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Abstract 

Carbon and Nitrogen isotopic analysis of bone collagen has become an indispensable tool for 

archaeologists investigating dietary shifts and patterns in populations of the past. During the 

Viking Age Scandinavia was undergoing drastic shifts in settlement patterns and power 

structures. Using osteological material recovered from a site dated to the Viking Age in Aarhus 

known as FHM4573A, carbon and nitrogen stable isotope baselines were constructed from both 

domestic animals and several species of fish, allowing for the remains of three human 

individuals recovered from the site to be isotopically analyzed for carbon and nitrogen and 

compared to the baselines for the purposes of inferring the amount of protein being consumed 

and from what sources. Two other dietary studies of humans from the Viking Age in Galgedil 

and the Limfjord region were used for comparison to examine any similarities or differences in 

carbon and nitrogen content which might indicate differences in subsistence strategies. Danes 

from Aarhus exhibited a range of nitrogen and carbon signatures that differed between each other 

more than their contemporaries from Galgedil. This indicated that the people in Aarhus were 

relying heavily on domesticated animal protein while incorporating a diverse range of acquatic 

and marine sources of animal protein in their diets. The animal remains recovered from the 

excavation reflected this. Fish bones were found in extreme abundance at FHM4573A in 

addition to the domesticated animal bones used for the project. Stable carbon and nitrogen 

baselines of terrestrial animals and fish are now available from Aarhus in the Viking Age. 

 

 

 

 

 

 

 



 
 

 
 
 

 

Útdráttur 

Markmiðið með ritgerðinni var að rannsaka mataræði og neyslu íbúa í Árósum í Danmörku á 

víkingaöld en geiningar á ísótópum, einkum þó á kolefnum og köfnunarefnum, í beinaleifum 

hafa á síðustu árum orðið ómissandi fornleifafræðingum sem rannsaka breytingar á 

matarmenningu til forna. Um leið og fæða og neysla íbúa Árósa var könnuð var markmiðið 

einnig að búa til gagnagrunn yfir ísótópa fyrir svæðið á víkingaöld. Vitað er að mikil umskipti 

urðu á búsetumynstri og stjórnskipan innan samfélaga í Skandinavíu á þessum tíma en gera má 

ráð fyrir að þær hafi almennt haft áhrif á mataræði íbúa þar. Ísótópasýni úr mannabeinum þriggja 

einstaklinga, nítján húsdýra og 78 fiska þaðan var greindur með góðum árangri í þessum tilgangi. 

Tvær aðrar sambærilegar rannsóknir frá Danmörku, Galgedil og Limfjord, voru notaðar til 

samanburðar í þeim tilgangi að varpa skýrara ljósi á niðurstöður. Greiningarnar sýndu að íbúar 

Árósa bjuggu við fjölbreyttari fæðu en þeir sem lifði í Galgedil og Limfjord. Sé horft til 

niðurstaðnanna í heild virðist sem að fólk í Árósum hafi treyst að miklu leyti á fæðu úr húsdýrum 

en samhliða á sjávarafurðir í töluverðum mæli. Mikið magn fiskbeina sem fannst við uppgröftinn 

þar styðja við þessa niðurstöðu. Þessar niðurstöður allar eru nú tiltækar til framtíða rannsókna á 

mataræði og lífsgæðum í Danmörku til forna. 
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Introduction 

Denmark during the Viking Age underwent shifts in economy, power structures, settlement 

patterns, and began the process of evolving from a rural countryside of farmers, jarldoms, and 

petty kingdoms to medieval states akin to those that had formed to the south in France and 

Germany. The creation of medieval towns in Denmark such as Ribe and later Aarhus represented 

a new phase of occupation that would further develop during the Medieval Period. It has been 

documented in studies of prehistoric Denmark that shifts in diet occurred during the Mesolithic-

Neolithic transition1, moving away from exploiting the marine coastal environments and shifting 

toward agriculture and an increasing reliance on livestock. The Jutland peninsula lies between 

the Baltic Sea and the Atlantic Ocean. Aarhus as a coastal city has access to large quantities of 

marine sources of food. Through analysis of osteological material dated to the Viking Age, I 

have attempted to infer whether the Danes in the Viking Age were taking advantage of these 

resources, or if they were content to subsist on livestock and farming. 

Stable isotopic research with preserved osteological remains has now for over two decades 

been a critical tool for archaeological researchers inquiring into dietary and mobility patterns in 

the past. Carbon and nitrogen stable isotopes in preserved enamel and bone reveal probable 

sources of food for past populations when ecological variables that influence the distribution and 

uptake of stable isotopes are understood. This technology has been implemented in several 

notable studies which have been carried out on remains from the Iron Age and Viking Age in 

Scandinavia. These research projects have shed light on mobility, economy, and diet in 

preliterate Scandinavia. The primary objective of this research project is to create δ13C carbon 

and δ15N nitrogen baselines for both terrestrial domesticated animals and a large selection of 

local fish species which have been excavated from a Viking Age site in Aarhus known as 

FHM4573A. Three human bones from this site have been sampled for carbon and nitrogen as 

well. The results of these three bones will be compared to published results from two other 

Viking Age sites in Funen and the Limfjord region. Twenty samples of typical domesticated 

animals and one hundred fourty-four samples of marine and aquatic species of fish were obtained 

                                                           
1 van der Sluis, L. G., Reimer, P. J. and Ogle, N. (2018) ‘Adding Hydrogen to the Isotopic Inventory—

Combining δ13C, δ15N and δ2H Stable Isotope Analysis for Palaeodietary Purposes on Archaeological Bone’, 

Archaeometry, (October), pp. 1–30. doi: 10.1111/arcm.12441, 14. 
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over the course of the excavation of FHM4573A. All the faunal date to the Viking Age. Carbon 

and nitrogen isotope signatures were obtained from these samples, and the isotopic ratios 

observed will be compared to two previous dietary studies from a contemporaneous Viking 

graveyard on the island of Funen2, and the Limfjord region of Denmark.3 The local ecology of 

Denmark will be briefly outlined in order to understand the natural cycles that distribute stable 

carbon and nitrogen isotopes through the food chains and ultimately into the osteological 

material that has been analyzed in this study. Additionally, the early evolution of Aarhus as a 

Viking Age town and some of the material culture recovered from the Viking Age will be 

provided for context. The results of this project will contribute to a better understanding of the 

local diet and food economy in this area of Jutland. The study by Price et al. (2015) did not have 

a marine isotope baseline,4 and their results as well as those dating to the Viking Age in van der 

Sluis et al. (2018)5 will be compared to the fish and animal baselines from Aarhus to determine 

to what extent Danes in the Viking Age were exploiting marine resources of food in comparison 

to what was available on the farm. By combining the results of two previous studies from 

Denmark with our own from Aarhus any variation or trends in diet can be seen between the 

regions. 

Research History 

Isotopic analysis has become a critical cool for the modern archaeological investigation of the 

osteological remains of both humans and animals.6 The utility of obtaining the specific isotope 

ratios in an osteological sample now allow archaeologists to establish trends in landscape 

exploitation with regard to food resources, and in this particular study, the utilization of the 

marine environments versus traditional agriculture and livestock. In the past, material culture and 

written history offered information about subsistence strategies, but often written history lacks 

                                                           
2
 Price, T. Douglas et al. (2015) ‘Galgedil: isotopic studies of a Viking cemetery on the Danish island of 

Funen, AD 800–1050’, Danish Journal of Archaeology. Routledge, 3(2), pp. 129–144. doi: 

10.1080/21662282.2015.1056634. 
3
 van der Sluis, L. G., Reimer, P. J. and Ogle, N. (2018) ‘Adding Hydrogen to the Isotopic Inventory—

Combining δ13C, δ15N and δ2H Stable Isotope Analysis for Palaeodietary Purposes on Archaeological Bone’, 

Archaeometry, (October), pp. 1–30. doi: 10.1111/arcm.12441. 
4 Price, T.D et al. (2015) ‘Galgedil: isotopic studies of a Viking cemetery’, 138. 
5 Van der Sluis, Reimer, Ogle (2018) ‘Adding Hydrogen to the Isotopic Inventory’. 
6 Britton, K. (2017) ‘A stable relationship: isotopes and bioarchaeology are in it for the long haul’, 

Antiquity, 91(358), pp. 853–864. doi: 10.15184/aqy.2017.98. 
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details to describe the lifestyle of the average farmer, laborer, soldier, or sections of the upper 

tiers of society. Written history also covers a scant fraction of the amount of time and geographic 

area that modern humans have inhabited on the planet. Material culture consisting of farming 

implements, hunting gear, animal bones, fishing equipment, and other items related to the 

gathering of food allow for inferences into subsistence strategies. Stable Isotopic analysis is an 

avenue that allows researchers to examine a singular individual or a sampled population for the 

extent to which different types of food are incorporated into the human diet.7  

Strontium isotope analysis has been a boon to archaeologists inquiring about the mobility 

of people in the past. This approach to analyzing material remains in a burial, or more recently in 

cremations has opened up new avenues for researching population mobility in the past.8 

Strontium, a heavier element with a similar structure to calcium, is taken up into bone apatite 

from sources such as water, soil, and air as dust particles and incorporated into the skeleton, hair, 

and nails.9 With advances in technology and methodology, studies on mobility using heavier 

strontium isotopes in bone apatite have been applied to remains from the Stone age, Bronze age, 

Iron age, and Viking age in Scandinavia have added to our understanding of the amount of travel 

happening in this part of the world and who the Scandinavians had contact with.10  

While strontium studies have the added benefit of allowing scientists to sample remains 

that have been buried as well as cremated, there are problems with using this strategy as a sole 

line of evidence for reconstructing mobility patterns. Strontium studies require an understanding 

of the geographic distribution of bioavailable sources of strontium that will be taken up by 

                                                           
7 Bickle, P. (2018) ‘Stable isotopes and dynamic diets: The Mesolithic-Neolithic dietary transition in 

terrestrial central Europe’, Journal of Archaeological Science: Reports. Elsevier, 22(October), pp. 444–451. doi: 

10.1016/j.jasrep.2018.09.017. 
8
 Harbeck, Michaela, Ramona Schleuder, Julius Schneider, Ingrid Wiechmann, Wolfgang W. Schmahl, and 

Gisela Grupe. 2011. “Research Potential and Limitations of Trace Analyses of Cremated Remains.” Forensic 

Science International 204 (1–3): 191–200. https://doi.org/10.1016/j.forsciint.2010.06.004; Harvig, Lise, Karin 

Margarita Frei, T. Douglas Price, and Niels Lynnerup. 2014. “Strontium Isotope Signals in Cremated Petrous 

Portions as Indicator for Childhood Origin.” PLoS ONE 9 (7). https://doi.org/10.1371/journal.pone.0101603.  
9 Harvig, L. et al. (2014) ‘Strontium isotope signals in cremated petrous portions as indicator for childhood 

origin’, PLoS ONE, 9(7). doi: 10.1371/journal.pone.0101603. P. 104. 
10 Price, Douglas, T. D, Karin. M Margarita, Andres. S Siegfried, N Lynnerup, and P Bennike. 2011. “Who 

Was in Harold Bluetooth’s Army? Strontium Isotope Investigation ...” Antiquity 85 (June 2010): 476–89; Frei, Karin 

Margarita, and T. Douglas Price. 2012. “Strontium Isotopes and Human Mobility in Prehistoric Denmark.” 

Archaeological and Anthropological Sciences 4 (2): 103–14. https://doi.org/10.1007/s12520-011-0087-7; 

Wilhelmson, Helene, and T. Douglas Price. 2017. “Migration and Integration on the Baltic Island of Öland in the 

Iron Age.” Journal of Archaeological Science: Reports 12: 183–96. https://doi.org/10.1016/j.jasrep.2017.01.031. 

https://doi.org/10.1016/j.forsciint.2010.06.004
https://doi.org/10.1371/journal.pone.0101603
https://doi.org/10.1007/s12520-011-0087-7
https://doi.org/10.1016/j.jasrep.2017.01.031
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animals and humans. Additionally, baselines of the levels of strontium existing in local 

populations are required to recognize patterns of deviation if they occur.11 Despite having these 

to work with, there is still the possibility of a signature occurring that appears to match one 

location, when similar conditions to create such a signature can occur elsewhere.  

Population mobility and strontium provenance are not the focus of this research project, 

but it has been a focus of archaeologists for some time, and with the same technology used on 

skeletal isotopic analysis for strontium, a more complete understanding of dietary patterns has 

become possible. Carbon, oxygen, and nitrogen isotopes are taken up into the body through the 

various sources of food and water consumed around the world.12 The processes influencing the 

distribution of different isotopes in each person’s body vary by locality, but discernable patterns 

can be recognized in osteological samples. These patterns have been observed by scientists since 

the 1980’s.13 The ability to discern dietary patterns from isotopic signatures provides a new font 

of information about subsistence patterns14, changes in diet through time15, and insights into food 

trading networks when applied to zooarchaeological samples.16 Additionally, dietary studies can 

be used in conjunction with 87Sr/86Sr analysis when a sample of strontium signatures returns 

inconclusive results in a mobility study. This approach was utilized by Price et al. in 2017 to 

determine the possible areas that members of two bronze age armies in the Tollense Valley 

originated from.17 However, not every dietary study can provide a broad-spectrum analysis of 

                                                           
11 Harvig, L. et al. (2014) ‘Strontium isotope signals as indicator for childhood origin’, p. 104. 
12 Makarewicz, C. A. and Sealy, J. (2015) ‘Dietary reconstruction, mobility, and the analysis of ancient 

skeletal tissues: Expanding the prospects of stable isotope research in archaeology’, Journal of Archaeological 

Science. Elsevier Ltd, 56, pp. 146–158. doi: 10.1016/j.jas.2015.02.035. 
13 Chisholm, Brian S, D Erle Nelson, and P Henry Schwarcz. 1982. “Stable-Carbon Isotope Ratios as a 

Measure of Marine versus Terrestrial Protein in Ancient Diets Author(s): Brian S. Chisholm, D. Erle Nelson and 

Henry P. Schwarcz. Published by: American Association for the Advancement of Science Stable, Science, New 

Series 216 (4550): 1131–32. 
14 Mays, S., and N. Beavan. 2012. “An Investigation of Diet in Early Anglo-Saxon England Using Carbon 

and Nitrogen Stable Isotope Analysis of Human Bone Collagen.” Journal of Archaeological Science 39 (4): 867–74. 

https://doi.org/10.1016/j.jas.2011.10.013. 
15 Bickle, Penny. 2018. “Stable Isotopes and Dynamic Diets: The Mesolithic-Neolithic Dietary Transition 

in Terrestrial Central Europe.” Journal of Archaeological Science: Reports 22 (October): 444–51. 

https://doi.org/10.1016/j.jasrep.2018.09.017. 
16 Barrett, James H., David Orton, Cluny Johnstone, Jennifer Harland, Wim Van Neer, Anton Ervynck, 

Callum Roberts, et al. 2011. “Interpreting the Expansion of Sea Fishing in Medieval Europe Using Stable Isotope 

Analysis of Archaeological Cod Bones.” Journal of Archaeological Science 38 (7): 1516–24. 

https://doi.org/10.1016/j.jas.2011.02.017. 

 

https://doi.org/10.1016/j.jas.2011.10.013
https://doi.org/10.1016/j.jasrep.2018.09.017
https://doi.org/10.1016/j.jas.2011.02.017
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strontium, carbon, oxygen, and nitrogen. Budgets, time, and sample constraints dictate what can 

and should be analyzed in a given sample of osteological remains. There have been advances 

within the last decade such as strontium fractionalization, which allows researchers to sample 

strontium sources in hair, enamel, and bone for both mobility and dietary information.18 

With these tools at the disposal of archaeologists, gaps in our knowledge of the day to 

day lives of people in the past have been filled in through studies across several continents and in 

many time periods from the prehistoric to the near present. Douglas Price of the University of 

Wisconsin Madison has been prolific in his collaboration and contributions to studies related to 

both mobility and diet through stable isotopes. Several studies by him and collaborating 

scientists have been published pertaining to diet in the Viking Age both in Scandinavia and in the 

areas the Norse explored and colonized. Price et al. in 2018 took advantage of advances in 

methodology to include cremated remains in a study of remains from Birka and the Mälaren 

region of Sweden.19  The research team laid a thorough foundation for their work with sections 

concerning isotopic baselines through other studies of human and animal remains and an 

overview of the strontium distributions in the local geology. While the 87Sr/86Sr analysis had a 

more in-depth discussion and carried more weight regarding the question of local or foreign 

individuals, the dietary analysis nonetheless informed the researchers that the primary diet of the 

individuals sampled from Birka was of terrestrial plant and animal matter.20 Importantly, the 

archaeological material aside from the osteological sample was well documented and prior 

theories about locality were reviewed and compared to the isotopic analysis, which provides a 

more nuanced picture when combined. Diet was not the primary focus of this study, but the data 

was obtained and factored into the discussion and conclusions. 

                                                           
17 Price, T. Douglas, Robert Frei, Ute Brinker, Gundula Lidke, Thomas Terberger, Karin Margarita Frei, 

and Detlef Jantzen. 2017. “Multi-Isotope Proveniencing of Human Remains from a Bronze Age Battlefield in the 

Tollense Valley in Northeast Germany.” Archaeological and Anthropological Sciences, 1–17. 

https://doi.org/10.1007/s12520-017-0529-y.  
18 Knudson, Kelly J., Hope M. Williams, Jane E. Buikstra, Paula D. Tomczak, Gwyneth W. Gordon, and 

Ariel D. Anbar. 2010. “Introducing δ88/86Sr Analysis in Archaeology: A Demonstration of the Utility of Strontium 

Isotope Fractionation in Paleodietary Studies.” Journal of Archaeological Science 37 (9): 2352–64. 

https://doi.org/10.1016/j.jas.2010.04.009   . 
19 Price, T. Douglas, Caroline Arcini, Ingrid Gustin, Leena Drenzel, and Sven Kalmring. 2018. “Isotopes 

and Human Burials at Viking Age Birka and the Mälaren Region, East Central Sweden.” Journal of Anthropological 

Archaeology 49 (June 2017): 19–38. https://doi.org/10.1016/j.jaa.2017.10.002.  
20 Price et al. 2018, ‘Human Burials at Viking Age Birka’, 33. 

https://doi.org/10.1007/s12520-017-0529-y
https://doi.org/10.1016/j.jas.2010.04.009
https://doi.org/10.1016/j.jaa.2017.10.002
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Birka was also the topic of another dietary study using carbon, nitrogen, and sulfur 

analysis by Liderholm et al.21 The focus of this separate study was the investigation of a 

correlation between identity, social status, grave goods, and diet. One interesting trend from their 

analysis was the noticeably higher marine diet in individuals buried with weapons in their 

sample. However, no noticable difference was observed between the sexes that were buried 

without weapons.22 This study is notable for the descriptive treatment of grave goods as they 

relate to the samples that were taken for analysis. Context is essential in archaeological 

investigation, and particularly a scientific analysis such as this, where raw data carries little 

inherent meaning without the proper context with which to draw conclusions about a population 

and culture. The human remains from Aarhus were not buried in a group cemetery, but rather at 

the home, but this itself is informative in addition to the artifacts that were deposited at 

FHM4573A. 

While stable isotope analysis has been informative and a productive area of research for 

archaeologists, it has also loaned itself to applications outside of traditional research avenues 

concerning culture and people. Osteologists, zooarchaeologists, paleontologists, and ecologists 

have taken advantage of the information provided by stable isotope analysis. For the public, 

evolutionary biologists and paleontologists sometimes appear to only be looking through a lens 

that focuses back tens of thousands or millions of years. However, environments are highly 

dynamic, and our modern observations of wildlife and ecology are influenced by the legacy of 

centuries of urbanization and environmental modification by humans. This is particularly acute 

on the European continent, where dams dot river systems, mass deforestation has cleared land for 

settlements and farming, and important predatory and prey species have either gone extinct or 

have been severely limited in their geographic range. Mobility and diet studies via stable 

isotopes in animals are a key tool to reconstruct past food webs and the life histories of different 

species. However, there are limitations to the applications of this research in the field of 

paleontology. Collagen generally does not preserve well in the fossil record, and studies in the 

                                                           

 
21 Linderholm, A. et al. (2008) ‘Diet and status in Birka: Stable isotopes and grave goods compared’, 

Antiquity, 82(316), pp. 446–461. doi: 10.1017/S0003598X00096939. 
22 Linderholm, A. et al. (2008) ‘Diet and status in Birka’, 451. 
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past have been limited to bone samples from the Holocene.23 With this in mind, Fitzet et al. 

attempted to reconstruct and ancient food web from the Pleistocene epoch in France. From a 

sample of fossils endemic to the area, including wolves, ungulates, foxes, hyenas, and a 

Neanderthal, stable carbon and nitrogen isotopes were analyzed. The modern environment in 

France is no longer host to many of the species sampled from the fossil record, including Canis 

lupus, Bison priscus, Homo neanderthalensis, or Equus caballus germanicus. Additionally, the 

environment has radically changed since the Pleistocene, and the diets and niches of several 

modern animals have possibly shifted to adapt to changing environmental and ecological 

conditions. Fitzet et al. were able to infer far beyond a simple distinction between carnivorous, 

herbivorous, and omnivorous animals. Direct food chains were constructed from their data, 

concluding that in one chain, reindeer were taking advantage of a lichen heavy diet in the colder 

Pleistocene landscape of France, with wolves attaining a significant portion of their diet from the 

reindeer due to the enriched C13 values observed in C. lupus skeletons.24 Finally, the Neanderthal 

results drew a contrast with the wolves. Both appeared to reflect highly carnivorous diets in their 

15N levels, however while the wolves appeared to be preferentially preying upon reindeer, the 

Neanderthal sample suggested a highly carnivorous diet that included many different prey 

animals.25 Thus, in the absence of extent populations of the surviving species in France, it 

appears a food web is still possible to reconstruct through the stable isotopes in preserved fossils, 

in favorable preservation conditions. 

 Scandinavia remains vastly untouched or underdeveloped and maintains a lower 

population density than neighbors to the south. However, human activity has still to a degree 

altered the environment in Norway, Sweden, and particularly Denmark. By some estimates from 

the start of the Neolithic revolution in Scandinavia the landscape became radically altered.26 This 

modification continued to the present day. Therefore, the benefits of drawing upon the research 

conducted by ecologists and paleontologists studying the same region becomes apparent for 

                                                           
23 Fizet, Marc, André Mariotti, Hervé Bocherens, Brigitte Lange-Badré, Bernard Vandermeersch, Jacques 

Paul Borel, and Georges Bellon. 1995. “Effect of Diet, Physiology and Climate on Carbon and Nitrogen Stable 

Isotopes of Collagen in a Late Pleistocene Anthropic Palaeoecosystem: Marillac, Charente, France.” Journal of 

Archaeological Science 22 (1): 67–79. https://doi.org/10.1016/S0305-4403(95)80163-4. Page 70. 
24 Fizet et al. 1995, ‘Effect of Diet, Physiology and Climate on Carbon and Nitrogen’, 75. 
25 Fizet et al. 1995, ‘Effect of Diet, Physiology and Climate on Carbon and Nitrogen’, 77. 
26 Gron, Kurt J., and Peter Rowley-Conwy. 2017. “Herbivore Diets and the Anthropogenic Environment of 

Early Farming in Southern Scandinavia.” Holocene 27 (1): 98–109. https://doi.org/10.1177/0959683616652705. 99. 

https://doi.org/10.1016/S0305-4403(95)80163-4
https://doi.org/10.1177/0959683616652705


8 
 

 
 
 

archaeologists. Contemporary baselines for isotopic analysis lower the risk of complicating 

factors of modern industry, shifting ecological processes, and climate change of influencing our 

interpretations of data when studying the remains of premodern cultures. However, the ground 

work that has been laid over the last decades of research has provided methodologies to not only 

sample and interpret stable isotopes in skeletal remains, but account for the geologic, ecological, 

and body’s processes that influence the uptake of carbon, oxygen, strontium, lead, and nitrogen 

isotopes. As this study has focused on carbon and nitrogen explicitly, it is the variables that 

influence the values obtained during the analysis of osteological tissue that must be kept in mind 

during the interpretation of results and in reaching conclusions. 

 With regards to paleodiet research in Denmark, a limited number of studies have been 

completed with human remains dating to the Viking Age. Carbon and nitrogen analysis on 

Viking Age Norse are at times done in conjunction with remains from other time periods, such as 

the paleodiet research conducted on human remains from the Neolithic, Bronze Age, Iron Age, 

and Viking Age in the Limfjord region of Denmark.27 Some traditional carbon and nitrogen 

studies focusing on Denmark have suffered from lacking baselines of contemporary domestic 

animals or marine fauna.28 Ideally a sample would have both to work with, but the nature of 

archaeological investigations means that samples are sometimes never found or are unavailable 

due to funding or a host of other reasons. Thankfully for this study both marine and terrestrial 

baselines with Viking Age material have been created to compare to the three individuals 

excavated with the faunal material. For the purposes of comparison, the baselines created here 

will be used in conjunction with prior research such as Price et al. (2015) and der Sluis et al. 

(2018) to compare their findings and conclusions with the human remains available for this study 

that were excavated at FHM4573A. 

                                                           
 
27

 van der Sluis, L. G., Reimer, P. J. and Ogle, N. (2018) ‘Adding Hydrogen to the Isotopic Inventory—

Combining δ13C, δ15N and δ2H Stable Isotope Analysis for Palaeodietary Purposes on Archaeological Bone’, 

Archaeometry, (October), pp. 1–30. doi: 10.1111/arcm.12441. 
28 Price, T.D. et al. (2015) ‘Galgedil: isotopic studies of a Viking cemetery on the Danish island of Funen, 

AD 800–1050’, Danish Journal of Archaeology. Routledge, 3(2), pp. 129–144. doi: 

10.1080/21662282.2015.1056634, p. 138. 
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Aarhus and Denmark in the Viking Age 

 The term ‘Viking Age’ is a term for a transitional period in Scandinavian prehistory that 

unfortunately does not have a universally established beginning and end. For the purposes of this 

paper, the Viking Age begins with the infamous raid on the English monastery at Lindisfarne in 

793 and ends with the defeat of Harald Hardrada in 1066.  

In the earlier part of the Viking Age there were a scant handful of trading outposts and urbanized 

areas. Even moving into the late Viking Age only approximately three to four thousand people 

lived in the four largest towns of Birka, Ribe, Kaupang, and Hedeby29. For nearly all the 

prehistory of agrarian Scandinavia, it was a rural and clan-based existence centered around the 

long house and the farm. However, while towns were a relatively late development, appearing at 

the end of the Iron Age and slightly before the Christianization of Denmark, Norway, and 

Sweden, the Scandinavian peninsula was a heavily militarized area during the Iron Age. 

Fortresses and military encampments capable of housing many dozens or hundreds of soldiers 

are scattered across the landscape. Centers for gathering and projecting military power such as 

Ismantorps fornborg on the island of Öland in Sweden were fortified positions in the Iron Age. 

However, mercantile urban centers would not appear in Scandinavia until Birka emerged on the 

island of Björkö in Sweden sometime in the second half of the eighth century. Being a staging 

area for trade and likely many of the raids of the Varangians who explored the Volga trade route. 

Aarhus did not emerge as one of the most important towns until a second wave of urbanization in 

Scandinavia occurred around the turn of the millennium.30 An important difference between the 

first and second waves of urbanization is the cause for the emergence of the towns. With the first 

wave, towns like Birka are suggested to have organically grown from seasonal trading centers. In 

contrast, towns in the second wave were generally planned settlements.31 Curiously, all the towns 

from the first wave of settlement were for various reasons either eventually abandoned, or in the 

case of Ribe, disappeared from the archaeological record before later reappearing and continuing 

to the present day. In contrast, all towns from the second wave of urbanization are still thriving 

cities in modern day Denmark, Norway, and Sweden. Why these settlements began to 
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organically coalesce at the beginning of the Viking Age is still discussed, but it is likely that a 

key factor were the emerging elite families wielding power from central locations. From these 

seats of power, trade hubs sprouted up and populations began to grow over time. 32  

By the time Aarhus was founded, Denmark was solidifying into a single political entity.33 

State formation had been an ongoing process for some time in the Viking Age, however in the 

tenth century Harold Bluetooth came to power and ordered the building of the famous runestones 

and burial mounds at Jelling and had carved into stone the following proclamation. 

 

“Haraldr konnungr bað gǫrva kumbl þausi aft Gorm faður sinn auk aft Þórví móður sína. Sá 

Haraldr es sér vann Danmǫk alla auk Norveg auk dani gærði kristna.”34 

“Haraldr king commanded these memorials be made after Gorm his father, and after Þórví his 

mother. That Haraldr who for himself won all Denmark and Norway and made the Danes 

Christian”. 

It is still an open question whether Denmark was made a single political entity with the rule of 

Bluetooth or if Harold had simply seized power in a kingdom that had already been unified.35 

Regardless, Harold’s rule from 958-987CE makes him a likely candidate for either ordering the 

construction and settlement of Aarhus or was responsible for encouraging its growth 

substantially. Aarhus was situated in an area that offered both economic and strategic 

advantages, being situated on the Kattegat on the east coast of northern Jutland. The city became 

heavily fortified in the tenth century, much like other towns in the Baltic Sea such as Lund and 

Wolin.36 It is likely that a fortified, central geographic position in Jutland between the three 

emerging royal powers of Norway, Denmark, and Sweden would have offered traders an 

appealing stopover travelling from Gotland or Sigtuna in Sweden and sailing onward to 

Trondheim or Oslo in Norway. In addition, the port was located such that it could serve regions 

                                                           
 
32

 Somerville, A. A. and McDonald, A. R. (2013) The Vikings and Their Age. 1st edn. Edited by P. E. 

Dutton. Toronto: University of Toronto Press. p.7. 
33 Olsen, Olaf. 1989. “Royal Power in Viking Age Denmark.” Syvende Tvaerfaglige Vikingesymposium, 7–

20. 28. 
34

 Brink, Price. “The Viking World”, 276. 
35 Brink, Price. “The Viking World”, 652. 
36

 Brink, Price. “The Viking World”, 152. 



11 
 

 
 
 

in nearby northern Germany. As Denmark solidified into a singular kingdom from the petty 

kingdoms and jarldoms in the ninth and tenth centuries, it was positioned to take advantage of 

the geographic positions of several major centers of commercial activity. The Danes had 

terrorized their neighbors as Viking raiders for approximately two centuries, but state formation 

was occurring at home. Harold Bluetooth oversaw the construction of large-scale military 

fortifications across his kingdom such as the ring fortress at Trelleborg and garrisoned them with 

substantial numbers of warriors both from Denmark and from abroad.37 However, with the 

construction of new urban centers such as Aarhus, trade would become a lucrative source of 

income and power in the region. As an archipelago that functions as the gateway of trade 

between the Baltic sea and the North Atlantic, Denmark offers several military and commercial 

advantages to its monarchs.38 As the early medieval kingdom continued to shift from the 

decentralized and rural Iron Age farmlands into a stratified and cohesive land, urban centers 

grew in population and size The bands of sea borne raiders that were a hallmark of the first part 

of the Viking Age gradually gave way to larger, more organized invasions backed by royal 

power. 

 In addition to the process of state formation that Denmark was experiencing in the tenth 

century, and transformative position of Aarhus as a Viking Age town, the environment of Jutland 

from which animal species have been sampled must be taken into consideration for the 

discussion of isotopic results. Aarhus is positioned on the southeast coast of the Jutland 

peninsula. It is surrounded by the Danish archipelago and the Kattegat. The Kattegat is the ocean 

gateway between the Baltic sea and the north Atlantic. While migrating animals possess the 

ability to migrate through this marine gateway, animals such as the Atlantic cod used for part of 

this study have developed genetically distinct populations; the trade of which has been tracked 

through the medieval period in both isotopic and genetic studies.39  
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Carbon and Nitrogen Uptake in Skeletal Material 

Thus far, the data from isotopic studies on animals with material obtained in Scandinavia is 

relatively limited in comparison to the number of studies that have been completed with bones 

attributed to H. sapiens.40  Skeletal remains that have not fossilized are primarily composed of 

cellular tissue known as collagen and nonorganic mineralized apatite. Each of the two parts acts 

as reservoirs from which archaeologists can analyze different elements for mobility and diet 

studies. Mineralized apatite is of importance for strontium-based mobility analyses, though 

strontium recently has become informative regarding dietary patterns.41 Cellular collagen is the 

organic matrix which allows bone to retain a great degree of strength while minimizing 

brittleness. Carbon and nitrogen preserve primarily in bone collagen and will be the focus of this 

study. Due to the organic rather than mineralized nature of collagen, it resists the taphonomic 

processes much less than mineral apatite. Despite this, improvements in modern collagen 

extraction methodologies such as ultrafiltration now allow for higher yields of collagen that 

reflect more accurate isotope ratios.42 Other sources for sampling stable isotopes from human 

remains can include hair, nails, and enamel. Each of these sources differ in the time scale that 

isotopes can be sampled and analyzed.43 Hair and nails offer a time scale of weeks or months, 

informing researchers of the diet of an individual close to the time of death. However, there are 

limited scenarios in an archaeological context when these types of material are preserved and 

able to be used. Tooth enamel allows diet patterns from childhood to be examined, since 

permanent teeth are formed and erupt prior to physical maturity. The cellular structure of bone 

replaces the mineralized apatite, and the isotope data imbedded within at varying rates depending 

on the bone type and the age of the individual.44 
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 Stable carbon analysis as an indicator of diet in this study and others similar to it are 

concerned the ratios of the isotopes δ13C and δ15N in the bone collagen.45 Carbon is incorporated 

into bone collagen through several means depending on the trophic level of a consumer as well 

as the environment. With the several omnivorous species included in this study, including H. 

sapiens, carbon can be consumed from both floral and faunal sources of food. Considering the 

differing environmental conditions and metabolic processes between marine, aquatic, and 

domestic species that are all sampled here, the factors that impact isotope uptake must be kept in 

mind. Marine food webs have different primary consumers of carbon and nitrogen, and the food 

chains are on average longer than they are in terrestrial environments.46 In the case of oceanic 

environments where many of the fish in this study were caught, primary sources of nitrogen and 

carbon typically start with surface plankton or chemotrophic organisms on the sea floor. The 

samples in this study consist of widely exploited fish species for food in the Viking Age. With 

the array of fish species and number of individuals sampled, descriptive statistics from some 

species of fish can be created for the marine component of the nitrogen and carbon baselines. 

The primary source of stable carbon in terrestrial food webs generally begins with plants. 

Plants have evolved several strategies to carry out photosynthesis in an efficient manner that 

allows them to thrive in most biomes. The two primary pathways for photosynthesis to occur are 

the C3
 and C4 pathways. These pathways refer to the number of carbon atoms in the molecular 

chain used at a specific step of the photosynthetic process.47 Plants with a C3 pathway make up 

the bulk of terrestrial species in northern Europe. In an environment with mixed C3 and C4 

plants, carbon analysis would be informative of the types of plants that were being consumed. 

Several important agricultural crops also take advantage of the C3 pathway, including barley, 

oats, and wheat. Millet constitutes the only agricultural crop known to be used to any notable 

extent in Europe during the Viking Age which uses a C4 photosynthetic pathway.48 In this study, 

C13 analysis will be more useful to indicate sources of protein rather than plant matter in the diet. 
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Nitrogen is primarily found most abundantly in stable N2 that is uniformly distributed in 

earth’s atmosphere. 15N by comparison in the atmosphere is nearly absent. 15N is found in soil, 

rock, and absorbed by organisms through the food web and concentrated through rising trophic 

levels.49 Marine food chains generally concentrate higher levels of 15N by virtue of them being 

longer and receiving their primary sources of nitrogen in the form of recycled nitrates. Analyzing 

the nitrogen isotopes present in human bone allows inferences to be made with respect to the 

trophic level of the individual, or how much of the diet consisted of protein.50 Aarhus was and is 

a coastal town in the Baltic Sea, and oceanic fish species made up part of the diet of the people in 

the past as it does in the present. Domesticated animals were also of importance to the people 

settled there in the Viking Age. The isotopic ratios of 15N when used in conjunction with the 

stable carbon values allow researchers to differentiate between domestic and marine sources of 

protein matter, as well as terrestrial or marine sources of plant matter in long term diet trends. 

With Aarhus being a town that likely exploited both marine and domestic sources of protein and 

plants, understanding how much of each source constituted the diets of the inhabitants of 

Denmark will allow us to understand the lifestyles of the residents in the Viking Age. This data 

however should not be observed in isolation, but rather given a more detailed illustration with the 

other artifacts that have been excavated from the Viking Age in Jutland and in Aarhus.  

Artifacts from the Viking Town of Aarhus 

Excavations within the city of Aarhus, also known in the Viking Age as Aros have recovered 

artifacts and documented features that are confidently dated as far back as the early ninth century 

CE.51 The specific excavation that provided the materials for this study, known as FHM4573 

took place at Skt. Clemens Stræde 10 and Åboulevarden 60 in the downtown center of Aarhus 

during 2002. The early Viking Age section of the settlement excavated consisted of a trench and 

a pair of mill houses with a separate pit house that contained a hearth and oven that lasted until 

the first phase of the town’s fortification in 934 CE. This location has since had a basement 
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museum constructed under a bank, where some artifacts recovered have been put on display with 

replicas of others, and the museum sits atop the early layers of the Viking Age town.52 Part of the 

Viking Age ramparts that fortified the town were uncovered and are on display at the Viking 

Museum constructed at the site. FHM4573 lies within one hundred meters of the current river 

that cuts through the modern downtown area. During the Viking Age, this section of the town 

was located in the southwest corner, nearby and including the fortified rampart.53 The town was 

banked by the river on the southern border, and the bay on the eastern edge.  

The excavation was divided into 3 subsections. The two primary sections are labeled as A 

and B, with a smaller section labeled C. All bones that were sampled for stable isotope analysis 

were obtained from section A. Figure 1 shows the layout of the sections A, B, and C, as well as 

the neighboring excavation.  Due to the nature of the cultural layers being below an existing 

building undergoing renovation, the archaeological investigation and recording of complete 

cultural layers with the full extent of the perimeter was not possible.54 However, what was able 

to be recovered was excavated and recorded using a Harris Matrix. Soil samples, artifacts, bones, 

and a recorded and measured floor plan was sent back to the Moesgaard Museum. The layers of 

this excavation are divided into the following phases. Major cultural activity in each layer has 

been described in order to differentiate each phase. These phases are ordered with 0 as the oldest 

and 10 as the youngest according to the stratigraphy. 

Phase 0: Original moraine layer 

Phase 1: First occupation layer 

Phase 2: East to west ditch in A126, early Viking Age 

Phase 3: Cultural layer and filling of ditch in A126 

Phase 4: Town growth 

Phase 5a: Pit house I and II 

Phase 5b: Pit houses filled in 

Phase 6a-e: House with changing kiln, hearth, and plants 
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Phase 7: First phase of fortification, 934 CE 

Phase 8: Second phase of fortification, second half of the tenth century 

Phase 9: Medieval stone well in A238, late fifteenth century 

Phase 10: Recent layers of occupation 

The different phases of the site represent distinct shifts in occupation patterns either through 

artifact patterns or structural changes to the features in the site. They also represent distinct 

occupation patterns. Phase 2 contains some of the earliest indications that the site had been 

settled and developed, with a trench running east-west about twenty meters. Another section of 

this trench was excavated on a separate site labeled FHM 4433.55 The trench was likely running 

along the edge of the settlement and resembles another urban ditch from Ribe. However, there 

are still no firm conclusions concerning the utility of this trench. Artifacts recovered from this 

layer include two glass beads, clay weights, and bones of mammals and fish. No artifacts can 

definitively date this stratigraphic layer, but because the trench lies below the construction of the 

pit house, the layer likely dates to the first half of the ninth century. The archaeologists note that 

it cannot be ruled out that this habitation layer may in fact be older.56  

 Phase 3 contains continued occupation and the trench is filled in at some point in this 

layer. Additional hearths are found in this context, this layer contains an increase in charcoal, 
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Figure 1: Layout of sections A, B, and C of FHM4573 with neighboring FHM 4433 
set in the modern downtown area of Aarhus. 
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ash, and occasional burned clay. Ceramics recovered from context layers in this phase can be 

identified as typologies dating to between 800 and 1000 CE.57 The fortifications are laid over this 

phase however, so phase 3 can be placed between 800 and 934 when the fortifications were 

constructed. 

 Phase 4 contains the earliest cultural layers that have provided animal bones for isotopic 

analysis in this project. Several artifacts have also been recovered from this phase that illustrate 

the increasing amount of activity in the Viking town of Aarhus. Gray burned Viking type 

ceramics have been found in several contexts in Phase 4. One ceramic vessel of special interest is 

a trace of what may be a feldberger-type ceramic vessel. This type is imported from Slavic areas, 

indicating items from this area were being brought to Aarhus either through trade or plunder. 

None of the artifacts provide a narrow date range unfortunately, but it can be firmly stated that 

the artifacts belong to a period between 800 and 934CE, likely belonging to the earlier portion of 

this date spectrum. 58 

 Phase 5 contained additional animal bones that have been included in this study. This 

layer contains two pit houses labelled I and II, though it is unknown which predates the other. 

These houses are in contexts A10, A53, A54, and A55. Faunal bones found in these contexts 

have been included in the samples that were analyzed in this project. The samples have their 

respective contexts assigned that can be found in appendix 1. Pit house I has a round floor plan 

with two post holes in the east and west sections of the house. There was likely a work space in 

the eastern section of this house.59 Phase 5b contains several artifacts, including blue glass beads, 

weave scales, mammal bones, and seeds. The second pit house also had a circular floor plan but 

was cut into when the first phase of fortifications was constructed. There is one post hole in this 

house in the west side, but the matching opposite post hole appears to have been covered by the 

fortifications. Additional artifacts from this phase near the pit houses include a bone needle, 

knife, and burned clay. 60 Two burials were also excavated which will be discussed in additional 

detail later. With the artifacts recovered from the pit house layers, as well as the firm upper limit 

of 934 CE for the existence of the structures before the fortifications, the team of archaeologists 
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who conducted the excavation of FHM 4573 have concluded the two pit houses were occupied 

between 800 and 900 CE.61 

 Phase 6 contains additional occupational layers that have provided animal bones for this 

project. During this phase a new, larger house was constructed over the two earlier pit houses. 

The house is 7 meters wide with roof bearing posts and walls. However, the total length is 

unknown. Up to 30 separate floor layers are known from this house.62 This phase is divided into 

a-e to reflect different phases of the house with a being the oldest layer. The floor layers 

contained 116 ceramic sherds. The ceramics included both domestic and Slavic styles of pottery. 

A Frisian dish was also recovered. Other recovered artifacts were more glass beads, comb 

fragments, metal foil, and the largest collection of animal bones used for this study. Iron scraps, 

raw glass, processed bone, nut shells, and flint have also been recovered from the contexts within 

the house.63 Two human teeth were recovered in context A7 belonging to the youngest layer of 

the house. The house existed between but no later than the mid-800s and the construction of the 

fortification in 934 CE.  

Phase 6 is the last phase from which faunal osteological samples were taken. While 

precise radiometric dating of the material is not available, an upper limit for dating is established 

with the construction of the fortification that overlays the structures described above. None of the 

samples are from cultural layers after 934 CE. For more specific date ranges for bones recovered 

in each context, in addition to a complete description the geology, layout, and precise lists of 

artifacts and their contexts, consult Domsogn 2003.64 The structures contain artifacts that 

demonstrate that Aarhus was importing material goods from abroad. Slavic ceramics and glass 

beads appear to be the most common foreign objects. Whether or not these were obtained 

through trade or raiding abroad is cannot be determined. Large quantities of animal and fish 

bones in addition to several hearths and ovens indicate a domestic nature of these structures. 

Other artifacts used in a home such as the combs and needles provide additional evidence of this.  
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Galgedil in the Viking Age 

The Viking Age cemetery from which one set of human isotope values come from the north of 

the island of Funen in Denmark, as part of a previous study.65 Due to the small number of dietary 

studies from the Viking Age in Denmark the comparison of our results with those from Galgedil 

will help paint a larger picture of the diets of Danes in the Viking Age. These values will be 

plotted with the terrestrial and marine baselines we have constructed in addition to the three 

individuals obtained from FHM4573A. 54 graves were excavated between 1999 and 2005 near 

Galgedil.66 61 individuals in total were excavated, revealing that some graves contained multiple 

burials. Two cremations were present. In the 19th century quarrying of the area destroyed some 

of the original graves, so the original number of burials is unknown. The cemetery lies about 

5km from where the Viking Age coastline would have been. The burials themselves are thought 

to represent pre-Christian Danes due to the orientation of the graves in addition to the grave 

goods that have been found with the human remains. However, at some point during the use life 

of the cemetery a shift in burial practices did occur.67 The full date range that was acquired via 

14C radiometric dating spans from 770-1210CE. Most of the date ranges lie between 880 and 

1060, and the dating of this cemetery place the inhabitants of this area as contemporaneous with 

the faunal sample acquired from Aarhus. Figure 2 is a layout of the cemetery with all graves 

sampled for 14C dating, strontium provenience, and genetic testing. To date there is no known 

local Viking Age settlement near Galgedil, though this cemetery was in use for 250 years.68 
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The Limfjord Region 

The Limfjord region lies to the north west of Aarhus, in on the western edge of the Jutland 

peninsula. As a fjord structure it consists of a shallow ocean inlet. Aarhus is approximately 160 

kilometers to the southwest of this area During the Viking Age this area was partially 

inhabitable, with limited areas of arable land.69 This facilitated the essential role of ship born 

travel in the area. The oceanic inlet functioned as an important center of maritime traffic between 

the British Isles, Norway, and Denmark. This region is partially notable for being the home to 
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Figure 2: The Viking Age cemetery at Galgedil, courtesy of Price et al. 2015. 
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the largest Viking fortress in Denmark, known as Aggersborg.70 This fortress functioned as a 

stronghold with which to moderate marine traffic going through Limfjord. Settlements in this  

area seem to have persisted for lengthy periods of time, with some founded during the Late 

Roman Iron Age and existing into the Early Medieval Period.71 Figure 3 above is an overview of 

the region where human samples were taken for the multi-period dietary study by der Sluis et al. 

(2018). Viewing the satalite map with the distribution of human remains taken for the multi- 
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Figure 3: The Limfjord region of Denmark, listed with human samples taken for der Sluis et al. (2018). Image Courtesy of der Sluis 
et al. (2018). 
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period study, this was a densely populated area over several periods of Danish prehistory. 

Despite several sites being near the coast, after the Neolithic revolution in Denmark marine  

sources of protein would not constitute a major source of food until the Viking Age when marine 

environments appear to have been exploited more than they had been in the Iron Age.72  

The Farm in Scandinavia in the Viking Age 

From a quick overview of the domestic animal remains recovered from the excavation of 

FHM4573 in Aarhus, a Viking Age farm in Denmark overall is not dissimilar from a modern 

family farm. Pigs are the most represented species in the animals available, followed by sheep 

and cows. Individual finds of a cat, goose, crow, pidgeon, chicken, and a duck are also present, 

showing a mix of animals with nothing that would be out of place in rural Denmark today. The 

large number of intact fish bones recovered is impressive when considering how delicate and 

sensitive fish bones are to taphonomic processes. In addition to the domestic animals being 

consumed by the inhabitants, a significant number of marine animals were being processed and 

consumed on site. Farms in the Viking Age usually comprised of a primary structure such as a 

long house. Secondary structures such as pit houses similar to those excavated at FHM4573 

would be located nearby and used as workshops.73 Considering only the pit houses and the third 

larger building built over the two pit houses were found, it is possible that a larger hall or traces 

of a hall are still in-situ near the site. Farms in the Viking Age varied in size widely. Some farms 

consisting of only a couple buildings like the pit houses excavated in Phase 5, with the largest 

magnate farms having a large hall and several secondary buildings with 10-15.000 m2 of acreage. 

Groups of farms and towns in Denmark tended to be organized in delineated tofts with clear 

divisions of land.74 Figure 3 illustrates farms with their respective buildings and yards from the 

Viking Age village at Vorbasse in Jutland Denmark.  
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Materials and Methods 

The animal samples obtained from FHM4573A in Aarhus have been divided into two primary 

groups: domesticated animals and fish. The domesticated animals consist of the following 

species: A. anser, B. taurus, C. corone/frugilegus, E. cabballus, F. catus, and S. domesticus. The 

fish genera consist of Gadus, Pleuronectidae, Belone, Perca, Melannogrammus, Clupea, 

Cyrprinid, Anguilla, Platichthys, and Salmonidae. Tables 11-15 in appendix 1 contain the 

catalogued data of the faunal samples prior to isotopic analysis. Each sample was given a unique 

MOS designation is the lab identification. All samples were taken from site FHM4573A and 

were taken from different contexts labeled with a corresponding letter and context number (A78, 

etc). These context numbers correspond to the documentation outlined above in the site report. 

The weight of bone removed before processing the sample were documented, as well as the 

collagen yield for isotopic testing and the percentage of the collagen yield. The bone weights for 

terrestrial animals prior to collagen extraction ranged from 138.9mg to 294.6mg, with collagen 

yields ranging between 4.4mg and 39.9mg. For the fish the bone weights prior to collagen 

Figure 4: the Viking Age village at Vorbasse, courtesy of Price 2008. 
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extraction ranged from 12.1mg to 303.8mg. Collagen yields for fish ranged from 0.5mg to 

18.1mg. Table 1 contains all preliminary information for the domestic animal samples prior to 

analysis in the isotopic laboratory, including the bones that were used for sampling. Tables 2 

through 6 are the fish samples divided out with the identical preliminary information 

documented for sample analysis. During the excavation of what is now labeled Phase 5 in 

FHM4573A, two human burials were uncovered. These human burials were associated with the 

two pit houses discussed earlier. Three bones were taken from these burials, but a minimum 

number of individuals was not initially available before isotopic analysis was carried out. The 

data obtained from these three samples are included in table 4 in the results section. All isotopic 

analysis was carried out at Moesgaard ArchaeoScience Laboratory in the Department of 

Archaeology and Heritage Studies at Aarhus University. Keeping in mind that no osteological 

samples from Aarhus in this study date to after 930CE, and the earliest samples were taken from 

a context dated to the mid ninth century, the nitrogen and carbon isotope study solely consists of 

samples taken from the Viking Age in Aarhus over approximately one century. 

Samples that are assigned an MOS with decimal numbers represent fish samples that 

were originally intended to be multiple bones from a single bag of bones of the same species 

from the same context in order to extract an acceptable collagen yield. These were subsequently 

divided into individual samples when it was determined that the individual bones would likely 

have an acceptable collagen yield for nitrogen and carbon analysis. These samples are labeled as 

501.1, 501.2, etc. in the tables in appendix 1 and tables 1-5 below in the results. Collagen 

extraction was carried out at the Aarhus University archaeology laboratory at the Moesgaard 

campus in accordance with the University of California Irvine extraction protocol.75 A 

photographic log of every bone prior to the sample being taken was created for record keeping 

and future reference if needed. Hand held tools were used to obtain pieces of bone to be weighed 

and catalogued. Samples were then placed in a 0.5 N solution of HCl and monitored as they 

demineralized. Periodically the HCl was drained and the tube as well as the sample were rinsed 

with MQ water with clean plastic pipettes and the samples were placed in a fresh solution of 0.5 

N HCl to continue the demineralization process. When needed solutions of 0.25 N were 

                                                           
75 Irvine, U. of C. (2010) ‘UCI AMS Facility Method: Chemical Pretreatment for Bone Ultrafiltration 

Method’. Irvine: University of California press, pp. 1–2. 
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substituted for 0.5 N HCl to facilitate better collagen yield in more delicate samples. The 

demineralized samples were then placed in a tube of 0.01 N solution of HCl and gelatinized 

overnight in a heat block at 60°C. The gelatinized collagen of most samples was then 

ultrafiltered. Some of the bone samples were too small, however on bone samples large enough 

ultrafiltration with a centrifuge and Fisher Scientific ultrafilters was used to prepare collagen 

UCI guidelines.76 Once the ultrafiltration process was complete, the collagen was frozen 

overnight and then put through a vacuum freezer for drying. The dried collagen at the end of the 

process was collected from the tubes and weighed before being sealed in a transport tube for 

isotopic analysis. Isotopic analysis was then conducted as stated at the Aarhus University 

archaeology laboratory at the Moesgaard campus. 

Price et al. (2015)77 contains data tables of the carbon and nitrogen results from a sample 

set of human remains from the Galgedil cemetery on the island of Funen in Denmark. Their 

study analyzed 40 individuals for both carbon and nitrogen isotopes from human bone 

collagen.78 The graveyard at Galgedil is about a hundred and forty kilometers south of Aarhus.  

The human remains that were analyzed for Pransgaard et al. are contemporaneous with the 

animal and human samples from Aarhus, dating to approximately 800-1060CE.79 These dates 

were obtained through nuclear δ14C analysis of 8 samples of both human material and charcoal 

from the site. While the Galgedil study used terrestrial animals for a baseline, it lacked a marine 

animal baseline that is now available with the carbon and nitrogen analysis of the faunal remains 

from FHM4573A. The data tables contained in Price et al. (2015) have been included alongside 

the results from Aarhus in appendix 1.  

The project completed by der Sluis et al. (2018) gathered a large database of human 

isotopic results spanning from the Mesolithic to the Viking Age with the goal of tracking shifts 

in dietary patterns through Scandinavian prehistor.80 Their research incorporated δ2H stable 

isotope analysis in addition to Nitrogen and Carbon. The remains used for their project were 

                                                           
76

 Irvine (2010), ‘UCI AMS Facility Method’, pp 4-5. 
77 Price, T.D et al. (2015), ‘Galgedil: isotopic studies of a Viking cemetery’, pp. 129–144. 
78

 Price, T.D et al. (2015), ‘Galgedil: isotopic studies of a Viking cemetery’, 140. 
79

 Price, T.D et al. (2015), ‘Galgedil: isotopic studies of a Viking cemetery’, 130. 
80 van der Sluis, L. G., Reimer, P. J. and Ogle, N. (2018) ‘Adding Hydrogen to the Isotopic Inventory—

Combining δ13C, δ15N and δ2H Stable Isotope Analysis for Palaeodietary Purposes on Archaeological Bone’, 

Archaeometry, (October), pp. 1–30. doi: 10.1111/arcm.12441. 
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collected from several sites around Limfjord region of Denmark illustrated earlier. Remains 

analyzed that are dated to the Viking Age are included in a plot of isotopic data against the 

baselines obtained from Aarhus. The data from their carbon and nitrogen analysis of the human 

remains in addition to Galgedil creates a larger pool of results for humans in Denmark in the 

Viking Age. These additional studies of human diets in Viking Age Denmark will be plotted 

with our own results to establish either a trend or possibly a variation of dietary strategies in 

Denmark. The data tables from Der Sluis et al. (2018) have been included with our own and 

those from Price et al. (2015) in appendix 1.  

Results 

One hundred-thirteen faunal specimens yielded enough collagen for isotopic testing. Twenty-one 

domesticated animals and ninety-two fish samples were isotopically analyzed. The fish 

specimens yielded results for twelve different species. Tables 1-4 below contain the isotopic 

results of the faunal bones. Table 5 includes the three human bones used for analysis from 

Aarhus. All three human bones from Aarhus yielded collagen for isotopic analysis. Table 11 in 

appendix 1 includes the carbon and nitrogen results from the samples taken at Galgedil by Price 

et al. (2015) which will be used for comparison with the animal baselines. Scatter plots have 

been created mapping the distribution of all the animals analyzed from Aarhus. Additional plots 

include the results from Galgedil obtained from Price et al. (2015) and der Sluis et al. (2018) 

from which comparisons can be drawn between the carbon and nitrogen results from the 

respective sites. Finally, tables including the descriptive statistics of the Cod, Haddock, Carp, 

Perch, and Salmon have been created with means, standard deviations, and confidence intervals.  

Table 1 begins with the domesticated animals, followed by the fish in tables 2 and 3, and finally 

the human results in table 4. 
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All domesticated animals included in this project except two S. domesticus were adult 

specimens. Only these two would possibly have δ13C or δ15N signatures altered from nursing on  

milk from a mother.81 Both juvenile S. domesticus have the highest δ15N values of their species 

in this sample at FHM4573A, likely due to this effect. Sample 461 has a value of 3.51‰ and 

3.55‰ for sample 469. The carbon values of these two specimens are at -21.38‰ for sample 461 

and -21.0‰ for sample 469. -21‰ is the highest value of the S. domesticus available for this 

project, but sample 461 is on the lower end at -21.38‰. Due to the low number of individuals for 

the rest of the species, no significant inferences can be made except in comparison to individuals 

of different species within the sample. The collagen obtained from the samples was of good 

quality, ranging from 32.9-35.8% characteristic of the west European average.82 

                                                           
81 Miller, J. F., Millar, J. S. and Longstaffe, F. J. (2011) ‘Stable nitrogen and carbon isotope discrimination 

between juveniles and adults in an income-breeding small mammal (Peromyscus maniculatus)’, Mammalian 

Biology. Elsevier GmbH, 76(5), pp. 563–569. doi: 10.1016/j.mambio.2011.02.006. 
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456 Anatidae Ulna -20.22 11.83 46.14 15.66 3.44 33.9 

471 
Anser anser (cf. 

domesticus) Humerus -21.47 6.06 44.06 15.34 3.35 34.8 
472 Bos taurus Radius -21.30 6.23 44.28 15.84 3.262 35.8 
473 Bos taurus Metapodial -21.29 5.50 45.29 15.3 3.45 33.8 
455 Columbiadae Tibiotarsus -21.33 4.26 42.49 14.59 3.40 34.3 
457 Corvus corone/frugilegus Radius -17.54 11.51 44.34 15.145 3.418 34.2 
464 Equus caballus Coxae -21.76 5.30 44.95 14.93 3.51 33.2 
460 Felis catus Mandible -19.90 10.28 45.18 15.24 3.46 33.7 
454 Gallus domesticus Femur -20.23 11.34 44.68 15.03 3.47 33.6 
458 Ovis/Capra Ostragalus -21.15 6.76 44.87 14.49 3.61 32.3 
463 Ovis/Capra Ostragalus -21.44 6.86 44.31 15.17 3.41 34.2 
453 Sus domesticus Humerus -21.30 6.13 44.58 15.09 3.45 33.8 
465 Sus domesticus Humerus -21.36 7.07 43.98 14.76 3.48 33.6 
466 Sus domesticus Humerus -21.21 7.04 44.2 14.88 3.47 33.7 
467 Sus domesticus Humerus -21.36 7.84 43.04 15.015 3.347 34.9 
468 Sus domesticus Humerus -21.02 5.69 44.16 15.08 3.42 34.1 
470 Sus domesticus Humerus -21.71 6.88 45.44 15.65 3.39 34.4 
461 Sus domesticus (Juvenile) Metapodial -21.38 8.89 44.02 14.62 3.51 33.2 
469 Sus domesticus (Juvenile) Metapodial -21.00 7.55 43.73 14.39 3.55 32.9 

         

Table 1: Domestic animal isotopic results 
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82 Van Klinken, G. J. (1999) ‘Bone collagen quality indicators for palaeodietary and radiocarbon 

measurements’, Journal of Archaeological Science, 26(6), pp. 687–695. doi: 10.1006/jasc.1998.0385, 691. 
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593 Anguilla anguilla Vertebrae -21.1 8.6 42.62 15.54 3.2 20.6 
594 Anguilla anguilla Rib -21.8 8.8 43.63 15.61 3.3 20.9 
595 Anguilla anguilla Vertebrae -20.5 9.5 39.91 13.18 3.5 26.8 
574 Anguilla anguilla Vertebrae -21.4 8.6 42.72 14.68 3.4 23.1 

553.1 Belone belone Vertebrae -13.6 10.3 41.07 13.56 3.5 26.1 
553.2 Belone belone Vertebrae -13.2 11.1 42.38 13.89 3.6 25.6 
563.1 Clupea harengus Vertebrae -14.9 9.2 41.43 13.51 3.6 26.5 
563.2 Clupea harengus Vertebrae -15.6 10.6 40.95 13.58 3.5 25.9 
565.5 Clupea harengus Vertebrae -12.7 9.3 41.42 14.18 3.4 24.0 
565.1 Clupea harengus Vertebrae -14.95 8.016 42.11 14.15 3.47 24.6 
580.1 Clupea harengus Vertebrae -14.6 9.0 41.38 14.71 3.3 22.3 
580.4 Clupea harengus Vertebrae -13.8 9.4 41.5 14.5 3.3 23.0 
580.5 Clupea harengus Vertebrae -13.9 10.5 43.06 15.08 3.3 22.1 
580.6 Clupea harengus Vertebrae -14.6 10.6 40.64 13.52 3.5 25.9 
581.3 Clupea harengus Vertebrae -13.9 9.5 40.38 14.09 3.3 23.7 
581.4 Clupea harengus Vertebrae -15.7 10.5 41.22 14.58 3.3 22.6 
581.5 Clupea harengus Vertebrae -15.0 10.7 39.65 13.89 3.3 24.0 
582.2 Clupea harengus Vertebrae -13.7 9.4 37.45 13.14 3.3 25.3 
566 Carassius carassius Jaw -23.1 6.0 43.36 14.57 3.5 23.8 
567 Carassius carassius Jaw -24.0 5.3 43.36 14.02 3.6 25.7 

568.2 Carassius carassius Vertebrae -22.7 4.2 41.68 13.77 3.5 25.6 
568.4 Carassius carassius Vertebrae -22.8 5.0 39.78 13.12 3.5 27.0 
575 Carassius carassius Vertebrae -20.9 5.5 43.86 14.17 3.6 25.5 

576.1 Carassius carassius Vertebrae -20.2 6.7 39.71 13.6 3.4 25.0 
576.3 Carassius carassius Vertebrae -22.8 4.6 43.06 15.06 3.3 22.1 
600 Gadus callarias Jaw -10.8 11.5 42.8 14.73 3.4 23.0 
601 Gadus callarias Jaw -10.5 12.1 48.91 17.61 3.2 18.4 
602 Gadus callarias Jaw -12.8 13.0 39.8 13.47 3.4 25.6 
603 Gadus callarias Jaw -12.51 12.72 38.86 12.87 3.52 27.4 
605 Gadus callarias Jaw -12.3 12.8 42.98 15.48 3.2 20.9 
606 Gadus callarias Jaw -9.4 11.7 41.98 15.02 3.3 21.7 
608 Gadus callarias Jaw -12.3 12.9 37.64 13.17 3.3 25.3 
609 Gadus callarias Jaw -10.7 12.0 55.72 20.06 3.2 16.2 
610 Gadus callarias Jaw -11.5 11.9 43.17 15.12 3.3 22.0 
611 Gadus callarias Jaw -11.0 12.4 44.13 16.19 3.2 19.6 
612 Gadus callarias Jaw -13.9 13.0 43.28 15 3.4 22.4 
613 Gadus callarias Jaw -11.0 11.2 42.48 15.4 3.2 20.9 
615 Gadus callarias Jaw -12.1 12.4 41.67 14.27 3.4 23.9 

         

Table 2: Fish isotopic results 
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540 Gadus callarias Jaw -12.1 12.1 45.14 15.83 3.3 21.0 
541 Gadus callarias Jaw -12.1 13.3 38.23 14.19 3.2 22.3 
542 Gadus callarias Jaw -12.1 12.0 50.92 18.12 3.3 18.1 
543 Gadus callarias Jaw -11.4 11.7 41.29 13.57 3.5 26.2 
544 Gadus callarias Jaw -12.1 12.6 38.22 12.83 3.5 27.1 
545 Gadus callarias Jaw -11.5 11.7 42.12 14.88 3.3 22.2 
546 Gadus callarias Jaw -11.7 11.4 42.37 15.31 3.2 21.1 
558 Melanogrammus aeglefinus Jaw -14.0 12.8 43.35 14.9 3.4 22.8 
560 Melanogrammus aeglefinus Vertebrae -15.1 12.5 41.22 13.51 3.6 26.3 
561 Melanogrammus aeglefinus Vertebrae -14.1 13.2 42.43 15.05 3.3 21.9 
583 Melanogrammus aeglefinus Jaw -13.9 12.5 38.19 13.37 3.3 24.9 
584 Melanogrammus aeglefinus Jaw -14.35 12.67 39.82 12.78 3.64 28.4 
586 Melanogrammus aeglefinus Jaw -13.2 12.3 44.74 15.27 3.4 22.4 

554.2 Perca fluviatilis Vertebrae -19.3 6.4 39.08 13.61 3.3 24.6 

554.4 Perca fluviatilis 
(Combined 3) 
Vertebrae -18.4 6.9 39.47 13.89 3.3 23.9 

555 Perca fluviatilis Vertebrae -22.3 8.2 41.97 15.07 3.2 21.6 
556 Perca fluviatilis Vertebrae -22.2 8.4 42.72 15.39 3.2 21.0 

590.2 Perca fluviatilis Vertebrae -22.6 7.5 41.34 15 3.2 21.4 
590.3 Perca fluviatilis Vertebrae -21.9 8.3 41.92 13.94 3.5 25.2 
591.1 Perca fluviatilis Vertebrae -22.8 7.5 40.78 14.25 3.3 23.4 
591.3 Perca fluviatilis Vertebrae -19.5 9.3 52.36 17.32 3.5 20.4 
577 Platichthys flesus Unknown -16.7 9.2 39.6 14.29 3.2 22.6 
549 Pleuronectidae Vertebrae -12.8 10.2 41.46 14.8 3.3 22.1 
550 Pleuronectidae Rib -11.8 7.1 39.58 14.35 3.2 22.4 
551 Pleuronectidae Vertebrae -12.1 9.4 40.14 14.37 3.3 22.7 
552 Pleuronectidae Vertebrae -9.5 8.5 39.21 13.3 3.4 25.9 
569 Pleuronectidae Vertebrae -11.9 7.8 42.75 15.34 3.3 21.2 
570 Pleuronectidae Vertebrae -12.8 10.3 43.54 15.28 3.3 21.8 
571 Pleuronectidae Vertebrae -14.3 8.1 41.48 14.72 3.3 22.3 
572 Pleuronectidae Vertebrae -13.6 12.5 43.47 15.65 3.2 20.7 
573 Pleuronectidae Vertebrae -12.0 8.6 42.34 14.96 3.3 22.1 

578.1 Salmo salar Vertebrae -10.0 9.1 41.39 14.24 3.4 23.8 
578.2 Salmo salar Vertebrae -14.3 9.8 39.91 13.5 3.4 25.5 
579.1 Salmo salar Vertebrae -12.7 9.4 41.59 14.29 3.4 23.8 
579.2 Salmo salar Vertebrae -14.4 8.7 40.38 13.94 3.4 24.2 
579.3 Salmo salar Vertebrae -11.8 10.7 42.43 15.7 3.2 20.1 
589.1 Salmo salar Vertebrae -12.8 9.9 39.74 14.37 3.2 22.5 
588 Trachinus draco Vertebrae -11.4 9.8 42.51 15.13 3.3 21.7 

         
         

Table 3: Fish Isotopic Results (Aarhus) Table 4: Fish isotopic results continued 
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From the fish bones provided from FHM4573A, an exceptional number of samples had 

acceptable collagen yields, with a final success rate of 63%. The collagen yields were more than 

acceptable, ranging between 18.1% and 28.4%, with a mean yield of 23.2% for all fish samples. 

Due to favorable preservation conditions in the area, the collagen decay is rather low, and our 

yields are well above what would be considered “low collagen bone”.83 The C:N, or calculation 

of molar ratios fell largely within acceptable parameters indicating a small chance of 

contamination of the collagen. Of the fish samples successfully analyzed, only sample 584 

scored a 6.64 and is just outside of an established acceptable ratio of 2.9-3.6 for modern humans 

and animals.84 This suggests the collagen is possibly contaminated. The human bones similarly 

had acceptable C:N ratios, however at this moment the percentage of the collagen yield is not 

available for these three samples currently. 

It should be noted that the impressive number of fish bones recovered from FHM4573A in 

comparison to the domesticated animals might on the surface suggest that fish would appear to 

represent a significant portion of the protein intake of individuals living at this farm in Aarhus. 

However, when considering the edible yield of flesh between a single pig, cow, or horse, all of 

which found at FHM4573, fish require significantly higher numbers of individuals to collect a 

comparable weight of meat. The average domesticated pig can weigh in upwards of 350kg while 

a modern Danish Angeln steer (male) can tip a scale at one tonne. 

All three human samples from Aarhus yielded sufficient collagen quantities for isotopic 

analysis. Initially there was the standing question of the minimum number of individuals present 

                                                           
83 Van Klinken, (1999) ‘Bone collagen quality’, 689. 
84

 Van Klinken, (1999) ‘Bone collagen quality’, 567. 
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836 Homo sapiens 
bone 
collagen -20.75 -20.8 45.55 16.4 3.25 Unavailable 

837 Homo sapiens 
bone 
collagen -20.1 -20.1 46.1 15.8 3.4 Unavailable 

838 Homo sapiens 
bone 
collagen -18.9 -18.9 46 15.8 3.4 Unavailable 

         

Table 4: Human Isotopic Results (Aarhus) 
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in the burials at FHM4573A. Osteological analysis that could determine sex and age of the 

individuals was not available for this project. However, the carbon and nitrogen values obtained 

during analysis prove conclusively that there were three distinct individuals buried at the pit 

houses in Phase 5 of the site in Aarhus, and the carbon and nitrogen values in figure 5 are plotted 

with the faunal baselines we have created.  

Figure five is the scatter plot of all results from the assemblage collected in Aarhus with 

carbon and nitrogen values on a x-y axis. The results are represented as ‰, or parts per thousand 

as a ratio of the heavier stable isotope to the lighter (13C/12C and 15N/14N respectively). The 

carbon ratios are compared to the international VPDB, or Vienna Pee Dee Belemnite standard. 

This standard is extracted from a rock formation with an anomalously high ratio of 13C/12C in 

comparison to most other deposits around the world. Because of this most samples analyzed 

Figure 5: Carbon and Nitrogen results from Aarhus 
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contain lower ratios that are expressed as a negative percentage value. δ13C carbon values are 

plotted from -8.0 to -26.0‰ on x axis in figure 2. Nitrogen values range from 2.0-16.0‰ on the 

y axis. These results have been compared to the international AIR atmospheric N2 standard. 

These results plot in positive percentages reflecting enriched values in comparison to the 

standard. Together, these isotopic results will create the terrestrial and marine baselines for the 

west Jutland region of Denmark. These two baselines will be useful to compare differences and 

similarities between three Viking Age populations. 

The carp, perch, and eel all display lower δ13C ratios. Carp and perch being freshwater 

species display a marked difference in δ13C signatures in comparison to the marine species due to 

differences in primary producers.85 The majority of the δ13C distribution in food chains comes 

through photosynthetic primary producers.86 Terrestrial C3 and C4 photosynthetic pathways 

fractionate carbon with slightly different processes and the carbon deposited in tissues filters up 

through the food chain. Plants that utilize the C3 pathway are more common, and the δ13C values 

generally range from -24 to -36‰. However, marine primary producers of δ13C have enriched 

values due to the source of carbon coming from dissolved bicarbonate rather than atmospheric 

carbon.87 The European Eel is a facultative catadromous fish, meaning that it can migrate from 

freshwater to saltwater if conditions are favorable for the fish to flourish.88 This causes a slight 

shift in isotopic values depending on the lifestyle of the fish. Specimens have been known to 

reside in freshwater and move to brackish or marine habitats and back again in a seasonal or 

irregular manner which in return complicates the interpretations of the isotopic values.  The two 

distinct groups of δ13C ratios in the fish break down into marine and freshwater species. In this 

second group of fish, there is a wide dispersion of δ15N ratios within species. The haddock and 

cod samples group quite close together in nitrogen content but are separated by their carbon 

content. One cod sample contained a nitrogen signature significantly higher than all other 

samples and will be subject to discussion later. The herring and dabs both show a range of 

                                                           
85 Grupe, G., Heinrich, D. and Peters, J. (2009) ‘A brackish water aquatic foodweb: trophic levels and 

salinity gradients in the Schlei fjord, Northern Germany, in Viking and medieval times’, Journal of Archaeological 

Science. Elsevier Ltd, 36(10), pp. 2125–2144. doi: 10.1016/j.jas.2009.05.011. 
86

 Lee-Thorp, 2008, ‘On isotopes and old bones’, 927.  
87

 Lee-Thorp, 2008, ‘On isotopes and old bones’, 927. 
88

 Robson, H. et al. (2012) ‘Carbon and nitrogen isotope signals in eel bone collagen from Mesolithic and 

Neolithic sites in northern Europe’, Journal of Archaeological Science. Elsevier Ltd, 39(7), pp. 2003–2011. doi: 

10.1016/j.jas.2012.01.033. 
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nitrogen values. It has been noted that in marine environments, older and larger fish accumulate 

carbon, and especially nitrogen in their osteological tissue due to larger specimens moving up in 

trophic level and predating on different species as they age.89 Isotope concentration through a 

food web can be impacted by animal size and trophic level. Trophic level concentration changes 

in small amounts, approximately 1-2%. For most of the marine samples in Aarhus, this is the 

approximate spread of carbon signatures for samples from the same species. Outside variables 

that impact the data must be considered with carbon fractionalization and interpretation of 

isotopic results for paleodietary research.  

Previous studies on paleodiet have noted that as a direct result of anthropogenic induced 

climate change, carbon concentration in the atmosphere has shifted from -6.5‰ to approximately 

-8‰.90 This change in atmospheric levels has not had a noticeable impact on isotopic results in 

marine food chains, but this may complicate studies in the future as the effects of global 

warming begin to change carbon content in the oceans when compared to pre-industrial food 

chains and archaeological remains. Because the baselines for this study have been established 

with contemporaneous fauna, rather than local samples from the present or near present, these 

changes to the uptake of carbon in organisms is not of concern and will not alter the 

interpretations of the results.  

In addition to plotted distributions, descriptive statistics have been summarized for the cod, 

perch, herring, carp, and dabs samples in tables 6-10. These are the species with the largest 

sample sizes. A sample size, median, standard deviation, 95% confidence interval, and sample 

variance have been calculated and included below. 

 

                                                           
89 Orton, D. C. et al. (2011) ‘Stable isotope evidence for late medieval (14th-15th C) origins of the eastern 

Baltic cod (Gadus morhua) fishery’, PLoS ONE, 6(11). doi: 10.1371/journal.pone.0027568. P. 13. 
90 Bastos, R. F. et al. (2017) ‘Are you what you eat? Effects of trophic discrimination factors on estimates 

of food assimilation and trophic position with a new estimation method’, Ecological Indicators. Elsevier Ltd, 75, pp. 

234–241. doi: 10.1016/j.ecolind.2016.12.007, p 235. 
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Table 7: Herring descriptive statistics of isotopic results 

δ13C δ15N 

Mean -14.41 Mean 9.77 

Standard Error 0.27 Standard Error 0.26 

Median -14.58 Median 9.53 

Standard Deviation 0.9 Standard Deviation 0.87 

Sample Variance 0.82 Sample Variance 0.76 

Kurtosis -0.086 Kurtosis -0.22 

Skewness 0.29 Skewness -0.63 

Range 3.05 Range 2.72 

Minimum -15.71 Minimum 8.01 

Maximum -12.66 Maximum 10.74 

Count 11 Count 11 

Confidence Level (95.0%) 0.61 Confidence Level (95.0%) 0.58 

 

 
 

 
Table 6: Cod descriptive statistics of isotopic results 

δ13C δ15N 

Mean -11.66 Mean 12.4 

Standard Error 0.21 Standard Error 0.2 

Median -11.73 Median 12.1 

Standard Deviation 0.97 Standard Deviation 0.94 

Sample Variance 0.94 Sample Variance 0.89 

Kurtosis 1.05 Kurtosis 7.12 

Skewness 0.07 Skewness 2.2 

Range 4.53 Range 4.48 

Minimum -13.93 Minimum 11.23 

Maximum -9.39 Maximum 15.71 

Count 21 Count 21 

Confidence Level(95.0%) 0.44 Confidence Level(95.0%) 0.43 
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Table 8: Carp descriptive statistics of isotopic results 

δ13C δ15N 

Mean -22.23 Mean 5.21 

Standard Error 0.56 Standard Error 0.34 

Median -22.71 Median 5.15 

Standard Deviation 1.38 Standard Deviation 0.84 

Sample Variance 1.92 Sample Variance 0.71 

Kurtosis -0.81 Kurtosis 1.31 

Skewness 0.5 Skewness 0.87 

Range 3.75 Range 2.47 

Minimum -23.98 Minimum 4.18 

Maximum -20.22 Maximum 6.65 

Count 6 Count 6 

Confidence Level (95.0%) 1.45 Confidence Level (95.0%) 0.88 

 

 

 

 

Table 8: Dabs descriptive statistics of isotopic results 

δ13C δ15N 

Mean -12.26 Mean 9.04 

Standard Error 0.5 Standard Error 0.6 

Median -12.04 Median 8.57 

Standard Deviation 1.43 Standard Deviation 1.69 

Sample Variance 2.05 Sample Variance 2.88 

Kurtosis 1.51 Kurtosis 1.87 

Skewness 0.58 Skewness 1.3 

Range 4.82 Range 5.4 

Minimum -14.34 Minimum 7.1 

Maximum -9.51 Maximum 12.51 

Count 8 Count 8 

Confidence Level (95.0%) 1.19 Confidence Level (95.0%) 1.42 
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Table 9: Perch descriptive statistics of isotopic analysis 

δ13C δ15N 

Mean -21.39 Mean 8.02 

Standard Error 0.65 Standard Error 0.29 

Median -22.2 Median 8.19 

Standard Deviation 1.72 Standard Deviation 0.79 

Sample Variance 2.98 Sample Variance 0.62 

Kurtosis 0.063 Kurtosis 0.04 

Skewness 1.27 Skewness 0.28 

Range 4.42 Range 2.41 

Minimum -22.77 Minimum 6.91 

Maximum -18.35 Maximum 9.32 

Count 7 Count 7 

Confidence Level (95.0%) 1.59 Confidence Level (95.0%) 0.73 

 

Discussion 

Figure 5 below contains the results from Price et al. (2015) at Galgedil, der Sluis et al. (2018) 

from the Limfjord region, and the human remains from Aarhus plotted against the terrestrial and 

marine baselines established in this study using the identical parameters of figure 4. The δ13C 

and δ15N ratios from the three humans from Aarhus are somewhat diverse. Carbon ratios for 

these three vary from -18.9 to –20.75‰ while the nitrogen ratios plot from 10.25 to 13.3‰. For 

three individuals buried at the same location this is a significant variance in isotopic ratios. 

Mammal collagen typically enriches δ15N values by a 2-4‰ between predator and prey.91 

Regarding the two of the individuals from Aarhus with lower carbon and nitrogen signatures, 

this puts common domestic animal sources of food such as pigs, sheep, and chicken within this 

parameters, indicating that while these two had diets with a protein component primarily from 

the domesticated animals from the farms in this area, the third person was distinct. However, the 

δ13C values shift from -18.9 to –20.75‰ at the maximum for Aarhus, indicating that while there 

appears to be a primary emphasis on terrestrial sources of protein, the individual with a -18.9‰ 

                                                           
91 Richards, M. P., Fuller, B. T. and Molleson, T. I. (2006) ‘Stable isotope palaeodietary study of humans 

and fauna from the multi-period (Iron Age, Viking and Late Medieval) site of Newark Bay, Orkney’, Journal of 

Archaeological Science, 33(1), p.123, doi: 10.1016/j.jas.2005.07.003. 
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value had a diet more enriched with marine protein than the other two in this household, if it can 

be considered a home inhabited by kin over consecutive generations. It has been observed that 

distinct differences observed in carbon and nitrogen ratios can possibly be ascribed to the status 

of an individual.92 The possibility of a nonolocal origin of one or two of the individuals cannot 

be ruled out because no samples were tested for strontium or other elements that may be 

indicative of a nonlocal origin of one or two of the people recovered from Aarhus. Due to the 

limited number of human samples available from Aarhus, no trends due to sex or status are 

available to be discussed. We will now compare the data obtained from Galgedil and the 

Limfjord region by Price et al. (2015) and der Sluis et al. (2018). 

Previous work on the topic of paleodiet has established that human diets that are almost 

exclusively based on terrestrial foods cluster close to -22‰ δ13C, while a marine based diet 

would be around -12‰.93 The Galgedil results cluster closely in their carbon signatures from -

20.5 to -18.9‰, and 9‰ and 12.3‰ in their δ15N ratios. The carbon ratios in Galgedil fall within 

the range of the three people analyzed in our data at Aarhus. These individuals cluster tightly 

together, and when compared to our baselines constructed from FHM4573A, swine and other 

domestic animals like those excavated in Aarhus were likely the primary sources of protein for 

these individuals. Price et al. (2015) estimated that up to 30% of the protein ingested by the 

people buried in Galgedil was of marine origin.94 Price’s results from Galgedil did not 

demonstrate significant dietary shifts between sex and age. However, outliers have been 

interpreted as possible slaves.95 However, this may be a trait unique to the area. Another study 

investigated this possibility by studying ten Viking Age burials in northern Norway at the site of 

Flakstad.96 The sample population of the Limfjord contains a larger range of carbon signatures 

from -20.3 to -17.5‰. In the graves that contained multiple burials, some contained decapitated 

remains with individuals buried whole 

                                                           
 
92 Naumann, E. et al. (2014) ‘Slaves as burial gifts in Viking Age Norway? Evidence from stable isotope 

and ancient DNA analyses’, Journal of Archaeological Science, 41, pp. 533–540. doi: 10.1016/j.jas.2013.08.022. 
93 Naumann, et al. (2014) ‘Slaves as burial gifts in Viking Age Norway’, pp. 533–540. 
94 Price, T.D et al. (2015), ‘Galgedil: isotopic studies of a Viking cemetery’, 138. 
95 Price, T.D et al. (2015), ‘Galgedil: isotopic studies of a Viking cemetery’, 141. 
96 Naumann, et al. (2014) ‘Slaves as burial gifts in Viking Age Norway’, pp. 533–540. 



38 
 

 
 
 

To increase the number of human samples we had for a basis of comparison, the samples 

taken from the Limfjord region in the Viking Age in der Sluis et al. (2018) will be discussed and 

how they relate to our own from FHM4573A. While it has not been implemented for this study, 

the recent utilization of stable δ2H analysis in addition to carbon and nitrogen in dietary research 

has shown that there was an increase in the amount fish being consumed in the Limfjord region 

of Denmark moving forward from the Iron Age and into the Viking Age.97 Aarhus is a Viking 

Age town, forming in the second wave of settlement as outlined earlier, and there are no Iron 

Age remains known in the area to examine for a similar shift. The Viking Age results from the 

study der Sluis et al. (2018) have been plotted with those from Galgedil and the three humans 

from Aarhus with our baselines in figure 5. The Bayesian analysis software used by der Sluis et. 

al (2018) processed the carbon, nitrogen, and hydrogen results from the Limfjord region and 

suggest that fish accounted for approximately 25% of the diet, with 34% coming from plants and 

the remaining 41% from meat.98 The data used for the Viking Age sample did not have a tight 

range of dates, but the carbon and nitrogen ratios simultaneously fall within and away away 

those from Galgedil. Four results are closer to the third distinct individual from Aarhus who has 

a noticeably higher trophic level in comparison to the other two from FHM4573A. A with the 

notable difference that nitrogen levels for one individual chart much higher at nearly 14‰ δ15N. 

These results also do not differentiate between sex and age, but the previously discussed results 

from Galgedil did not demonstrate significant dietary shifts between sex and age. The only 

outliers have been interpreted as possible slaves.99 Men showed more variation in their diets 

while women tended to have a much smaller difference in isotopic signatures, indicating more 

homogeneity from one woman to the next in comparison to men.100 

                                                           
97 van der Sluis, et al. (2018) ‘Adding Hydrogen to the Isotopic Inventory’, 14. 
98 van der Sluis, et al. (2018) ‘Adding Hydrogen to the Isotopic Inventory’, 14. 
99 Price, T.D et al. (2015), ‘Galgedil: isotopic studies of a Viking cemetery’, 141. 
100 Price, T.D, et al. (2015) ‘Galgedil: isotopic studies of a Viking cemetery’, 141. 
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Returning to Aarhus, the studies of two other Viking Age Danish populations have been put 

into context with a full marine and terrestrial carbon and nitrogen baseline. Below in figure 5 is a 

combined plot of the humans from Aarhus, Galgedil, and the Limfjord region from the Viking 

Age with the marine and terrestrial baselines from Aarhus. Der Sluis et al. (2018) and Price et al. 

(2015) both estimate that with their respective populations the marine portion of protein intake 

was 25% in the Limfjord region101 and up to 30% in the population of Galgedil.102 Due to the 

close relationship with the data we have obtained from Aarhus, we can say that the Danes  

                                                           
101

 van der Sluis, et al. (2018) ‘Adding Hydrogen to the Isotopic Inventory’, 14. 
102 Price, T.D et al. (2015), ‘Galgedil: isotopic studies of a Viking cemetery’, 138. 

Figure 5: Human carbon and nitrogen values from Aarhus, Galgedil, and the Limfjord region of Denmark with faunal baselines from Aarhus 
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recovered from FHM4573A in Aarhus likely consumed no more than 30% of their protein in the 

form of fish, rather preferring to subsist on the livestock that would have been raised in the open 

farm area prior to the fortification of the town in 934CE. It appears the most common farm 

animal would have been swine, along with an array of other farm animals. The Danes in Aarhus 

caught a diverse collection of fish for consumption, exploiting both freshwater and marine 

ecosystems when fishing, however this was only a portion of their diet.  

Finally, the marine baseline values themselves offer valuable insights into both 

archaeological and ecological aspects of the Baltic sea and the Jutland region of Denmark during 

the Viking Age. A previous study by Barrett et al. (2011) of the Medieval Period trade of Cod in 

the Baltic and north Atlantic established distinct ranges of carbon and nitrogen signatures that 

differentiate populations of Cod from the arctic region of Norway down through the Kattegat in 

the Danish archipelago and into the Baltic Sea.103 As stated previously, marine food chains are 

typically longer and more complex than those in terrestrial environments, which enriches 

nitrogen values in predatory species to a higher level than their terrestrial counterparts. The cod 

osteological material was sourced in every case from partial remains, so size estimations were 

made via zooarchaological analysis conducted at Aarhus University by employees of Moesgaard 

Museum and those results were provided for this project and included in table 13 in appendix 1 

with their respective isotopic values. After the δ15N results were obtained, one extreme outlier 

appeared in the data plot in figure 4 above. This outlier contained a nitrogen value of 15.7‰ and 

a carbon value of -10.6‰. Orton et al. established control samples from modern populations of 

Atlantic cod under 1000mm as well as archaeological samples over 1000mm and plotted carbon 

and nitrogen isotopic values on two scatter plots shown in figure 5. 

The outlying cod specimen 539 has a nitrogen value of 15.7‰, a carbon value of -10.6‰, 

and has an estimated length of 106cm. Initially this departure from the majority of Gadidae 

specimens from Aarhus raised the prospect of the possible trade of fish from outside the region 

of northern Jutland. The trade of north Atlantic and Baltic cod is not known to have begun in 

earnest prior to commercial records beginning in the sixteenth century.104 Had this been the case 

it would have provided evidence of a much earlier beginning to the trade exploitation and trade 

of Atlantic cod in Scandinavia. However, upon a closer scrutiny of the data and taking into 

                                                           
103 Orton, D. C. et al. (2011) ‘Stable isotope evidence for late medieval Baltic cod’, pp. 854-855. 
104 Orton, D. C. et al. (2011) ‘Stable isotopes for late medieval cod’, p. 1. 
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account the size estimation of the specimen, it would appear that sample 539 falls closest to the 

median and deviation range of archaeological samples from the southern North Sea. The 

southern North Sea lies between northern England and the coasts of the Netherlands, northern 

Germany and Denmark. In addition to falling within isotope deviation ranges for the southern 

North Sea, we have plotted the size estimates with carbon and nitrogen ratios in figures 6 and 7 

below. Specimen 539 sits right within the estimated nitrogen value established in figure 7. This 

particular cod was an especially large predatory fish in comparison to the others, but within the 

size range to be expected in the southern North Sea. Fish of this size were exceedingly rare even 

during the Viking Age.105 Despite this, with the number of cod specimens obtained for this study 

the isotope values for this fish fall in line with a size projection from the sample population in 

addition to the estimated size from the remains by a previous zooarchaeological analysis. 

 

                                                           
105

 Orton, D. C. et al. (2011) ‘Stable isotope evidence for late medieval cod’, 5. 

Figure 6: Isotopic means and deviation ranges for modern cod populations 500-1000mm (A) and archaeological samples 
>1000mm (B). Courtesy of Orton et al. 2011. 
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Figure 8: Cod δ13C values plotted with size estimates 

Figure 7: Cod δ15N values plotted with size estimates 
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Conclusions 

Denmark in the Viking Age had undergone shifts in dietary subsistence patterns from the 

previous Iron Age.106 The results of this study, in addition to the comparison of previous studies 

of diet on Viking Age Danes demonstrate that they were highly dependent on terrestrial sources 

of protein in their diets. Fish was a component of their diet, and they were incorporating more 

marine sources of protein than their counterparts in the Neolithic, Bronze Age, and Iron Age. 

From the bones recovered from FHM4573A, Danes in Aarhus were exploiting a diverse 

collection of aquatic and marine species of fish and adding that to their diet of plants and 

domesticated animals such as swine, cows, sheep, and goats that they were raising during the 

Viking Age. The individuals analyzed for carbon and nitrogen stable isotopes from Aarhus 

revealed a more diverse set of diets between three people than was observed in the populations 

buried at the cemetery at Galgedil that were analyzed by Price et al. (2015). Two Danes from 

Aarhus were consuming upwards of 30% of the animal protein in the form of fish, similar to the 

Danes in Galgedil. The one individual who had a higher nitrogen ratio cannot be ruled out as a 

possible nonlocal individual, and neither can a difference between sex and class and diet be ruled 

out due to a small sample size without a positive sex or age identification. However, these 

differences have been observed in other parts of Denmark in the Viking Age.  

The faunal remains from FHM4573A have provided a large sample with which to use as 

a carbon and nitrogen baseline for future diet studies centered in Denmark. These baselines have 

the benefit of being derived from archaeological remains that are not currently affected by shifts 

in the oceanic and terrestrial movement of carbon and nitrogen through food chains due to rising 

pollution levels and disruptions to food chains due to climate change and human activity. The 

large numbers of Cod that were being eaten were locally sourced when comparing the isotope 

ratios to populations that have been sampled from several areas of the North Atlantic and the 

Baltic Sea. Future researchers investigating paleodietary topics in Denmark now have an 

archaeological baseline for use in carbon and nitrogen stable isotope studies.  
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Appendix: Date Tables 

 

Table 10: Domestic Animal Remains from FHM4573A Prior to Isotopic Analysis 

MOS # Context SPECIES  Common Name Bone  Weight of 

Bone (mg) 

Weight of 

Collagen (mg) 

% Yield 

456 A53/54/55 Anatidae  Duck 

(Unspecified) 

Ulna  284.6 14.5 5.1 

471 A309b Anser anser (cf. 

domesticus) 

Goose  Humerus  275.8 23.1 8.4 

472 A78 Bos taurus  Cow  Radius  221.4 15.9 7.2 

473 250 Bos taurus  Cow  Metapodial 236.3 22.7 9.6 

455 A250 Columbiadae Pigeon  Tibiotarsus 138.9 11 7.9 

457 A53/54/55 Corvus 

corone/frugilegus 

Crow  Radius  170.1 9 5.3 

464 A78 Equus caballus  Horse  Coxae 294.6 39.9 13.5 

460 A78 Felis catus  Cat  Mandible  254.8 20.9 8.2 

454 A33a/A50/A231 

/A235/A251 

Gallus domesticus  Chicken Femur  217.4 19.8 9.1 

458 A53/54/55 Ovis/Capra  Sheep/Goat Ostragalus 271.5 18.3 6.7 

463 A250 Ovis/Capra  Sheep/Goat Ostragalus 224.6 15.6 6.9 

453 A229 Sus domesticus Pig Humerus  239.2 22.1 9.2 

465 A78 Sus domesticus Pig  Humerus  212.2 4.4 2.1 

466 A78 Sus domesticus Pig  Humerus  241 12.7 5.3 

467 A78 Sus domesticus Pig  Humerus  217.6 15.6 7.2 

468 A309b Sus domesticus  Pig  Humerus  281 12.1 4.3 

470 A78 Sus domesticus   Pig  Humerus  284.7 20.5 7.2 

461 A229 Sus domesticus 

(Juvenile) 

Pig  Metapodial 162.2 8.3 5.1 

469 A309b Sus domesticus 

(Juvenile)  

Pig Metapodial 215.2 9.6 4.5 
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Table 11: Fish remains from FHM4573A prior to isotopic Analysis 

Blue = Bones not Ultrafilitered because starting bones were too small 

MOS # Context SPECIES 

Common 

Name Bone 

Weight of 

Bone (mg) 

Weight of 

Collagen (mg) % Yield Length (cm) 

538 A78 Gadus callarias Cod Jaw 213.2 6.2 2.9 40-60 (52) 

539 A78 Gadus callarias Cod Jaw 254.1 11.9 4.7 100-120 (106) 

540 A78 Gadus callarias Cod Jaw 233.7 7.6 3.3 20-40 or 40-60 (40) 

541 A78 Gadus callarias Cod Jaw 233.6 6.8 2.9 40-60 (51) 

542 A78 Gadus callarias Cod Jaw 265.7 6.5 2.4 40-60 (58) 

543 A78 Gadus callarias Cod Jaw 222.5 1.3 0.6 40-60 (48) 

544 A78 Gadus callarias Cod Jaw 266.8 9.2 3.4 40-60 or 60-80 (60) 

545 A78 Gadus callarias Cod Jaw 286.7 4.6 1.6 40-60 (48) 

546 A78 Gadus callarias Cod Jaw 269.2 3.6 1.3 20-40 (36) 

547 A78 Gadus callarias Cod Jaw 157.8 NO COLLAGEN 
 

20-40 (31) 

548.1 A81 Pleuronectidae Dabs Vertebrae 40.9 2.8 6.8 
 

548.2 A82 Pleuronectidae Dabs Vertebrae 31.2 0.9 2.9 
 

549 A78 Pleuronectidae Dabs Vertebra 86.5 2.2 2.5 
 

550 A78 Pleuronectidae Dabs Rib 73.4 6 8.2 
 

551 A78 Pleuronectidae Dabs Vertebra 66 2.2 3.3 
 

552 A78 Pleuronectidae Dabs Vertebra 83.7 3.2 3.8 
 

553.1 A78 Belone belone Garfish Vertebrae 44.8 2.2 4.9 
 

553.2 A78 Belone belone Garfish Vertebrae 50.1 4.8 9.6 
 

554.1 A78 Perca fluviatilis Perch Vertebrae 18.2 0.9 4.9 
 

554.2 A78 Perca fluviatilis Perch Vertebrae 12.1 0.8 6.6 
 

554.3 A78 Perca fluviatilis Perch Vertebrae  21.8 0.5 2.3 
 

554.4 A78 Perca fluviatilis Perch 

Vertebrae (3 

combined) 45.7 1 2.2 
 

555 A78 Perca fluviatilis Perch Vertebra 68.3 2.3 3.4 
 



52 
 

 
 
 

556 A78 Perca fluviatilis Perch Vertebra 70.9 1.5 2.1 
 

557 A78 

Melanogrammus 

aeglefinus Haddock Vertebra 250.2 6.8 2.7 
 

558 A78 

Melanogrammus 

aeglefinus Haddock Jaw 262.9 5.8 2.2 
 

559 A78 

Melanogrammus 

aeglefinus Haddock Vertebra 227.9 10.1 4.4 
 

560 A78 

Melanogrammus 

aeglefinus Haddock Vertebra 94.1 2.2 2.3 
 

561 A78 

Melanogrammus 

aeglefinus Haddock Vertebra 227.7 12.3 5.4 
 

562.1 A78 Clupea harengus Herring Vertebrae 24.5 0.9 3.7 
 

562.2 A78 Clupea harengus Herring Vertebrae 28.3 1.1 3.9 
 

562.3 A78 Clupea harengus Herring Vertebrae 14.2 NO COLLAGEN 
  

562.4 A78 Clupea harengus Herring Vertebrae 23.8 1.4 5.9 
 

562.5 A78 Clupea harengus Herring Vertebrae 18.6 0.6 3.2 
 

562.6 A78 Clupea harengus Herring Vertebrae 17.9 NO COLLAGEN 
  

563.1 A78 Clupea harengus Herring Vertebrae 28.1 1.7 6.0 
 

563.2 A78 Clupea harengus Herring Vertebrae 16.2 0.5 3.1 
 

563.3 A78 Clupea harengus Herring Vertebrae 9.4 0.3 3.2 
 

563.4 A78 Clupea harengus Herring Vertebrae 21.1 1.2 5.7 
 

563.5 A78 Clupea harengus Herring Vertebrae 17.3 1 5.8 
 

564.1 A78 Clupea harengus Herring Vertebrae 26.8 1.4 5.2 
 

564.2 A78 Clupea harengus Herring Vertebrae 22.4 0.8 3.6 
 

564.3 A78 Clupea harengus Herring Vertebrae 21.3 1 4.7 
 

564.4 A78 Clupea harengus Herring Vertebrae 26.1 1 3.8 
 

564.5 A78 Clupea harengus Herring Vertebrae 22.9 1.3 5.7 
 

565.1 A78 Clupea harengus Herring Vertebrae 29.6 0.9 3.0 
 

565.2 A78 Clupea harengus Herring Vertebrae 13.3 0.8 6.0 
 

565.3 A78 Clupea harengus Herring Vertebrae 9.8 0.3 3.1 
 

565.4 A78 Clupea harengus Herring Vertebrae 25.4 0.1 0.4 
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565.5 A78 Clupea harengus Herring Vertebrae 23.5 1 4.3 
 

565.6 A78 Clupea harengus Herring Vertebrae 18.7 0.5 2.7 
 

564.1 A78 Clupea harengus Herring Vertebrae 25.7 1.4 5.4 
 

564.2 A78 Clupea harengus Herring Vertebrae 14.8 0.8 5.4 
 

564.3 A78 Clupea harengus Herring Vertebrae 18.9 1 5.3 
 

564.4 A78 Clupea harengus Herring Vertebrae 29.5 1 3.4 
 

564.5 A78 Clupea harengus Herring Vertebrae 32.3 1.3 4.0 
 

565.1 A78 Clupea harengus Herring Vertebrae 18.2 0.5 2.7 
 

565.2 A78 Clupea harengus Herring Vertebrae 20.3 1 4.9 
 

565.3 A78 Clupea harengus Herring Vertebrae 10.1 0.1 1.0 
 

565.4 A78 Clupea harengus Herring Vertebrae 12.1 0.3 2.5 
 

565.5 A78 Clupea harengus Herring Vertebrae 13.4 0.8 6.0 
 

565.6 A78 Clupea harengus Herring Vertebrae 24.2 0.9 3.7 
 

566 A78 Carassius carassius Carps Jaw 84.6 1.8 2.1 
 

567 A78 Carassius carassius Carps Jaw 59.1 1.3 2.2 
 

568.1 A78 Carassius carassius Carps Vertebrae 41.3 3.1 7.5 
 

568.2 A78 Carassius carassius Carps Vertebrae 29.3 1.9 6.5 
 

568.3 A78 Carassius carassius Carps Vertebrae 38.5 2.3 6.0 
 

568.4 A78 Carassius carassius Carps Vertebrae 22.4 0.7 3.1 
 

569 A78 Pleuronectidae Dabs Vertebrae 119.4 6.3 5.3 
 

570 A78 Pleuronectidae Dabs Vertebrae 129.7 3.3 2.5 
 

571 A78 Pleuronectidae Dabs Vertebrae 90.1 2.7 3.0 
 

572 A78 Pleuronectidae Dabs Vertebrae 160.8 5.2 3.2 
 

573 A78 Pleuronectidae Dabs Vertebrae 85.5 5.7 6.7 
 

574 A78 Anguilla anguilla Eel Vertebrae 43.8 1.5 3.4 
 

575 A78 Carassius carassius Carps Vertebrae 62.7 3.3 5.3 
 

576.1 A78 Carassius carassius Carps Vertebrae 21.9 1 4.6 
 

576.2 A78 Carassius carassius Carps Vertebrae 28.4 0.9 3.2 
 

576.3 A78 Carassius carassius Carps Vertebrae 22.2 1.1 5.0 
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576.4 A78 Carassius carassius Carps Vertebrae 17.2 0.7 4.1 
 

577 A78 Platichthys flesus 

Flounder 

(Flatfish) Unknown 47.1 1.8 3.8 
 

578.1 A78 Salmo salar Salmon Vertebrae 42.8 2.1 4.9 
 

578.2 A78 Salmo salar Salmon Vertebrae 28.9 1 3.5 
 

579.1 A78 Salmo salar Salmon Vertebrae 22.4 1.2 5.4 
 

579.2 A78 Salmo salar Salmon Vertebrae 25.9 0.6 2.3 
 

579.3 A78 Salmo salar Salmon Vertebrae 42.1 3.4 8.1 
 

580.1 A78 Clupea harengus Herring Vertebrae 29.5 2.3 7.8 
 

580.2 A78 Clupea harengus Herring Vertebrae 33.1 0.7 2.1 
 

580.3 A78 Clupea harengus Herring Vertebrae 22.3 0.8 3.6 
 

580.4 A78 Clupea harengus Herring Vertebrae 26.4 1.7 6.4 
 

580.5 A78 Clupea harengus Herring Vertebrae 19.9 0.7 3.5 
 

580.6 A78 Clupea harengus Herring Vertebrae 12.2 0.1 0.8 
 

580.7 A78 Clupea harengus Herring Vertebrae 14.7 0.3 2.0 
 

581.1 A78 Clupea harengus Herring Vertebrae 19.1 0.8 4.2 
 

581.2 A78 Clupea harengus Herring Vertebrae 24.1 0.8 3.3 
 

581.3 A78 Clupea harengus Herring Vertebrae 33.5 1.1 3.3 
 

581.4 A78 Clupea harengus Herring Vertebrae 29.3 0.5 1.7 
 

581.5 A78 Clupea harengus Herring Vertebrae 28.6 0.7 2.4 
 

582.1 A78 Clupea harengus Herring Vertebrae 17.8 0.6 3.4 
 

582.2 A78 Clupea harengus Herring Vertebrae 14.6 0.9 6.2 
 

582.3 A78 Clupea harengus Herring Vertebrae 19.9 0.5 2.5 
 

582.4 A78 Clupea harengus Herring Vertebrae 25.3 1 4.0 
 

582.5 A78 Clupea harengus Herring Vertebrae 25.7 0.5 1.9 
 

582.6 A78 Clupea harengus Herring Vertebrae 33.4 0.6 1.8 
 

582.7 A78 Clupea harengus Herring Vertebrae 24.5 0.8 3.3 
 

582.8 A78 Clupea harengus Herring Vertebrae 30.3 1 3.3 
 

583 A78 

Melanogrammus 

aeglefinus Haddock Jaw 256.4 6.7 2.6 
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584 A78 

Melanogrammus 

aeglefinus Haddock Jaw 301.6 1.3 0.4 
 

585 A78 

Melanogrammus 

aeglefinus Haddock Jaw 218 5.8 2.7 
 

586 A78 

Melanogrammus 

aeglefinus Haddock Jaw 282 9 3.2 
 

587.1 A78 

Melanogrammus 

aeglefinus Haddock Vertebrae 43.2 3 6.9 
 

587.2 A78 

Melanogrammus 

aeglefinus Haddock Vertebrae 43.8 2.1 4.8 
 

588 A78 Trachinus draco Weaver Vertebra 28.1 2.4 8.5 
 

589.1 A78 Salmo salar Salmon Vertebrae 31.5 1.8 5.7 
 

590.1 A78 Perca fluviatilis Perch Vertebrae 28.9 1.6 5.5 
 

590.2 A78 Perca fluviatilis Perch Vertebrae 39.2 3 7.7 
 

590.3 A78 Perca fluviatilis Perch Vertebrae 24.3 1.9 7.8 
 

591.1 A78 Perca fluviatilis Perch Vertebrae 43.5 3.1 7.1 
 

591.2 A78 Perca fluviatilis Perch Vertebrae 24.6 1.8 7.3 
 

591.3 A78 Perca fluviatilis Perch Vertebrae 24.1 0.9 3.7 
 

592 A78 Limanda Flounder Unknown 22.3 1.5 6.7 
 

593 A78 Anguilla anguilla Eel Vertebra 42.6 5.4 12.7 
 

594 A78 Anguilla anguilla Eel Rib 88.2 9.1 10.3 
 

595 A78 Anguilla anguilla Eel Vertebra 30.6 1.5 4.9 
 

596 A78 Gadus callarias Cod Vertebrae 294.5 NO COLLAGEN 
  

597 A78 Gadus callarias Cod Vertebrae 300.4 10.8 3.6 
 

598 A78 Gadus callarias Cod Vertebrae 294.4 13.1 4.4 
 

599.1 A78 Gadus callarias Cod Vertebrae 82.4 3.8 4.6 
 

599.2 A78 Gadus callarias Cod Vertebrae 101.4 5.5 5.4 
 

599.3 A78 Gadus callarias Cod Vertebrae 69.1 4.1 5.9 
 

600 A78 Gadus callarias Cod Jaw 246.4 6.1 2.5 49 

601 A78 Gadus callarias Cod Jaw 209.9 5 2.4 55 

602 A78 Gadus callarias Cod Jaw 207.7 6.1 2.9 57 
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603 A78 Gadus callarias Cod Jaw 245.8 1.5 0.6 61 

604 A78 Gadus callarias Cod Jaw 303.8 2.8 0.9 51 

605 A78 Gadus callarias Cod Jaw 277.8 8 2.9 62 

606 A78 Gadus callarias Cod Jaw 267 7.5 2.8 54 

607 A78 Gadus callarias Cod Jaw 213 NO COLLAGEN 
 

43 

608 A78 Gadus callarias Cod Jaw 269.8 6.4 2.4 60 

609 A78 Gadus callarias Cod Jaw 303.8 18.1 6.0 57 

610 A78 Gadus callarias Cod Jaw 298.2 12 4.0 48 

611 A78 Gadus callarias Cod Jaw 207.1 7.2 3.5 52 

612 A78 Gadus callarias Cod Jaw 173.2 4.1 2.4 49 

613 A78 Gadus callarias Cod Jaw 202.8 4.6 2.3 41 

614 A78 Gadus callarias Cod Jaw 50.3 NO COLLAGEN 
 

33 

615 A78 Gadus callarias Cod Jaw 157.2 2.7 1.7 38 

 


