tilia that reached
its maximum c. 7000-5000 cal. BP supporting the view of particularly warm and
dry summers during the peak of the Holocene Temperature Maximum (HTM).
Light-demanding Quercus and Fraxinus reached their maximum later c. 55003000 cal. BP together with the expansion of Picea when climate cooling induced
forest reconstructing taxa. At the onset of the “8.2 cal. BP event” the Baltic region was already covered by boreo-nemoral forests dominated by earlyflowering taxa. The delay of HTM in northern Europe is explained by Heikillä &
Säppä (2010) using a transient model simulation that shows that the Laurentide
Ice Sheet (LIS) configuration and melt water flux led to weakening overturning
circulation and reduced northward heat transport by the Atlantic Ocean. This
extensively cooled the Early Holocene climate not only in the Atlantic but also
on the Eurasian continent between 45o and 60o N, delaying Holocene summer
warmth until 8000-6000 cal. BP.
Shi-Yong Yu (2003) made a thesis on “The Littorina transgression in southeastern Sweden and its relation to mid-Holocene climate variability”. The Ancylus Lake was created when the Yoldia Sea was cut off form the ocean due to
the rapid ice-remission that resulted in pronounced isostatic uplift in the threshold areas in central Sweden. The Ancylus Lake became a large freshwater lake.
Well-preserved submerged pine stumps and elevated beach ridges are probably records from a transgression of the lake with its culmination at c. 10.700 cal
BP. A rapid regression of c.10 metres around 10.300 cal. BP was probably
caused by a sudden drainage of the lake. The large-scale rise of Baltic Sea
level with the transition of the Ancylus Lake to the Littorina Sea is explained in
many different ways by different researchers. Some see the partial collapse of
the Antarctic Ice Sheet as the cause; others argue that the modest variations in
solar activities may affect sea-level fluctuations by changing the regional
storminess etc. The rapid flooding of Littorina Sea culminated around 7500 cal.
BP called the “Littorina transgression”.
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Walter Dean et al. (2002) have a hypothesis based on proxy records of climatic
and environmental changes during the last 10.000 years in the Elk Lake in Minnesota, USA. These proxies tell that 8.2 calendar years ago (8.2 cal. BP) are
comparable with 7300 radiocarbon years. They suggest that changes in circulation probably post-date the final drainage of glacial lakes as Agassiz and
Ojibway along the margin of the Laurentide ice sheet. They propose that the
changes instead were caused by climate change due to fundamental change in
atmospheric circulation in response to marked changes in the relative proportions of land, water and glacial ice in North America during the Holocene.
Jie Wang et al. (2005:5141) analyses the “8.2 ka BP cold event” and summarises that the abrupt climate change in Early Holocene was not a local cold
event but one with global significance. They contradict the hypothesis of Dean
et al. (2002). The catastrophically draining of Agassiz and Ojibway lakes 8.47
cal. ka BP (according to these researchers) might be responsible for the abrupt
cold event in the North Atlantic together with lowering of solar insulation and
weakening of solar activities during the same period. The westerly wind shifted
southwards and the monsoon was weakened that had an impact on the regional
climate in different ways. In middle and high latitudes in Europe and East Asia
the climate became cold and dry. The “8.2 cold event” is confirmed in
Greenland ice cores and lasted about 400 years (8.4-8.0 cal. ka BP). Even the
African continent and Arabia had a cooler climate and the summer monsoon
disappeared. Eastern Europe and Mediterranean basin had wetter conditions
(Jie Wang et al. 2005).
3.2.1

Post-Glacial Evolution of the Baltic Sea

Kay-Christian Emeis et al. (2002:205-221) analyse sediment records of the Baltic Sea development of late Glacial and Holocene climate in north-western Europe. The transgression of global sea levels, the flooding of the shelf and effects
of isostatic uplift of Scandinavia are visible in the cores. Changes in salinity caused by sea level rise and sill subsides, anoxic conditions and deposition of laminated sediments on the Baltic Sea floor were pronounced to c. 5000 BP. Cyanobacteria blooms were more intensive than today. The Baltic Sea was a fertile environment for the Mesolithic man. The Baltic Sea is a young shelf carved
out by glaciers of the last glaciation and has no stable large-scale hydrodynamic
circulation why the hydrographic features are transient with a temporal duration
of days. The Baltic Sea watershed is strongly influenced by the atmospheric
circulation of the North Atlantic Ocean, more important than the climate which is
today recognised as just a major player in the Baltic Sea environment. Core
images from the Gotland Deep are measured in uncorrected 14C years in this
report. The Late Glacial Baltic Lake lasted c. 14.000-10.300 BP. By around
11.000 BP the ice margin had reached the vincity of Stockholm (Björk et al.1995
cited Emeis et al. 2002). The growing ice lake was isolated from the Atlantic
Ocean with a land bridge across the modern Danish strait. Initially the ice lake
surface was 7 meters below modern sea level and rose up to + 28 meters. This
rise was caused by isostatic rebound uplift. The lake was cold and populated
with only few freshwater diatoms and haptophytes. During the late ice stage
winter freezing was not a permanent feature in the Gotland basin although ice
persisted on land nearby. Two draining events occurred at Mt Billingen: 10.900
and 10 300 BP and established a connection between the Baltic Sea and the
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world ocean. The Danish Straits were still more than 20 m above modern sea
level why the short influx of marine water must have come in south-central
Sweden. This event marks the transition from the Younger Dryas stadial to the
Yoldia Sea/Ancylus Lake period and ends the glacial stages with beginning of
the rapid warming in the Baltic Area. The Yoldia Sea stage is the period after
the final fresh water drainage of the Baltic Ice Lake, with flow of saline water
into the Baltic Sea, why the Yoldia Sea occurs with a short marine transgression
phase c. 10.300- 10.000 BP when eustatic sea level rise exceeds isostatic uplifting (Emeis et al. 2002:205-221).
The salinity spike is correlated with the Pre-Boreal oscillation with cooling recognised in both terrestrial and marine climate records (Emeis et al. 2002:205221). Then there is a slow return to fresh water conditions c. 9,500 BP that
marks the transition to the Ancylus Lake stage. The cause is a new barrier impeding the saline influx due to continued isostatic uplift of south-central Sweden
that constricts connection to the ocean. There is an outflow of 15.000-20.00
m3/s across the rising sills in Sweden. The global sea level rises c. 1.8 m/100
years in the open ocean between 9.000-8.000 BP and the transition is higher
from Skagerack to the Baltic Sea due to the subsiding of the land. The coast is
flooded up to 4 m per 100 years in the Western Baltic Sea. “A rise of up to a
meter in sea level over a lifespan must have been an environmental change of
enormous significance to the Mesolithic inhabitants of the coastal area: rapid
shoreline displacements and submergence of lowlands and islands would have
required frequent relocation of habitants (Christensen et al. 1997 cited Emeis et
al. 2002:213). In Denmark there is a transition from Maglemose to Kongemose
Culture during this transgression rate peak. From around 9.000 BP the Western
Baltic is a transition area. Around 8.900 a marine influence starts in the Bornholm Basin and increases c. 8.300-8.000 BP. The transition from the fresh water Ancylus Lake stage to the brackish Littorina Stage lasts around 1.300 years
(Eneis et al. 2002: 205-220).
Shi-Yong Yu (2003) made a thesis on “The Littorina transgression in southeastern Sweden and its relation to mid-Holocene climate variability”. The Ancylus Lake was created when the Yoldia Sea was cut off form the ocean due to
the rapid ice-remission that resulted in pronounced isostatic uplift in the threshold areas in central Sweden. The Ancylus Lake became a large freshwater lake.
Well-preserved submerged pine stumps and elevated beach ridges are probably records from a transgression of the lake with its culmination at c. 10.700 cal
BP. A rapid regression of c.10 metres around 10.300 cal. BP was probably
caused by a sudden drainage of the lake. The large-scale rise of Baltic Sea
level with the transition of the Ancylus Lake to the Littorina Sea is explained in
many different ways by different researchers. Some see the partial collapse of
the Antarctic Ice Sheet as the cause; others argue that the modest variations in
solar activities may affect sea-level fluctuations by changing the regional
storminess etc. The rapid flooding of the Littorina Sea culminated around 7500
cal. BP called the “Littorina transgression”.
Doreen Rößler et al. (2011) have analysed the Littorina transgression in the
south-western Baltic Sea based on proxy methods and radiocarbon dating of
sediment sores. Their conclusion is that the Littorina transgression is one of the
most pronounced environmental events in the Holocene history of the Baltic
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Sea which changed the hydrographic system from the freshwater Ancylus Lake
into the brackish-marine Littorina Sea. The onset of the brackish-marine conditions in the bottom water is first seen with the appearance of benthic planktonic
foraminifers, marine molluscs and ostracods. Marine waters began to enter
Mecklenburg Bay c. 8000 cal. BP and the Arkona Basin first 7200 cal. BP that
according to the authors indicate a transgression pathway via Great Belt into
the Mecklenburg Bay and then into the Arkona Basin (Rößler et al. 2011).

Fig. 8. The passage of the North Sea water into the Baltic Sea (Andersson 2010:20)

The influx of salty water rich in oxygen, from the North Sea into the Baltic Sea
through Great Belt and Öresund, already started during the Littorina transgression and today it happens with many years gap (Andersson 2010:19-20). Great
Belt is deeper than Öresund. It takes about a year for the salt water to reach the
central parts of the Baltic Sea today (fig. 8).
A review of the South-western Baltic area between 8800-4000 BC (14C years
BC) is made by Ulrich Schmölcke et. al (2006:423-438), as a part of a multidisciplinary research group called SINCOS (Sinking Coasts). SINCOS is focused
on changes of sea level, landscape and culture. The global warming ended the
last glacial period, leading to sea level rise which induced substantial long-term
landscape changes. People have been setting in this area at least since the
Latest Glacial why the environmental changes always have influenced human
life dramatically in this area. Climatic changes have induced vegetation shifts
simultaneously with changes in land and sea distribution with an impact on development of fauna, flora and topography. Glacio-isostatic movements of the
earth’s crust and eustatic sea level changes all were of importance. Close to the
glacial ice sheet the tundra was inhabited with reindeer hunters. At 9.600 BC
the temperature rose rapidly which changed the landscape, fauna and flora.
People had to find new strategies for their subsistence and the Mesolithic settlers used their environment in many different ways as the high specialized
reindeer hunting was over. The Ancylus Lake stage between c. 8800 to 6700
BC was initially dominated by a fast transgression process due to the uplift of
land both in south and north that cut off the predecessor to the Ancylus Lake
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from the North Sea. During the Preboreal and Boreal periods there are many
lakes, rivers and dry land around the Ancylus Lake. There was a water-level
rise of 5-10 m within 100 years (Ancylus transgression). Shortly after 8.400 BC
a “catastrophic event” happened when the water level of the Ancylus Lake
dropped significantly as water masses passed out through Great Belt and close
places into the North Sea, and extensive areas fell dry for more than 1000
years. Pine and birch dominated during the Preboreal period and after 8.600 BC
hasel quickly spread and around 7.400 BC elm and oak also appeared. During
this period the hasel nuts dominated and were of major importance in the diet of
the Early Mesolithic Maglemose settlers. Microliths as points and triangles are
found, used as arrow heads. Inland sites of the Maglemose culture are frequently positioned on wind-sheltered plateaus near lakes and rivers that indicates the probably importance of fishing. Harpoons, fishhooks, net-floaters,
spears and arrow shafts have been found and probably both fishing and hunting
were parts of their subsistence (Schmölcke et. al 2006:423-438).
At the beginning of the Littorina transgression around 6.700 BC the Atlantic period opened up the Ancylus Lake to the ocean and people around the Ancylus
Lake, the Mesolithic hunter-gatherers, continuously had to adapt to rising sea
levels and rapid changes. Even if the Littorina transgression made new sources
available to man with new settlements around the young Baltic Sea they were
eventually flooded by the constantly rising sea level. When the sea level declined again and there was a consolidation of the coast line a productive economy started. Hunting and fishery were replaced by agriculture and stock farming
(Schmölcke et. al 2006:423-438).
3.2.2

The Mastogloia stage

At the end of the Ancylus Lake period there was a falling sea level as a new
outlet was formed at Great Belt and when sea levels became equal in the ocean
and the Ancylus Lake c. 8500 BP the Mastogloia Sea stage started with brackish water (Björk 1995:19-40; Donner 1995:210 pp.). The global sea level was
rising due to melting of the ice sheets from the glaciers during the Great Ice
Age. The Mastogloia Sea is recognised by some researchers as a separate
stage with an own status, part of the Ancylus Lake or the Littorina Sea. Matti
Eronen (1983:183-207) and J. Donner (1995:210 pp.) argue that according to
the stratigraphy analysed in sediment deposits the Mastogloia stage is showing
hardly any differences comparing with the Ancylus deposits while on the other
hand there are dramatic changes compared to the Littorina Sea. The Mastogloia diatoms are included in a typical Ancylus flora why the Mastogloia Sea
stage might be looked upon as a part of the Ancylus stage according to these
authors. The opponents argue that the Mastogloia Sea should be included in
the Littorina Sea stage focusing on the transitional phase due to the establishment of the marine connection with the saline influx (Hyvärinen et al. 1988:1323). Per Westman et al. (1999:4) analyse the salinity change in the Baltic Sea
during the last 8,500 years (cal BP) and have indications of a salinity of 10-15
0
/00 (perhaps at some period as much as 20 0/00) compared with c. 7 0/00 today.
Öresund opened up c. 8500 cal. BP but its greatest cross-section area was not
until 5500 cal. BP which is double the size today (Westman et al. 1999:4).
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3.2.3

Lake Tingstäde Träsk on Gotland during 10.000 year

Nils-Axel Mörner & Bill Wallin (1976) analyse sediment of Lake Tingstäde Träsk
on Gotland that is a shallow Chara-dominated lake containing lake carbonate
(Chara lime) that was precipitated due to the assimilation of CO2 by chara during the summertime. The island of Gotland is situated in the middle of the Baltic
with a very complicated deglaciation history. The ice margin crossed the northern Gotland at the first phase of Younger Dryas Stadial building up Tingstäde
Moraine. The proxy records indicate that Lake Tingstäde Träsk was covered by
ice during most of the year during Younger Dryas. The oldest sediments in the
lake of the Younger Dryas Stadial are c. 10.700 years BP. A very detailed record of the temperature fluctuation from 10.700-10.000 BP is given by the isotope curves. The depth scale is converted to absolute age via numerous identified levels. There is a low temperature record during the Younger Dryas Stadial
and a very rapid rise at the Pleistocene/Holocene boundary, a rapid rise through
the early Holocene with present-day values reached at about 9.300 BP, a Holocene optimum of 1.5-2.0 degrees C higher than today and a temperature fall of
c. 2oC at the Subboreal/Subatlantic transition. Figure 9 shows a fluctuating
Holocene temperature with warm and cold peaks at the same chronological
levels known as eustatic and global climatic fluctuation (Mörner & Wallin 1976).
Lake Tingstäde Träsk has an elevation of +45 m today and the highest peaks
on Gotland only reach +80 m. The lake is small and shallow and the area has
not been affected by any major changes in the type of continental/maritime climate after the end of the Weichselian glaciation. The Gulf of Bothnia was very
rapidly deglaciated between 9400-9300 BP registered in a drastic δ18 change at
9600-9300 BP due to the establishment of a climatic regime that was no longer
affected by the ice (Mörner & Wallin 1976:16).

Fig. 9. Proxy records converted to annual temperatures by Mörner & Wallin 1976
modified by Apel 2011 (with Apel’s permission).

The present temperature in Lake Tingstäde Träsk was reached about 9.000
years ago. Holocene temperature changes refer to eustatic transgressions with
40

a low Preboreal temperature and a Boreal temperature beginning with a very
strong temperature increase reaching modern values about c. 9.300 BP, with a
record peak of +18.3o C at c. 8.400 BP, and ends with a distinct temp fall of 10
C at c. 8.250 BP (Mörner & Wallin 1976). The temperature drop of c. 1oC coincides with the period around the “8.2 ka cold event” discussed by researchers
as Heikkilä & Seppä (2010), Wang et al. (2005) and others. Thereafter comes a
distinct temperature optimum about +1.50 C higher than today during the whole
Atlantic period, beginning with 2oC rise to a peak of +19.1 oC at c. 7.850 BP
ending with a maximum of 19,5oC at c. 5.800 BP (Mörner & Wallin 1976). The
later part of Holocene is followed by subboreal and subatlantic periods. The recorded temperature fluctuations confirm Mörner & Wallin’s conclusion that the
climatic/eustatic fluctuations follow frequency-changing cycles.

3.3 Seal-hunting economies and anthropological studies
As Mesolithic seal hunters on Gotland in a foraging perspective are in focus in
this master thesis, anthropological studies on seal hunters’ way of living is of
great interest for a better understanding of labour-intensive activities, specialised technologies and subsistence. The foraging perspective has an ecological
evolutionary approach, why understanding of relations between individuals and
their environment is of importance and so is knowledge about fauna and flora
Welinder (1978). For a forager it is quite essential to know when and where to
forage and to have knowledge on behaviour and needs of that special prey.
Technological skills to prepare specialized tools for hunting a special prey are of
greatest importance. Marine animals like seals and terrestrial ones like hare are
the most important mammals to the Early Mesolithic pioneers on Gotland (Lindqvist & Possnert 1997; Wallin & Sten 1997; Ahlgren 2011, Sjögren 2011).
3.3.1

History, anatomy and behaviour of some preys

Seals belong to a superfamily called Pinnipeda which means “winged feet” and
the included families are1. Phocidae (“True seals”) 2. Odobenidae (whaleruses) 3. Otariidae (sea lions, eared seals and fur seals). They all derived from
a common ancestor why the three families are called monophyletic and the
closest living relative to this common ancestor is the bear (see Internet link Seal
& Sealing Network).
The huge Early Holocene environmental changes have a great impact on seal
fauna in the Baltic Sea why seal species are coming, going and staying
(Schmölcke 2008:231-246). The geographical changes over the last 12.000
years are characterized by temporarily and spatially limited opportunities for
migration of marine animals into the Baltic basin with alternating freshwater,
brackish and marine stages. The climatic warming reinforced the deglaciation of
the large Scandinavian ice sheet which resulted in a vast melt water lake, the
freshwater Baltic Ice Lake. The sea level was c. 20 m higher than the Atlantic
Ocean and the two water systems were not connected until c. 10 000 cal BC,
caused by a successive drainage through a shallow strait in the central of Sweden. Now marine water for the first time in the Holocene could enter the Baltic
basin and the brackish Yoldia Lake was established. Marine species could enter
the Baltic basin but only ringed seals among the mammals seem to have entered into the Yoldia Sea and for the next 3.000 years this seal species was the
only one in the Baltic Basin, according to Schmölcke (2008). The Baltic basin
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was closed again from the Atlantic Ocean due to the glacio-isostatic uplift of
Scandinavia c. 8.800 cal BC and the Ancylus Lake was created and lasted to c.
6.900 cal. BC. The uplift created a broad land bridge connecting the Cimbrian
peninsula towards Scania and central Sweden. A very short period of transgression followed again in the Ancylus lake and there was a continuously drainage of the lake to the Ocean but researchers have different opinions on where
this connection was placed. The Ancylus Lake was a freshwater lake with climate warming and rapid melting of the Scandinavian ice sheet. At the edge of the
melting ice the climate was 10 C lower than today favouring the ringed seal
which could use this area for breeding. No other seals have still been found according to Schmölcke. (2008:231-246).
The Ancylus Lake was transformed by the Littorina Transgression I that flooded
the whole Baltic basin by marine water and the time period is still unclear
(Schmölcke 2008:231-246). It started some hundred years after the global sea
level rise between 6.900-6.300 cal. BC. The seal immigration started which before the Littorina Transgression was impossible because of the CimbrianScanian land bridge. The grey seal was one of the first marine invaders of the
young Baltic Sea and radiocarbon datings from Scania tells about records between 7.000-6.300 cal. BC (Schmölcke 2008:237) and according to Lindqvist &
Possnert (1997) grey seal bones are radiocarbon dated between c. 7300-6600
cal BC from the Stora Förvar Cave on Stora Karlsö, Gotland.
A hard cooling event c. 6200 occurred during the Littorina transgression which
influenced the northern globe with duration of about 300 years (Schmölcke
20008). A giant cold water pulse into the Atlantic Ocean emerging from the
North American Laurentide Ice Sheet has been proposed as the cause with a
temperature lowering as much as 15oC degrees in Svalbard and the sea ice
sheet increased again with serious consequences for the marine Arctic fauna.
The thermohaline North Atlantic Circulation crashed and a cooling of water and
atmosphere followed (Schmölcke 2008:237). This cold event is also noted in
Tingstäde Träsk on Gotland by Mörner & Wallin (1976) and this specific event
has been given a variety of names by different reserarchers, as for example
“the 8.2 ka cold event”. The Baltic Sea was higly productive water during the
Littorina transgression (Schmölcke 2008). As a consequence of the North Atlantic cooling event pack ice areas increased, suitable for seal breeding and grey
seal and harbour seal (Phoca vitulina) entered the Baltic Sea as did a second
invasion of ringed seal.
The marine reservoir effect of radiocarbon datings makes marine samples appear older than terrestrial ones of equivalent age (Schmölcke 2008). The reservoir effect is changing over the area, especially in the Baltic Sea with a lot of
variations. A standard correction is not possible to use why a correction of 150
years is used on seal samples before and during the Littorina Transgression
and 300 years thereafter. At 5.500 cal. BC the whole Baltic basin was flooded
and started the present geographical situation with a permanent connection between the Atlantic Ocean and the new Baltic Sea. The climate at the Holocene
Climatic Optimum was 1.90C warmer than today so the edge of the ice sheet
moved further to the north (Schmölcke 2008:235-237). According to Lindqvist &
Possnert (1997) grey seals were abundant in the remains on Stora Karlsö al42

ready during the Ancylus stage. Schmölcke (2008) and Lindqvist & Possnert
(1997) are using different definitions of the Ancylus and Littorina stages, according to the earlier discussion on the Mastogloia stage (p. 3.2.2), but both of them
suggest an immigration of the grey seal when the Ancylus Lake opens up to the
Atlantic Ocean.
3.3.1.1 Grey seal (Halichoerus grypus)
The grey seal (Halichoerus grypus) varies in colour from dark brown to grey or
black with blotches. Cows tend to be paler and much smaller (1.6-2 m long and
100-150 kg in weight) than bulls (c. 2.1 – 3.3 m and 230-350 kg). The lifespan
for a bull can be over 20 years and for cows more than 30 years. Populations
live in Canada, British Isles and the Baltic Sea today. They feed on a wide variety of fish at depths to 70 m or more. They do not eat every day and fast during
breeding season. Bulls begin to breed at about 10 years of age and cows at 5.
They breed on exposed rocky shores. The gestation period is 11.5 months including a three-months delay in the implantations of the fertilized egg. Pups are
born with a dense, silky and soft white fur which is shed within a month and replaced by a dense waterproof adult fur. After that they can leave for sea to fish
for themselves. The pups weigh about 15 kg at birth and gain about 2 kg a day
due to the high fat content in their mother’s milk (60%). The pup suckles for
three weeks and thereafter the cow mates again and leaves the rockery (see
Internet link Seals and Sealing Network).
Grey seal bones are radiocarbon dated between c. 7300-6600 cal. BC from
Stora Förvar Cave and hunted in later Ancylus stage in the central Baltic Basin
latest during the Boreal period. The bones were found together with bones from
ringed seal, forest hare and salmon. This indicates a possible immigration of
grey seals into the Yoldia Sea via the Närke strait before 9600 BP, i.e. the Preboreal period. If so, the grey seal survived during the whole Ancylus Lake stage
and became adapted to fresh water conditions. The salmon (Salmo salar) as an
important prey for the grey seal is seen in the very beginning of the Mastogloia
Sea between c. 7500- 7300 cal BC (Svensson cited Lindqvist & Possnert
1997a:41). It is possible that the grey seals were adapted to more open water
and less severe winter periods during the Boreal and early Atlantic period that
made them give birth to their young on rocky peninsulas and islands like Stora
Karlsö during autumn and early winter, instead of late winter and spring as in
the Baltics today, with sometimes hard winters. The Grey seal can dive to a
depth of 145 m and stay below the surface up to 30 minutes (Lindqvist & Possnert 1997a:94). Grey seal uses a variety of breeding places as pack ice, rocky
coasts or sandy beaches and the species is still populating the Baltic Sea and is
not threatened. After the breeding season the seals disperse and migrate far
away in groups or individually and often in pelagic waters (Schmölcke
2008:233). The Grey seal pups in Mesolithic Gotland were born in FebruaryMarch on the ice. Hunting of grey seals on Gotland was in the beginning of the
summer when the pups were just weaned (Wallin & Sten 2007).
Christian Lydersen et al. (1995:585-592) report milk intake, growth and energy
consumption in pups of ice-breeding grey seals and compare their results with
their land-breeding counterparts. They find similar results in both groups that
water and fat content in the milk change dramatically as lactation progress but
the protein content is relatively stable with a value of c. 11%. The pups in the
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study are drinking c. 3.5 kg milk daily, growing c. 2 kg daily hence storing c.
75% of the ingested energy. The amount of ingested milk is almost the same all
the lactation period but the fat content usually increases. Usually mothers do
not feed themselves during lactation but cover all the costs associated with lactation from their own body energy stores, but in the study by Lydersen et al
(1995) they also find feeding mothers. Smaller seals do feed during the nursing
period but usually not the bigger as the grey seal. There is a mass loss of
weight among mothers and mass gain in nursing pups.
3.3.1.2 Ringed seal (Phoca hispida)
The ringed seal is among the smallest of seals. As adults the fur has dark coloured ringed patterns given the seal its name. The adults seldom exceed 1.5 m
in length and 68 kg in weight with a maximum weight in winter and early spring
when the blubber is thickest. The weight then declines with feeding pups and
reproduction as well as during the moulting season. They can live in 30-35
years. During wintertime they are most abundant close to shores and shorefast
ice why they have been important in the economy of coastal inhabitants. Ringed
seals usually occur in association with sea ice. They eat a variety of invertebrates and fish. The cows give birth to a single pup during springtime in snow
dens on drifting pack ice, on landfast ice in ice build lairs, in pressure ridges or
under snowdrifts for protection from predators and weather. The mother feeds
during the nursing period. Males may be territorial during the breeding season.
Pups weigh c. 4.5 kg at birth and are white coated. They double their weight
during two months nursing. At ice breakup the weaning usually occurs. The
cows have a delayed implantation of the embryo and the pregnancy lasts about
11 months (Link to Seal and Sealing Network).
The Ringed seal immigrated into the Baltic basin during the Yoldia Stage with
its brackish water at the Late Glacial/Early Holocene boundary. A second wave
followed at the beginning of the Littorina Transgression and this transgression is
a result of the cooling event that occurred 6.200 cal 14C BC. Ringed seal is still
persisting in the northern part of the Baltic Sea and is not a threatened species
(Schmölcke 2008:231). According to AMS-datings ringed seal bones from the
Stora Förvar Cave are c. 7100-7200 cal. BC old. They have been hunted in the
central Baltic Basin in the late Ancylus Lake latest during the late Boreal period.
The ringed seal could have migrated into the Baltic basin during the Yoldia Sea
stage or even already into the Baltic Ice Lake. Possible immigration ways were
through the Öresund strait into the Baltic basin or through the outlet of Billingen
as well as through melt water rivers and smaller ice lakes at the margins of the
White Sea to the Baltic Ice Lake (Lindqvist & Possnert 1997:40).
The ringed seal is a circumpolar Arctic species with a special adaption to life in
Polar Regions as it can keep several breathing holes open even in thick ice.
The seal is not pelagic but spends all the life near the coast. Their breeding
places are on fast ice often attached to land and snow caves are made where
the pups are born (Schmölcke 2008:233). The Bothnian subspecies, Phoca hispida botnica, is a smaller variant. Dwarf forms may be associated with shorter
suckling periods. The ringed seal feeds on small crustaceans and fishes
(Lindqvist & Possnert 1997:40) Hunting seasons on Gotland was late winter to
early spring when the pups were in late weaning or weaned phase (Wallin &
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Sten 2007:23-40). They are born on the ice in February-March. The osteological
Ringed seal material from Gotland is representing more young seals than in the
rest of the Baltic region. Wallin & Sten suggest that it indicates a shorter distance from human settlements to hunting areas. The Ringed seal is living alone
and very dispersed why it had to be hunted individually and probably also with
canoe on open sea (Wallin & Sten 2007).
Climate warming is a discussed problem today but had an impact on fauna and
flora already during the transition from the Dryas to the Holocene period. Steven
Ferguson (2005:121-135) has analysed ringed seal as this seal is a key species
living on sea ice. The report on “Climate change and ringed seal (Phoca hispida) recruitment in Western Hudson Bay” assesses trends in recruitment relative to snow depth, snowfall, rainfall and temperature in springtime and timing of
spring break-up. Negative effects of climate warming analysed on recent (19902001 BC) environmental data indicate less snowfall, lower snow depth and
warmer temperature in springtime when pups are born and nursed. The pup
survival decreases probably because less snow results in shallower drifts with
less protection from predators in improper built subnivean birth lairs, shelters
with thin snow cover that easily falls in and also melts. Earlier ice-breaking or
lengthening of the open water season can be beneficial for older seals with a
longer period of food accessibility as arctic cod. For young seal pups open water at an early stage has potential risks due to predation and thermal challenges. Swimming increases the risks as it is a high energy cost activity for the
pups and they need ice for resting after they have molted and weaned (Smith
1987 cited Ferguson 2005). The minimum snow depth of consolidated winddrifted snow for lairs analysed by Smith & Stirling 1975 (cited Ferguson 2005) is
estimated to 25 cm. Ecosystem changes may also reflect prey availability. Recruitment variation is probably correlated to environmental changes as a
warmer climate affects maternal condition and pup survival under the first year
(Ferguson 2005).
3.3.1.3 Harp seal (Phoca groelandicus syn. Pagophilus
groenlandica
Harp seal (Pagophilus groenlandica) or Greenland seal is named for the irregular horseshoe-shaped band of black across the back of the adult male. Their
pelt is steel-blue when wet and pale grey when dry. The pups moult their silky
white fur after one week and are thereafter silvery grey with irregular dark and
black spots. Bulls are c. 1.7 m long and cows 1.6 m with a weight between 85180 kg and usually around 130 kg. Pups are 90-105 m long with a weight ca 610 kg at birth. Harp seals can become 35 years old. They breed on the pack
ice. They eat about 1-5% of their body weight daily. Pups are born in wintertime
and are weaned after about 12 days hereafter they are abandoned by their
mothers. Newborn pups are white coated with long, white fur and weigh about
11 kg. During this stage they gain weight very rapidly, move very little on the ice
and do not enter the water. They start shedding their white fur after about 14
days with a weight around 35 kg. After that they successively enter the water. In
early springtime the immature and adult males haul out on the receding pack
ice to moult together with the adult females who moult about two weeks later
(see Internet link Seal & Sealing Network).

45

According to Schmölcke (2008:235-236) the harp seal did not immigrate from
the Atlantic Ocean into the Yoldia Sea though it was a suitable environment
there. Probably the connection was too small and shallow for such a large seal.
Not until the Littorina Transgression I the connection was deep enough.
The harp seal is an arctic/subarctic species feeding on small pelagic plankton,
crustaceans and fish and belongs to the Atlantic period and the Littorina Sea.
This animal can dive to a depth of 280 m and stay beneath the surface for 30
minutes. There were no harp seals in the Earliest Mesolithic settlements on
Gotland but harp seal bones are found to a great number in Late Mesolithic
dwelling sites and dominate the faunal assemblage for more than a millennium,
c. 4.150-2.500 BC (Lindqvist & Possnert 1997a:42-43). The harp seal was
breeding on ice in February–March living in rockeries. Osteological records are
found from c. 5.000 BP. During Late Mesolithic the hunting is in summer and fall
instead. Harpoons, seal bats and nets were used (Wallin & Sten 2007).
3.3.1.4 Hare, Lepus timidus
The mountain hare has a weight about 3.5-3.8 (5.8 kg) kg and the number of
offspring is 2-5(8) two or three times per year. It is feeding on plants, twigs,
buds and bark. The skeleton is mature already at c. 9 months. The earliest terrestrial mammal in the Gotlandic area is so far on Stora Karlsö and mountain
hare remains from c. 7.200 and 6.500 cal BC are radiocarbon dated. Mountain
hare is also found in Gisslause c. 6.500-6.100 cal. BC, Strå c. 6.200-5.950 cal.
BC and Visborgs Kungsladugård c. 5.859-5.450 cal. BC (Lindqvist & Possnert
1997a:40). Hans Ahlgren (2011) analyses “The origin of the mountain hare on
the island of Gotland by means of ancient DNA analysis” and extracts ancient
DNA from 38 bones and 20 yielded DNA (53%). The phylogenetic tree forms
two genetically distinct clades where samples from the Mesolithic layer in Stora
Förvar and Gisslause belongs to one clade and Neolithic samples belong to
another clade. There is a discontinuity between the Mesolithic and Neolithic periods of mountain hare populations in Gotland and they probably originate from
multiple source populations. Mountain hare from Gisslause have radiocarbon
datings from 6.433-5.881 cal. BC and 7.043-6.557 cal. BC. The results indicate
that a second introduction of mountain hare could have occurred on Gotland
(Ahlgren 2011).
3.3.2

The Netsilik Eskimo – hunting strategies

Asen Balikci (1970) and Eric A Smith (1991) are presenting anthropological
studies on seal-hunting economies in their reports “The Netsilik Eskimo: adaptive processes” respective “Inujjuamiut foraging strategies: evolutionary ecology
of an arctic hunting economy”. Balikci’s field work starts in 1959 and nine comprehensive films are released in 1969 documenting the seasonal camp work.
He presents some of his analyses already at “Man the hunter” conference in
Chicago 1966 organized by Lee and Devore (Lee & DeVore 1968) but although
he presents results showing that starvation among hunter-gatherers in the arctic
region should not be forgotten, his opinion is not taken seriously when the consensus on “the affluent society” is taken. The Netsilik Eskimos means “These
People of the Seal”, and they are seal hunters armed with harpoons. Balikci
(1970:89) sums up that he thought that “their constant and intensive efforts, involving the use of so many ingenious hunting techniques and adaptive strate46

gies, would result in abundant and regular game returns, but this was hardly the
case”. Knud Rasmussen (cited Balikci 1970:89-90) followed a village of 31 persons with 12 hunters who caught one ringed seal per day during five months.
The weight of a ringed seal in those regions is c. 60 pounds i.e. 27 kg (0.45 kg
is equal to 1 pound), skin and bones amounting more than ten pounds and only
about 50 pounds i.e. 20 kg consisting of food like meat, blubber, blood and intestines. Substantial amounts of the blubber was used for processing oil and the
30 dogs also had to be fed so “as the result of a whole winter’s hunting in all
kinds of weather this may well be said to have been dearly bought food” (Rasmussen, cited Balikci 1970:89). During the caribou hunting there were not always caribous enough to kill for their elementary needs for winter clothing, possible to see when individuals had to wear stiff and heavy substitutes. “The Netsilik were far from living in a land of plenty” Balikci says (1970:90). The described migratory life is very harsh and requires tremendous adaptive abilities to
keep these people alive at all, Balikci continues, but not only in ecological adaptive technology but also in evolution of adaptive social forms of collaboration he
concludes (1970:90).
The whole seal was utilized except the bones. The skin is used for various purposes processed by women, the meat is eaten and blood is drunk, the intestines are prepared in long lines and dried, eaten as a delicacy. Most of the
blubber is saved, stored and used until the next winter in specially prepared
sealskins. The whole skin from a body inside out is used, and the hairy inside is
filled with blubber, tied and cashed under a heap of stones. The blubber slowly
melts inside the bag and changes into oil, used in the soapstone lamps (Balikci
1970).
Cod fishing is an emergency food if there is a failure of the winter seal hunts
and holes were dug out in the ice for fishing. Catching sea gulls and collecting
their eggs also is one of the subsistence activities noted. Climbing cliffs is necessary for collecting eggs and not possible for anyone. Inland fishing for trout
started after a long winter season with seal diet, and holes were dug out
through the thick lake ice. The caribou hunting starts along with the inland fishing when the tundra is open and hares and other mammals are available
(Balikci 1970).
The annual migration of the Netsilik is based on two main phases; the winter
seal hunting on ice and summer inland fishing and caribou hunting and a transition there between. Even within the Netsilik population there are many subgroups with differences in the subsistence due to environmental conditions that
have an impact on available preys (as for musk oxen hunting, cod fishing,
salmon trout fishing).
For information on hunting seasons, technology and the hard work of skin processing see supplement 1.
3.3.3

Dorset Seal Harvesting 1990-1180 cal BP

Priscilla Renouf (2011:131-156) is analysing a Dorset Palaeoeskimo site in the
“Port au Choix Archaeology Project” on Newfoundland. As the harp seal (Phoca
groenlandicus) was available only for a short time, a large and coordinated labour force was necessary. Twenty-four dwellings are excavated and charcoalbased dates show overlapping dwellings between 1190-1180 cal BP. The mi47

gratory harp seals followed the fast-moving ice and were available for only a
few days while passing by and the seals were the economic basis for Philip’s
Garden. Harpoon heads and foreshafts were recycled and reused. Microblades
were the main butchering tool and are highly effective in removing the thick layer of blubber from beneath the hide. Whole seals were processed and consumed as no parts are missing. The seal was laid on its back for skinning and butchering. Meat was removed from the ribs and the limbs, visible as cut marks.
Seal blubber is important for food, fuel, for waterproofing boots, boats and for
greasing sled shoes. Recent studies confirm that seal hide working is as intensive as the hunt itself as it has to be prepared in many steps for a long time before ready to use. As harp seals are heavy (around 130 kg) and aggressive
when provoked, hunters worked in groups, using harpoon technology. After killing they dragged the seal to the butchery site close to the dwellings and shared
the prey. Seal carcasses had to be skinned and butchered. The labour-intensive
hunting was possible as it was coordinated through large multi-family households. Spring ices conditions are linked to wind and tides and therefore seals
were absent from Philip’s Garden some years. Perhaps that is the key to understanding the development, success and eventual abandonment of this remarkable site, Renouf (2011) concludes her analyses.
3.3.4

Inujjuamiut foraging strategies

Eric A. Smith (1991:156-256)) is presenting anthropological studies among Inujjuamiut Inuit who he followed for several years using an optimal foraging perspective. The reason for his choice of this model is that the model is designed
to predict prey choice, patch choice, time allocation and group size along with a
categorization of foraging effort in terms of “hunt types”. More than one prey
species is frequently encountered and harvested on the same trip and marine
mammals, fish, birds and even invertebrates are frequently harvested on a single hunting trip. The marine hunting types include fall, spring and summer canoe.
Bearded seals and eider ducks are more common during the fall canoe. Spring
canoe is a relatively unproductive marine hunting and after ice break up the
summer canoe hunting is the dominant mode of foraging. The main pray is
ringed seal that can be basking as far as 30 km offshore. Eider ducks are hunted in the beginning of the summer period. Bearded seals are taken on offshore
island. “The analysis of prey choice is at the heart of optimal theory” says E. A.
Smith (1991:197). He evaluates energy/weight value of the harvest and notes
that all prey species show seasonal shifts in fat composition not possible to pay
attention to in the discussions. Table 2 is extracted from Smith’s table
(1991:181) of average weights and caloric values of Inujjuamiut prey species.
Prey species
Ringed seal
Ringed seal, summer kill
Arctic hare
Eider duck
Duck eggs
Lake trout

Kg live weight
33
14
3.2
2.6
0.1
3.4

Kg edible weight
12.0
5.8
1.8
1.1
0.1
2.9

Kcal edible portion
20.390
11.790
3.600
1.430
190
3.160

Table 2. Average weights and caloric values of Inujjuamiut Prey Species (Smith’s table
1991:181)

Marine mammals contribute c. 20% of the total food yield, fish species c. 25 %,
caribou c. 40 % and small game and bird c. 15 %. A rate measure of efficiency
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is often adopted by most ecologists, measuring harvest (minus labour energy)
per unit production time (E. A. Smith 1991:187). A modification is made of
Smith’s table in table 3 of different hunting types and net return rates.
Hunt type
Marine foraging
Summer canoe
Fall canoe
Breathing hole
Spring duck
Basking seal
Terrestrial foraging
Winter caribou
Fall netting
Summer freshwater

No. of trips

Hunt-hour h/hr

Expenditure
Kcal/h-hr

Harvest kcal

Net return rate
Kcal/h-hr

15
28
19
8
2

455
666
694
214
13

185
204
156
186
180

2 053 860
1 710 600
1 287 970
135 850
74 370

4330
2380
1700
450
5770

11
4
5

1754
379
240

204
193
177

12 090 180
888 300
450 240

6690
2140
1700

Table 3. Foraging Effort, Harvest and Efficiency by Hunt type, some examples (Smith 1991:187)

3.3.5

Early Palaeoindian prey choice

In David A. Byers & Andrew Ugan’s report (2005:1624-1640) on an optimal foraging perspective on early Palaeoindian prey choice in the late Pleistocene,
hare and ducks are mentioned as small terrestrial food and mammoth and bisons as large animals. Their model predicts that megafaunal specialization
rarely would have provided an optimal foraging solution for early Palaeoindians
and the records show a variety of smaller preys as hares and ducks as well. Still
they emphasize the central prediction of the prey model that foragers always
take high ranked animals upon encounter, noticed in the records of mammoths
and bisons. Some useful variables when calculating optimal foraging are
shown in table 4.
Resource

Energy
Kcal/kg

Live
weight
Kg/ind

Edible
Fraction

Edible
weight
Kg/ind

Total
Kcal

Handling
time
Hr/ind

Mammoth
1250
7500
0,42
3150
3937500
75
Mammoths
columbi
Bison
1090
900
0,60
548
588600
14,609
Bison
antiquis
Hare
1140
2,42
0,60
1,45
1655
0,125
Lepus sp.
Duck
1230
1,00
0,70
0,70
861
0,258
Anas sp.
Table 4. Extraction from table on Optimal Diet Breadth (Byers & Ugan 2005:1032)

Handling
time
Hr/kg

Encounter
Rate Ind/hr

Return rate
on- encounter
Kcal/hr

0,0238

0,00066

52500

0,0271

0,00324

40291

0,0861

0,27399

13242

0,3690

0,81250

3333

All fauna are ranked from high to low, based on post-encounter returns and the
currency is kilocalories/hour. Byer & Ugan (2005) question whether Palaeoindian subsistence would ever have been narrow and highly specialized as some
researchers proclaim. There are always many archaeological records of hare
and other smaller animals. The authors suggest the reason to be caused by
overall returns from exploited high ranked resources that tend to be much more
sensitive to search time than processing. Mary Stiner et al. (1999: 190-194,
2000:39-73) have analysed small-game use and state that their results are consistent with Flannery’s broad-spectrum-revolution hypothesis. They find that
Palaeolithic demography have populations which are exceptionally small and
dispersed and then they can feed on slowly moving and slowly reproducing
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animals like the tortoise. As the population grows they have to use smaller and
faster animals like hare. Therefore, they argue, human population growth is
possible to notice in the type of archaeological records.
3.3.6

Seal hunting on Gotland

Paul Wallin and Sabine Sten (2007:23-40) are doing an analysis using archaeoosteological and ethno historical/anthropological perspectives. Hunting
seasons from an osteological point of view indicates that the ringed seal was
breeding on ice, and pups are born in February-March. They are hunted at
some months of age in late winter or early spring according to Mesolithic records on the Ajvide settlement, and the percentage of pups in the hunted material is higher on Gotland than in the rest of the Baltic region. This indicates that
the settlements probably are closer placed to the breeding areas on Gotland.
The ringed seal is living alone and has to be hunted individually on ice or on
open water and was probably hunted with harpoon or net. The grey seal and
harp seal also gave birth to their pups in February-March and pups were hunted
at some months of age. The harp seal is breading in colonies. Newborn seals
were not hunted. The hunting season seem to be earlier on Gotland in the
Mesolithic period (winter/late spring/early summer) and delayed in the Middle
Neolithic period (summer/autumn). Osteological analyses indicate that the seal
hunting on Gotland during prehistoric tine was going on from late winter to autumn (Wallin & Sten 2007:27-28).

3.4 Excavations and archaeological records on Gotland
The Early Mesolithic pioneers on Gotland are living close to the sea and the
records are found under the Littorina Maximum level why they have been flooded at the Littorina transgression between c. 6000-5500 BC. Known places are
Stora Förvar on Stora Karlsö, Visborgs Kungsladugård in Visby, Gisslause in
Lärbro parish, Strå in Bunge parish and Svalings in Gothem parish. The Ancylus Lake was dominated by fresh water and was characterized by the pre-boreal
and boreal climate zone. The first pioneers on Gotland in the archaeological
records reached Stora Karlsö c. 7400 BC, Strå I Bunge c. 6500 BC. Visborgs
Kungsladugård c. 5900 BC and Gisslause in Lärbro c. 6500 BC (fig. 1). The first
Littorina Transgression started c. 6800 BC and lasted to c. 3800 BC with introduction of a warmer climate (Lindqvist & Possnert 1999; Apel in lecture 2010,
Apel & Vala in prep). The inland settlers are situated above that transgression
level, close to lakes and inland rivers not influenced by sea levels. Known places are Kambs in Lummelunda parish, Stora Bjers in Stenkyrka parish and Rosarve in Stenkyrka parish. Inlanders do not seem to be sealhunters according
to the records (Apel & Vala in prep). According to Inger Österholm (1989:181182) eventually 14 Mesolithic settlements are established around Gotland
crowded with small islands, lakes and shallow waters. She makes the assessment that c. 35 persons are living in each group for reaching the sum of c. 500
individuals for the total population on Gotland, necessary for making a sustainable survival possible (De Vore 1968, Van Stone 1974 and Rowley-Conway
1983 cited Österholm 1989).
The Early Mesolithic bone material on Gotland is totally dominated by seal, porpoise, fish and seabirds which indicate that Mesolithic pioneers had a very
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strong maritime adaption. The terrestrial and marine wild mammal fauna immigrated to Gotland during the Boreal and early Atlantic period correlated to the
Ancylus Lake stage respective the Mastogloia Sea stage (Lindqvist & Possnert
1997:29-43).
3.4.1

Stora Karlsö southwest of Gotland

The shores in south-western part of central Gotland reached c. 22-28 m above
the present Baltic Sea level during the Ancylus lake transgression c. 8300 cal
BC (Lindqvist & Possnert 1997:29). By then there are no records of human settlements. In about a millennium the first Mesolithic pioneers were found in Stora
Förvar cave on Stora Karlsö situated 21.2 m.a.s. Christian Lindqvist & Possnert
(1997) C14 analysed osteological material and found that the oldest finds were c.
9500 cal BP years old and the youngest medieval. The cave near the shore
seems to be abandoned between 8000-6000 cal BP, coinciding with the Littorina transgression I (Lindqvist & Possnert 1999:83). During the first Littorina
Transgression c. 5900 cal BC the shores in south-western part of central Gotland reached c. 14-18/20.5 m.a.s. From this period many dwelling sites are
dated as Visborgs Kungsladugård (parts also within the gravel), Gisslause, Strå
kalkbrott and Svalings. Strå, Gisslause and Svalings are dated to >5700 cal BC,
all situated on Ancylus gravel and covered by Littorina gravel. The subsistence
economy is based mainly on grey seal, ringed seal and mountain hare
(Lindqvist & Possnert 1997:35).
Species/Level:

Canis/vulpes

Lepus

Phocidae

Aves

Pisces

Homo

6

5915

178

149

19

G. 9

15

253

45

25

2

G. 10

31

8924

85

92

30

G. 11

2

684

13

0

1

54

15 776

301+

266+

52

timidus
G. 8

Σ

-/1

1

Table 5. Extractions from osteological analysis by Lindqvist. Stora Förvar cave (Lindqvist &
Possnert 1997:35)

The ground levels G.8-11 are estimated to be from late Boreal c. 7500-6200 cal.
BC according to A.M.S.-datings conducted in 1992-93 on animal and human
material. The absence of larger terrestrial herbivores at all Early Mesolithic sites
is probably because of the isolated island location. Only mountain hare as a
smaller terrestrial mammal has immigrated. Grey seal and ringed seal dominated the Early Mesolithic and harp seal, ringed seal and porpoise the late
Mesolithic. Mountain hare and fish bones were found during all periods
(Lindqvist & Possnert 1997a:35; Ahlgren 2011). Adolf Pira (1926) notes that
grey seal dominates the Early Mesolithic period that he calls the “Halichoerus
(85%) period with addition of Phoca (15%)” followed by the “Halichoerus (29%)Phoca (71%)”-period when the ringed seal increases and the grey seal decreases. No harp seal (Phoca groenlandica) at all is found at these excavation
levels. After these periods the harp seal is introduced and increases beside the
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ringed seal but the grey seal is not even found any more in every excavation
layer. Pira (1926) asks for further research on the circumstances leading to the
changes in the proportion among the seal species. He hypothesises on overhunting or environmental causes.
Jan Storå summarizes the archaeological records on Stora Karlsö in four
phases. The first phase c. 9500-8000 cal. BP he calls Mesolithic phase, the
second c. 6600-5 550 cal. BP Early Neolithic, the third c. 5200-4000 cal. BP
Middle Neolithic and the fourth phase after c. 3800 cal. BP the late-Bronze-Iron
time (Storå 2006:5-8). In this master thesis the focus is laid on the early Mesolithic phase recorded in the bottom of the cave. Most of the records are from
young grey seals apparently captured at some month’s age. Ringed seals are
sparsely found at that time. Probably the seals were killed on the shores and
processed in the cave. In later phases there is a shift from the dominance of
grey seal to ringed seal and even harp seals are introduced. The climate was
somewhat warmer than today and the Ancylus Lake was a fresh water lake but
it became eventually brackish in the transition phase to the saline Littorina Sea.
The transition phase is called the Mastogloia stage. No alks were breeding on
the cliffs at that time but swan, eider and other birds were found in the osteological records. No traces of human activity are found in the cave between c.
8000-6000 cal. BP but Storå asks for new research on higher levels on the island (Storå 2006:5-8).
Two “bird arrowheads”, that are slotted bone points and typical artefact in the
Maglemosian technology-complex during Late Boreal and Early Atlantic zone of
the mainland (Lidén 1942 and Welinder 1971 cited Lindqvist & Possnert
1999:69). Lindqvist & Possnert (1999:63-66) make further studies of the Mesolithic cave Stora Förvar on Stora Karlsö and includes 13C and 14C analyses of
human osteological material. Bone collagen analyses from the first hunters according to AMS-dates are c. 7200 cal. BC at the latest. The pioneers passed the
Ancylus Lake and reached the island, probably from the island of Öland where
the distance is shortest (c. 80 km). It is not possible anyway to link them to any
special area according to their technical equipment as their flint and bone artefacts are unsophisticated compared to the mainland. The Stora Förvar Cave
has a cave floor 3.3 m under the excavated surface where more than one meter
is from the Mesolithic. Charred haselnut shells are AMS-dated to 7795 ±105
BP, 6696-6465 cal. BC (1σ) just below the Neolithic cultural layer at the end of
the Mesolithic layer. Numerous seal bones and flints indicate seal processing
close to the hearth inside the cave (black burned cave wall at the bottom of the
cave is still visible) most intensively c. 7,300-7000 cal. BC. Then the activity
ends at c. 6200 cal. BC, probably due to flooding of the shore terraces up to 1820 m.a.s. during the first Littorina transgression. Also Visborgs Kungsladugård,
Strå and Gisslause are flooded at the same period why the shore-bound dwelling sites are covered with Littorina shore gravel. The grey seal rockeries on
Stora Karlsö and the coast of Gotland probably are affected by the environmental changes and by the intensive hunting. In the Stora Förvar Cave there is
about thousand seal deposits (Lindqvist & Possnert (1999:63-66).
The Mesolithic dwellings show few remains of terrestrial animals and the diet is
consisting of about 99% marine food (Lindqvist & Possnert 1999:67-69). Grey
seal cubs are hunted during winter or spring but ringed seals during late sum52

mer and autumn. Salmon is harvested during the summer and migrating aquatic
birds and hares during autumn, winter and spring. For a successful sea mammal exploitation canoes or other boats were necessary to use. The amount of
grey seal bones in the oldest layers in the Stora Förvar Cave indicates a breeding colony on Stora Karlsö. The climate during the postglacial optimum, Late
Boreal and Early Atlantic is warm with mild winters. The grey seal probably immigrated through the Närke Straits into the Yoldia Sea and established a population still surviving in the Ancylus Lake. The warm climate do not favour ringed
seal which demands ice for breading and the archaeological records only show
few finds (Lindqvist & Possnert 1999:67-69).
The technology in the Stora Förvar Cave was chipped out of local Ordovician
flint with conical cores and small splinters, scrapers and occasional bores. The
equipment was useful for skinning and butchering inside the cave. Numerous
human bone records from different periods are found in all ages, even a suckling baby, indicating whole families living in or close to the cave as marineadapted semi-sedentary hunters. Ten humans are AMS-dated between
8555±135 - 5500±95 14C BP. The baby is AMS-dated on bone collagen to
7,256-7,004 cal. BC after 100 years reservoir effect subtraction. The δ13C-value
of the infant is about 10/00 more marine than in the adults which can be caused
by suckling, and a lethal hypervitaminosis A or D can not be outruled but not
possible to confirm. If the mother is feeding on too much seal liver and salmon
meat hypervitaminosis damages can occur both in her baby and in herself
(Lindqvist & Possnert 1999:67-69). The effect of weaning and breast-feeding in
past populations is possible to analyse as breast-fed children have δ15N values
approx. 3 parts per thousands higher then their mothers as the consumer’s
bone collagen δ15N is enriched by 2-4 parts per thousand over average dietary
protein (Schoeninger and DeNiro 1984; Fogel et al. 1989). By measuring δ15N
values of bones with a high turnover as ribs, it is possible to find indications of
when the weaning occurred in a past population (Richards et al. 2002). Too
much protein also can cause illness resulting in osteoporosis known among the
Inuit. The knowledge about diseases linked to overconsumption of seal and
salmon did perhaps not exist among the pioneers if they were used only with
mainland hunting dominated by terrestrial mammals. Among Northwest Coast
Indians children and pregnant women has a special cost with more terrestrial
food for avoiding sickness (Chisholm et al. cited Lindqvist & Possnert 1999:73).
Dating of collagen of marine-adapted species due to feeding on seal or salmon
among the pioneers on Gotland is very difficult due to the reservoir effect, why
datings on terrestrial contemporaneous animals like mountain hare (Lepus
timidus) is very useful (Lindqvist & Possnert 1999:73-87). The reservoir effect is
changing during the Baltic prehistoric stages and as nobody knows the exact
values; it has to be empirically estimated. Four calibrated AMS-datings of mountain hare is between 8.200±125 and 7.715±80 BP, i.e. 7,420-6,429 cal. BC (1σ)
which indicates the first and most intensive occupation and seal exploitation.
The δ13 values in human bone collagen indicates marine food changes over
time and after the Mastogloia stage there is a hiatus in archaeological records
of c. 2000 years and thereafter it is a transition to terrestrial food. The hiatus
7,440 BP – 5,500 14C years BP in both human and animal bones is not possible
to date in calendar years since the earlier AMS-dates are less affected by the
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reservoir affect than the later (Lindqvist & Possnert 1999). Further studies have
been done and indications on a hiatus with lacking Mesolithic records on Gotland as a whole is now evaluated to span between c. 5000-4500 BC (Apel &
Vala in prep.).
3.4.2

Visborgs Kungsladugård

Visborgs Kungsladugård is placed on the westcoast of Gotland and was excavated in 1907 by Wennersten. Visby Kungsladugård is situated at 38 m.a.s. inside the Ancylus raised beach and is covered by gravel from Littorina Transgression 1 about 5900 cal. BC. The subsistence economy is based mainly on
grey seal, ringed seal and mountain hare (Tab.6, 7). Flint-tools, axes, bone
needles and harpoons have been found. The place is populated also after the
Littorina Transgression I (Lindqvist 1996:35 pp; Lindqvist & Possnert 1997a:35).

Species

Ovis

Canis/Vulpes

Lepus etc.

Phocidae

Mamm

Pisces

Indet.
Visborgs

1?

-/8

136

2427

2148

1

Kungsladugård

Tab. 6. Summary of osteological analysed bone material from Visborgs Kungladugård c. 59005450 cal BC by Hedell 1910 and Lindqvist 1994 (Lindqvist & Possnert 1997a:39)

Sjöstrand (2011) identifies seal fragments and sub-adults and yearling-young
adults are in majority. Some hare, bird and fish fragments are found and an
identified pike vertebra.

Visborgs Kungs-

Grey seal

Ringed seal

37

7

ladugård

Tab. 7. Identified individuals (MNI) from grey and ringed seal (Sjöstrand 2011:12)

3.4.3

Gisslause

Gisslause belongs to the stage of pioneer settlers on Gotland and this period
lasts for some more than 2000 years, between 7200-5000 BC. A radiocarbon
date from an unspecified bone gives the date 7043-6557 cal. BC from the excavation led by Jan Apel in 2010 (Apel & Vala 2012 in prep.).
Henrik Munthe and Hans Hansson (1930:257-285) analysed remains from
Gisslause in 1928 and 1929, a Mesolithic culture layer 5-30 cm thick and 21,5
meters a.s.l. (about 48% of the highest Ancylus level of 38 m above the today
sea-level) in Lärbro parish in the northeast of Gotland (fig. 1,10). The Gisslause
settlement is placed at the shore of the Ancylus Lake.
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Fig. 10. Munthe & Hansson (1930:263)

The Littorina transgression was about 6 meters above today sea-level. North of
Gisslause there was an inlake that today have a 0.4 m “mighty peat” and beneath a Littorina layer of lime-gyttja and Ancylus clay at the bottom. Bone of grey
seal, ringed seal (or common seal?), hare, fish like red eye (Swedish sarv, Leuciscus erythrophtalmus), roach ( Sw. mört, Leuciscus rutilus), pike (Sw. gädda,
Esox lucius), an unidentified bird and house-bearing snails, hasel nuts and pine
were found. The three fish species mentioned are all initially living in inland
fresh water lakes as the Ancylus Lake. Marine fish as cods are not found. The
brackish water molluscs Neritina fluviatilis and Limnaea ovata forma Baltica also
have been found and was probably some of the diet. Hasel and pine existed
before the Ancylus lake transgression maximum. Ordovician flint brought here
by the Glacial Ice was processed on the shore. In the Littorina gravel brackish
water and salt water living molluscs are found. Sandstone with brownish iron
ochre was found with a fragment of a human scull (Munthe & Hansson 1930).
Munthe & Hansson (1930) made pollen analysis but were not successful. One
stone is sharpened which is of interest as it appears already before the Littorina
maximum. Three bone artefacts are found, among them two long bones with
rounded endings and uncertain function, but it is of interest that seven with almost the same appearance were found in Maglemose. The authors have the opinion that the settlement is at least from 7000 years BP located in time between
the end of the Ancylus time and in the beginning of the Littorina transgression.
It was located on a peninsula (fig. 10) close to the rim of the Ancylus Lake
(Munthe & Hansson 1930). In 1983 a small excavation by Seving took place
with only few records of some tools and bones but most of the material is missing. Some osteological analyses has been done by Dahr 1930 and Lindqvist &
Possnert 1997, se table 8.
Species

Ovis

Lepus etc.

Phocidae
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Mamm Indet.

Aves

Pisces

Gisslause

1?/-

3x/-

20x/43

?/19

3x/-

27x/-

Tab. 8. Summary of the osteological analysed bone material from Gisslause c. 6550-6100 cal BC, analysed by Dahr 1930 and Lindqvist 1993 (Lindqvist & Possnert 1997a:39)

The osteological analysis by Sjöstrand (2011), of Munthe & Hansson’s excavation material from 1928, identifies seal, hare, bird and fish remains. The material
have a total weight of c. 1.3 kg and c. 83% is identified. Small parts of a human
scull and humerus are also found. It is interesting to note that whole seals are
represented including the sculls. Due to the high degree of fragmentation it is
hard to classify the distribution between grey seal and ringed seal but they are
almost equal (tab. 9). Total seal number possible to identify is a minimum number of 7 seals. There is an equal distribution between sub-adults and adults
(Sjöstrand 2011).
Species
Grey seal
Ringed seal
Gisslause
2
3
Tab. 9. Identified individuals (MNI) from grey seal and ringed seal (Sjöstrand 2011:16)

Ahlgren (2011: 33-38) is analysing “The origin of the mountain hare of the island
of Gotland” and compares the DNA samples from Gisslause, Stora Förvar and
some younger sites on Gotland. The early Mesolithic samples from Gisslause
found under the Littorina transgression prior 6200 cal. BC and Stora Förvar
form one genetically clade and the younger samples another (Ahlgren 2011).
The latest excavation took place in 2010 by Apel’s research group. Some bone
artefacts, flint blades and central cores were found. Ash from hearths (within the
red line in fig. 11) and coal fragments were abundant in many levels. The excavation pit in figure 11 illustrates a sequence stratigraphy (within the chronostratigraphic framework) with stratigraphic units representing time lines including
the flooded area during the Littorina transgression (c. 5600 cal. BC). The cultural black layer in the bottom (fig. 11) is dated c. 6000 BC and are remains from
a hunting place on an istmus in the former Ancylus Lake (fig. 10) (Munthe &
Hansson 1930; Apel & Vala in prep.).

Fig. 11. Excavation pit in Gisslause 2010
(Photo by Ingegärd E. Malmros)
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Figure 11 illustrates the thick humuslayer with a lot of roots from hasel, pine and
oak covering the mighty Littorina Transgression layer of sterile gravel from c.
4500 BC (Littorina maximum). The thick gravel layer has preserved the Mesolithic records and the postglacial uplift of Gotland has made the Mesolithic research possible above the sea level (Burenhult 1999; Apel & Vala 2012 in prep.).
In the osteological research in 2010, seal bones dominate from grey seal and
ringed seal (tab. 10, 11) with many unidentified seal species (Apel & Vala in
prep.). Identified records were one eagle fragment beside unspecified bird
fragments, hare, common whitefish (Sw. sik, Coregonus lavaretus), pike (Sw.
gädda, Esox lucius), burbot (Sw. lake, Lota lota), perch (Sw. abborre, Perca
fluvitalis), roach (Sw. mort, Rutilus rutilus), salmon (Salmo salar), pikeperch
(Sw. gös, Sander lucioperca) and redeye (Sw. sarv, Scardinius erythrophtalmus). The seals are usually young (Apel & Vala 2012 in prep).

Gissaluse
2010
Vala

Lepus

Grey
seal

Ringed
seal

Phocidae

74

64

144

699

Aves
sp
/Lepus
101

Aves

Pisces

indet

46

526

1708

Tab. 10. Osteological fragment numbers at the Gisslause excavation 2010 (Apel & Vala in
prep.)

Species
Gisslause 2010 Vala

Grey seal
3

Ringed seal
4

Tab. 11. Identified individuals (MNI) from grey seal and ringed seal, analysed by Cecilie Vala at the
Gisslause excavation 2010 (Apel & Vala in prep.)

3.4.4

Strå

Strå was used as a gravel pit when archaeological records were found in 1935,
and excavations were made in 1936 and 1938 by Stenberger (cited Sjöstrand
2011). Flint tools, one harpoon and one fish spear were found as well as many
animal bones, especially from seals (tab. 12, 13). The site was dated to Early
Atlantic period 6200-5950 BC (Apel in lecture 2011; Lindqvist & Possnert 1977
cited Sjöstrand 2011).
Species

Lepus etc.

Phocidae

Mamm

Aves

Indet.
Strå

1?

825

1009

12?

Tab. 12. Summary of the osteological analysed bone material from Strå c. 6200-5950 cal BC
analysed by Lindqvist 1993 (Lindqvist & Possnert 1997:39).

Sjöstrand (2001) identifies only a few bones from hare, bird and fish. Grey seal
and ringed seal are almost equal according to long bones but according to
numbers of teeth grey seal is much more abundant. Seals are common and
there is a slight majority of adults.
Species

Grey seal

Ringed seal

57

Strå
5
6
Tab. 13. Identified individuals (MNI) from grey seal and ringed seal (Sjöstrand 2011:14).

3.5 Basic nutritional data for calculating Optimal Foraging
Theory (OFT)
Energy budgets among humans and animals are essential for discussions on
hunter-gatherer societies and their economies. The ecologically oriented explanation of the environment and its evolution will hopefully shed some light on the
Early Mesolithic pioneers life conditions when discussing return rates and possible resource depression on Gotland. Optimal Foraging Theory (MacArthur &
Pianca 1966; Emlen 1966) not used in Mesolithic research within the Baltic Region before will be used. As OFT discusses why food selection sometimes is
broad, sometimes very narrow the optimal foraging model can help to identify
constraints when deviations from the “optimal forager” occurs. The constraints
can be caused by humans’ overexploitation but also due to geographical and
climatologically causes impairing on the environment and on the preys living
there (Mac Arthur & Pianca 1966; Emlen 1966; Irons et al. 1986; E.A. Smith
1983; Winterhalder 1993; Grayson & Cannon 1999; Stiner et al. 1999; Stiner et
al. 2000).
3.5.1.1
Meat in the human diet: an anthropological perspective
Neil Mann (2007:102-107) analyses how human ancestral diets changed substantially c. 4-5 million years ago with major climatic changes that created open
grassland environments. A larger brain was balanced by a smaller one, and a
simpler gastrointestinal tract evolved requiring higher-quality foods based upon
meat protein and fat. Fossil stable isotope analysis and cranio-dental features
leave anthropological evidence indicating a growing reliance on meat consumption during human evolution. Studies of recent hunter-gatherer societies show
an extreme reliance of hunted and fished animal foods for survival. The majority
obtain 56-65% of their subsistence energy from animal foods. It has been proposed that the modern diet rich of high-GI carbohydrates from starch and sugars, replacing protein from meat and fish, might be one of the implications for
insulin resistance and the development of type 2 diabetes, unknown among
hunter-gatherers. Plant food provides for example important micro-nutrients and
fibres and meat is supporting the important iron, zinc and vitamin B12 status.
Optimal Foraging Theory shows that wild plant food in general give an inadequate energy return for survival, whereas the top-ranking food items for energy
return are large hunted animals. It should be realised that humans were true
omnivores, argues Mann (2007).
3.5.1.2
Why your plaques is valuable for archaeogenetic research
Christina Warinner (see Internet link Warinner 2012) is an archaeogeneticist
particularly interesting in bridging the gap between archaeology, anthropology
and the biomedical sciences. Her research-focus is DNA analyses of ancient
bones and teeth for studying human evolution in response to changes in infectious diseases, diet and the environment over the last 10.000 years. Dental fossilized calculus (“tartar”) is abundant in eras before dental hygiene, and found in
every human population. Microscopically studies can identify plant microfossils
as pollen, starches, phytoliths and fibres from the food but now even ancient
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DNA will be recovered for analysing the health status and diet of ancient humans.
3.5.1.3
Human nutritional basics – caloric energy costs to stay alive
Just to stay alive as a human or animal takes energy and energy has a caloric
energy cost. Then the activity energy costs have to be added.
The Swedish National Food Agency writes in their report on “Food and environment” that a Swede in average is consuming c. 800 kg of food and drinks
and throws away about 30 kg edible food every year (see Internet link Livsmedelsverket). Information is also offered on vitamin, mineral and trace element
content of food and some of the basic energy needs. Adults are recommended
daily physical exercises at a minimum of 30 minutes daily with medium/high
intensity corresponding to c. 150 kcal (630 kJ)/day for health reasons and 30
minutes more for preventing weight gain.
The storage of vitamin B1 (thiamine) is probably the crucial point for human
survival at total lack of food, as fat and protein only can be utilized if thiamine is
available, but also other vitamins seem to be of greatest importance (Ståhle
2012:528-529). With free access to multi-vitamin tablets with thiamine included,
an analysis of prisoners starving to death shows that the storage level of fat and
protein became the threshold for survival when thiamine is available. In a cold
environment as cold weather the basal metabolism slows down if not clothing or
activities keep the body warm. At the lowest level of hypothermia, when only the
basal metabolism is working, the individual is unable to perform activities for
survival and stays inactive to save calories and has to wait for help (or the
sneaking death). For being able to actively search for help and keep warm energy has to be added. It is well-known that the human body needs water and
calories for not starving to death but the need for vitamins have not yet been in
focus, says Ståhle, president in the Swedish Survival Guild (Svenska Överlevnadssällskapet).
The energy currency used in food stuff is kilocalories (kcal) or kilojoules
(kJ)/weight unit and the basic food resources are as follows:
1 gram protein
1 gram carbohydrates
1 gram fat

4 kcal
4 kcal
9 kcal

17 kJ
17 kJ
37 kJ

For comparison:
1 gram alcohol

7 kcal

29 kJ

1 kilocalorie (kcal) corresponds to 4,184 kilojoules (kJ).
1 kilojoule (kJ) corresponds to 0,240 kilocalories (kcal).
In Vårdhandboken (see Internet link Vårdhandboken) it is possible to stay updated online with all basic facts for treating a patient with the basic needs. Vårdhandboken is owned by all County Councils and Municipalities in Sweden for
updating all medical personnel. Energy costs are principally consisting of two
parts:
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1. Basic energy needs to keep the body temperature and energy support of the
vital organs as for example the brain and heart.
2. Energy needs due to physical activity.
The total energy need depends on sex, age, level of physical activity etc. Due to
greater muscle mass males usually have higher energy needs than females. At
increasing age the energy need also becomes lower due to changes in the metabolism due to shrinkening body cell mass and usually lower physical activity. If
some kind of inflammatory condition occurs the energy need is raised but at the
same time the activity that craves energy will slow down and compensate for
that (to some part). Appetite loss is usual in inflammatory diseases.
Basal Metabolic Rate (BMR) is the amount of daily energy expended by humans and animals at total rest. If a human has total loss of physical activity it is
possible to maintain life for a longer period with only energy input of 20% above
BMR. For individuals with ordinary physical activity energy support of 50%
above BMR is recommended. For each degree of temperature above normal
+10% is added. Also a cold environment increases the energy costs.
Basal Metabolic Rate (BMR)
20 kcal/kg and day
Resting in bed
25
Walking in the hospital room
30
The basic need of water is around 30 ml/kg body weight
healthy person with no extra losses as for ex. sweating.

85 kJ/kg and day
105
125
and 24 hours for a

Especially fat and carbohydrates are used in the body as energy resources.
Only 10-20% of the total energy intake should be protein and it is used for the
protein synthesis in the body. Fat should take no more than c. 30% of daily energy intake. The human body has a great need for vitamins, minerals and trace
elements that are available in a mixed food, why just the energy content is not
sufficient when evaluating the usefulness of food resources.
A forager has to move around within a variety of environmental and climatologically conditions with more or less effort that have an energy cost. Today too
many individuals are too physically inactive and in “Exercise your right to health”
(Harvard Heart Letter 2004, Internet link Harvard Letter 2004) medical professionals try to encourage people to promote their health and prevent heart diseases. One of the most important ways is an active lifestyle and the message
put forward is: Move and have fun! The report (see Internet link Harvard Heart
Letter 2004) contains a very interesting table called “Calories burned in 30 minutes for people of three different weights”. The activities are divided into 1. Gym
activities, 2. Training and sport activities, 3. Outdoor activities, 4. Home and
daily life activities, 5. Home repair and 6. Occupational activities. The scheduled
activities as walking, running, kayaking, rock climbing etc. can to some extent
be used as analogies for foraging activities useful for the Optimal Foraging
Theory. Hunter gatherers have to transport themselves, carry, drag, use a canoe or transport or process the hunted prey etc (tab. 14).
The table is divided in three different weight classes: 125 pound (c. 57 kg), 155
pound (c. 70 kg) and 185 pound (c. 84 kg). 1 pound = 0.45 kg.

60

A mile is a unit of length, most commonly 5,280 feet, which corresponds to 1760
yards and 1609 meters.
Activities for 30 minutes

125 pound, i.e. 57 kg

185 pound, i.e. 84 kg

Rowing stationary moderate
210 kcal
311 kcal
Walk 15 min/mile (1609 m)
135
200
Walk/jog less than 10 min
180
266
Kayaking
150
222
Rock climbing
240
355
Running 12 min/mile
240
355
Running cross-country
270
400
Snow shoeing
240
355
Cooking
75
111
Etc.
Tab. 14. Physical activity and energy costs (“burned calories”). Extraction from the table in Harvard Heart Letter (2004).

If a person ought to have a normal weight of 70 kg but have a weight of 84 kg
these 14 kg extra is an extra load like a backpack taking extra energy for transportation.
3.5.1.4

Nutritional content in some food available to the Mesolithic pioneers on Gotland
The Swedish Food Agency has analysed contemporary diets (see Internet link
Svenska Näringsrekommendationer SNR, 2005) giving some hints on the values in the Gotlandic Mesolithic food even though values differ over seasons and
centuries (tab. 15, 16).
Unit

Hare
meat

Haselnuts

Perch Cod

Pike

100

100

100

100

100

Salmon

Duck
meat
with skin

Pigeon meat Snails
with skin

100

100

100

100

Chosen weight

g

Portion

g

125

125

Energy (kJ)

kJ

480

353

2,745

359

328

757

1,657

1,203

363

Energy (kcal)

kcal

115

84

656

86

78

181

396

287

87

Protein

g

21.5

20.3

13.0

19.8

18.2

18.4

11.5

18.5

16.1

Fat

g

3.1

0.2

62.6

0.6

0.5

12.0

39.5

24.0

1.4

Carbohydrate

g

0.0

0.0

9.4

0.0

0.0

0.0

0.0

0.0

2.2

5

0

4

15

2

30

51

53

90

Fat soluble vitamins
Retinolequivalents
Retinol

µg

5

0

0

15

2

30

51

53

90

Beta-carotene

µg

0

0

42

0

0

0

0

0

0

Vitamin D

µg

0.37

5.31

0.00

21.40 1.84

12.50

1.40

1.40

1.10

Vitamin E

mg

0.10

0.50

21.00

0.74

0.67

1.30

0.50

0.10

0.80

Vitamin K

µg

Ea

0

ea

0

0

Ea

ea

Ea

ea

Thiamin

mg

0.28

0.05

0.50

0.15

0.05

0.23

0.20

0.10

0.13

Riboflavin

mg

0.50

0.05

0.11

0.11

0.05

0.10

0.21

0.28

0.18

Vitamin C

mg

0

0

1

0

0

0

3

0

0

Niacin

mg

4.4

3.0

1.1

5.3

2.2

6.0

4.0

5.3

1.9

Water soluble
vitamins

61

8.3

6.7

3.3

8.9

5.5

9.4

6.1

8.7

4.9

Vitamin B-6

mg

0.30

0.30

0.61

0.47

0.14

0.98

0.19

0.66

0.05

Vitamin B-12

µg

1.00

1.77

0.00

3.49

1.41

6.20

0.20

0.80

5.00

Folate

µg

5

10

72

12

14

26

13

13

20

Phosphorus

mg

220

239

310

219

217

200

139

220

200

Iodide

µg

Ea

12

0

8

180

40

ea

Ea

ea

Iron

mg

4.20

0.20

3.60

0.24

0.12

0.80

1.20

7.50

3.50

Calcium

mg

20

47

188

16

12

20

11

45

170

Potassium

mg

320

463

445

389

402

330

210

330

121

Magnesium

mg

26

29

160

27

27

24

20

36

250

Sodium

mg

77

43

3

33

59

57

63

90

73

Selenium

µg

10.0

19.7

3.0

44.1

27.3

26.0

20.0

20.0

50.0

Zinc

mg

1.00

0.78

2.00

0.52

0.60

0.40

1.40

0.80

2.00

Niacinequivalents

Minerals

Common
Waste (e.g. peel)

%

For more information about the food item, press the food name. Click on a nutrient value for more details (not
available for all nutrients).Sort all food items by nutrient containment by clicking on the arrows.
ea = Not analysed

Tab. 15. Nutritional content, vitamins, minerals and trace elements (Link Svenska Näringsrekommendationer SNR, 2005).

Note that hasel nuts have a high content of calories and fat compared to other
diets and also some carbohydrates (tab. 15).

Tab. 16. Recommended daily intake of vitamins, minerals and trace elements according to
Swedish National Food Agency 2005 (See Internet link Svenska Näringsrekommendationer
SNR,2005).
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3.5.1.5
Nutritional content in seals
Analyses of seal meat has a focus on ringed seal as the available reports on
nutritional content in seals often are dealing with this species as a prey for the
polar bears. A study of seal blubber and seal meat by Brunborg et al. (2005)
show that there is a high proportion of long chained unsaturated omega-3-fatty
acid in blubber, and the oil is therefore useful in the medical field. Seal meat is
lean with less than 2 % fat with high concentrations of minerals, especially iron
and high levels of vitamin A, D3 and B12. The relative body composition of 4
ringed seals is presented in a study by Robin C. Best (1984:1033-1035). The
result tells that skeleton weights of three adults were c. 22 % and of the pup c.
38% of total body weight why the bony pup carcasses often were abandoned by
the polar bears. Muscle and viscera showed almost the same values, but differed greatly when looking into skin and blubber composition with 37-44%
among adults and 26% for the pup. The nutrient content varies with the arctic
season; depending on ice condition, reproductivity seasonality and moulting
period. Test diets (aimed for polar bears) show ringed seal muscle and viscera
leaving 12% fat, 73% protein of dried products and 5,0 kcal/g, seal skin and
blubber 84% fat, 12% protein and 8,5 kcal/g.
In the report “The caloric value of whole ringed seals (Phoca hispida) in relation
to polar bear (Ursus maritimus) ecology and hunting behaviour” (Stirling &
McEwan 1975) foraging among animals is examined. Twelve ringed seals are
minced and analysed for water, fat, protein and ash content. The polar bear
feeds predominantly on the ringed seal throughout its circumpolar range and
prefers to eat mainly the fat, often leaving the rest of the meat and even blubber
behind. Ringed seal pups are born during late March and April in subnivean
birth lairs that are located in the lee of pressure ridges in the sea ice. The polar
bear can easily find and dig them out of their shelters. There is a marked differential segregation of ringed seals by age class, and the highest portion of adults
dominate the preferred habitats in the deep bays characterized by stable ice
conditions. The subadults are more often found in the unstable offshore ice than
the adults. The best hunting time for polar bears is the period from freeze-up in
the fall until the sea ice breaks up in spring because the breathing holes are
restricted in number to those that the seals themselves can actively maintain by
abrading the ice with the claws of their foreflippers (Stirling & McEwan 1975).
Basic knowledge of body composition and relative energy values of seals related to different age classes and sex is important in hunter-gatherer research,
looking into the seal hunters’ hunting behaviour. Bears require a high-energy
diet of fat to meet their metabolic requirements associated with thermoregulation and the energy costs of walking and hunting (Stirling & McEwan
1975:1025). The same facts are applicable on humans. In Stirling & McEwan’s
(1975) study the value of 9.5 kcal/g of fat is used. The fat component of the
body composition varies seasonally and the blubber is also the dominant fat
component. The lowest level of body fat, mesenteric fat excluded, is during the
early summer as there is a rapid loss of fat in parturient females from early April
to early June due to lactation. The pups, in contrast, have a dramatic increase
in accumulation of fat from about 13% at birth to about 45% in nearly of fully
weaned pups. There is a significant linear relationship between total body water
(%) and fat (%). The protein amount increased from 0.73 kg in pups to 7.20 kg
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in adults (Stirling & McEwan 1975). The values for total body water agreed with
studies made on harbour seal (Phoca vitulina) of equivalent weight ( Depocas et
al. and White et al. cited Stirling & McEwan 1975). An adult male of 45.7 kg
contains 21.3 litres of water, 7.2 kg protein, 15.6 kg fat with a total gross energy
amount of 186484 kcal. A recently weaned female pup a couple of months old
have already gained a total gross energy of 131290 kcal compared with a newborn female pup less than 1 month reaching only 7706 kcal. But there are also
yearlings with a total gross energy value of 59 760 kcal so there is a great span
depending on their life conditions (Stirling & McEwan 1975).
Newborn ringed seal pups killed by polar bears are often not eaten probably
due to a low value in caloric density and fat content. Breathing holes and birth
lairs are widely spaced even in areas of preferred habitat. One reason might be
that ringed seals are much more aggressive to each other than harp seals (Pagophilus groenlandicus) or harbour seals. This seems to affect the maintenance
of breathing holes especially by small pups and subadults who can be found
near their breathing holes starved to death because the holes has become frozen due to sub-ice aggressive behaviour of dominant seals. The value of such a
seal for the polar bear depends on the remaining caloric density (Stirling &
McEwan 1975).
Joseph R. Geraci & Thomas G. Smith (1979:135-139) examined vitamin C in
the diet of Inuit Hunters in Canada, and found that scurvy caused by C vitamin
deficiency was first seen among explorers and trappers who refused to adopt
the Inuit diet lifestyle of raw or boiled fish and meat. The introduction of “southern” food among the Inuit themselves also caused sickness. Subacute scurvy
was found among school children in 1940 in absence of fresh meat due to unsuccessful hunting and only several months’ old reindeer was available. Caribou was the dominant mammal in the food and then bearded seal even if ringed
seal was most abundant. Daily feeding pattern consisted of four meals where
three meals usually consisted of 200-250 gram portion of dried meat or dried
arctic char eaten with tea and bread with refined flour (tab.17). The fourth and
largest meal was a stew with flesh, bones, marrow and selected viscera in portion of 500-600 gram by adult males and less for females and children. The winter diet may increase to two major meals instead of one as the cold climate demands more energy (Geraci & Smith 1979).
Species

Vitamin C mg/100 g
Raw

Vitamin C mg/100 g
Boiled 10 min

Flesh
Liver

3
35

2.5
13.6

Epidermis with 2-4
cm blubber, called
“Muktuk”
Dermis
Bllubber

38

-

3
5
1.3

0.8

Ringed seal
(Phoca hispida)
Beluga whale
Delphinapterus
cas

Arctic hare
Lepus arcticus

leu-

64

King eider
Somateria spectabilis
Fish, Arctic char
Salvelinus alpinus
Whole fish
Dried fish

1.6

0.3

5.8
1.8

0.8
-

Plants
“Masu”
21
4.5
Hedysarum alpinum
Mountain sorrel
36
5.3
Oxyria dignya
Tab. 17. Vitamin C of raw and boiled food items in some of the Inuit diet (Geraci & Smith 1979).

As seal-hunting among Inuits still is a part of their culture, information on seal
nutrients is available on the Internet provided by USDA SR-21, United States
Department of Agriculture Research Service (see Internet link Nutrient data)
The ringed seal meat is lean and leaves only c. 3 g fat and 142 calories/100 g
(tab. 18). The blubber is not commented in this table.
Ringed seal
meat/100 g
calories
calories from
fat
Total fat
Total carbohydrate
Protein
Vitamin A
Vitamin C
Calcium
Iron
Thiamin
Riboflavin
Pantothenic
Acid

142
29

7%DV

Bearded
seal
meat/100 g
110
4

3g
0g

0g
0g

28 g
8 % DV
0%
1 % DV
109 % DV
9 % DV
31% DV
7 % DV

27 g
28 %
0%
1%
72 %

% DV
% DV
% DV
% DV
% DV
% DV

Daily Value

Tab.18. Nutrient data for ringed seal and bearded seal. Extraction of table from Nutrient data
provided by USDA SR-21 (see Internet link Nutrient data).

In 1942 a report was released about the liver toxicity of polar bears and the seal
Phoca barbata due to the richness in vitamin A (Rodahl & Moore1943:166-168).
One seal liver contained 13.000 i.u. vit.A/g. Illnes with acute drowsiness, irritability and scaling of the skin is reported. Bear liver is more concentrated than
seal liver and have caused many deaths.

4

Results and discussion

4.1 The usefulness of OFT in foraging research on Gotland
This master thesis is born out of an intense interest in learning more about the
Mesolithic pioneers who reached Gotland more than 9400 years ago, and why
there is a hiatus in the archaeological records coinciding with Littorina trans65

gression I. Were there any signs of affluence or starvation? The optimal foraging perspective, derived from the evolutionary ecology as a branch of behavioural ecology, studies foraging behaviour of animals and humans in response to
their environment, why this perspective have been chosen for this master thesis. The Mesolithic pioneers on Gotland in Early Holocene all seem to be sealhunters, but still there are no sure answers from where they came or from where the seal hunting technology derived. Probably they have to adapt to a marine
life by themselves as the seal-hunting in the rest of the Baltic Area seems to
emerge later (Nunez 1987; Kriiska 2010). The first seal hunters on Åland are
dated c. 5000-3500 years ago (Storå, 2001) and the first seal hunters on Gotland are found on Stora Karlsö already more than 9000 years ago (Lindqvist &
Possnert 1999). Kriiska (2010) reports seal hunters in Estonia on the island of
Saaremaa 5800 cal. BC. Persson (1999) notes that seal hunting in Southern
Sweden is rare, why he suggests Sahlins’s theory of affluence as a cause. As
there are big terrestrial games on the mainland but only hare on Gotland there
is a great difference in the availability of preys. Probably this is a very important
factor when discussing sustainability. There is a hiatus between 8000-6000 cal.
BP on Stora Karlsö and the cave near the shore seems to be abandoned, at the
same time as the Littorina transgression I was creeping closer and closer to the
cave mouth. When looking at the total area of Gotland there is a hiatus in the
archaeological records from c. 5000-4500 cal. BC (Lindqvist & Possnert 1999:
Apel & Vala in prep.). There also is a hiatus in the southern part of the Baltics
from 5000 BC that sweeps away the entire LBK culture, reason unknown
(Schmölcke 2005; Riede in prep). Some catastrophic event seems to involve a
vast area coinciding with climatologically and geographical changes correlated
to the Littorina transgressions and “8.2 ka BP cold event”.
When analysing a subject in a structural way it is important to be aware of which
theoretical perspectives to use and which methodology to choose. In this master thesis the Optimal Foraging Theory (MacArthur & Pianca 1966; Emlen 1966)
is chosen because it uses a processual approach with an ecological and evolutionary perspective, as the environmental prerequisites for the pioneers on Gotland seem to be crucial for their survival. Why this has not been done before in
the Baltic Region, probably is because Sahlins's theory has had such a strong
influence on the archaeologists and anthropologists after the consensus in Chicago 1966 (Lee & DeVore 1968) that questioning his perspective has not been
acceptable. Sahlins’s theory about an Original Affluent Society (Sahlins 1972) is
said to be based on the processual framework but it hardly lives up to the needs
this master thesis asks for. Sahlins’s Zen Road generalises an easy way of living in any environment without doing any serious cost benefit analyses. The
strength of OFT is an analysis based on a strategy that gives the highest payoff
measured as the highest ratio of energy gain (in calories or joule) per time unit.
It is possible to construct an “optimal forager” as a mathematically simulated
model built on predicted varieties of decision mechanisms. The results in the
simulated model can then be compared with real archaeological data and this is
a real point, as constraints will be visible and possible to discuss. There is criticism against the theory, mostly that “what is good enough” is not possible to
know and that the theory is just empirically based (Pierce & Ollason 1987), but
OFT supporters like Winterhalder (1993) and Shennan (2002) argues that this
fact is not important as the main fact is that OFT makes it possible to compare
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cultures and subsistence economies towards an “optimal forager” who will act
as a benchmark.
The mathematical OFT model analyses the highest payoff measured as the
highest ratio of energy gain cost per unit feeding time and the idea of cost and
benefit presented by MacArthur & Pianca (1966) and Emlen (1966) was influenced by the theories in economics. OFT assumes economic maximization as a
given, that a species maximises the net energy intake which will affect competition and coexistence among species in the community. For researchers interested in quantitative studies within the processualistic framework OFT is an alternative way of analysing prehistoric hunter-gatherer societies (MacArthur &
Pianca 1966; Emlen 1966; Smith 1983; Irons et al. 1986; Winterhalder 1993;
Grayson & Cannon 1999; Kaplan 2000; Shennan 2002; Boone 2002; Cannon
2003; Burger, Hamilton & Walker 2005; Wolverton 2005). Human fertility population history according to Boone (2002) shows that individual energetic efficiency in resource acquisition and production play a more critical part in determining reproduction rates than total productivity rates or the carrying capacity of
the environment. A saw-tooth pattern due to changes in mortality with crashes
and periods of high population growth characterizes long-term averages. This
contradicts The Original Affluent Society about a society in harmony due to
adaption to the nomadic life. Boone (2002) and Pennington (2001) find no big
differences in fertility among different populations in spite of different backgrounds. Probably the mortality was high as the forager populations stayed on a
constant low level.
Winterhalder (1993) uses evolutionary and population ecology in computer
simulations and at equilibrium he visualizes that foraging efficiency is a declining function of work effort. His results show that foraging during long periods
successively depletes the resources to lower and lower levels. A comparison
between Persson’s (1999) hypothesis in “Neolitikums början” on an affluent society in Scandinavia and the Gotlandic pioneers in an evolutionary ecological
perspective in OFT is not possible to fully perform. The reason is that OFT is
based on a processualistic framework and Sahlins’s theory in a culture constructive framework (Lee & Devore 1968; Sahlins 1972¸Solway 2006). MacArthur & Pianca (1966), Emlen (1966), Irons et al. (1986), Stiner et al. (1999),
Burger, Hamilton & Walter (2005) all note that animals are more selective in
their choice of food items in an affluent environment and becomes more indiscriminate when food is scarce or when they are starving. More productive environments are expected to lead to specialist strategies. In Gotland the pioneers
have no choice as big terrestrial game is missing and the only big prey available
is in the sea, the seal. The diet presented in the archaeological finds are seal to
99% and some hare, birds and fish as there are no big terrestrial games
(Lindqvist & Possnert 1997).
The Early Mesolithic pioneers on Gotland met a recolonialised landscape after
the deglaciation. Knowledge on the resettlement of the Baltic Area by humans,
fauna and flora is one of the prerequisites for discussing a foraging perspective.
They are all interdependent and foraging can only take place where preys are
available to forage why overexploitation or landscape changes due to climate
changes or whatever the causes can be fatal (Smith 1983; Grayson & Cannon
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1999). As a consequence this master thesis is looking for trends in the human
recolonisation of Northern Europe, focusing on the Baltic Area, and the introduction of fauna and flora into the Baltic Sea and especially on Gotland. According to Nunez’s (1987) hypothesis the individuals who moved away from a society tried to keep in touch with their homeland, “the mother group”, also in the
future. According to Damm’s (2010) arguments on ethnicity and collective identities it would be expected that the pioneers on Gotland would stay in touch with
their former “mother groups” and share their collective identities. The evolutionary ecology holds that they had to adapt their behaviour to the new life situation
and new environment and they probably did so within the framework of evolutionary biology (Bird & O’Conell 2006; Smith 2009). It seems reasonable to believe that the pioneers came from an economy dominated by terrestrial mammals but Gotland was not blessed with any big animals but marine mammals
like seals, and small terrestrial animals like hare. For a better understanding of
the skills they might have brought from their “mother groups” it is of importance
to learn more about the Baltic Area and which cultures were around and try to
find out possible connections among the recolonisers of Northern Europe. Archaeological records indicate links to the Maglemose culture on Stora Karlsö
and Gisslause (Lindqvist & Possnert 1997; Munthe & Hansson 1930).
A very great problem exists when discussing the different time scales (Eriksen
1999; Schmölcke 2008; Seppä et al. 2010). Differing dates are found in reports
by different researchers according to which discipline they belongs and one of
the most challenging assessment in this master thesis is to try to find a consensus on which dates to use. The Littorina Transgression is used as a kind of reference point as the excavated places in this master thesis are placed beneath
this Littorina gravel.

4.2 Recolonialisation of humans, fauna and flora in the Baltics
The exposé by Riede (in prep. and in lecture) on the recolonialisation of Europe
after the Last Glacial Maximum c. 20.000 years ago and Laacher See volcanic
eruption c. 12.900 BP, demonstrates the tuff climatologic and environmental
changes that depressed plant growth, affected population fluctuations and
caused material culture transformations. The protective tephra blanket was
more than one meter deep and larger than 1.400 km 2 preserving some of the
richest campsites from the Late Glacial. The tephra is found also in the Baltic
area, Gotland included. The population in Southern Scandinavia became isolated when the traditional trade, travel and communication routes were destroyed along the river valleys. Some researchers propose distinguishable
techno-complexes or cultures to be caused by “punctuated scenarios” when
environmental or social catastrophes cut off pioneer settlers from the rest of the
group. As an eruption could lead to huge negative consequences due to very
low population densities, with a great vulnerability for environmental disasters,
the social, ecological and demographic challenges can be described as “catastrophic events” (Riede in prep. and in lecture). This perspective is also useful
for discussing the hiatus on Gotland, and the Baltic Region around 5000 BP, as
some kind of “catastrophic event” might have happened, although not as concentrated in the time as an eruption but in a period of some hundred of years.
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Shennan & Edinborough (2007) is focusing on regional demography and its impact on cultural transmission. In Mesolithic Gotland around 14 groups with c. 35
persons could have been inhabitants on Gotland with at least 500 persons together for avoiding inbreeding (Österholm1987). C. Smith (1992) has performed
anthropological studies on hunter-gatherers and has the opinion that they live at
very low densities, below 0.1 person/km2 and avoid inbreeding by participating
in open or exogenous networks. Pennington (2001) and Boone (2002) explain
broad changes in population growth rates with changes in mortality, not in fertility, as recent studies show that both foragers and intensive agriculturalists have
almost the same birth rates. Near-zero growth rates are therefore seen as longterm averages across periods with rapid local population growth interrupted by
infrequent crashes caused by density-dependent and density independent factors. These reports are interesting when looking at a problematic period on Gotland, still with no satisfactory explanation. There is a hiatus with hitherto no archaeological finds between c. 5000-4500 BC. in Gisslause, Strå and the oldest
layers of the Stora Förvar Cave. Visby Kungsladugård is representing a period
before Littorina Transgression I, and also one part lying inside this transgression gravel line. Somewhat later there are inland Mesolithic settlements but they
do not seem to be depending on seal hunting (Lindqvist & Possnert 1997; 1999;
Ahlgren 2011; Sjöstrand 2011; Apel & Vala in prep.).
The freshwater Baltic Ice Lake was transformed into the brackish Yoldia Sea
due to Scandinavian isostatic uplift and then into the freshwater Ancylus Lake.
The alternating sea level changes with transgressions and regressions as a part
of the Baltic Sea history dramatically influences the inhabitants on Gotland
(Björk 1995; Lindqvist Possnert 1997, 1999; Schmölcke et al. 2006; Schmölcke
2008). The ecological system seems to become overturned when looking at the
situation from a human perspective. The Mesolithic pioneers were seal hunters
and grey seals dominated and to a lesser extent also ringed seals among the
first settlers before the Littorina transgression I. During the Littorina transgression the harp seal invaded the Baltic Sea and became a very important prey
and grey seals became rare (Lindqvist & Possnert 1997, Storå 2001; Schmölcke et al. 2006; Schmölcke 2008). The ringed seal increases in the colder saline
water and decreases when it is warming up again. Ringed seal used the edge
of the melting Scandinavian ice sheet for breeding and no other seals have still
been found in the Ancylus Lake according to Schmölcke (2008:231-246). According to Lindqvist & Possnert (1997) grey seal bones are radiocarbon dated
between c. 7300-6600 cal BC from the Stora Förvar Cave. The diverging opinion compared to Schmölcke is caused by different terminologies as some researchers talk about the Mastogloia Sea, others about the Ancylus Lake or Littorina Sea when they all discuss the transition period (Eronen 1983, Donner
1995; Björk 1995).
The Littorina transgression flooded the whole Baltic basin by marine water and
the time period is still unclear (Schmölcke 2008). It started some hundred years
after the global sea level rise between 6900-6300 cal. BC, during the Holocene
climatic optimum which broke the Cimbrian-Scanian land bridge. At 5500 cal.
BC the whole Baltic basin was flooded and started the present geographical
situation with a permanent connection between the Atlantic Ocean and the new
Baltic Sea.
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The atmospheric circulation had a great impact on the Baltic Sea watershed but
according to Emeis et al. (2005) the North Atlantic Ocean had even greater influence analysed in their core images from the Gotland Deep measured in uncorrected 14C years. By around 11.000 14C BP the ice margin had reached the
vincity of Stockholm (Björk et al.1995 cited Emeis et al. 2002) The salinity spike
is correlated with the Pre-Boreal oscillation with cooling recognised in both terrestrial and marine climate records. Shi-Yong Yu (2003) dates the Ancylus
transgression maximum c. 10.700 cal. BP with a rapid regression of c. 10 m
around 10.300 cal BP. Well-preserved submerged pine stumps and elevated
beach ridges are probably memories from that time in south-eastern Sweden.
The Littorina transgression I with the rapid flooding culminated c. 7500 cal. BP.
Emeis et al. (2002) proposes a continued isostatic uplift of south-central Sweden as a new barrier impedes the saline influx which marks the transition to the
freshwater Ancylus Lake stage c. 9500 14C BP with an outflow of 15.000-20.00
m3/s across the rising sills in Sweden. The global sea level rises c. 1.8 m/100
years in the open ocean between 9.000-8.000 BP but in the western Baltic Sea
the rise is up to 4 m per 100 years caused by the land subside. In Denmark there is a transition of culture from Maglemose to Kongemose. The transition from
the freshwater Ancylus Lake to the brackish Littorina stage lasts for around
1.300 years which much have had enormous consequences for the inhabitants
(Emeis et al. 2002). When the Maglemose culture was flooded by the transgression probably some moved and some stayed and tried to find new places
according to Nunez’s hypothesis (1987). The indications for a movement to Gotland by some Maglemose individuals seem to be rather strong.
The transition stage between the Ancylus Lake and Littorina Sea is by some
researcher called the Mastogloia Sea. There was a falling sea level as new
outlet was formed at Great Belt at the end of the Ancylus Lake stage. Eronen
(1983) and Donner(1995) holds that it should be a separate stage as the stratigraphy is quite separated from the Ancylus lake and the biology is very different
compared with the Littorina Sea. The opponents focus on the influx of saline
water and the opening up of the marine connection and see no separate Mastogloia stage. Öresund opened up c. 8500 cal. BP with its greatest cross-sectio
first 5.500 cal BP, twice the size today (Eronen 1983; Hyvärinen et al. 1988;
Björk 1995; Donner 1995; Westman et al. 1999). As the pioneers on Gotland
are living during this special transition phase and as there are stratigraphic and
biologic indications of a separate phase this master thesis accepts the Mastogloia stage name. The Mastogloia stage is an interesting part of the Baltic Sea
development where a consensus is lacking whether this phase is a separate
stage or a part of the Ancylus Lake or Littorina Sea. I prefer to look upon the
Mastogloia Sea as the final stage of the Ancylus Lake due to the Mastogloia
sediment resembling the Ancylus Lake. That period constitutes a transitional
brackish phase between the freshwater Ancylus Lake and the eventually saline
Littorina Sea (Eronen 1983; Hyvärinen et al. 1988; Donner 1995).
Heikkilä & Seppä (2010) analyse a pollen-based summer temperature reconstruction of Holocene climate history in Southern Latvia and notice a steady climate warming of the Early Holocene that is suddenly interrupted c. 8350-8150
cal. BP by the 8.2 ka cold event. They record a decrease of 0,90 -1,80 C in
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summer temperature and the “8.2 ka event” is particularly clearly reflected in the
Baltic region where the distinct climatic and ecological gradient have a great
impact on the sensible vegetation growth pattern to seasonal temperature
changes. A lot of trees and plants are delayed in their blooming times that in
turn give them too short summer to be able to set fruits or reap or even survive.
Seppä et al. (2010) are checking sediment cores in palaeoclimatic research in
the Nordic Region and tell that the whole Fennoscandian-Baltic region is analysed. They point out the problem with poor chronological precisions between
different reports, just like Eriksen (1999) and Schmölcke (2008) do, why conclusions based on comparison will remain contradictionary. They point at the interesting fact that the Nordic Region due to its geographical location downwind of
the dynamic North Atlantic and its meridional overturning circulation will have a
warmer climate than expected on that latitude but it also makes the climate
more unpredictable. The “8.2 ka event” is recorded not only in Greenland ice
cores but also in sediment cores from Norway, Latvia, Estonia and Sweden. It is
worth noting that the winters were long and severe during this event and the
cooling reached the Baltic Region about 50 years after Greenland. Dean, Forester & Bradbury (2002) do not agree about the dates but suggest that the proxies
of 8.2 cal. BP are comparable with 7.300 radiocarbon years and therefore postdate the final drainage. That means the climate changes are caused by fundamental changes in the atmospheric circulation caused by marked changes in
relative proportions of land, water and glacial in North America during the Holocene. Wang et al. (2005) have the opinion that the “8.2 ka BP cold event” with
the abrupt climate change in the Early Holocene was not a local but global
event caused by the catastrophically draining of the Agassiz and Ojibway lakes
that cooled the North Atlantic Ocean, shifted the westerly winds southwards and
weakened the monsoon with a great impact on climate in Europe and even East
Asia. Together with coinciding lowering of solar insulation and weakening of
solar activities the weather turned dry and cold. This very cold event lasted for
about 400 years between 8.4-8.0 cal. Ka BP. The Littorina transgression I period is sticking out when discussing the hiatus in the Baltic Region, and so does
the “8.2 ka cold event”, caused by the rapid flooding of the melt water from the
bursting lakes connected with the Laurentide Ice sheet, taking into account the
difficulties with the time schedules. They all form some kind of cluster that must
have had a huge impact on the ecological balance in the flooded areas. It might
have led to a growing disaster in the Baltic Area, visible in the hiatus with lack of
records from human activities.
What happened with the individuals within the Maglemose culture when their
land was flooded? The transition of cultures is an interesting phenomenon when
landscape changes make the subsistence hard (Riede in prep.). Often there is a
demand for new technologies. According to Grayson & Cannon (1999) foraging
theory-based applications of resource depression using the prey choice model,
have given new insight into subsistence change and into relationships between
human impacts on the environment and human responses to those impacts.
Nunez (1987) suggests that always a number of individuals are interested in
seeking new places while others prefer to stay when conditions hardens and
this master thesis puts the question to the edge if some Maglemose individuals
leave their “mother groups” for seeking new land and new opportunities and end
up on Stora Karlsö? Archaeological records in equipment from Stora Karlsö and
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Gisslause show techniques most similar to Maglemose culture but they are
supposed to come from the Swedish mainland according to Lindqvist & Possnert’s (1999 referencing Lidén 1942 and Welinder 1971; Munthe & Hansson
1930)). Persson (1999) does not discuss Gotland but argues that it is worth noticing that seal-hunting is not used in Southern Scandinavia as could have been
expected, probably due to affluence of terrestrial preys. When describing the
Maglemose culture Schmölcke et al. (2006) describe the Preboreal pine and
birch dominated landscape with a quickly spread of hasel after 8.600 and thereafter elm and oak around 7.400. The nuts were of major importance in their diet.
In all early Mesolithic settlements on Gotland there are a lot of hasel nut shells
that might indicate links to the Maglemose culture and so do the technology
used for fishing and butchering. It seems reasonable to believe that the pioneers reached Gotland by canoes when they passed the Ancylus Lake from the
Maglemose culture in southern or south-western Baltic region as the culture in
the Eastern Baltic was somewhat different (Nunez 1987, Nunez & Gustavson
1996, Kriiska 2010).
Hertell & Tallavaara (2010) discuss the relationship between foragers’ mobility
and Mesolithic core technology and states that hunter-gatherers make conscious choices but not due to ethnic categorizations but due to practical reasons
according to their needs. For saving time and energy their choice of raw material, reduction techniques and tools are chosen by practical reason. As mobile
hunter-gatherers cannot be sure of finding proper lithic material at the new site
they have to bring it to as low cost (i.e. low weight) as possible. Conical cores,
compared with narrow-face and irregular cores, offer a generalized production
strategy with a wide variety of tool blanks extracted from a single core. Therefore conical cores might be found more often among mobile individuals. This master thesis can confirm the statement as conical cores are found in Stora Förvar
(Lindqvist & Possnert 1999) and Gisslause (Munthe & Hansson 1930) but also
in Visby Kungsladugård and Strå according to Jan Apel in lecture (2012).
The tools possible to produce out of the conical cores were useful for hunting
and processing. The technology in Stora Förvar Cave was chipped out of local
Ordovician flint with conical cores and small splinters, scrapers and occasional
bores. The equipment was useful for skinning and butchering inside the cave.
The archaeological osteological records were dominated by grey seals, probably immigrated through the Närke Straits into the Yoldia Sea and still surviving in
the Ancylus Lake (Lindqvist &Possnert 1997). The warm climate did not favour
ringed seal that demands ice for breading and the archaeological records show
fewer finds compared with the grey seal during the Early Holocene period.
Hare, fish, birds and hasel nuts shells are also found in the material as a probable part of the pioneer’s diet (Lindqvist & Possnert 1999; Schmölcke 2008;
E.A. Smith 1991; C. Smith1992).
The referred reports in this master thesis have presented a landscape that after
the deglaciation was warming up during the beginning of the Ancylus stage in
Gotland, with a short but severe cold dip on the temperature curve, “the 8.2 ka
BP cold event”, confirmed among others by Mörner & Wallin’s (1977) analysis
of 10.000 years temperature records in lime-cores from Chara-plants in the
Lake Tingstäde träsk. Other researchers have confirmed the “8.2 ka BP cold
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event” with a great impact also on the Baltic Area with consequences for the
fauna and flora (Wang et al. 2005: Schmölcke 2006; Schmölcke et al. 2008;
Heikkilä & Seppä 20; Seppä et al. 2010). The data used in this master thesis
thus have its origin in valuable research made by many researchers of different
professionals over a long period of time. Events correlated to the “8.2 cold
event” seem to have a great impact on Gotland and probably is a part of the
explanation of the hiatus in archaeological records.

4.3 Energy budgets
The Optimal Foraging Theory have a direct labour input to foraging consisting of
labour time and labour energy. The labour can be divided in smaller parts as
walking, watching a breathing hole, running, chasing, harpooning, fishing,
butchering, carrying the hunted prey back and so forth. Activities of great importance for a seal-hunting group are also related to dressmaking, house building,
tool making, mending and preparation, boat producing etc. All activities, even
the smallest ones (as lying in the bed or only breathing) take energy, and more
in colder environments. Energy costs are discussed in OFT but vitamins, minerals and trace elements are mostly forgotten and quite necessary to introduce
into the debate.
A rate measure of efficiency is often used by most ecologists, measuring harvest (minus labour energy) per unit production time. Among seal-hunting Eskimo foragers, marine mammals contribute c. 20% of the total food yield, fish
species c. 25 %, caribou c. 40 % and small game and bird c. 15 % among Inujjuamiut foragers (E. A. Smith 1991). The very problematic situation for Early
Mesolithic foragers on Gotland is the lack of terrestrial big games as they lack
caribous, elks, wild boars, horses etc and the seal dominates the diet to 99%
(Lindqvist & Possnert 1997).
Plant food provides important micro-nutrients and fibres and meat is supporting
the important iron, zinc and vitamin B12 status. Optimal Foraging Theory shows
that wild plant foods in general give an inadequate energy return for survival,
whereas the top-ranking food items for energy return are large hunted animals.
Humans are true omnivores (Mann 2007). Hasel nuts are very rich in fat with
high energy content and they also leave some important carbohydrates. The
nuts are one of the dominating archaeological records in the Maglemose culture
also richly found in the Early Mesolithic excavations on Gotland (Lindqvist &
Possnert 1999; see Internet link Livsmedelsverket).
All living creatures have energy costs and for the human basal metabolism
there is a demand for c. 20 kcal/kg/day without moving, just lying down breathing. If a person has overweight these extra kg can be used as an analogy for a
backpack.
An energy cost example:
See p. 3.5.1.3. tab. 14 for base data: Imagine a theoretical forager of 70 kg
weight with a load of some kind (hunting equipment) of 14 kg searching for a
prey. He walks for two hours (200 kcal/30 min=800 kcal) which has an energy
cost of 800 kcal and basal metabolism 20 kcal/kg/day=20x84/24=70 kcal/hour
and 140 kcal/2 hours. Then he probably has to run to pursue the prey when
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hunting which means adding of 400 kcal/30 min and still the prey is not killed,
transported home, butchered, processed, or eaten. To the energy costs the skin
processing and any activity correlated to this prey shall be added. Then all (big
and small) energy costs shall be subtracted from the prey’s usable and edible
gain and that value is what a forager can cash in. An “optimal forager” does
everything in the most cost efficient manner which is not expected from a human being, but the differences are of interest to discuss,
4.3.1

Anthropological results

The anthropological studies of the daily work among seal-hunters are reviewed
in many pages in this master thesis. The reason is that probably some analogies can be drawn out of the material with the seal-hunters on Gotland and in
the rest of the Baltic region, but still more for getting the reader aware of the
very harsh life-conditions the seal-hunting families share for survival (Balikci
1971, supplement 1). Note that among the seal-hunters close to the Hudson
Bay or Dorset area they have great terrestrial mammals to hunt like ox, reindeer
and elks but in Gotland nothing more is available than marine seal mammals
and terrestrial hare (Balikco 1968; Renouf 2011). The individuals on Gotland
have a very narrow diet because they have no other choices. Then add the climatologically conditions during the deglaciation in Northern Europe and the Arctic with the “8.2 ka cold event” with a very cold and severe dip in the climate
also in the Baltic area with subsistence consequences. This period is seldom
described as a problem as it lasts for only c. 400 years and is easily forgotten
when discussing thousands of years. But - it must have been of a catastrophic
magnitude to fauna and flora and therefore also to the humans on Gotland. Due
to isostatic uplift and subsiding of the south-western coast of the Baltic Sea the
influx leads to a sea level rise of ca. 4 m in 100 years which has a great and
disastrous impact on both environments and all biology in that area. People
have to react by abandoning Gotland or moving to a higher level on Gotland
otherwise they will get extinct. The hiatus in archaeological records on Gotland
as well as in the German region, might tell about a dark history in the Baltic history. As the time scales are so hard to compare between different disciplines
the trends only can be visualized, more as an intuition than based on exact fact.
That is also the reason why so many reports are added to this master thesis
even if they are not possible to analyse in detail in a short paper.
Balikci (1968) has done nine documentary films about the Netsilik Eskimo life
since 1958 in their seasonal camp work. It is a hard life in extremely cold environments most of the year close to the Arctic Circle, with long dark days during
winter-time and far from a warm and sunny leisure life. It tells about hunting
techniques in groups for being able to capture ringed seals at their breathing
holes, covered by the snow and hard to find, and about hard work for taking
care of the skin and prepare clothing and material for canoes, tents etc. E.A.
Smith (1991) analyses Inujjuamiut foraging strategies from an optimal foraging
perspective and leaves a table (2, 3) useful also for discussing the pioneer foragers’ economy on Gotland.
Prey species
Ringed seal
Ringed seal, summer kill
Arctic hare
Eider duck

Kg live weight
33
14
3.2
2.6

Kg edible weight
12.0
5.8
1.8
1.1
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Kcal edible portion
20.390
11.790
3.600
1.430

Duck eggs
Lake trout

0.1
3.4

0.1
2.9

190
3.160

Table 2. Average weights and caloric values of Inujjuamiut Prey Species (E. A. Smith’s table
1991:181)

As noted in table 2 the edible part of a ringed seal is not even half of the fresh
weight among these Inujjuamiut people and the total weight only around 33 kg.
There is also a great difference in energy contents between summer and winter
kill. The arctic hare only leaves a small caloric energy support.
Byers & Ugan (2005) analyses the diet among palaeoindians who have access
to small and huge mammals like mammoths and bisons and the point is that the
handling time/kg increases on smaller animals but encounter rate decreases
(tab. 4). Therefore humans have to evaluate their choices of preys and decide
where to spend their hunting energy. It seems as foragers hunt big preys whenever they are encountered or if there is a plentiness of them.
Resource

Energy
Kcal/kg

Live
weight
Kg/ind

Edible
Fraction

Edible
weight
Kg/ind

Total
kcal

Handling
time
Hr/ind

Mammoth
1250
7500
0,42
3150
3937500 75
Mammoths
columbi
Hare
1140
2,42
0,60
1,45
1655
0,125
Lepus sp.
Table 4. Extraction from table on Optimal Diet Breadth (Byers & Ugan 2005:1032)

Handling
time
Hr/kg

Encounter
rate
Ind/hr

Return rate
on- encounter
Kcal/hr

0,0238

0,00066

52500

0,0861

0,27399

13242

On Gotland the pioneers encountered a lot of grey seals on the shores as there
were no other big mammals and they were hunted frequently and dominated
the diet to 99%. Sparse finds of ringed seals are also seen (Lindqvist & Possnert 1997, 1999). A recently weaned female ringed seal pup a couple of months
old has already gained a total gross energy of 131 290 kcal compared with a
newborn female pup less than 1 month reaching only 7 706 kcal. Newborn pups
are not eaten by polar bears and seldom among humans due to very low energy content, according to archaeological records (Stirling & McEwan 1975;
Lindqvist & Possnert 1997, 1999)). Grey seals have a weight c. 250-350 kg and
the ringed seal only around 50 kg, but as it is hard to find grey seal reports
analyses of ringed seal has been used in this thesis.
When explorers started to make anthropological studies among the Inuit and
followed them for many months some of them got the scurvy disease (Geraci &
Smith 1979). The reason was that they were not willing to use the same diet as
the Inuit who ate raw liver rich of C vitamins. In ringed seal the C vitamin content is 35 mg/100g raw liver and 13.6 mg/100 g boiled liver and in raw flesh 3
respective boiled 2.5 mg/100 g. This is enough to keep humans healthy. Liver
from seal and polar bear are very rich in A vitamin why illness can occur and
even deaths (Rodahl & Moore 1943).
4.3.2

Archaeological records on Gotland

Many Mesolithic osteological records are preserved on Gotland due to the favourable conditions with limestone gravel and soil. According to the finds grey
seal dominates in the material before the Littorina Transgression I and some
ringed seal and after this period with colder brackish water the harp seal is in75

troduced and is most common in the material with increasing numbers of ringed
seal (Lindqvist & Possnert 1997, 1999; Storå 2006; Schmölcke 2008).
A modified table with a summary of records presented in p. 3.4 “Excavations
and archaeological records on Gotland” follows in table 19. The phocidae material is dominating even if taphonomic causes are taken into consideration. Beside hare some fish and birds, haselnuts and some plants are used in the diet.
The hasel nuts are very important as they contribute with fat and carbohydrates
and seals lack carbohydrates usable as a quick and easy accessible energy
source for the brain (Munthe & Hansson 1930; Lindqvist & Possnert 1997,
1999; Storå 2006; Schmölcke 2008; Wallin & Sten 2007; Ahlgren 2011;
Sjöstrand 2011; Apel & Vala in prep)
Canis/vulpes

Lepus

Phocidae

timidus

Gisslause

74

Grey seal /

Pisces

Homo

Aves/ovis

indet.

Ringed seal

699

Vala

3/4 MNI

Mammal

526

147

1708

3x/-

3x/- /

?/19

64/144
fragments

Gisslause

2/3 MNI

Sjöstrand
Gisslause

3x/-

20x/43

Lindqvist

1?/-

Strå

1?

825

5/6 MNI

-/8

136

2427

37/7 MNI

1

1

54

15776

Grey

301+

12?

1009

1?

2148

266+

3466+

Lindqvist
Visborgs
Kungsladugård
Hedell;
Lindqvist
Stora
Karlsö
Lindqvist

seal

52

dominance,
some
ringed
seals

Tab. 19. A summary of finds from the excavations mentioned in p.3.4. Seal fragments are dominating the
finds at the Early Mesolithic excavation places on Gotland. Grey seals dominate the finds.

The conclusion is that the colonisation phase and early hunter-fisher period in
the Baltic Area are filled with challenges both for the colonisers and for the
nowadays researchers. The palaeogeography, palaeoclimatology, migration
routes, genetic backgrounds and cultures seem to be much more diverse than
previously noted. There is a great need for more research!
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5

Concluding remarks

The Optimal Foraging Theory and its methodology is used in this master thesis
as a benchmark for measuring culture and its economy. Sahlins’s theory on an
affluent original society, usually referred to in Scandinavian Mesolithic research,
is a cultural construction that dominated the 1960s and thereafter. Sahlins represented the left-winged ideas during the 1960s that was a time of cultural
upheaval in the United States, and there was a longing for a happy community,
with food sharing, shared properties and collective livings (hippie subculture).
Sahlins’s ideas fitted well into the political and psychological climate at that time
and he dominated the theoretical debates and almost nobody questioned his
theories. Probably that is the main reason also to the Baltic use. He was lacking
an extensive base of facts for his analysis which OFT offers. The foraging perspective is based on analyses of the foraging strategy that gives the highest
payoff measured as the highest ratio of energy gain per time unit. Possible constraints in the subsistence economy will be able to detect. The theory is a
branch of evolutionary ecology why this framework seems useful for an analysis
of Early Mesolithic pioneers on Gotland who settle in a transforming landscape
with great climatologically and geographical changes. The study supports parts
of previous research and hypotheses:
1. The Early Mesolithic pioneers on Gotland probably have their origin in Maglemose “mother groups” in the south/southwest region of the Baltic Sea indicated by technological finds from Stora Karlsö and Gisslause.
2. The pioneers moved from their homeland due to flooding of the Baltic basin
where their settlements were placed, an event related to the AncylusTransgression and later regression. The Maglemose culture was under very hard stress
and successively transformed to the Kongemose culture and probably some
from the Maglemose culture crossed the Ancylus Lake and reached Gotland.
Indications are the osteological finds from Stora Karlsö dated c. 7400 cal. BC
but DNA-confirmation is lacking.
3. The Gotlandic pioneer settlers had to adapt to a seal-hunting economy with
no initial knowledge as the seal-hunting economies seem to be developed later
in the rest of the Baltic Region. Grey seals dominate and give the best costbenefit outcome but some ringed seals also are noted. Terrestrial big games
are missing and only hare is available on land. The diet is narrow and there is a
great risk for deficiency diseases as well as for acquiring A-hypervitaminosis
(excess of seal diet) and osteoporosis (excess of protein diet).
Hypothesis of this master thesis: There is a hiatus c. 5000-4500 BC in the archaeological records on Gotland and southern part of the Baltic region. According to this hypothesis the “8.2 ka BP cold event” has such a great impact on the
Gotlandic ecological system, humans, fauna and flora, that the balance in the
system is destroyed and thus the possibility for humans to survive in a sustainable society. Human overexploitation of already scarce resources will be enhanced when seal and hare populations are threatened by rapid environmental
changes with raising sea-levels and severe cold climate. Trees and plants are
moving southwards and hasel nuts may not be able to ripe. The initially atmospheric changes leading to a warmer climate with increased ice melting of the
glaciers enhanced the outburst of huge cold water masses from the Agassiz
and Ojibway lakes out into the North Atlantic Ocean with already rising global
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sea levels. The North Atlantic thermohaline circulation is pertubated that affects
the Kategatt circulation and the inflow of the Baltic Sea. Due to the subsiding of
the south-western part of the Baltic Sea the sea level rises c. 4 m/100 years and
is one of the causes of the Littorina Transgression I. This transgression lasts for
c.1300 years and the cold event c. 400 years within this transgression. As the
time scales are differing between different disciplines it is impossible to get any
exact dates but as the Littorina Transgression I is discussed in several reviewed
reports in this thesis, it is used as a kind of reference. The “8.2 ka cold event”
seems to be of greater importance also in the Baltic Region than usually noticed. The severely cold winters during this 400 years cold event, delayed the
blooming season and diminished the harvest and plants could even die. The
glaciers also moved southwards. When the ecological niche for the grey seal is
destroyed with flooded beaches close to the pioneers, and there are no alternatives but some hares, birds and fish the situation becomes fatal for the Early
Mesolithic pioneers on Gotland. The pioneer individuals could move to other
places within their Baltic network outside Gotland, move to higher levels on Gotland (no records found yet) or in the worst case the critical mass for a sustainable society without inbreeding was then lost. Extinction is not out of question.
There are a lot of indications of a suffering, starving society which got lost during Littorina Transgression I enhanced by the “8.2 ka cold event”, at least
among the pioneers on Stora Karlsö, Visborgs Kungsladugård, Gisslause and
Strå on Gotland. When terrestrial big animals were brought to Gotland during
the Neolithic, the variety of dietary energy resources, vitamins, minerals and
trace elements supported the humans with amounts enough for staying and
creating a sustainable society.
Using OFT, based on evolutionary ecological perspectives, a framework for
analysing the Mesolithic hiatus on Gotland is offered leaving strong indications
for a hiatus caused by en ecologically crash. The Littorina Transgression I with
the “8.2 ka cold event” probably caused an ecological disaster with an imbalance between humans and preys on Gotland, leading to near extinction of preys
as grey seals and probable extinction of hare in the lack of big terrestrial mammals. Climatologically factors leading to ecological imbalance and reinforced
human overexploitation are real bottlenecks to the Early Mesolithic pioneers in
Early Holocene on Gotland. Crashing of the ecological system is causing starvation and forces the settlers to abandon Gotland, struggle enormously hard on
a higher level on the island (records still not found) or get extinct.
Future ancient DNA research would be of interest for testing possible links between Maglemose cultures within the Baltic Region and the Early Mesolithic
pioneers on Gotland. Are there any genetic links from the pioneers to the Pittedware culture or Funnel-beaker culture populating Gotland after the Littorina
Transgressions? Were the pioneers extinct or blended into the new cultures?
Are the pitted-ware and funnel-beaker cultures immigrating and repopulating
Gotland from the same or different places around the Baltic Region or have the
pioneers stayed in some “refuga” (not still discovered) on Gotland and developed thereafter? Are the cultures representing different “mother groups” or have
they developed in different directions from the same group? If there are any
survivors from the Early Mesolithic pioneers they are expected to be blended
into both cultures or be the main developer of one of them. Osteological DNA
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analyses and technological analyses will probably shed new light on the pioneers’ origins and fossilized calculus of their teeth will tell about their diet, diseases and environment in a near future. There also is a need for future studies
on hunter-gatherer societies looking into the predator-prey relationships between humans and preys in new settings.
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6.3 Supplement
From Balikci, A. (1968)
The Netsilik Eskimo people hunt caribou from kayaks with light spears on rivers
and narrow lakes and use crudely-fashioned spears for salmon trout fishing. For
hunting oxes and polar bears they use bows and arrows and heavy spears.
They use tailored clothing to protect themselves and use soapstone lamps in
their show houses. During winter-time they use sledges made of wood or sealskin pulled by dogs. The have a highly specialized and well-adapted technology.
Ringed seal is of great economic importance and large bearded seals are less
common. Salmon trout is essential to the Netsilik diet and arctic cod to a lesser
extent. Birds are of little importance. The Netsilik people are divided in small
groups of nomadic hunters traveling from one hunting area to another. The polar explorer Knud Rasmussen (cited Balikci 1970:xxi) in 1923 told about the Uk85

julingmiut group who almost became extinct due to mass starvation to death
and the few survivors were mingled with the Utkuhiljalingmiut group leaving their own traditions behind.
The Netsilik technology (Balikci 1970:3-90) is efficient and very well adapted,
made by snow, ice, bones of various animals, skins, different stones and a
small amount of wood. Most tools have highly specialized functions. Slender
harpoons are used for seal hunting in winter and the fishing harpoon for catching lake trout in summer. The leister, a trident-like spear, is used for fishing
salmon trout both at the fish traps in summer and through the thin ice in early
winter. The bow drill was used to pierce bone or wood and the small saw cut
hard material and the burin sliced antler. The man’s and woman’s special knives and their snow knives are multi-purpose tools for cutting, scraping and piercing. A snow-house could be built in less than one hour. The sealskin tent is
waterproof and very light and can be carried by a dog during summer migrations. A kayak is also possible to carry across land for miles. Netsilik technology
was a part of every man as he had to be technologically self-sufficient. This was
an absolute necessity in the Arctic, says Balikci (1970:4). Every man has to
check his own equipment, repair old ones and make new. Netsilik material culture is dived into the snow, skin, bone and stone complexes. Sealskin is stronger than caribou skin and particularly valuable as it is quite waterproof for boots,
raincoats and water containers but caribou skin was usually used for clothes.
Dried duck skins were turned into containers for wick moss for the hearths and
the skin of the salmon trout could be used as a container for a man’s tools as
carrying long bow drill, knives and burins. Women used bone needles and sinew threads and kept the needles in cylindrical needle cases made of antler.
During winter time seal-hunting took up most of the time and even if some stored seal meat to eat was available during summertime, fish was the summer
staple food. Three fishing methods were predominantly used: 1. stone weirs
were built across the rivers like a dam, for trapping the trout 2. spearing trouts
with leisters in late spring when the ice started braking up and channels of open
water attracts the trouts, 3. fishing harpoons were used by very skillfull hunters
during the whole summer for fishing trouts near rocky shores. The weapon was
retrieved by a long attached sealskin line. The kayak and the wooden sledge
was one of the most valuable possessions of a Netsilik. During early summertime the groups were on track to their fishing places close to the stone weirs. If
they were lucky they could bring up to 500 pound of fat fish per each family. At
the end of August they all moved back to the caribou hunting places. Besides
caribou meat, caribou fur skins were needed and ca 30 pieces were used by a
family of four persons (7 for a man, 6 for a woman, 3 for a child and the rest for
mattresses and sleeping skins). Not all years were good hunting hunting years
and not all were good hunters and consequently there were winters when caribou fur was replaced with heavy and hard bearskin or even musk-ox skins. During the autumn arctic berries are picked and some sea gulls are snared. Gorges were used for catching both gulls and fish and looks like a simple bone needle with a hole in the middle for attaching a sinew string. At the end of September they moved back to the sealhunting areas. During late fall the women
made all new fur clothing and during that time a very rigorous taboo was observed while sewing work was in progress and no hunting whatsoever was allowed
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and the men were bringing in supplies of caribou meat and fish. When the sealing was to begin was depending on how much food was stored from the fishing
and hunting caribou seasons (Balikci 1970).
Sealhunting in midwinter in the Arctic region is the darkest and coldest season
of the year and still the hunter-gatherer families had to travel over the tundra to
reach these places to find food. The snow is drifting and piling when the storms
sweeps under slopes and hills and the sun barely shows above the horizon reducing the visibility even more. Men and women helped the dog to drag the
heavy sledges as they usually could not afford more than one or two as they
could not spare more food for the dogs. Only the smallest children were allowed
to rest on the sledges and the old ones had to stumble beneath and do their
best to join. The most important factors for choice of camp site were a well covered area with snow and presence of clusters of breathing holes. The snow
dampens the noise of hunterers walking on the ice but may not bee too thick as
the breathing hole then will be very hard to discover. Old sea ice was used for
drinking water as most of its salinity is lost after one year. Hunting seal is a
group activity requiring the collaboration of numerous of hunters. The breathinghole method of sealing is an ”elaborate and demanding artful technique requiring prolonged training, enormous endurance and patience” (Balikci 1970:67)
Ice-harpoon is the most important weapon. A breathing-hole searcher is used to
locate the breathing holes and its inner curved shape which helps the hunter to
be informed in order to strike down in the hole in the proper direction to kill the
seal. The squarish hunting bag is made of caribou fur, foxskin or fetus-seal skin.
A small indicator device is placed in the breathing hole to signal the arrival of
the seal. The seal comes to a breathing-hole every 15-20 minutes and breathe
for a long while. The seal scratches the lower part of the ice and keeps several
holes open during the whole winter which makes is almost impossible for only
one hunter to catch a seal. Camps on 50-100 persons are used and last for ca
one month before moving to next area. It is a hard time with many migrations in
the dusky daylight with cold and windy weather Today dogs are used to smell
and find the breathing holes. When a breathing hole is found the hunter cuts
away the upper layer of snow and breaks the hard, ice-like snow on the top,
examines the contures of the hole with a breathing-hole searcher in order to
know the direction of the harpoon throw, then putting a snow cover back. The
down indicator is applied. If there is drifiting snow breathing-hole protectoris
made of translucidal sealskin is covering the hole is. Then the hunter starts his
silent watch with his knees slightly bent and the body leaning forward. In this
posture he may stay for hours, even in stormy weather with temperatures decreases to about -500 Celsius. “Rasmussen’s party of fifteen hunters kept watch
for eleven hours and caught one seal” (cited Balikci 1970:74). When the seal
was captured the breathing-hole has to be widened with his ice pick so the seal
can be pulled out. Now all the hunters assemble and liver and blubber are removed and eaten raw at the the spot. The seals are dragged to the settlement
by the dogs and then butchered by the hunters’ wives and shared among the
group according to complex rules. Boys over twelve years of age are hunting
with their fathers and girls are helping their mothers with watching the younger
ones. As long as the sun is low (until March) all sewing work is forbidden due to
taboo rules. Still hunting has to go on during these short twilight days.
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When the days become longer and warmer new activities are added to the seal
hunting at the breathing holes. At the end of March the seals give birth. They
prepare a small round cavern in the thick snow cover by digging their way through one of their breathing holes to come onto the ice. The baby seals are born
beside this breathing hole and the Netsilik hunters can capture them by hand as
they still can not swim. At the end of May and beginning of June the snow cover
is melting and the seals are coming out onto the ice through their breathing holes early in the morning and laying there for most of the days. This is the most
intensive and profitable seal hunting time. Spring sealing differs in many ways
from the midwinter sealing but is still done collectively, but in smaller groups
women and children included, at the breathing holes with harpoons but in a
simpler way. No dogs or seal indicators are needed as the breathing holes are
easily visible without snow cover. The women and children watch the breathing
holes and chase the seal back in the water so it hopefully can rreach a hole with
a prepared hunter. The small number of hunters is compansated for by the participation of both women and children. The group moved to a new area when a
cluster of breathing holes was empty. Spring hunting was not as hard as the
midwinter hunting as the days are longer, warmer and brighter and the breathing holes easy to find. An indivdualistic seal-hunting technique also is employed during spring time at night, possible to do due to the habit of the seal to
slip through his breathing hole just before midnight and then always return through the same hole early next morning. The hunter lay down on a bearskin and
waited for his prey the night long and harpooned it and dragged it out in the
morning. Another individualistic technique is also described by Balikci (1970)
requiring special skills which was stalking the seal at good distance, laying on a
bearskin for long periodes, wearing snow-googles made by sealskin. He started
his approach against the wind direction, slowly draggin himself towards the
seal, trying to look like another seal, imitating both seal movements and sounds.
As the seal takes short naps for about a minute he crawls a short distance and
stops when the seal raises his head. This hunting could be very prolonged and
wet on the melting ice. Finally when very close he suddenly jumps up with raised weapon and rushes as quick as possible to thrust his harpoon before the
seal slips down through the breathing hole. Then the seal dispatched with a fist
blow on its skull.
Among a special groups of inuits in Tuat Balikci found an artificial breathinghole fishing technique later in spring when the ice starts to crack. A snow house
is build over a crack for getting the inside as dark as possible and an artificial
hole is carved out in the ice. This individual hunting method was more comfortable since the igloo protects the hunter from cold and storms.
Occasionally bearded seals are caught in the same area and hunted in the
same way. As they are larger animals they offer considerable more resistance
and hunters have been dragged right down into the opening of the breathing
holes. The hunters struggles hard and “no wonder that one sees stiff and misshapen fingers as memorials of these bearded-seals hunts” says Rasmussen
(cited Balikci 1970:78).
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