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Abstract

The island of Gotland houses a number of terréstraanmalian species even though it was
covered with ice during the last glacial period.eTpurpose of this study is to genetically
analyse the mountain harkeepus timidusto deduce its origin and genetic structure during
different time periods, and also to discuss homgadiched the island. A 130 base pair sequence
of mitochondrial DNA from 38 prehistoric hares wasalysed and compared to modern hares
from different locations in Europe. The result skow discrepancy among the samples
creating two populations with different origin.
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1. Introduction

The last glacial period in Europe, the Weichsedidd from 110 000 BP until 11500 BP and
the ice covered most of Fennoscandia, reachingalasd northern Germany (Liljegren &
Lageras 1993:14pp, Hewitt 2004:184). As the icevblaetreated northwards, flora and fauna
could advance north, possibly via the land bridga ttconnected Sweden to the continent
during some stages (Liliegren & Lageras 1993:10p@yitt 2004:184). This was a process
that progressed for thousands of years (Liljegrehag&eras 1993:10&26p, Bjorck 1995:23).
It was probably considerably harder to reach Gadtlam island near the middle of the Baltic
Sea that has not been linked to the mainland fatiguhe glacial period (Liliegren & Lageras
1993:11, Bjorck 1995:27p). Although the way in whithe island was reached is not
elucidated, archaeological evidence points out tmatnans were already present there
sometime between 7500 and 6200 cal. BC (LindqvisPd@ssnert 1997:40). The earliest
evidence of a terrestrial mammal on the islandvesrifrom the mountain hare.gpus
timidug. Bones of hares have been found in the lowestodahest layers, dated to 7420 cal
BC, in the cave Stora Forvar on Stora Karlsd, dantgs about 6 km west of Gotland
(Lindgvist & Possnert 1999:78pp).

The number of terrestrial mammalian species onsiaed is low, but remains from mountain
hares have been found at archaeological sites fmowst parts of Gotland all through
prehistory and the island therefore seems to hawusdd hares since the first colonization.
Still, it is not known whether the first mountaimrbs that were established on the island
evidenced in the archaeological materials are th@ding population for the later mountain
hare populations. There are currently two Lepuscisgeon Gotland. In addition to the
mountain hare, there is also the brown haep(s europeausknown to have been brought
to the island by hunters in the laté™#nd early 26 century and is now the more abundant of
the two (Noréhn 1958 D1:116pp, Hedgren 2002:13%).tihe brown hare and most of the
terrestrial fauna now present on Gotland was brbtiggre by people, the question of how
and subsequently from where the mountain hare ramhed the island still remains.

To answer these questions, a 130 base pair seqoémagochondrial DNA from skeletal
material from 38 mountain hare bones was amplified sequenced. The bones derive from
different prehistoric sites on Gotland, coveringjnae period from the Mesolithic, 9500 years
BP, to the Early Medieval period 800 years BP, anldrge spatial area of the island. A
phylogenetic tree was set up to show the genelatiosaship between the samples and a
statistical parsimony network was built that congolathe haplotypes among the samples with
67 haplotypes from hares deriving from differerdiqals in Europe, to give an indication on
their origin. This study can shed new light on todonization of Gotland, not only by the
mountain hare but by other animals as well as geopl



1.1 Aims and research guestions

The time period of concern for this study is thengier phase in the history of Gotland, a
period that has not received much attention dutieglast years. The purpose of this study is
to get a further understanding of how the terraktriammals colonized the island, with an
emphasis on the mountain hare, but also the hgairer population that dwelled on the
island at the time. Since the island is geograplyicsolated from the mainland by at least 80
kilometres of water, the origin of the mountainéh& unknown. Neither is it known if later
populations on the island are its descendants.efdrer this study also aims to see if the first
mountain hares on the island survived and left metie lineage present during later time
periods. One additional aim of this study will leediscuss how the mountain hares and other
terrestrial mammals managed to reach Gotland. Theisanot to fully answer this question
but to discuss the subject, since there today séerbhe an accepted view that the mountain
hare probably reached the island by crossing theice (Noréhn 1958 D2:581, Lindgvist
1997:71, Lindqvist & Possnert 1999:68). If the mitaum hare was introduced to the island by
people, the origin of the hares might provide infation of the origin and/or contacts of these
people. Based on this overview a number of resegueltions have been posed.

* Where does the prehistoric mountain hares on Gbthaiginate from?

» |s there a genetic relationship between the prahismountain hares on
Gotland and historic populations?

e How did the mountain hare reach Gotland and canvlgdge of this say
anything about the early people on the island?

1.2 Limitation

The spatial limitation for this study is the islanfl Gotland. By that, there is a natural
limitation of the source material due to a limitedailability of hare bones from prehistoric
sites on the island. Data will only be comparedeiment populations of mountain hares from
different parts of Northern Europe. In an ideauaiton, bones from Gotland would be
compared to bones of similar age from archaeolbgitas from all over Northern Europe,
but this is not possible in this study.

The present population of mountain hares on Gotlambt covered in this study due to the
fact that the population has been decimated arndaeg by translocations from the mainland
several times during the last 200 years (Noréh81¥Bpp). Hence, the current population of
mountain hares on Gotland is not suitable for campa considering the aim of the study.



2. Previous research

2.1 DNA

All organisms are composed of cells, which arestinallest functional unit that is alive, and it
is responsible for both function and structure inoaganism. The genetic material in the cell
is composed of the polymer nucleic acid, consistihgucleotides - a monomer made up of a
nitrogenous base, a phosphate group and a fivewasbgar. The phosphate group and the
sugar is the backbone of the polymer and the ardevhich the bases are located is the
genetic code. This code can be described as tlepih for everything that is produced and
occur in the cell, how proteins are made and hakhaacter is expressed. The genetic code
consists of a combination of the four bases; Ader{fl) and guanine (G) representing the
purines, and cytosine (C) and thymin (T) represgnthe pyrimidines. The nucleobases form
base pairs by binding to their partner, where tagsebA always binds to T and the base G
always binds to C, held together by hydrogen bouitie hereditary material in the cell
nucleus is Deoxyribonucleic Acid (DNA); a doublegastded polynucleotide of the four
nucleobases. Since the nucleobases only bind paitaer, merely one side is needed to know
the complementary side. The DNA helix in the nuslesi wound around proteins called
histones and this combination is called chromd@uring some of the stages of the cell cycle
the chromatin is coiled into chromosomes (Camp2@li8:98pp, 320p). Nucleic acid has two
ends that are distinct from each other and becalfi®at, they are said to have a direction,
where the beginning is called 5" and the end itedaB”. The two strands in DNA are
antiparallel i.e. they run side by side but in eiént directions (Campbell 2008:88).

The other nucleic acid in an organism is ribonucletid (RNA), which is usually single
stranded and composed of the same bases as in BDiNAthe exception that the pyrimidine
base T is replaced by uracil (U) (Campbell 2008@6)RNA is involved in the protein
synthesis by transcribing the DNA sequence intosereger-RNA (MRNA) that travels from
the nucleus to another organelle, the ribosomeavtiee translation step is performed. The
translation is performed by transfer-RNA (tRNA) ttHmings an attached amino acid to the
ribosome. When the tRNA attach to the complementhain of mMRNA in the ribosome, the
amino acid attach to the previous amino acid angodpeptide is built (Campbell
2008:325pp).

2.1.1 Mitochondrial DNA

The mitochondrion is the organelle responsiblenfmst of the energy production in the cell
(Campbell 2008:109p). This organelle has its ownADId circular molecule considerably
shorter than the nuclear DNA molecule. In humanss itomprised of 16569 base pairs
distributed on a number of genes, primarily codimgthe ATP synthesis in the cell (Avise

al. 1987:493, Freeland 2005:32, Campbell 2008:301pgrd are also non-coding regions
called control regions, characterized by a highrele@f polymorphism (Hummel 2003:20pp).
In this study, the mitochondria d-loop control kaygis used since it is the most variable part
(Freeland 2005:33). Mitochondrial DNA is a haplonolecule and it is uniparentally
inherited from the mother, which means that theyehthe same haplotype i.e. a specific gene



sequence. This is because the few mitochondrieepres the sperm are located at the talil,
which generally do not enter the ovum. If they the individual can have several different
mitochondria in the cell and this is called hetéaspy, mtDNA typing of such an individual
would show extensive polymorphism (Hummel 2003:Zoy@eland 2005:34). Heteroplasmy
can also be caused by mutations, however, bothesaafdheteroplasmy are unusual (Avete
al. 1987:493) Since mtDNA supposedly do not go throtgglombination as it is passed down
to the offspring, the mtDNA is identical to its rhet if no mutation has occurred. This
simplifies the trace of a genetic lineage and it ba followed back in time (Aviset al.
1987:493, Hummel 2003:20pp, Freeland 2005:32pp).aAesult of being uniparentally
inherited and haploid, the effective populatioresmll be small, 25% of the population size
compared to when biparentally inherited markers ased (Freeland 2005:33). Hence,
identifying events such as migration is easier,daut be a problem in other studies, such as
genetic variation in a population, since the resnight be biased (ibid). In such cases, a
complementary analysis of nuclear DNA might be eeed

Mitochondrial DNA has some advantageous charatiegisompared to DNA from the
nucleus, when used as a genetic marker on lowtguiNA such as ancient DNA. One is that
there are 1000-10000 copies of the mitochondricevery eukaryotic cell as compared to the
nucleus, which has only one copy per cell (Browr022803, Freeland 2005:32). This
increases the chance of finding a preserved sequenkighly degraded samples. Essential
for this study is the fact that extensive resedrak been performed on mtDNA, and this
means that sequences from modern samples can bagygthered from the NCBI genebank
for comparison.

2.2 Ancient DNA

Studies of DNA from ancient material have beeniedrout since the beginning of the 1980s.
Although the field is still fairly young, the histoof aDNA has been eventful, with several
scientific breakthroughs but also setbacks thaeIsénaken the entire field.

2.2.1 Historic overview

The history of aDNA-analysis began in China in lleginning of the 1980s, when a research
group from the Hunan Medical College showed thatADhMas preserved in human remains
from the Han dynasty (Hummel 2003:1). In 1984, @ Bp DNA sequence was extracted
from a sample of dried muscle from the extinct sggeduaggaEquus quaggafrom a
museum specimen (Higuclet al 1984:282pp). In 1985, Svante Paabo performed DNA
analysis on Egyptian mummies and extracted ancedidragments of DNA from a 2400 year
old mummy (Paabo 1984:213pp, 1985:644p). In theesymar, DNA extracted from
mammoth tissue was isolated and compared to DNé inodern elephants (Johnsenal.
1985:1045pp). Successful extractions were alsoopedd on plant tissues from seed and
embryos during the same year (Rogers al. 1985:69pp). These studies were all
groundbreaking work that led the way for futureemash in aDNA. However, the real
breakthrough for the field occurred when Kary Mailfiresented the PCR method, allowing
small amounts of DNA to be amplified exponentiatiggating amounts of DNA large enough
to work with for further analysis (Mullis & Fallond987:335pp, Hummel 2003:1, Freeland
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2005:16pp, Campbell 2008:403pp). In 1989 a breaktin of special importance for
archaeology occurred, when a research group martagaaplify DNA from bone material
(Hagelberget al. 1989:485). This opened up opportunities for aedhagy since bones are
often all that remains from ancient humans and alEnThis breakthrough also proved to be
applicable in other disciplines. In 1994, skeletahains of the Russian royal family Romanov
were identified using DNA analysis (Gét al. 1994:130pp).

The optimistic spirit of the new research area iov&d through the 1990s, and in 1994 a
research group claimed to have succeeded the gatradf DNA from 80-million year old
bones (Woodwardcet al 1994:4541pp). The following year, researchesnuta to have
accomplish to retrieve and revive bacterial spin@® a bee trapped in amber, 25- 40 million
years ago. The DNA in the bacterium was identiied compared to modern bacteria (Cano
et al1995:1060pp). These studies later proved to bkerihhuman contamination or
impossible to replicate (Austet al. 1995:303pp, Zischleat al 1995:1192p).

2.2.2 Applications

During the relatively short era of this researchaaraDNA has proved to be applicable to
answer a wide range of research questions.

Kinship studies

As in the example with the Romanov family, aDNA daa used to determine the genetic
relationship between buried people, although mdaggical traits in rare cases can indicate
relatedness between people, this method has provee fallible (During 1996:33, Brown
2001:308, Hummel 2003:183pp). In archaeology, kmstudies by means of aDNA analysis
is used to deduce the relationship between peamegrave field or between people buried in
the same grave (Brown 2001:308, Hummel 2003:183pp).

Species identification

Well preserved bone remains can generally be méoglually identified by an osteologist.
However, when bones are highly fragmented or wherphologically similar animals are to
be identified, i.e., bones of sheepvis arie3 and goat Capra hircug or red fox Yulpes
vulpeg and dog Canis lupus familiaris aDNA analysis can be a used (Hummel
2003:165pp).

Sex determination

When bones are highly fragmented or originate friumeniles prior to puberty, sex
determination can be challenging even for a skilbsteologist. In these occasions, DNA
analysis might be needed to make a certain detatimm (Brown 2001:307, Hummel
2003:165pp).

Paleopathology

Paleopathology has two main applications in arcloago It can be used to analyse if an
individual carries a gene that can be linked teeaegically inherited disease, an application
made possible due to the mapping of the human geribrough the project HUGO (Human



Genome Project) (Brown 2001:308p, Nuorala 2004 ié&m DNA can also be used to study
infectious diseases back in time to see how theg lsparead around the world and how they
have evolved, e.g. diseases like leprosy, tubes@jlmalaria or syphilis (ibid).

Population genetics

In this application, DNA from archaeological or teiscal sources can be extracted and
compared to a modern source material to study ptipul alterations e.g., changes in genetic
diversity through time to find population bottlekeqBrown 2001:309p, Wandelest al
2007:634) Ancient DNA can also be used to study origin anovement of people and
things, a method further described below (Brown12809p).

2.2.3 The use of human remains to trace human meweamd origin

In this research area, aDNA is being regularly usedh to see how people have moved
around the world and where they originate from. Dal#alyses on human remains to deduce
their origin are rather straightforward as compdreedsing nhon-human remains to answer the
same questions, but it also has its disadvantdgjese the DNA in archaeological bone
material is highly degraded, it is more susceptiblecontamination than a well preserved,
recent material (Hummel 2003:131pp). This means ithean be difficult to prove that the
result are authentic and not an artefact of contatian. This can be a severe problem when
working with human archaeological material sincer¢hare more sources for contamination,
see (2.3.2). However, this type of study has beededaken at several occasions and
following are a few examples.

Gilbert et al. (2008) showed that DNA extracted from coprolitesiving from a cave in
northern America, were evidence of human preseadgidg from a period long before when
humans previously were believed to have dwelledtt@t continent. The DNA matched
haplogroups from Native Americans (Gilbet al. 2008). In another study, human bone
remains have been used to elucidate the origimadaaly cultural group in Japan (Adahi

al. 2009). Another study analysed the genetic ralgh@ of current Europeans to Paleolithic
hunter-gatherers and later farmer populations skeéted in Europe 7500 years ago, to see
whom their ancestors were (Ha&k al. 2005). The same kind of study has also been
performed on a material from Sweden, where the tgemelationship between the Pitted
Ware culture and the Funnel Beaker culture has laeatysed and compared to current
human populations around the Baltic region (Lindérhet al.2008a).

2.2.4 The use of non-human remains to trace huntavement and origin

Since they first left Africa for around 100 000 ygago, modern humans have moved around
the world, colonizing new areas (Boyd & Silk 20088B). On their journeys, they brought
animals and plants which sometimes can be traceDNb analysis. The method of using
non-human material to trace human migration hasegasome interest in recent years since it
has several advantages compared to human aDNAor®ithing, animal bones are often
more abundant on archaeological sites and arerljgserved than human bones (During
1996:24). Another reason why animal material isgredbly used is simply because it is easier
to work with in terms of contamination. Howevere tmethod of tracing human movement by
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using non human remains also has some disadvantagas be a problem to prove that the
animal was actually brought to a place by peoptedid not get there on its own, especially if
the animals are not domesticated.

Although these kinds of studies are mainly perfatmen species considered to be
domesticated, other examples exists. Studies haee done on the colonization of Remote
Oceania by the Lapita culture, using DNA from tlaeifc rat Rattus exulans pig (Sug and
chicken Gallus gallu3 (Matisoo-Smith & Robins 2004, Larsat al. 2007b, Storeyet al.
2010). Other studies have also shown on contaeidaet Polynesia and the Americas, using
bone material from chicken but also plants likeaad Cocos nucifera L) (Storeyet al.
2007; Baudouin & Lebrun 2009)

In Europe, non-human remains have been used to flmokuman contacts between the
Iberian Peninsula and North Africa by analysingrasted DNA from cattle bones found at
archaeological sites (Anderureg al 2005). In another study, the introduction of pigs
Europe was studied to identify routes of introdoict{Larsonet al. 2007a). This method is
best suited for geographically isolated areas saglslands, something that can explain its
popularity in Polynesia. Gotland is suitable foistkind of study and DNA analyses of the
Gotlandic hedgehogEfinaceus europaelishas been performed to elucidate where it
originated from and the result has shown a wesiggin (Fraser 2006). Since hedgehogs are
hibernating during the winter and the distancehtorhainland is probably too far for them to
swim, they were most likely brought there by pedjiiel).

2.3 Contamination

In living organisms, DNA has its own repair systéhat steps in when a mutation has
happened or when a transcription has gone wrongHsitrepair system is lost when an
organism dies (Lindahl, T. 1993:709p, Broe®01:305). As the DNA molecule degrades, it
will be reduced both in length and number, whichansethat modern contamination easily
outnumbers the aDNA in a sample, making it morelyikthat the contamination will be
amplified during PCR (Gétherstrom & Lidén 1998:%6ymmel 2003:131, Yang & Watt,
2005:332). Examples where this has happened are milkon year old DNA-samples were
thought to have been successfully amplified, wherraality it was contamination. It is
difficult and most often impossible to know who Hasen in contact with a bone material
originating from an archaeological excavation, srtggular if the excavation took place a
long time ago. Even though historic contaminatioasnot be prevented, the damage can be
minimized if a certain procedure and attitude isdushroughout the analysis. Follows is a
description of the degradation of DNA and the sesraf contamination.

2.3.1 Degradation and preservation

When the organism dies, the DNA is exposed to disgian caused by the organisms own
microorganisms and enzymes (Pa&bal 2004:646). The effect of environmental conditions
for the preservation of DNA in bones has been shtwbe of uttermost importance. Key
factors for preservation are pH, temperature, hitgpithe amount of microorganisms and
how the bones have been stored post-excavatioméBet al. 1999:1725p). Ideal conditions
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for bones are places with a low and constant teatypes, neutral to alkaline pH-value, with
no microorganisms and the soil humidity should && (Burgeret al 1999:1725p). When
bones are removed from the ground, the environrheatalitions drastically change and this
can negatively affect the DNA preservation (Pruvestal 2007:739). Few studies have
analysed the subject, but there are indicationsdimging samples in room temperature over
long period of time is destructive for the DNA maldes (Burgeet al 1999 1726p, Pruvost
et al. 2007:739), a fact that might have implicationstfis study. The degradation of DNA
leads to strand breaks on the polynucleotide, ngatkia fragments smaller than contemporary
DNA, hence amplification of aDNA sequences of mitia@n 200-300 BP are rarely successful
(Hummel 2003:73p&102p). There are also several gypechemical degradation such as
hydrolytic damages that can be divided into; dematron which can cause loss of a purine,
and deamination when the nucleobase C is convéntedU, read as a T during PCR and
subsequently causing a misreading of the sequddodahl, T. 1993:709p, Paabet al
2004:646pp). Damage to DNA can also be caused dxy rfadicals that attack the bonds
between both the base pairs and the sugar ringhamper the PCR, an occurrence called
oxidation (Lindahl 1993:709p, Paabbal 2004:646pp).

2.3.2 Contamination sources

There are several categories of contamination #fefeht procedures are used to avoid and
detect them. When analyses are carried out on humaerial from an archaeological
excavation, the sources of contamination can bexieavator or the osteologist handling the
material during and after excavation and also #searcher performing the work in the
laboratory (Goétherstrom & Lidén 1998:56p, HummeD2A31pp, Yang & Watt 2005:332,
Linderholmet al 2008b:5). Contamination can also originate frév@ manufacturer of lab
consumables (ibid). These sources of contaminaienless of a risk on studies of faunal
material (Hummel 2003:134). Contamination has sewed to come from the soil, both as
contamination from other species and from microoigas that can live in the bone and be
more abundant than the aDNA (Gotherstrom & LidéA8t9S6, Yang & Watt 2005:332Df
greater risk is the fact that the bones in theystmdy be contaminated by a recent animal
bone material, used for comparison by an ostedlagisng identification of the bone (ibid).
There can also be a cross-contamination betweesathples as some of the bones have been
kept in the same plastic bags during storage, twdsn samples in the aDNA-lab. One
serious source of contamination is PCR products fearlier PCR runs. In some cases, the
chemicals can be contaminated by previous or cqmeany researchers working in the lab
(Gotherstrom & Lidén 1998:56, Hummel 2003:131ppndy & Watt 2005:332).

2.4 Post-glacial period

Post-glacial events had an immense affect on titecEsea and the overview below describes
its general stages.

2.4.1 The history of the Baltic Sea

The stages of the Baltic Sea are complex and diffio reconstruct since parallel events
affected the sea levels on both a global scaldgsy)sand in the Baltic Sea basin at the same
time. The global sea level was considerably lowanttoday since large amounts of water
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were locked in the ice sheet (Liliegren & Lager@93:14p&28). As the ice cover melted,
land that had been depressed for thousands of geated to rebound by isostatic uplift. The
melting ice also caused large areas to be covareater.

This gradually created the first stage in the mbatial history of the Baltic Sea, called the
Baltic ice lake 16 000-11 600 BP, a freshwater lakeve the global sea level (Liljegren &
Lageras 1993:19, E-source 7). No remains from agjatimals have been found in the
sediment from this time (ibid). An outflow of thealic ice lake was created in Oresund,
south of present Sweden causing erosion down tbatieock. This flow was gradually closed
due to the uplift of land (Bjorck 1995:21f, E-so@rt). A region of lowland was uncovered in
the middle of Sweden caused by the melting iceatorg a new outflow between the Baltic
ice lake and the ocean (ibid). This marks the begm of the next stage called the Yoldia
Sea, a stage with brackish water that lasted betvtde600-10 700 BP (E-source 8). The
southern coastlines on the Yoldia Sea were lowan tine current ones and a land bridge
connected Sweden to the continent during some phdigeng this time (Bjorck 1995:23).
Traces of this are still visible as tree stumpsowethe present sea surface (Liljegren &
Lageras 1993:25pp). The island of Bornholm was atsmected to the continent during this
time whereas the islands of Gotland and Oland were(Liliegren & Lagerds 1993:11,
Bjorck 1995:27p). Remains from seal and fish hagenbfound in the sediment from the
Yoldia Sea, in contrast to the sediments of theti@dte lake (Liliegren & Lageras
1993:25pp, Bjorck 1995:27, E-source 8). At the ehthis stage, the land rise in the middle
of Sweden gradually closed the inflow of salt wated a stage with fresh water begun - the
Ancylus Lake that lasted between 10 700-8 500 Biefren & Lageras 1993:27, E-source
9). In its initial phase, the outflow of water fraime lake continued in the middle of Sweden,
but as the isostatic uplift continued in the natid the water level rose, a new outflow was
created in the Great Belt south of Sweden (LiljaggeLageras 1993:27, Bjorck 1995:29p,
Schmdlckeet al 2006:425, E-source 9).

The Ancylus Lake caused a transgression phaseeisdtuth and the traces from this, called
the Ancylus wall, can still be seen (ibid). As tice cover gradually melted, the global sea
level rose and connected the two basins once neoe@fing a new stage with salt water,
called the Littorina Sea, 8 500-3 000 BP (E-souit€d. This stage is characterized by
fluctuations of the sea level and traces from thtoiina transgression, the Littorina wall, is
still visible around the Baltic Sea (Schmdladeal. 2006:428). The Littorina wall is found at
variable altitudes due to variation in the speedhaf isostatic uplift, exemplified by the
Littorina wall on Gotland; 27 meters above the pressea level in the northern parts of the
island and 15 meters above sea level in the soufteats (E-source 10). It has been proposed
that the salinity in the Littorina Sea was highleart the current due to a greater inflow of
water from the ocean. An estimation of the fauntheLittorina Sea has been done based on
bone remains from coastal settlements and sedinfremtsthat time and it is rather similar to
the present (Liliegren & Lageras 1993:35, Schmolekeal. 2006:429p, E-source 10).
Although not generally accepted, a fifth stage ethlthe Limnea Sea 3000-500 BP is
proposed, characterized by lower salinity than tifaprevious stages (Liliegren & Lageras
1993:37pp, E-source 11).
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2.4.2 Climatic oscillations

The climate has varied continuously since the d¢gatial maximum, and based on climate
change, the period has been divided into diffeséages which will be briefly described.

Bdlling period, 13 000-12 000 BP, during this period, the ice cowesouthern Sweden
melted and flora and fauna entered the new domiath aa steppe landscape formed, the
climate is described as temperate/subarctic (Ligjed Lageras 1993:19, E-source 17 )
Older Dryas, 12 000-11 800 BP, this period is characterized lopld climate (Liljegren &
Lageras 1993:19pp, E-source 18)

Allerdd Period, 11 800-11 000 BP; characterized by a temperateatdinDuring this phase,
deciduous forest advanced in southern Sweden dtdje & Lageras 1993:19pp, E-source
19).

Younger Dryas, 11 000-10 000 BPcharacterized by shift to a colder climate, but this
gradually changed towards the end of this pi{asegren & Lageras 1993:19pp, E-source
20).

Pre-boreal Period, 10 000-9000 BP, much of the flora and fauna retchéar south during
the previous phase and during the Preboreal phiaesg,colonized the land once more. The
climate changed to be warmer (e-source 21)

Boreal period, 9000-8000 BP, the warm climate continued during thihase but it was
fluctuating. The last ice cover melted in north8weden (Liliegren & Lageras 1993:24pp, E-
source 22).

Atlantic period 8000-5000 BP, this is described as a warmth pesibére the temperature
was 2-4° C warmer than today. The climate is deedrias maritime with dense forests of
heat-demanding trees which spread further north thair current extension (Liljegren &
Lageras 1993:32).

Sub-boreal period, 5000-2500 BP, this period is characterized by bstsuntial climate
change towards colder and dryer conditions (Ligeg& Lageras 1993:37p). The forests that
had extended during the last period retracted.

Sub-Atlantic period, 2500 BP-presentharacterized by fluctuating weather, with a pewbdd
colder climate in the beginning of the period (&ijen & Lageras 1993:41).

2.4.3 Post-glacial colonization routes

Within the research field intraspecific phylogeqgrg, historic events such as glacial periods
or spatial separation that might have affecteddibibution of species in the past, are used to
explain the current distribution and genetic vaoiat within a species (Aviseet al.
1987:489pp, Jaarolaet al 1999:114, Knowles & Maddison 2002:2623, Freeland
2005:155pp). Fennoscandia was covered with icenguhe last glacial period and this makes
it a unique place to study phylogeography. Thrdgemint ways of colonization have been
proposed for terrestrial mammals in Fennoscandmorization from the south by the land
bridge that was present for some periods, coloiezdtom the north-east through Finland
and southwards, and colonization using both ro(kedorovet al. 1996:557pp, Jaarokt al
1999:117pp). The area where species using theaelffeoutes meet, is called a suture zone,
and this zone is similar for many Scandinavian &geice. it is located at somewhat the same
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location in northern Sweden, making a similar higtaf colonization plausible (Jaaroda al
1999:121pp, Hewitt 2004:184). The northern and lse routes have been used by species
deriving from different refugia where they dwellédring the last Ice Age, and the difference
in origin is visible as intraspecific genetic dréatiation (Jaarolat al 1999:118pp). For
European species, refugia have been proposed itbéhni@an peninsula, Italy, Balkan and in
the Caucasus region (Hewitt 2004:184p). The ardéadsn the ice sheet and the refugias in
the south was a tundra landscape with permafrogwiiiti 1999:89pp). If the rate of
colonization was rapid, a loss of genetic divergtgxpected due to repeated founder effects
from the refugia, however, if colonization procasstowly, this loss would not have the same
effect (Hewitt 1999:91p, Hewitt 2004:184p).

2.5 The island of Gotland

Gotland is an island in the middle of the Balti@3leat was completely covered in ice during
the last glacial period, but at around 12 000 yd&#Psthe ice cover had retracted (Bjorck
1995:23). The distance to the mainland is, 80 krBweden 150 km to the Baltic countries,
and c. 230 km to the continent in the south (FydLindqvist & Possnert 1999:65).

Figure 1. The Baltic Sea with Gotland marked redisem (Bjorck 1995).

The shortest distance to reach Gotland from thelarad today is via the island of Oland, east
of the Swedish mainland and then to the islandtofaSKarls6 6 km from the main island, a
route of 50 km (fig. 2) (Osterholm 1997:161pp). @ot has calcareous bedrock (E-source
16), which is good for the preservation of skelethains (Burgeet al 1999:1726). The
island has been populated since the Mesolithicamvaards and its position in the middle of
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the Baltic Sea has given it particular importarfe@lowing is an overview of the islands post-
glacial history.

2.5.1 Human colonization

The first people in Scandinavia were hunter gatisetteat gradually colonized the new land
where the ice had retreated (Larsson 1990:275pksdtr 2002:35pp, Riede ms.). Their food
utilisation varies between different sites, butrdeenting and fishing were important sources
of food (Larsson 1990:290, Riede ms.). Sourceslafitgoods were used but remains are
usually seldom found in the archaeological materilér than nutshells (Larsson 1990:292p).

Traces from the first settlers on Gotland foundhi@ cave Stora Forvar on Stora Karlso have
been radiocarbon dated to between 7500 and 620BCa(Lindqvist & Possnert 1997:40).
The remains from animals in the earliest layermftora Forvar give an idea of the fauna on
the island at the time when people settled and faisdood preferences. Marine mammals
such as grey and ringed seal were predominateltetiubut also animals such as birds, fish
and mountain hare. Stora Forvar cave is describeghare detail under 3.1. There are a
number of Mesolithic sites on the island of whibkee are covered in this study.

Figure 2. The shortest distance to the mainlarey¥iom Stora Karls6 heading west. Photograph baligren

In an archaeological experiment, the shortest mitgtdrom Gotland to the mainland, i.e. via
Oland, was travelled in a dugout canoe, supposgidijlar to what the first colonizers on
Gotland used. The trip between Stora Karlsé anai@{fig. 2) took about 13 hours to paddle
(Osterholm1997:161pp), and the experiment also made it ¢hestrno land was visible from
the canoe for a couple of hours out on open setellddm 1997:169). As seen in figures 3 a
& b, Cumulus clouds can form above islands andetHesvering cloud formations can be
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visible from a long distance, and this could pdgditave helped the first pioneers on Gotland
to find the island, long before the island itsefiswisible.

Figures 3 a, b. An example of clods tt have é&trmbove the islands of Stora Karlsé (left) anthliarlso
(right). Photographs by H. Ahlgren

2.5.2 The fauna of Gotland

Much of what is known about the prehistoric temastmammals on the island derives from
animal remains found at archaeological sites angsb®ost spectacular are the remains
found in the cave of Stora Foérvar, with continutaygers from the first colonization until the
archaeological excavation at the end of thé" X®ntury, only with an interruption
encompassing 2000 years during the Littorina trasssgon (Lindqvist & Possnert 1999:80).
Although the archaeological material can contribboténvaluable information that otherwise
would be lost, it is not infallible. Archaeologicabnes do not necessarily represent the fauna
at a site (During 1996:93). Bones from certain sm®eanay be lacking due to various
excavation methods used by archaeologists. Isis @loblematic to use a few animal remains
to deduce whether Gotland actually housed a liyiogulation of a certain species at a site.
The animal might just as well have been dead oradrbrought as food or been used for
artefacts. They may even have floated ashore akd@®ened in historic time (Noréhn 1958
D1:45, Liliegren & Lageras 1993:4pp). A review dfet prehistoric mammalian fauna on
Gotland is difficult, since archaeological bone emngtls discussed in the literature sometimes
have been lost and in other cases one has to mehearsay. The number of species of the
current terrestrial mammalian fauna on Gotlandw Iconsisting only of:

* Mountain hare, earliest dating on the island is from 7420 BOh{gvist & Possnert
1997:79). Skeletal remains have been found fronmamhaeological periods, with a
decline after the Mesolithic period (Lindgvist & $3mert1997:40). It was heavily
decimated due to diseases in the beginning of 8@ century, saved only by
translocations from the mainland (Noréhn 1958 D3plOLindqvist & Possnert
1999:79). They are not very abundant today accgridigame bags (E-source 4).

* Red fox, skeletal remains from the red fox have been foamotland at sites dating
to the Mesolithic and onwards (Lindqgvist & Possng®@97:43f, e-source 4). The
earliest radiocarbon dating of the red fox is 56@0BC (ibid).

* Yellow-necked Mouse (Apodemus flavicollls has been found in Mesolithic and
Neolithic contexts (Lindqvist & Possnét®97:44 & 52).
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Hedgehog this species is found in the archaeological neténom the Neolithic and
onwards. Since hedgehogs hibernate and therefalld oot have walked across the
ice, this species has been proposed to been bréooighbtland by humans (Noréhn
1958 D1:107, Lindgvist. & Possnert 1997:69). DNAabses performed on skeletal
remains from hedgehogs conclude that it has dedfroed a western subspecies
(Fraser 2006:19).

Squirrel (Sciurus vulgariy was important during the medieval trade (Nor&958
D1:102). A paragraph that regulates the huntingarirrels is written in Gutalagen, a
law book concerning Gotland from the™dentury (Wessén & Holmbéack 1943:102p
Noréhn 1958 D1:102

Brown hare was introduced in the early ®Ccentury and is currently the more
abundant of the two species of hare on the isl&lmtéhn 1958 D1:116pp, Hedgren
2002:139).

Rabbit (Oryctolagus cuniculus was brought to Gotland in 1907 and the popufatio
grew rapidly until a project to control the popudat was launched (Noréhn 1958
D1:113pp).

Mink (Mustela vison)the population of mink on the island are descetslaf farmed
minks that became feral in the™@and 21" century (Noréhn 1958:D1:119p Noréhn
1958 D2:569pp, Hedgren 2002:139).

Roe deer(Capreolus capreolysbrought to Gotland in the middle of the™&entury
and repeatedly on several occasions since (Hed2)6a:139). One bone from the
Mesolithic site Gisslause has been interpreted laena from roe deer. However, this
bone is nowhere to be found and was in very poardition according to the
excavator, so no big conclusions should be draem fthis find (Hansson & Munthe
1930:269, Noréhn 1958 D1:46&78p, Lindqvist & PossA€897:69).

Brown rat (Rattus norvegicysprobably brought to the island in the beginniighe
1900" century (Noréhn 1958:D1:99).

Bat (Chiropterg, 11 species of bats are present on the islanddgitda 2002:138).
Skeletal remains from bat have been found in aalbgeal contexts, but the dating is
uncertain (Lindqvist & Possnert 1997:72&76).

Present in the current fauna is also YWeod mouseApodemus sylvaticusnd the
House mouseNlus musculusjHedgren 2002:138).

Bones or antlers found from animals no longer prese the island

Elk, (Alces alcesAntlers and skeletal remains from elk have beamd on Neolithic,
as well as Bronze Age/lron Age sites on Gotland réka 1958 D1:44ppsSten
2004:90p. Despite these finds, it is not considered thabpulation of elk has ever
lived on the island. This is mainly based on thalsamounts of finds and that the elk
is missing on Mesolithic sites (Lindqvist & Posdn#997:69). A bog find of several
bone elements from elk has been found in MallingsomyGotland, and this has been
interpreted as an elk that had crossed the icedamined in the bog. It has been
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radiocarbon dated to 3735 + 80 BP (Noréhn 1958 ®ll4ndqvist. & Possnert
1997:65&69).

* Red deer (Cervus elaphys antlers from the red deer have been found iraegyfrom
the Mesolithic site Stora Bjars, radiocarbon dated5700 cal BC (Lindqvist &
Possnert 1997:69). One find of an artefact, pogsihde from red deer antler was
found in Stora Forvar (Lindqvist & Possnert 1997:6Bhere are also finds from red
deer on some Neolithic and Medieval sites, bupitesof this, they are not considered
to have been a part of the natural fauna on Gotiangrehistory (Noréhn 1958
D1:43p, Lindqvist & Possnert 1997:69).

* Wild boar, (Sus scrofa The Question whether this animal has been ptesenhe
island or not has been widely debated due to mslariity to domesticated wild boars
and has never conclusively been answered (Rowleww@o& Stora 1997:124p,
Lindgvist & Possnert 1997:64p). Bones are abundeoth Neolithic sites on the
island and have also been found at Stora Forvéedda 3350 cal BC, which is the
earliest dating for this species (Lindgvist & Pa=$r1997:64p).

2.5.3 The mountain hare

The mountain hare (Fig 4) is a circumpolar specassting primarily in countries of
Northern latitudes, from the British islands eastigato Japan (Kurtén 1968:230p,
Angerbjorn & Flux 1995:3). It is divided into seeérsubspecies based on geographical
distribution and distinct morphology with two subspes in Swedenigpus timidus timidus)

in the north above 59°N antédpus timidus sylvaticusputh of this limit, with an intervening
hybrid zone (Bergengren 1969:4278&444p, Angerbjorkl&x 1995:1pp). Fossil records from
archaeological sites in Europe confirm that moumteires were present from the Pyrenees to
Hungary during the Pleistocene (Kurtén 1968:23@py relict populations still exist in the
Alps (Lepus t. varronis Scotland I(epus t. scoticys and Ireland l(epus t. hibernicus
(Bergengren 1969:449p, Angerbjorn & Flux 1995:1pphe populations in Ireland and
Scotland are genetically divergent and differenttes of colonization have been proposed as
underlying mechanisms (Hamidt al. 2006:363). Skeletal remains from Ireland has been
dated to 24000-20000 BP, showing that the mouriiarae was present there during the glacial
period but if the population survived until todaynot known (Hamilet al. 2006:356 & 363).
Compared with the Irish and Scottish populatiortse tmountain hare population in
Fennoscandia have a high genetic diversity (Thetial 2003:49p, Hamilet al. 2006:363)
and the reason for this has been proposed to b&odudirectional colonization (Thuliat al
2003:49p). Another explanation of the high gendligersity is that the colonization
progressed slowly, without leading edge colonizafidamill et al. 2006:363).

The mountain hare is primarily active at night divé in mixed forests but also in habitats
such as tundra. Preferred foodstuff is somewhatroeted by season and availability and
include twigs, grasses, leaves, moss, bark andrigliKurtén 1968: 230, Angerbjorn & Flux
1995:5). The mountain hare itself is preyed uponspgcies such as the red fox, wolf,
wolverine (Qlo gulo), lynx (lynx lyn® mink and several birds of prey (Angerbjorn & Flux
1995:6). The home range for mountain hare vary migipg on geographical location but
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mean home ranges of 116 hectares for females ahti&&@ares for males have been recorded
(Angerbjorn & Flux 1995:6). They generally stay hniit their home range, although dispersal,
primarily by males, has been recorded during matgmson (Dahl & Willebrand 2005:313p).
Dispersal up to 200 km have been recorded (AngerlfoFlux 1995:6), while other studies
indicate that they generally disperse no longen th&m (Dahl & Willebrand 2005:314p).

Today, the distribution of mountain hares in Sweldas retracted northwards, possibly due to
interspecific interaction with the brown hare (Tihul& Tegelstrom 2002:302p, Thulin
2003:34pp), which is considerably larger than theumtain hare (Kurtén 1968:230,
Angerbjorn & Flux 1995:1, Thulin 2003:32pp). Inteexific introgression has been observed
between the two species of hares, and the hybtidizas unidirectional i.e. that mountain
hare mtDNA is present in the brown hare, but netdther way around (Thulin & Tegelstrom
2002:302p, Thulin 2003:34pp). The mountain hareensloutcompeted by the brown hare
male during mating causing the mountain hare fert@lmate with the brown hare males,
producing fertile hybrids (ibid).

Figulre 21 The

The mountain hare and the island of Gotland

Both the mountain hare and the brown hare live otla@d today. The latter was introduced
to the island in the beginning of the"2€entury and it is now the numerous of the twaaat f
that can be seen on the game bags of hares shebttemd during the last 5 years (Virgin,
Pers comm., E-source 4). The mountain hare is,dbeBumans, the earliest terrestrial
mammal present on archaeological sites on Gotlem the Mesolithic and predating the
second terrestrial mammal to appear on the isldémel, red fox, by almost 2000 years
(Lindgvist & Possnert997:43p). An interesting fact is that the mountaane and the squirrel
are the only animals on Gotland of which huntingtnietions are stated in Gutalagen, dated to
the Medieval Period (Wessén & Holmback 1943:10Zp)s might illustrate their importance
as well as indicate the lack of other hunt wortlmeges on the island during the time.
Remains from the mountain hare are less frequdatlpd in archaeological contexts after
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5900 cal BC, i.e. 400 years after the earliestaeatbon dating of the red fox 5500 cal BC
(Lindgvist & Possner1997:40).

Outbreaks of worm infestations in liver and lungaVily reduced the population of mountain
hares during the beginning of the"™26entury (Noréhn 1958:103pp). Despite translocation
from the mainland, the population has not recoveiade then, possibly due to interspecific
competition with the larger brown hare (Noréhn 1988pp). Because of the small mountain
hare population on Gotland and because of extemsanslocation, the samples in this study
will not be compared to the present population otintain hares.

LLLRLELETYTT
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Figure 5 a, b. Hare-shaped fibula found in Bjarsjnidm parish on Gotland, dated to the Roman Iroe Ag

(Hildebrand 1903:151, E-source 13).

Bones, primary hind feet, from mountain hare aegdently found in graves from the middle
Neolithic on Gotland (Ahlstrom 2009:91pp), threempdes in this study derive from a
Neolithic double grave, Vasterbjers (67:2) (Gejd&lF4:154, Ahlstrom 2009:91pp). The hare
foot has a symbolic meaning; it was used as a lutigrm in Anglo-Saxon folklore (ibid).
This is a modern meaning and should not be appii¢kde Prehistoric. Although the symbolic
meaning of hare feet in graves cannot be elucidatedn show that the hare has had some
particular importance. An example of the meaninghef hare can also be exemplified by a
hare shaped fibula found on Gotland fig 5 a, b.

2.5.4 How the terrestrial mammalian fauna reacheddland

As mentioned above, the terrestrial mammalian faamé&otland is scarce and the reason for
this is because of its short history and becauseafb is an island. This topic has been
discussed in several studies prior to this, andrtbe on how animals reached the island are
as follows:

1. They walked on iceswam or float ashore on a log or an ice floe

This theory has been proposed for several teraéstrammals on the island, except rats and
voles that might have been brought by humans bgleet; and hedgehogs that hibernate and
thus can not use the ice (Noréhn 1958 D:2:578pdduist & Possnert 1997:40). There are
recent finds of animal carcasses that have floagtare on Gotland, both from roe deer and
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elk. They have been interpreted as animals thag demswned while crossing thin ice (Noréhn
1958 D1:46&79, Noréhn 1958 D2:579).

2 They walked on a connecting land bridge or archigplago from the mainland

This suggestion is based on the theory that Gotlzesl been connected to the mainland
(Osterholm 1989:25). This would have been durimgAhcylus Lake, prior to the first human
expansion to the island (Noréhn 1958 D2:579). Ttemty of a land bridge is based on the
fact that there is an underwater plateau southaifa@d that connects to the mainland south
of Oland, the current dept is 20-40 meters (Nor&9&8 D2:579).

3. They were brought there by people

Most of the current terrestrial mammalian faundhanisland have been introduced during the
last two centuries (Noréhn 1958 D2:569pp). This wetransportation could have been
deliberate, like the introduction of the animalgidg recent time or with the domesticated
animals (Noréhn 1958 D:579, Lindqvist 1997:71). Thensportation might also be done
without the awareness of the people in the boat tee case with the brown rat.

In a similar study, the origin and introductiontbé mammals to Ireland were analysed using
mitochondrial DNA from modern samples (Edwards &dey 2009). Ireland has a similar
situation to Gotland regarding how animals aredvelil to have reached the island, with the
exception that Ireland probably was a refugia durihe last glacial period (Edwards &
Bradley 2009:215).

2.5.5 Prehistoric introductions of wild animals

It is safe to say that people have globally afféctiee current dispersal of wild animals
through introductions. Somewhat more controvergathe proposal that these kinds of
introductions were also carried out in Prehistorijzere are several examples where wild
animals are believed to have been introduced tmtertocations that can not have been
colonized by the animal itself. Cyprus has not beemnected to the mainland for 5 million
years (Marra 2005:10). The island has housed ptpota of dwarf elephantsE{ephas
cypriotes) and dwarf hipposRhanourios minutgs now extinct (Croft 2002:172, Marra
2005:10, Blondel 2008:511). The reason for thisnetion has been proposed to be due to
humans (Croft 2002:172). These people are not\mli¢o have settled on the island until
about 10 000 years BP (Croft 2002:172). This tirheytbrought animals, shee\is
orientalis ophion, pig (Sug, goats Capra aegagrusand also the Persian fallow deBafma
mesopotamica the latter is found in archaeological contexdsering a period of 6000 years
(Guilaineet al 2000:76, Croft 2002:174pp). Since fallow deer rawe believed to have been
domesticated, it was probably introduced to Cypagswild game (Croft 2002:174pp).
Another example is the introduction of the brownehan the British Isles (Thulin 2003:33). It
has been proposed to have been introduced by theaf during their colonization, but
skeletal remains have shown that the brown harepnesent on the island almost 2000 years
prior to their arrival (ibid).
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3. Skeletal remains

The source material for this study consists of lsdinem mountain hares from a number of
prehistoric sites on the island and it was chossmrabse of the spatial and temporal diversity
that it represents.

Figure 6. Gotland and the archaeological sites evtte prehistoric samples derive from. © Lantmétegsavle
2011. Medgivande | 2011/0094

The greater part of the bone material in the stualy been stored at the Museum of National
Antiquities since the excavation took place, paftshe material for as long as 120 years.
Nowadays, bone materials are stored at facilitigh vegulations on the indoor climate with
reference to humidity and temperature, althougbk tlas not always been the case. This
means that most of the bones used for this studg been stored in what would today not be
considered a suitable environment. The implicatifmnsDNA preservation in bones during
long term storage is not entirely elucidated anthir research is needed to clarify whether
DNA can survive truly long term storage. Howeveavptrecently excavated materials from
Gotland have also been included in the study. Opecisien originates from an
archaeological site in Lilla Hultungs, Bunge par@h northern Gotland — excavated during
the summer of 2009 by Dan Carlsson. The other spatis from Gisslause, in Larbro parish,
was excavated by Jan Apel during the summer of 2010

3.1 Excavation sites

Stora FOrvar

The Stora Forvar cave is situated on Stora Kadso,sland 6 km west of the coast of
Gotland. The material used for this thesis origgedtom excavations performed during 1888-
1893 (Schnittger & Rydh 1940:5, Lindgvist & Possn#999:65). The culture layer had a
varying dept, up to 4.5 meters, excavated in lagér3 dm and comprised of material from
the Mesolithic to recent time. The cave is slopumyvards making the chronology of the
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layers difficult and not directly comparative tochaother (Schnittger & Rydh 1940:61).
Furthermore, it is not known how the cave was uddds it filled from the inner and
outwards or was the whole cave used continuoudhg?elalso seams to be disturbance in the
layer composition and possibly even some mix ugheffinds that have been placed in the
wrong context (Schnittger & Rydh 1940:61pp, Linddvi& Possnert1997:70). The
complexity of the layer composition emphasizes ithportance of radiocarbon dating the
samples and this will be done on a later occastamn this site, seven bones were sampled of
which six derive from a Mesolithic context and dnam an Iron Age context (Lindgvist &
Possnertl997:67). Two samples were selected using MNI &é&¢ and the other derives
from different layers and parcels.

Figure 7. View from the inside of Stora Forvar Céaeking out. Photograph by H. Ahlgren

Visborgs Kungsladugard

This is one of the Mesolithic sites on Gotland, Byisparish, excavated in 1907. A
considerably large amount of bones from hare werend on this site, 103 bones are
mentioned in the excavation report and six samplEre selected using MNI (SHM13326 E-
source 14).

Gisslause

This archaeological site in Larbro parish was eabtad the first time in 1929. The cultural
layer was located between 0.8-1.5 metres belowyar l@f gravel from the Littorina
transgression and constituted of sand, ash andcadanfHansson & Munthe 1930).
Radiocarbon dating from charcoal from a hearthhendite gave the value 7265 + 145 BP
(Osterholm 1989:55), and that gives a calibratet® detween 6433-5881 calBC (OxCal
4,1,7, IntCal 09, 2011-05-11). There is also a diaten an unspecified animal bone, 7865 *
100 BP Apel & Vala 2011, calibrated to 7043-655IBEa(OxCal 4,1,7, IntCal 09, 2011-05-
11). The layers were excavated in dept of 5 cm ewely parcel of 1 square meter was
divided in 4 parts 50*50 cm and named a-d. From XB29 excavation one sample was
included. The rest derive from an excavation pentd by senior lecturer Jan Apel in 2010.
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This excavation was adapted to prepare the bonerialatfor further DNA-analysis, mainly
due to the fact that human remains had previousgnldound on this site. Gloves were used
at all time, and in case any human remains wouldiseovered; a full suit and facemask were
available. Water sieves were used so small bonekl dee retrieved. To pour water on
recently excavated bones is not ideal for the kimg preservation of bone and especially not
if they are intended for DNA analysis, but they Wboot have been found otherwise. From
this excavation, ten bones and teeth from diffeseguiares and layers are included.

Vasterbjers

This Neolithic site, located in Gothem parish or thastern side of Gotland has been
excavated on several occasions during the lastigenthe material used in this study was
excavated in the mid 1930s (Janzon 1974:7 SHM 21284e bones from this site, three
using MNI, are of special interest since they dr@art of a collection of hind feet bones that
had been placed in a grave (67:2) (Gejvall 1974.1b4the grave, a man and a boy were
buried and collagen extracted from one of the huemaas dated to 4250 +50 BP (Gejvall
1974:154, Eriksson 2004:150).

Ire

This Neolithic site is located in Hangvar parismirthwestern Gotland. The two bones used
in this study derive from different excavations83#as excavated in the 1950s and S31 was
excavated in 1976. Their spatial distance on tteevgas c. 35 meters (Janzon 1974:263, SHM
31118, SHM 32442).

Lilla Sojvide

The bones from this Iron Age site (n=2) using MNEkre found while excavating a grave
from the large cemetery Lilla Sojvide in Sjonhenmigia It was a cremation grave in a cist,
covered by a grave mound built of stone and sdie @nimal bones were not cremated. The
grave was excavated in 1932 (SHM 20147, E-source 1)

Uddvide
The bones from this site (n=2 using MNI) deriveniran excavation at the Iron Age cemetery
Uddvide 1:20 in Grétlingbo parish, excavated in398HM 34667, E-source 15).

Lilla Hultungs

The samples from this site in Bunge parish, norti@otland, were found in 2009 during an
excavation of a house deriving from the Early MediePeriod. Five bones were selected
using MNI, the dating are somewhat unclear but eamgthin Iron Age and the Early
Medieval Period (Hongslo Vala Pers. Comm. 2010-09-3
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Table 1. Complete list of samples; S. stands farpde, invnr. = inventory number. Aprox. Dat. = apgmate
dating, I.A. = Iron Age, M.P. is Medieval period,elsl = Mesolithic period, Neo. = Neolithic period.rhm =
length in millimetre, W. mg = weight in milligrangamples 1-15 do not have inventory numbers. Fabsl=
layer, s = shaft, the numbers are X and Y coordmafor s6-s15, s = layer (stick), the letter mearsa in the
shaft, and the numbers are X and Y coordinates.

Aprox. Powder,

S. Invnr. | ID Parish, Site Dat. Type, Part, Side L.mm | W.mg | mg

S1 12s5 16 23 Bunge, Lilla Hultungs LA/M.P. radigspx, dex 70,8 1842| <100

S2 13s5 19 20 Bunge, Lilla Hultungs LA/M.P. radigspx, dex 40,3 856,37| <100

S3 1283 17 17 Bunge, Lilla Hultungs LLA./M.P. radipspx, dex 34,7 1034| <100

S4 1282 17 27 Bunge, Lilla Hultungs LLA./M.P. radipspx, dex 14,3 177,5| <100

S5 12s5 16 22 Bunge, Lilla Hultungs LA/M.P. radigspx, dex 35 921,55| <100

S6 s1a103 199 | Larbro, Gisslause Mes. pm/m, maxilla 415,214,07| <100

S7 s1al01 199 | Lérbro, Gisslause Mes. mt 3, dex 5,285,31| <100

S8 s2¢103 199 | Larbro, Gisslause Mes. mt, dist 2200,54| <100

S9 s3al00 200 | Larbro, Gisslause Mes. phalang 1 21974,97| <100

S10 s4b100 201 | Larbro, Gisslause Mes. mt, prox, sin 819,208,77| <100

S11 s5c¢103 199 | Léarbro, Gisslause Mes. incisiv, mandibyl 24,6/ 290,68 126,2
S12 s6¢103 199 | Larbro, Gisslause Mes. pm/m, maxilla 9,130,56 124,6
S13 s6¢100 200 | Larbro, Gisslause Mes. pm/m, mandibula 2,711 179,07 130,9
S14 s7b103 199 | Larbro, Gisslause Mes. incisiv, maxilla 17,4 151,37 130,9
S15 s7¢100 200| Lé&rbro, Gisslause Mes. phalang 2 1B2,13| <100

S16 | 19178 524584| Larbro, Gisslause Mes. tibia, dist, dex 2B,6694,96 115,7
S17 | 34667 581011 Grétlingbo Uddvide LA tibia, dex 414 1318,19 120,4
S18 | 34667 581011| Grétlingbo Uddvide LA tibia, dex 45,6 1623,96 1135
S19| 20147 218662| Sjonhem Lilla Sojvide I.A. calcaneus, dex 38.670,92 119
S20| 20147 218662 Sjonhem Lilla Sojvide LA calcaneus, dex 27 629,06 113,7
S21| 13326 155765| Visby, Visborgs Kungsladugard Mes. humerus, disx, d 53,6/ 1234,12 141,5
S22 | 13326 155765| Visby, Visborgs Kungsladugard Mes. humerus, diesx, d 82,8| 2232,24 1449
S23| 13326 155765| Visby, Visborgs Kungsladugard Mes. humerus, diesx, d 69,3| 1625,85 128,2
S24 | 13326 155763| Visby, Visborgs Kungsladugard Mes. humerus, diex, d 25,2 620,21 140,4
S25| 13326 155763| Visby, Visborgs Kungsladugard Mes. humerus, disx, d 42,5/ 1069,31 143,8
S26 | 13326 155763| Visby, Visborgs Kungsladugéard Mes. humerus, disx, d 75,2| 1790,59 1339
S27| 21234 878369| Gothem Vasterbjers Neo. mt 5, sin 51,2834,45 103,3
S28 | 32442 848614| Hangvar Ire Neo. phalang 1 21,5 290,09 1245
S29 | 21234 878368| Gothem Vasterbjers Neo. mt 5, sin 49,8746,51 108,3
S30| 21234 878368| Gothem Vasterbjers Neo. mt 5, sin 54,21044,1 107,7
S31| 31118 477332| Hangvar Ire Neo. radius, dist, sin 45,41085,16) 117,2
S32 8983 150966| Eksta Stora Karlsd Stora Forvar Mes. radius, padex, 68| 1826,25] 121,8
S33 8983 151300| Eksta Stora Karlsd Stora Forvar .LAIM.P. humeruexpsin 82,5 3583,95 1159
S34 8983 151374| Eksta Stora Karlsd Stora Forvar| Mes. coxae 63144,54 133,2
S35 8983 151374| Eksta Stora Karlsd Stora Forvar| Mes. coxae 6,8804,2 114,6
S36 | 14344 157643| Eksta Stora Karlsd Stora Forvar| Mes. mandibula, sin 57,3| 2634,32 100,6
S37| 14344 157658| Eksta Stora Karlsd Stora Forvar| Mes. femur, dist, s 70,5| 4575,08 1129
S38 | 14344 151901 Eksta Stora Karlsd Stora Forvar| Mes. scapula, sin 4,2 (52079,38 115,7
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4. Method

4.1 Sampling and preparation

The source material used in this study is bone tapth, selected to include a maximum
number of individuals. This was primarily done gsthe MNI method described in (Marshall
& Pilgrim 1993, During 1996). MNI means that thenmum number of individuals in a
context is calculated, using bone type, number sinel as parameters (Marshall & Pilgrim
1993:261pp, During 1996:106). This method is knawnshow a much lower number of
individuals than the one present in the materlaidfi and it was not possible to solely use
MNI for this study. Sampling was also based on iapdistance, meaning that the remains
originated from different layers and areas so thatbones are more likely to not originate
from the same individual. A third method to distingh individuals is radiocarbon dating.
Unfortunately, it was not possible to radiocarbatedhe samples until the finishing stages of
this thesis.

Since DNA extraction is a destructive process, llbees were extensively analysed and
documented prior- and post analysis, accordingotiss, length, weight and type of bone.
All bones used in this study were also documentadgua digital camera. All work surfaces
are washed with bleach or Hydrochloric acid HCI10M, which break the DNA-strands
(Hummel 2003:135p). To remove outer contaminatiba,bones were irradiated at 1 joule of
UV-light and the outer and inner surfaces were negdousing an electric drill prior to
grinding. Some researchers prefer to soak the bonégeach, which with its destructive
properties destroys the contaminant DNA by breakisgtrands (Kemp & Smith 2005:54).
This procedure is somewhat risky since it has tsawn that bleach might enter bone and
teeth and destroy endogenous DNA (Dissehaal 2008:1448). Due to the risk that bleach
destroys the endogenous DNA and since this stedysifaunal remains, the material was not
soaked in bleach. The bones and teeth were grauadpbwder using an electric drill or an
agate mortar. Prior to use, the mortar was wash#ddetergent and ethanol 95% and then
placed in a glass beaker with ionized water that than placed in sonicator for 4 minutes,
washed once more in ionized water and steriliseadgusthanol 95% and a burner. The
electric drill was cleaned with HCI 0.01 M and &tbh95% and the drill bit was changed
between every sample. Protective clothes are wbrtha time, lab coats and disposable
gloves in the bone lab and full suit cover, facesknand double pair of disposable gloves in
the ancient-DNA lab. The mortar was advantageousitomize the loss of bone powder and
to avoid accidents with the electric drill, whe thone size was small. The drill was favoured
if the bones were well preserved. In some casebdhe was first chopped into smaller pieces
using a saw drill bit and then ground in the morfdris proved to be the best method to avoid
loss of bone powder. The drill also generates Aehtgh speeds and this has shown to affect
the recovery of DNA from bones negatively (Aditral 2011:960p). Between 100-150 mg
powder was extracted per sample and the powdeceolgsted in 20 ml tubes and placed in a
-20° C freezer, pending further analysis.
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4.1.1 Steps to avoid and detect contamination

A set of authentication criteria has been set toimize the risk of getting false results due to
contamination (Cooper & Poinar 2000:1139). Thesterta cannot be used as a definite
confirmation that a result is authentic but onlpgort them.

The aDNA lab is separated from other facilities avmd modern source material has been
brought there. Only personnel with reasons to bienDNA lab are permitted. PCR-product
carry over can be avoided by separating the pre-fP@Rthe PCR-and post-PCR lab and it is
not allowed to enter the ancient-DNA lab after wogkin the PCR-area the same day
(Gotherstrom & Lidén 1998:56, Hummel 2003:133p)e Hmcient DNA-lab is irradiated with
UV-light for a minimum of 2 hours prior to enteringlthough the effect of UV-irradiating
surfaces in open spaces is poorly elucidated (HUunZ@@3:135p). Contamination in the
chemicals can be detected by using negative blemitee extraction step, i.e. extracts that is
treated the same way as the samples, without DNAh@strom & Lidén 1998:56, Hummel
2003:134). Additional blanks are introduced at®&R step. To see if there is contamination
in the chemicals, it can be a good idea to runva idank samples through the whole
extraction and amplification process.

4.2 Extraction

The method for extraction and purification usedhis study followed a modified version of
Yanget al, protocol C (Yanget al. 1998:541). To be able to extract DNA from bonesdlls
first need to be broken down and this is done hyia of, EDTA that breaks down the
hydroxyapatite, Triton X that lyses the bone celtgl Proteinase K, an enzyme that digest
proteins in the bone powder. A mastermix is pregp@antaining per sample; 2900 pl EDTA,
30 pl Triton X and 100 ul Proteinas K. This 3030splution is mixed with the bone powder
and placed in an incubator at 37° C, for 3 daysd@tect contamination, one negative control
is added for every fifth sample. A negative contsoh sample with all chemicals, but with no
bone powder, which is treated like the other extfaom the extraction step to the gel
electrophoresis.

4.3 Purification

Next step is purification of the samples in orderéamove all substances except the DNA. A
modified version of the PCR Purification protocobyided by the manufacturer (Qiagen) was
used.

After the incubation, the samples were centrifuggd4000 g for 5 minutes and then
transferred to Eppendorf tubes and centrifuged omaee, 5000 g for 6 minutes. These steps
make the greater part of the bone powder and @#eicles to remain in the bottom of the
tubes. After centrifugation, the DNA-extract isrnséerred to Amicon Ultra-4 Centrifugal
filter devices and centrifuged at 5000 g for 20 milhis step separates solutes of low
molecular weight <30 kDa from the DNA. The remagiextract was transferred to 2 ml
Eppendorf tubes and mixed with 1 ml PB-buffer Ql&r gample. The extracts were then
transferred to silica columns (the PB-buffer makes DNA to bind to the columns) and
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centrifuged at 17900 g for 1 min. The columns wéen transferred to new 2 ml Eppendorf
tubes and 650 pl PE-buffer was added and centdfiedel7900 g for 1 min, this step is
performed to wash the DNA and was repeated twidth, mew Eppendorf tubes every time.
The columns were then transferred to new Eppertdbds and centrifuged at 17900 g for 1
minute to dry. Then the columns were transferred.foml Eppendorf tubes and 70 pl EB-
buffer was added and centrifuged at 17900 g foriri, to elute the washed DNA. As a last
step, the purified samples were placed in a freaze20° C pending further analysis.

4.4 PCR

The polymerase chain reaction (PCR) is used to igmpINA segment to manageable
amounts by imitating the way the cell transcribd$AD The first step in the PCR cycle is
denaturation where a rise in temperature to 94°@kew the hydrogen bounds in the double
stranded DNA to release and the segment to opea.nElt step is annealing, where the
temperature is lowered to 50-65°C, depending optiteer, which makes the primers bind to
their designated area. The next and last steigyation, where the temperature is raised to
72°C which makes the DNA-polymerase start building thecleotides on the primer
(Hummel 2003:81pp, Freeland 2005:16pp). The desseginent is now doubled and the
cycle starts from the beginning. The number of eyaepend on the quality of the sample but
usually range within 35-50 cycles with low qualggmples such as with aDNA (Hummel
2003:81pp).

For primer design, sequences from the mitochonddidbop from mountain hares from
different places in Northern Europe (Thuk al. 1997), found on the National Center for
Biotechnology Information (NCBI) accession nr: Y0B3Y15314 were used for alignment.
By using the software Multalin (Corpet 1988, E-s@uP), areas with consensus among the
different individuals were chosen to place the jrisn A 25 base pair primer pair was picked
using Primer-BLAST, forward primer 5° CTAATAACAAATCAAGTACCTTGT 3' and
reverse primer 5’AATGGTCTAATGTTGATTATGAAAT 3, relling in a 130 base pair
sequence. The primers were run in nucleotide BLASVerify that they were species specific
and then tested on two samples from modern mouhtaies at the Department of Zoology at
Stockholm University.

Next step was to run a PCR with the ancient samplas is a process of trial and error since
there is no answer on how to combine the PCR-mmx, \ahat cycling conditions the PCR
machine should be set at, but only guidelines. R@Rlifications were conducted in a MJ
Research PTC-200 Thermo Cycler. Amplification wasfqrmed following the HotStarTaq
Plus DNA Polymerase protocol (Qiagen) with a 5 niématuration step at 94°C, to activate
the Tag polymerase plus. After that, PCR was rundfd cycles at 94°C for 20 s for the
denaturing step, at 53°C for 30 s for the anneasitep, and for 72°C for 15 s for the
extension step. The PCR was completed with a @rednsion step for 7 minutes at 72°C. The
25 ul reaction mix contained; @l DNA extract, 0,4ul Tag polymerase plusgdl dNTP, 1,5ul
MgClI, 1 ul BSA, 2,5ul Buffer, 1,25ul primer 1, 1,25 primer 2 and 14,1l H,0.
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There were some initial problems with contaminatiorthe PCR-blank. The contaminated
sample was sequenced and run in nucleotide BLAS3o(Ece 5) and was not similar to any
hare species. The contamination disappeared wheeryitie condition was optimized, the
chemicals used for the PCR-mix were replaced watly and the working area in the lab was
extensively cleaned.

4.5 Post-PCR

After the PCR, the samples were transported toQibpartment of zoology at Stockholm
University, for further analysis.

4.5.1 Gel electrophoresis

Prior to sequencing, the DNA molecules are cordtblusing agarose gel electrophoresis,
which can be described as a sieve that separates dlecules. The DNA extracts are
mixed with a loading dye and placed in small wellshe gel. The gel slab is then covered
with TAE-buffer. The loading dye does not simplylaxg the extracts but gives it a higher
density than the TAE-buffer, making it stay in tells. The gel contains a mix of TAE-
buffer, agarose and ethidium bromide and when adedeto an electric current; the
negatively charged nucleic acids travel towards positive pole (Hummel 2003:113pp,
Campbell 2008 405p). Smaller molecules travel fagtan the larger ones and are hence
separated, a high concentration of agarose malkesmiblecules move slower and are
therefore suited for smaller segments. A 2% satutias mixed for this study (Hummel
2003:113pp). The ethidium bromide makes it posdiblgisualize the DNA-extracts in UV
illumination (Hummel 2003:113pp, Campbell 2008 403pnothing was visible in UV-light,
new samples could be run through PCR with diffeREBR mix and/or cycle preconditions.

4.5.2 Sequencing

In order to determine the nucleotide sequenceDiRA extracts are sent to sequencing. By
using the principle of DNA replication, a mix ofehrDNA template, a primer, the four
deoxyribonucleotides (dNTP) and the four dideoxynibcleotides (ddNTP) was prepared.
The ddNTP are similar to dNTPs but lack an OH-gragusing the synthesis to stop when it
binds to the DNA-template (Freela@®05:23p, Campbell 2008:408p). The ddNTP binds at
random so that fragments of different lengths aeated and since the ddNTP are dyed, the
sequencing machine can recognize which nucleotiddogated at a certain position of the
sequence (Freelar&d05:23p, Campbell 2008:408p). The sequences wailgsed using both
the forward and reverse primers.

Prior to sequencing, the samples were purified fremaining PCR-products by performing a
similar purification step as described under 4.3ing the protocol provided by the

manufacturer (QIAGEN). Sequencing was performeagi@ene using ABI 3730 and 3130XL

PRISM® DNA Analyzers (E-source 6).

4.5.3 Phylogenetic analysis

Two methods were used to analyse the genealogigkeobamples. The sequences were
aligned using the software Multalin. Pairwise congzn of sequence similarities is given a
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score and sequences are grouped using hieraratlicsiering, used to build a bifurcating
phylogenetic tree (Corpet 1988:10881pp, E-source T™)e phylogenetic tree gives
information of the evolutionary relationship betwegenetic lineages by arranging the taxa in
different branches, depending on how geneticaltyilar they are (Aviseet al. 1987:493pp,
Corpet 1988:10881pp, Freeland 2005:155pp). Theeplgloere the branch bifurcates, the
node, represents a common ancestor and genetstalilar taxa are hence close in the tree
(ibid).

A statistical parsimony network was created usimg software TCS v1.21 (Clemeet al
2000:1657, Freeland 2005:155pp). A network sort|digpes by their evolutionary
relationship based on pair wise differences duemtwations (ibid). In a comparison with a
phylogenetic tree, a network can be multifurcatieg that one haplotype can be ancestor to
several genetic lineages, it includes missing hlgpés and can be used despite little variation
(ibid). The haplotype presumed to be the oldesthmanecognized by a few criteria, they are
supposed to be in the centre of the network anldate several connections, they are also
presumed to be the most abundant and geographicialgspread (Freeland 2005:167pp).

The samples were compared to 67 known mountain legkotypes from different places in
Europe; Austria, Ireland, Scotland, France, Nornw&yeden, Finland, Russia, Ural, Italy and
Switzerland (fig. 8) (Melo-Ferreirat al. 2007). Because the sequence was short, 65 bp,
several haplotypes were grouped that would probatigrwise be separated.
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Figure 8. Areas sampled for modern DNA, revisednfidelo-Ferreiraet al. 2007
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5. Results

Of the 38 bones that were sampled, 20 yielded DBB%. The success of the analysis was
somewhat correlated with the site, samples frombdfigs Kungsladugard (n=6), Uddvide,
(n=2) and Ire (n=2) did not yield DNA. Regardingttamage on DNA caused by long time
storing of bones, both bones from Lilla Sojvidecaxated in 1932, and Stora Foérvar
excavated between 1888-1893 yielded DNA, and #ssilt do not convincingly show that

long time storing is harmful for the DNA.

Table 2. Samples that yielded DNA marked (Y) arelshmples that did not yield DNA (N).

Skeletal Length | Weight

Sample | site Approximate date | element (mm) (mg) DNA

S1 Lilla Hultungs Medieval Period radius 70,8 1842 Y
S2 Lilla Hultungs Medieval Period radius 40,3 856,37 Y
S3 Lilla Hultungs Medieval Period radius 34,7 1034 Y
S4 Lilla Hultungs Medieval Period radius 14,3 177,5 Y
S5 Lilla Hultungs Medieval Period radius 35 921,55 Y
S6 Gisslause Mesolithic Period pm/m 15,4 214,07 Y
S7 Gisslause Mesolithic Period meta tarsal 3 25,1 285,31 Y
S8 Gisslause Mesolithic Period meta tarsal 22 200,54 N
S9 Gisslause Mesolithic Period phalang 1 21,9 274,97 N
S10 Gisslause Mesolithic Period meta tarsal 19,8 208,77 N
S11 Gisslause Mesolithic Period incisiv 24,6 290,68 Y
S12 Gisslause Mesolithic Period pm/m 9,7 130,56 N
S13 Gisslause Mesolithic Period pm/m 12,7 179,07 Y
S14 Gisslause Mesolithic Period incisiv 17,4 151,37 Y
S15 Gisslause Mesolithic Period phalang 2 11 82,13 N
S16 Gisslause Mesolithic Period tibia 23,6 694,96 N
S17 Uddvide iron Age tibia 41,4 1318,19 N
S18 Uddvide iron Age tibia 45,5 1623,96 N
S19 Lilla Sojvide Iron Age calcaneus 35 1670,92 Y
S20 Lilla Sojvide Iron Age calcaneus 27 629,06 Y
S21 Visborgs Kungsladugard Mesolithic Period humerus 53,6 1234,12 N
S22 Visborgs Kungsladugard Mesolithic Period humerus 82,8 2232,24 N
S23 Visborgs Kungsladugard Mesolithic Period humerus 69,3 1625,85 N
S24 Visborgs Kungsladugard Mesolithic Period humerus 25,2 620,21 N
S25 Visborgs Kungsladugard Mesolithic Period humerus 42,5 1069,31 N
S26 Visborgs Kungsladugard Mesolithic Period humerus 75,2 1790,59 N
S27 Vasterbjers Neolithic Age meta tarsal 5 51,2 834,45 Y
S28 Ire Neolithic Age phalang 1 21,5 290,09 N
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S29 Vasterbjers Neolithic Age meta tarsal 5 49,8 746,51 Y
S30 Vasterbjers Neolithic Age meta tarsal 5 54,2 1044,1 Y
S31 Ire Neolithic Age radius 45,4 1085,16 N
S32 Stora Forvar Mesolithic Period radius 68 1826,25 N
S33 Stora Forvar Medieval Period humerus 82,5 3583,95 Y
S34 Stora Forvar Mesolithic Period coxae 6,5 344454 Y
S35 Stora Forvar Mesolithic Period coxae 6,6 3804,2 Y
S36 Stora Forvar Mesolithic Period mandibula 57,3 2634,32 Y
S37 Stora Forvar Mesolithic Period femur 70,5 4575,08 N
S38 Stora Forvar Mesolithic Period scapula 54,2 2079,38 Y

In a network created in TCS, samples from this ystwetre compared to 67 haplotypes,
deriving from modern hares from Europe (Melo-Feare€2007:607). The haplotypes in the
network were sorted into two groups (Table 3).

Table 3. The two main groups in which the haplotypbere sorted in the network.

Group 1

Sample site Number of samples| Haplotype AproximatBate

Stora Forvar 4 Mesolithic

Gisslause 5 Mesolithic

Scotland 6| 131, 132, 133, 134, 135, 136 Modern

Finland 5| t24, 125, 126, 27, 28 Modern

Sweden 40t1,13,19, 1 Modern

Italy 3|47, 51, t58 Modern

Urals 2| 64, t66 Modern

Russia 1|67 Modern

Group 2

Sample site Number of samples| Haplotype AproximatBate

Vasterbjers 3 Neolithic

Lilla Sojvide 2 Iron Age

Lilla Hultungs 5 Iron Age/Medieval period

Stora Forvar 1 Iron Age/Medieval period
t2, t4, 5, t6, t7, t8, t10, t12, t13, t14, t15H 1117,

Sweden 16 t18, t19, t20 Modern
146, t48, 149, t50, t52, t53, t54, t55, t56, tHA,t

Italy 15| t60, t61, t62, t63 Modern

Ireland 3|37, t38, t39 Modern

France 3| t40, t41, t42 Modern

Norway 3| t21, t22, t23 Modern

Switzerland 2 t43, t44 Modern

Finland 1| t29 Modern

Scotland 1 t30 Modern

Austria 1|t45 Modern

Urals 1| t65 Modern
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Group 2
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Figure 9. Statistical parsimony network based @baase pair sequence for 67 European haplotypefo{M
Ferreiraet al. 2007), compared to the prehistoric samples, asddan Clemersdt al. 2000.
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538 Stora Forvar
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314 Cizzlause
5334 Stora Firwar
535 Stora Forvar
511 Gizzlausze
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S35 Stora Forvar

55 Lilla Hultungs
54 Lilla Hultungs
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3% Lilla Hultungs

53 Vasterbjers
10 P

Figure 11. Phylogenetic tree of all samples indtuely based on Corpet 1988.

In the phylogenetic tree, the samples form two geakdy distinct clades (figll). The samples
from Stora Forvar which have their relative dattogthe Mesolithic, and the samples from
Gisslause, that were found under the Littorinaggaession wall with a dating to prior 6200
cal. BC form one clade (Lindqgvist & Possnert 19998 he samples from Vastebjers 4250 +
50 BP and younger, as well as the sample from l@yer Stora Férvar form one clade.

6. Discussion

6.1 On the origin of the mountain hare on Gotland

The process of post-glacial colonization for diéierr species from refugias south of the ice
rim is complex and not fully understood. What ioowm today derive from skeletal remains
and the current distribution of modern organismiisTdoes not necessarily represent the
dispersal of species in the past which can haveeswnplications when interpreting the
results. Hares have been moved around by peopletease population size through time,
e.g. we know that the contemporary hare populadioriGotland has been reintroduced with
hares from the mainland and is not covered inghidy. The same goes for the population on
the mainland with hares from Russia (Thudiral. 1997:471). Translocations can explain why
one haplotype from Scotland is found in group 8 @), because the specimens with that
haplotype were sampled on the isle of Mull, wheeskmwow Irish hares had been reintroduced
(Melo-Ferreiraet al 2007).
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The results show that there is a discontinuity leetwthe Mesolithic and the Neolithic periods
in the mountain hare populations on Gotland, thuseems likely that hares on the island
originate from multiple source populations. The lbggpes in group 1 (fig 9, table 3) mainly
consists of hares from Scotland, Finland, Sweden lgady but also from the Urals and
Russia. The earliest samples are genetically moslas to the subspecidsepus t. scoticus,
now present in Scotland. This subspecies is baliégvde a remnant population from the last
glacial period that colonized the British Isles dyand bridge and was later isolated by the
English Channel (Thulin 2003:31). Although it coldd an explanation, this does not imply
that the earliest hare population on Gotland camm fScotland. As the ice cover retreated at
the end of the last glacial period, the flora aadnfa that had dwelled in refugia south of the
ice moved northwards. The haplotypes in group Inset® have more of an eastern origin,
and hares with the same origin of descent as theshia Scotland may have travelled
northwards from a common refugia. Eventually thegched the shore of the Baltic Sea and
from there these hares reached the island of Gbtlaweden was connected to the continent
by a land bridge during the Yoldia Sea stage amgshaas well as other animals, could
colonize this area using this passage.

The later populations of hares, Group 2 (fig 9)da) derive from samples from the Middle
Neolithic to the Medieval Period. The haplotypesnirmodern samples in group 2 mainly
consist of hares from Sweden, Italy, and all sachplres from Norway, Ireland, Austria, and
France. It also includes some haplotypes from ®ndand, one from Scotland, one from Ural
and one from Finland. This possibly gives an intilicaof what refugia these mountain hares
dwelled in during the last glacial period. This gests that the latter hare population came to
the island from the west, given that the contempyopopulation of hares in Sweden is
representative for the hares that lived in Swedepréhistoric time. Therefore, to get a fuller
understanding of post-glacial colonization histafythe north, DNA analyzes of skeletal
remains of hares from different archaeologicalsséee necessary. There is also a need to use
a longer sequence, to get a higher resolutionebtigin of the mountain hare. However, this
study show how ancient DNA analysis can contridatéhe field of phylogeography since it
can reveal haplotypes that have been present ibetgy which can reveal different events of
colonization.

6.2 The genetic relationship between the mountarasin the study

The samples in the study form two main geneticdistinct groups, shown in the statistical
parsimony network (figs 9 & 10, table 3), and the/lpgenetic tree support this result (fig
11). Group 1 consists of samples from Gisslausé&)(rthat were found beneath the Littorina
transgression wall and radiocarbon dating fromsite range between 6433-5881 calBC and
7043-6557 calBC. Group 1 also include the sampta® Stora Forvar, layer G8 and F10-12
(n=4), all found in Mesolithic layers (Lindqvist Bossnert 1999:67). Group 2 represent the
Neolithic samples from Véasterbjers (n=3), the IAge samples from Lilla Sojvide (n=2) and
the Iron Age/Medieval Period samples from Lilla tdmgs (n=5) and Stora Forvar layer F2
(n=1).
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The discrepancy between the samples can be caysegveral factors. The haplotypes
common in group 2 may have been present on thaedistauring the Mesolithic period,

although not sampled for this study. Still, the lbapes present in group 1 are not
represented in the later material either. Thertasigh, a possibility that the haplotypes in
group 1 have been lost due to genetic drift.

So, if the result actually represents the haplaypeesent on the island at the different
occasions. The discrepancy seems to indicate hHwatfamale lineage of mountain hares
disappeared between the Mesolithic and the late kge, and that the samples from
Vasterbjers show that this break can have occuasedarly as 4250 50 BP. This result is
also strengthened by the fact that skeletal renfaoms mountain hare become rare after the
Mesolithic 5900 BC. Multiple scenarios could haveeb the cause for this decrease or
extinction. It could be due to stochastic factaushsas diseases, climatic oscillations or the
introduction of a new species. As seen in figureth2re are about 1500 years between the
two groups, and several events that could haveiboted to the decline of the mountain hare
population occurred during this time. The climabarged from the warm Atlantic period to
the cold Sub-boreal period. At the same time, titt®@dina transgression caused habitat loss as
the area of Gotland decreased, from the currenO Hdquare km, to 1900 square km
(Lindgvist & Possnert 1997:52). The red fox is pr@sin the archaeological material from
5500 BP and this new predator could have had arnedfect on the island population. A
small isolated population is already vulnerable dradclimate change caused the population
to decrease, its vulnerability would increase. iotion could also be caused by deterministic
factors such as overhunting, or a combination @élsstic and deterministic factors, creating
an extinction vortex that caused the populatioga@xtinct.

The result also indicates that a second introdnatiohares could have occurred on Gotland.
The samples from the intermediate period Vastespjshow that the haplotype that is
abundant in later periods were present on thedsénearly as 4250 50 BP. The Gotland
samples in group 2 represents only two haplotypestime period covering as much as 3500
years. As seen in figure 9, haplotypes tend totetusshen they are cut and additional
haplotypes may appear if a larger sequence is zedly-ew haplotypes may also be the result
of a bottleneck, a founder effect caused by a ¢pétion of the island by a small number of
mountain hares. This would indicate that there Has®en no, or limited gene flow after the
second colonization. There is a possibility tha ffopulation was stable after the second
colonization and that there was no need to move Imaws to the island. There is also the
possibility that the mountain hare lost its roleaaterrestrial food source when domesticated
animals were introduced to the island during thi& $lom the Mesolithic to the Neolithic.
This could have made the need to move hares tca@btless necessary. However, if the
second introduction was done by people, hares ablyiowere important enough to be
reintroduced. This importance could of course algee been symbolic, as shown by the hare
feet in graves from the Neolithic. For further rasd in this area, a longer sequence should
be analyzed to see if more haplotypes are reveAl@dmparison should also be made with
nuclear DNA that will show the paternal lineage,see if the result corresponds. A larger
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sample size and more samples from the intermegate®d 7000-4000 BP would also be
eligible.
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6.3 On how the mountain hare reached Gotland arad this can say about the
early people on the island

Prehistoric skeletal remains are most often foundultural layers on archaeological sites,
deposited there by people. There is a possibli&y hares were present on Gotland before the
first humans but that will not show in the archagutal material. Hence, it is not possible to
deduce who first set their feet on the island. &iablremains from the mountain hare are
found on the earliest archaeological sites fronessvgeographical locations on Gotland, the
earliest from Stora Forvar, dated to 7420 year8€al

Although the sequence used for this study wasivelsitshort, only 130 BP, and the sample
size representing the early phase on the island lwated, (n=9), three haplotypes were
found. Additional haplotypes may be found with egéa sample size and if complementing
sequences are analyzed. Multiple lineages of mtidi#cate that the earliest population was
founded by several individuals. This result couddxpected if a land bridge or archipelago
connected the island to the mainland, a land britigé current research does not support
(Liliegren & Lageras 1993:11, Bjorck 1995:27p). Tlhek of a land bridge is also supported
by the low number of species on Gotland today, laechuse the wild terrestrial mammalian
fauna has been brought to the island during theckaguries except for the red fox and some
rodents. A comparison with the prehistoric faunatmnIsland of Bornholm, which has been
connected to the continent by a land bridge, shioat this island housed several large
terrestrial mammals such as, roe deer, red dedd, bvaar, reindeerRangifer tarandus
beaver Castor fibej and elk (Casati & Sgrensen 2009:248p). The lasins to have gone
extinct as Bornholm became an island (ibid). Treegmals were all absent on Gotland during
the Mesolithic.

Several haplotypes would also be expected if a murabhares were introduced to the island

by people, at the same time or at several occasidns way, a number of haplotypes may be
brought there by chance. There is also the poggibilat a number of hares were present on
the island prior to human colonization through drs@al over the ice, and that this population
was refilled by translocations. The haplotype ugmamong the earliest hares could also be
the result of mutations. Long dispersals by mouniteres have been recorded (Angerbjérn &
Flux 1995:6), and it would physically manage tqéise to Gotland. However, the number of
hares that have dispersed or travelled over sea th®e mainland to Gotland should most

likely be limited, causing a low genetic variatidgince the result show several haplotypes,
this may not be the case, but a longer sequenceadarher sample size from the earliest

phase is required to conclude this. The lack ofdwérrestrial mammals also shows the

difficulties in founding an island population. Extethe red fox, no larger animal than the

mountain hare seem to have succeeded this dungréistory of Gotland.

Translocations of wild animals to remote locatiohave been observed before the
introduction of farming and the hare is easy taleatlive and transport. The brown hare has
been introduced to the British Isles, possibly adyeas 4000 years BP. There is also the
transportation of fallow deer to Cyprus as earlft@®900 years BP. The number of species on
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Gotland was low when the first people settled dnsl possible that hares were brought to the
island to complement the present fauna on the dslé#ndoes not necessarily mean that
nourishment was the main reason, but symbolic actmal uses of hare remains might also
have been the cause, as shown by the hare feegohtiNc graves. Whatever reason, this
would be an early example of human niche constyactivhere the environment is adapted
for the benefit of the people who change it (Ri2@&1:793pp).

6.4 Some concluding remarks

First, the MNI method has its shortcomings (Durii896:106) and could not conclusively be
used as a sampling method on the sites Ire, StimeaFand Gisslause. On the Ire site, the
bones were found 35 meters from each other andaphplvepresent two individuals. These
did not yield DNA. On the Stora Forvar site, thenbs were found in different layers and
parcells and were believed to derive from differentividuals. Four haplotypes were found
among the five samples that yielded DNA from Stedavar, and the samples with the same
haplotypes, s34 and s35 could be distinguishedgugiNI. The samples from Gisslause that
yielded DNA were found in different parcells andfayers but only one individual could be
distinguished using the MNI method. Only one hagletwas found on the site and it was not
possible to distinguish between individuals basedyenetic differences, although this could
change when a larger sequence is used. The sarhaesielded DNA were found in
different layers except s6 and s7 that were irstimae layer but two meters apart, and it is not
possible to conclusively conclude that they defreen different individuals. There are 35 cm
between the top and bottom layers where the samptye found and these will be
radiocarbon dated. If the other three samples ddrom different individuals cannot fully be
elucidated prior to the radiocarbon dating anddbhmplementing DNA analysis. Second, the
genetic marker used in this study is mitochonddidlA, which is undoubtedly the best choice
for this kind of study because of the charactesstf mtDNA. The fact that only the female
lineage is represented has some implications orintieepretation for these questions, and
studies on nuclear DNA are needed to conclude iexdmnction has occurred. Third, the
sequences in this study were picked because they wighly variable and were tested to be
able to identify haplotypes that represented diffiergeographical regions. However, when
working with aDNA, there are limitations on sequersize, with a higher success rate when
using shorter sequences. This is not necessarityeater problem other than that the
resolution is low, the sequences will be extendsakt, the sample size for this study is
limited and it is possible that not all haplotygeesent on the island during different periods
have been covered.
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7. Conclusion

The results indicate that there were two prehistpdpulations of hares on Gotland, and that
they may be of different origin. The first poputati on Gotland, group 1 consists of the
Mesolithic samples from Stora Foérvar and Gisslalibey group together in the network and
are genetically most similar to modern mountaireedrom Scotland, a population believed
to be a remnant from the last glacial period. Theeb on Gotland may therefore originate
from the same refugia as the hares on Scotlandh@pketypes in group 1 seem to have more
of an eastern origin. The second population ofarethe island, group 2, dating from 4250
+50 BP and onwards consist of the Neolithic samfila® Vasterbjers, the Iron Age samples
from Lilla Sojvide the Iron Age/Medieval Period sples from Lilla Hultungs and Stora
Forvar. They are genetically most similar to hdrem Italy and the Swedish mainland, and
seem to have more of a western origin.

The discrepancy between the samples indicateshitbdemale lineage of the hare population
on Gotland got extinct prior to the Iron Age, amasgibly as early as the Neolithic period,
4250 50 BP where the haplotype common in groups? &ppear. This result is consistent
with the archaeological finds where the mountainehldecomes rare after the Mesolithic
period. The population decline also coincides witie Sub-boreal period which is
characterized by a considerably colder climate Litterina transgression and the appearance
of the red fox. These factors as well as overhgntimy have caused an extinction. The
results indicate that different events of colori@atbf hares to the island have occurred. Only
two haplotypes were found in Group 2 which shoved thpopulation lived on the island for
3000 years, without being refilled by translocatioom the mainland. This can possibly show
the decreased role of wild animals on the islanthéNeolithic.

Archaeological evidence suggest that translocasfonild animals to isolated locations have
occurred in prehistoric time, e.g. on Cyprus arel Bhitish Isles. The same thing could have
happened on the island of Gotland which probabtly bt house any terrestrial mammals
during the time when humans first arrived, and hasebeen connected by a land bridge. In
that case, this would be an early example of humeme construction in Scandinavia, where
the surroundings are adapted to become more suitallive in. If the mountain hare reached
the island by walking on ice or floating there amiee flow, a low number of haplotypes

would be expected. The result shows three hapletypgroup 1 and this indicate that the
earliest population was founded by several indigldu although mutations may be an
explanation.
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