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REVIEW

Stable Isotope Studies of North American Arctic 
Populations: A Review
Alison J. T. Harris*,† and Deirdre A. Elliott‡

We review the major stable carbon and nitrogen isotope studies conducted on human remains in the 
North American Arctic (NAA) and discuss the findings with respect to two major research themes: 
diachronic subsistence, and the development of food cultures across the NAA. The interpretation of 
stable isotope data from human bone collagen and hair keratin is complicated by issues of equifinality 
in addition to uncertainty arising from the high fat/high protein diets of Arctic hunter gatherers. We 
suggest future lines of inquiry which may help to alleviate some of these challenges. Our review of Arctic 
stable isotope studies shows the ongoing potential of stable isotope analysis of Arctic hunter-gatherers 
and faunal populations, but we include the caveat that regardless of how cutting-edge or refined the 
analytical method, future stable isotope studies must be contextualized with other lines of evidence from 
well-excavated sites, and would profoundly benefit from the incorporation of indigenous perspectives and 
research priorities.
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Introduction
Human populations settled the North American Arctic 
(NAA) relatively late in human history as the resource-
limited terrestrial landscape prompted the development 
of specialized technological and cultural adaptations to 
extract resources from marine and riverine environments. 
The focus of this paper is on the Late Holocene (1000–100 
BP) human occupation of Greenland, and the Canadian 
and Alaskan Arctic coasts. Circa 800 years BP ancestors of 
modern Inuit and Yupik groups, known collectively as the 
Thule culture, spread from northwestern Alaska eastward 
across the Canadian Arctic to Greenland and south to Lab-
rador and the Quebec Lower North Shore, in some cases 
supplanting local Pre-Inuit groups (Friesen, 2000; Friesen 
& Arnold, 2008; Raghavan et al., 2014). In most of these 
regions, there is a direct line of genetic descent from the 
Thule culture to modern Inuit and Yupik populations (Raff, 
Rzhetskaya, Tackney, & Hayes, 2015; Raghavan et al. 2014; 
Tackney, Jensen, Kisielinki, & O’Rourke, 2019), however 
population movement within regions is known to have 
occurred (Friesen, Finkelstein, & Medeiros, 2019). Whitridge 
(2016) has pointed out the negative historical implications 
of the term Thule, and following from this work, we have 
chosen not to refer to ancestral Inuit and Yupik populations 

as Thule. Instead we will refer to groups occupying the NAA 
during the Late Holocene, but before European contact as 
precontact Arctic peoples, while those of the post-European 
contact period will be referred to by their modern names. 
The cultures of precontact Arctic peoples, including the 
Old Bering Sea, Birnik, and Punuk cultures, in addition to 
those known as the Thule, were characterized by the use 
of sled dogs and large open skin boats (umiat, sing. umiak) 
for transportation, sophisticated technology for harvesting 
and storing a variety of land and sea resources, and social 
systems featuring settled communities, extended trade and 
social networks, mortuary ceremonialism, and hierarchical 
interpersonal relationships (Arutiunov & Sergeev, 1990; 
Friesen, 2016; Savelle, 2002a; Whitridge, 1999).

In this paper we review the major stable isotope studies 
conducted to date on archaeological populations dating to 
the Late Holocene in the NAA. We consider the data with 
respect to research themes held in common among these 
works and identify the challenges most frequently cited. 
We describe how applications of new isotopic methods 
and analyses may help to refine existing interpretations 
and emphasize the importance of robust supporting lines 
of evidence, and the incorporation of indigenous perspec-
tives and community-led research, for the interpretation 
and success of future stable isotope research.

Environmental and archaeological context
Despite wide geographic separation and a diversity of 
marine and terrestrial environments (spanning three oceans 
and myriad currents, freshwater deltas, tundra and boreal 
forest), arctic subsistence is generally characterised by 
reliance on only a few primary taxa common to all regions, 
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with variable input from other secondary taxa where they 
are locally common. Marine taxa include seabirds and eggs, 
fish found at least seasonally in near-shore environments, 
as well as virtually all arctic marine mammals. Most of these 
taxa have patchy distributions that vary seasonally. Harp 
seals, some narwhal and beluga, bowhead whales, some 
walrus populations, salmonids, and most birds practice 
long-distance seasonal migrations (Brice-Bennett, 1977; 
Lavigne, 2009; Schell, Saupe, & Haubenstock, 1989; Turner, 
2014), while most other pinnipeds have preferred habitats 
in terms of sea ice. Thus, harbour (common) seals tend 
to occupy only open-water environments with access to 
beaches on which to haul out (including near-shore polyn-
yas in the winter) (Woollett, 2007), and walrus, ringed seals, 
bearded seals, and hooded seals seek out ice-edge or pack 
ice environments, bringing them nearer to or farther from 
human settlements at different times of the year, depending 
on climate and currents (Stewart & Lockhart, 2004; Kovacs, 
2009). Of these migratory taxa, those that tend toward gre-
gariousness have generally been more heavily relied upon 
where they are present (harp seals, beluga, walrus), as they 
can be hunted en masse and the surplus stored for later 
consumption (Brice-Bennett, 1977; Turner, 2014). Marine 
mammals were valued as well for their secondary products, 
such as blubber for lamps or whale bone and baleen for 
tool manufacture and house construction, and pinnipeds in 
particular were valued for their skins, which were used in 
clothing, footwear, boats, house construction, and for lines 
(Taylor, 1974). Marine and anadromous fish species played 
significant roles in annual subsistence rounds in the West-
ern Arctic, including the Aleutian Islands, coastal Western 
Alaska, and the Mackenzie River Delta (Betts & Friesen, 2004; 
Britton et al., 2018a; Coltrain, 2010; Masson-McLean et al., 
2019). The presence of fish on archaeological sites in the 
Eastern Arctic is more sporadic due in part to taphonomic 
bias against delicate fish remains (Whitridge, 2001), but also 
due to the timing of fish runs conflicting with the availabil-
ity of higher-ranked resources (Norman & Friesen, 2010). 
There are fewer indications that fish played an important 
role in human subsistence on the Labrador coast (Woollett, 
2007), but anadromous fish are important to modern Inuit 
and Métis communities in this region (Ames, 1977).

Far fewer terrestrial taxa have been of significant eco-
nomic importance, particularly prior to European contact 
and the adoption of trapping economies by some north-
ern peoples. Minor taxa include freshwater fish, which 
vary in importance by region (Betts & Friesen, 2004; 
Morrison, 2000), foxes (used mainly for fur), and ground 
birds, but these are generally eclipsed in importance by 
caribou (and/or muskox in certain areas) (Betts, 2005). 
Caribou migrate seasonally to varying degrees and are 
at peak condition in the late summer/fall. Caribou were 
important in virtually every arctic society for their furs, 
which were the best (and only) choice for warm winter 
clothing (Betts, 2005; Stefansson, 1914).

Stable Carbon and Nitrogen Isotopes in Arctic 
Environments
Stable carbon isotope (δ13C) values are routinely used to 
distinguish between consumers of marine and terrestrial 
food, or between consumers of different photosynthetic 

groups of plants in archaeological studies (Chisholm, 
Nelson, & Schwartz, 1983; Tauber, 1981; Van der Merwe, 
1982). In the context of the North American Arctic and 
Subarctic, only C3 plants and marine sources of carbon 
are present. Comprehensive reviews of carbon isotope 
dynamics in terrestrial and marine environments in 
the Arctic can be found in Szpak, Savelle, Conolly, and 
Richards (2019), or Coltrain, Tackney and O’Rourke (2016). 
A range of just under 10‰ (–30‰ to –22‰), has been 
observed in the δ13C values of Arctic and Subarctic plants 
(Blake, 1991; Hobbie et al., 2009; Kristensen, Kristensen, 
Forchhammer, Michelsen, & Schmidt, 2011; Ramsay & 
Hobson, 1991). These differences in baseline values are 
passed on to upper trophic level consumers: for exam-
ple, caribou are greater consumers of lichens than other 
herbivorous species and as a result, tend to have higher 
δ13C values than other local taxa (Britton, 2010; Drucker, 
Hobson, Ouellet, & Courtois, 2010; Guiry, Noël, Tourigny, 
& Grimes, 2012; Harris et al., 2019). Marine organisms 
have considerably higher bone collagen δ13C values rang-
ing from –17‰ for some seabirds to between –12‰ 
and –15‰ for marine mammals (Britton et al., 2013; 
Coltrain, Hayes, & O’Rourke, 2004; Clarke, Horstmann, de 
Vernal, Jensen, & Misarti, 2019; Guiry et al., 2012; Harris 
et al., 2019; McManus-Fry, Knecht, Dobney, Richards, 
& Britton, 2018; Nelson, Lynnerup, & Arneborg, 2012a; 
Szpak, Buckley, Darwent, & Richards, 2017; Szpak et al., 
2019). Additional variation in δ13C values is also observed 
between nearshore/benthic areas and the pelagic zone 
(Sherwood & Rose, 2005), but the degree of benthic-
pelagic coupling varies across the Arctic Ocean and neigh-
bouring seas (Feder, Iken, Blanchard, Jewett, & Schonberg, 
2011; Grebmeier, Cooper, Feder, & Sirenko, 2006).

Stable nitrogen isotope values (δ15N) are used to track 
trophic relationships in ancient and extant ecosystems as 
animal tissues undergo stepwise enrichment in the iso-
tope 15N with increasing trophic level (Minagawa & Wada, 
1984). Nitrogen occurs in every amino acid and undergoes 
considerable isotopic fractionation as amino acids sourced 
from diet or recycled during protein turnover and catabo-
lism are incorporated into the body during growth or 
tissue maintenance (Macko, Fogel, Hare, & Hoering, 1987; 
O’Connell, 2017). Terrestrial plants in the Arctic have very 
low δ15N values, ranging from –8‰ for some evergreen 
trees to +1‰ for berries (Craine et al., 2009; Hobbie et al., 
2009; Kristensen et al., 2011) which in turn produce low 
δ15N values (+1‰ to +5‰) in terrestrial herbivores, like 
caribou or arctic hare (Coltrain et al., 2004; Drucker et al., 
2010). Marine food webs contain more trophic levels, and 
carnivorous marine organisms, such as seal or polar bear, 
have high δ15N values (+14‰ to +19‰)(Cherry, Derocher, 
Hobson, Stirling, & Thiemann, 2011; Szpak et al., 2017; 
Szpak et al., 2019).

Isotope Analyses of Preserved Human Proteins
There are occurrences of natural mummification of 
deceased individuals in the Arctic in which soft tissues are 
preserved (e.g. Lynnerup, 2015), but these occurrences are 
rare, and generally, bone collagen and hair keratin are the 
most commonly preserved human biological tissues. These 
tissues can act as proxies for human diet as the isotopic 
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composition of each is derived from consumed dietary 
protein, and to a lesser extent, from dietary carbohydrates 
and lipids (Ambrose & Norr, 1993; Fernandes, Nadeau, & 
Grootes, 2012). The δ13C value of bulk collagen or keratin 
represents a weighted average of the δ13C values of con-
stituent amino acids. Isotopic offsets between collagen 
and diet average +5‰ but vary with the isotopic composi-
tion of different macronutrients (Ambrose & Norr, 1993). 
If dietary protein has a higher δ13C value than whole die-
tary carbon, a greater diet-tissue isotopic offset will ensue 
than if dietary protein has a lower δ13C value, or a value 
similar to that of whole dietary carbon (Ambrose & Norr, 
1993). Arctic hunter-gatherers accessed different types of 
marine and terrestrial foods sources, depending on local 
environmental conditions, therefore it is difficult to apply 
a blanket diet-tissue offset to all palaeodietary analyses 
conducted in the region. One way of circumventing this 
source of uncertainty is to compare human collagen δ13C 
values directly to faunal collagen δ13C values as experimen-
tal datasets show that the δ13C value of consumer bone col-
lagen tends to be offset by approximately +1‰ from that 
of prey collagen (Bocherens & Drucker, 2003). The offset 
between hair keratin and collagen δ13C values is variable, 
but keratin tends to have a lower δ13C value as it contains 
fewer Glycine residues than collagen; experimental stud-
ies of modern and archaeological humans show an average 
offset of +1.4‰ between collagen and keratin (Robbins & 
Kelly, 1970; O’Connell, Hedges, Healey, & Simpson, 2001; 
O’Connell & Hedges, 1999).

Nitrogen is present in amino acids as NH2
+ molecule 

bonded to a carbon skeleton. As with carbon, the δ15N 
value of collagen or keratin depends upon the biosyn-
thetic pathway of amino acids, and more specifically, on 
the number of metabolic branches in the pathway (Macko 
et al., 1987; O’Connell, 2017; Petzke, Boeing, Klaus, & 
Metges, 2005). Isotopic fractionation resulting in a posi-
tive increase in δ15N values is associated with transfer 
(transamination) of the nitrogen-bearing amino group 
from one amino acid to another in the body’s amino acid 
pool (Macko et al., 1987; O’Connell, 2017). Newly synthe-
sized proteins are enriched in 15N relative to whole dietary 
protein, resulting in a positive shift in δ15N values between 
diet and consumer. The δ15N value of proteins can be off-
set from that of consumed dietary protein by +2 to +6‰ 
(Bocherens & Drucker, 2003; DeNiro & Epstein, 1981; 
Minagawa & Wada, 1984; O’Connell, Kneale, Tasevka, 
& Kuhnle, 2012), and an average offset of +3 to +4‰ is 
applied in many palaeodietary analyses, including those 
studies conducted on the collagen and hair of humans and 
fauna in the Arctic (e.g. Britton et al., 2018a; Coltrain et al., 
2004; Coltrain, 2009; Coltrain et al., 2016; McManus-Fry 
et al., 2018).

The isotopic composition of bone collagen and hair 
keratin reflect different periods of time in an individual’s 
life. Human bones begin to develop in utero and once 
fully matured (in early adolescence to young adulthood) 
undergo regular cellular maintenance through slow 
turnover of collagen, bioapatite, and bone cells. Stable 
isotope analysis of collagen produces a long-term average 
(often greater than 20 years) of consumed and assimilated 
dietary protein (Hedges, Clement, Thomas, & O’Connell, 

2007). In contrast, hair keratin grows approximately one 
cm per month and once formed is metabolically inert 
(LeBeau, Montgomery, & Brewer, 2011), effectively sealing 
in the isotope values incorporated during growth.

Stable Isotope Analyses of North American Arctic 
Populations
Many subsistence-focused research questions in the NAA 
can be answered through the analysis of well-preserved 
zooarchaeological assemblages in tandem with other lines 
of archaeological and ethnographic evidence, however, 
there are some cases that seem especially tailored for 
the addition of stable isotope analysis of human tissues. 
Butchery practices may bias zooarchaeological assem-
blages (Betts & Friesen, 2013), while the contribution of 
taxa such as whales or shellfish to arctic diets can be dif-
ficult to estimate due to use and reuse of whale skeletal 
elements in dwellings and tool manufacture, and incom-
plete collection and quantification of shellfish remains, 
respectively (Claassen, 2000; Giovas, 2009; McCartney, 
1980; McCartney & Savelle, 1993; Savelle, 1997). A number 
of stable isotope studies have been conducted on human 
biological tissues to address the importance of whaling 
to arctic peoples (Coltrain et al., 2004; Coltrain, 2009; 
Coltrain et al., 2016), to assess the impacts of past epi-
sodes of climate change on arctic subsistence practices 
(Britton et al., 2013), and to provide further information 
regarding the diets of individuals (Britton et al., 2018a). 
Britton et al. (2018a) and Tackney et al. (2016) reviewed a 
number of these studies and noted significant geographic 
patterning in the types of foods consumed by pre- and 
post-contact Arctic hunter gatherers. Betts and Friesen 
(2004) emphasize the critical role that culture plays in 
fostering the diversity of dietary practices across the NAA. 
Inuit and Yupik populations are composed of discrete peo-
ples with distinct food cultures that developed in situ in 
response to local resource availability and stressors (Betts, 
2005; Betts & Friesen, 2013; Britton et al., 2018a; Friesen, 
1999; Friesen & Arnold, 1995). In the following section, we 
provide a brief review of the isotope research completed 
to date with a focus on how these data were integrated 
with other lines of archaeological evidence to address two 
broad, related themes in Arctic research.

1) Diachronic perspectives on human subsistence in 
the Arctic
Stable isotope analysis of human and faunal remains can 
provide long-term ecological observations that are com-
plementary to traditional ecological knowledge and his-
torical observations, especially if they are used in tandem 
with palaeoenvironmental proxies (Jones & Britton, 2019). 
If human isotope data are contextualized against a fau-
nal isotope baseline (Casey & Post, 2011; Van Klinken, 
Richards, & Hedges, 2002), then stable isotope analysis 
can be used to identify shifts in the trophic level of prey, 
or variation in the relative contributions of marine versus 
terrestrial sources of protein through time. Stable isotope 
analysis can also act as a blunt, but independent source 
of verification of observations from the historical period 
(Jensen, 2019), for example, by identifying deviations in 
animal behaviour between modern and archaeological 
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time periods (e.g. Gigleux, Grimes, Tütken, Knecht, & 
Britton, 2019). Diachronic studies of diet are of particular 
interest in Arctic and Subarctic archaeology as they can 
often be linked to fluctuating prey numbers, technological 
change, cross-cultural interactions, or environmental/cli-
mate change (Arneborg et al., 1999; Betts & Friesen, 2006; 
Duggan et al., 2017; Friesen et al., 2019; Hodgetts, Renouf, 
Murray, McCuaig-Balkwill, & Howse, 2003). Migration 
to new physical environments with different suites of 
resources may have prompted cultural and/or technologi-
cal adjustments to existing subsistence practices in terms 
of the types of animals hunted, seasonal harvesting sched-
ules, or technology required to access available prey in 
sufficient quantities.

The first large-scale stable isotope study to apply a dia-
chronic perspective to an Arctic context was conducted by 
Coltrain et al. (2004), later followed up by Coltrain (2009). 
These works estimated the importance of whaling to pre- 
and post-contact Inuit communities in NW Hudson Bay 
through δ13C and δ15N analysis of adult skeletons and 
contemporaneous faunal material. Radiocarbon dating of 
the skeletons revealed that most individuals post-dated 
the earliest Inuit occupations of the region and likely 
lived during the period of Neo-Boreal cooling known as 
the Little Ice Age which stretched from the 15th to 19th 
centuries (Coltrain, 2009; Friesen et al., 2019). Statistical 
modelling of the isotope data produced several findings 
of note. Coltrain et al. (2004) and Coltrain (2009) argued 
that intra-individual variation in trophic level (as indicated 
by δ15N values) but not in the intake of marine protein (as 
indicated by δ13C values) suggested differential consump-
tion of low-trophic level marine sources of protein, such 
as bowhead whale or walrus. Coltrain (2009) posited an 
increase in consumption of bowhead whale through time 
at the Silumiut and Kamarvik sites. The suggestion that 
bowhead whale consumption increased over the Little Ice 
Age is contradictory to relatively long-held beliefs in Arctic 
archaeology that increased ice cover during the Little Ice 
Age would have restricted bowhead whale movements to 
ice free areas, forcing an increased reliance on animals 
that thrive in conditions of increased sea ice cover, such 
as ringed seal (Schledermann, 1971, 1976). Over the same 
period of time, ringed seal appear to have played a con-
sistent and prominent role in the diets of the Sadlermiut 
from Southampton Island, also in northwest Hudson Bay 
(Coltrain et al., 2004; Coltrain, 2009), but these results 
conflicted with ethnohistoric accounts of Sadlermiut 
whaling activities, and archaeological site descriptions 
from the 1950s (Ryan, 2011). The discrepancy between 
the ethnohistoric and archaeological sources and the iso-
topic data is difficult to reconcile here. It is possible that 
the site descriptions and ethnohistoric accounts may not 
have accurately quantified the foods actually consumed 
by the Sadlermiut. It is also important to note that stable 
isotope analysis of bone collagen largely measures con-
sumed protein; animals that contributed mainly lipids to 
human diet (such as walrus and bowhead whales) may be 
underrepresented in bone collagen (Cherry et al., 2011; 
Fernandes et al., 2012). As will be discussed further below, 

there is still considerable uncertainty regarding how diets 
high in protein and fat, and low in carbohydrates will be 
metabolised by the human body (Newsome, Wolf, Peters, 
& Fogel, 2014; Wolf, Newsome, Peters, & Fogel, 2015). 
Further zooarchaeological and material culture analysis 
of Southampton Island assemblages are required, and 
this case serves to highlight how critical other lines of evi-
dence are to the interpretation of stable isotope data.

The effects of past episodes of climate change, such 
as the Medieval Climate Anomaly (AD 950–1250), and 
the Little Ice Age (AD 1450–1850) on local climates and 
weather and by extension on lived human experience can 
be difficult to estimate using environmental proxies which 
can have variable temporal and spatial resolution, and may 
not line up with zones of human occupation in the Arctic 
(Friesen et al., 2019). Recent diachronic comparisons of 
human hair isotope values from the Norton Pre-Inuit site 
of Nash Harbour and the precontact Yupik site of Nunalleq 
in southwest Alaska may evidence human responses to 
climate change at the scale of the individual. Britton et al. 
(2013) demonstrated striking differences in the amount 
of marine protein typically consumed throughout the 
year between these temporally separated cultures. Norton 
diets at Nash Harbour were composed of a greater propor-
tion of high trophic level marine foods while the diets of 
Nunalleq villagers featured mixed contributions of salmo-
nids, marine mammals, and terrestrial protein (Britton 
et al., 2013; Britton et al., 2018a). The hair samples from 
Nash Harbour and Nunalleq were recovered from house-
floor contexts and hair fragments were of approximately 
the same length. The isotopic differences in bulk hair 
samples between each site could be attributed to sea-
sonal differences in diet relating to the period of time over 
which the hair grew, but the isotopic differences persisted 
even in sequentially sampled locks of Nash Harbour and 
Nunalleq hair representing approximately one year of die-
tary inputs, suggesting that these differences must be due 
to either cultural or environmental factors (Britton et al., 
2013). Britton et al. (2013) attribute these differences to 
geographic variation in the types of resources that could 
be accessed between the sites, and also suggest that past 
periods of climate change may have further influenced 
prey distributions. This hypothesis received additional 
support from Masson-MacLean et al. (2019) as they argued 
that a reliance on marine, anadromous and terrestrial spe-
cies would have provided the Nunalleq community with 
a buffer against the direct (resource stress) and indirect 
(social stress) influences of climate change.

2) Food culture and social life in North American 
Arctic societies
The study of diet has long been linked to the efforts of past 
Arctic populations to regulate inter-personal relationships 
and control the stressors associated with increasing popu-
lation density (Friesen, 1999). The analysis of archaeologi-
cal and ethnographic data reveals diverse strategies for 
coping with social and resource stressors across the NAA 
that correspond to the type of resources available within 
the particular regions of study (Friesen, 1999; Savelle, 
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2002a; Whitridge, 2000). Over the course of the 21st 
century stable isotope analyses of human remains from 
a wide range of archaeological contexts are increasingly 
used to study the relationship between social organiza-
tion and diet (e.g. Alexander, Gerrard, Gutiérrez, & Millard, 
2015; Linderholm, Hedestierna Jonson, Svensk, & Lidén, 
2008; Toso, Gaspar, Banha da Silva, Garcia, & Alexander, 
2019). Stable isotope studies of pre-contact Arctic peoples 
have demonstrated regional variability in diet (reviewed 
in Britton et al., 2018a; Coltrain et al., 2016, and Tackney 
et al., 2016), providing additional support to zooarchaeo-
logical studies linking diet to ethnic identity (Betts, 2005; 
Betts, 2009). As the works discussed below will demon-
strate, stable isotope-based approaches are particularly 
well-suited to characterizing intra-individual variation in 
diet and estimating the breadth of the social catchment 
area of a particular mortuary site. When used with addi-
tional lines of evidence from the archaeological record, 
stable isotope studies can speak to aspects of food culture, 
such as storage, or seasonality.

Britton et al. (2018a) measured δ13C and δ15N values of 
sequential samples taken from eight locks of hair recov-
ered from sealed house floor contexts at the Nunalleq 
village site in southwestern Alaska to investigate how 
the diets of individuals varied over the period of sample 
growth (approximately one year). Given the seasonal-
ity of resources in the region, the relative stability of the 
isotopic patterns of four individuals was somewhat unex-
pected, but did make sense within the archaeological con-
text, particularly when other lines of evidence from the 
site were considered. The presence of numerous salmon 
vertebrae on site, and storage vessels containing aquatic 
biomarkers, strongly suggested that summer salmon runs 
may have provided the bulk of dietary protein that some 
individuals consumed throughout the year, likely due to 
the storage of surplus salmon (Britton et al., 2018a; Farrell 
et al., 2014; Masson-McLean et al., 2019). Modelling of the 
human hair isotope data against faunal isotope data pro-
vided further supporting evidence for the role of salmon 
in the diets of Nunalleq villagers (Britton et al., 2013; 
Britton et al., 2018a). However, not all individuals con-
sumed isotopically static diets: three locks of hair tracked 
an increase in either δ13C, or δ13C and δ15N that persisted 
for several months of growth; a fourth featured covariance 
of δ13C and δ15N values over a period of approximately six 
months; and a fifth featured a significant decrease of δ15N 
values, but little change in δ13C values, prompting Britton 
et al. (2018a) to put forward several possible explanations 
for the observed variation. Increasing δ13C and δ15N values 
probably evidenced the consumption of higher trophic 
level marine protein; the rising and falling δ13C and δ15N 
values of another individual suggested a reliance on fresh-
water resources, such as fish or waterfowl, during part of 
the year followed by increasing contributions from marine 
protein; and finally, falling δ15N values with static δ13C 
values suggested consumption of shellfish or other low 
trophic level marine protein sources (Britton et al., 2018a). 
Taken together, the diversity of dietary patterns present 
in only eight locks of hair has implications for individual 

mobility patterns, social roles and social organization at 
Nunalleq (Britton et al., 2018a). This study was unique 
for offering a glimpse into the lives of individuals, which 
are not always accessible using traditional archaeological 
methods, and is complimentary to studies of population- 
or community-level trends.

Nelson, Lynnerup, and Arneborg (2012b) did not ini-
tially design their study to address questions relating 
to Inuit diets in Greenland, but rather planned to use 
Inuit stable isotope data to aid in the interpretation of 
diachronic isotopic data sets from Greenlandic Norse 
skeletons. However, the resulting data offered a tanta-
lizing glimpse into Inuit subsistence and revealed geo-
graphic and intra-population differences in the types of 
marine species hunted, and in the relative contribution of 
marine and terrestrial species to Inuit diets. For example, 
while diets rich in marine protein were the norm among 
individuals recovered from coastal sites in southwest 
Greenland, human bone collagen δ13C and δ15N values 
varied between 23 individuals recovered from the site of 
Assumiut (Nelson et al., 2012b). Ringed seal appeared to 
the predominant source of dietary protein for the major-
ity of individuals, but one adult female and a subadult 
may have received greater contributions of protein from 
narwhal, while a second subadult appeared to consume 
protein with stable isotope values consistent with harp 
seals (Nelson et al., 2012a; Nelson et al., 2012b). In north-
eastern Greenland, human bone collagen values plotted 
along a continuum of increasing contributions of marine-
derived dietary protein, and multiple dietary patterns 
were present at the site of Dødemandsbugten (Nelson 
et  al., 2012b). Nelson et  al. (2012b) suggested that, in 
general, each Inuit community occupied its own territory 
and did not move widely around the landscape to obtain 
resources, but the presence of different dietary strategies 
implied by outlying collagen isotope values at several sites 
suggested movement of certain individuals who may have 
spent part of their lives elsewhere (Nelson et al., 2012b).

The patterns of inter-individual differences in diet 
uncovered by Britton et al. (2018a) and Nelson et al. (2012b) 
were also found by Coltrain et al. (2016) in their isotopic 
study of Nuvuk, the largest pre-contact mortuary site in 
Alaska. Within the site, the δ13C values of adults ranged 
from –15.7‰ to –12.4‰ and the δ15N values ranged from 
+17.7‰ to +22.4‰ (Coltrain et al., 2016). Some of this 
range in data may be attributable to biological sex: while 
the mean collagen δ13C and δ15N values of biological male 
and female skeletons did not differ significantly, the δ15N 
values of male skeletons were more variable than those of 
females (Coltrain et al., 2016). Where osteological evidence 
of biological sex is available for assemblages of human 
remains in the Arctic, there are consistently no statistically 
significant differences in the mean δ13C and δ15N values of 
males and females (Coltrain et al., 2004; Coltrain, 2009; 
Coltrain et al., 2016; Nelson et al., 2012b). However, the 
breadth of results reported by Coltrain et al. (2016) sug-
gests that some males may have had access to different 
types of marine protein, perhaps due to their involvement 
in different subsistence or trade activities.
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Challenges and future prospects of stable isotope 
studies of Arctic populations
In certain archaeological contexts stable carbon and nitro-
gen isotope ratio analysis of human biological tissues can 
yield important insights into past human lifeways, partic-
ularly in cases where faunal preservation is poor, or when 
inter- and intra-population dietary variation is under 
study. However, stable isotope analyses of bulk proteins 
in the Arctic, as elsewhere, are limited by problems of 
equifinality. For example, prey species may have overlap-
ping isotope values so that relative contributions of one 
prey class versus another cannot be distinguished with 
isotope mixing models (Phillips et al., 2014), or it may not 
be possible to distinguish physiological influences on δ15N 
values from dietary inputs (e.g. Britton et al., 2018a). Addi-
tional problems occur when attempting to assign human 
remains to an absolute chronological framework. For 
many years after the adoption of radiocarbon dating, the 
skeletons of archaeological marine hunter-gatherers were 
avoided as a source of radiocarbon dates in the Arctic (e.g. 
Arundale, 1981; Dumond & Griffin, 2002; McGhee & Tuck, 
1976; Morrison, 1989), due to the uncertainty associated 
with the marine radiocarbon reservoir and with estimated 
contributions of marine carbon to human bone colla-
gen. While a number of authors have developed meth-
ods for estimating the contribution of marine carbon to 
human bone collagen (e.g. Arneborg et al., 1999; Barrett 
& Richards, 2004; Craig, Bondioli, Fattore, Higham, & 
Hedges, 2013; Raghavan et al., 2014), local deviations, 
termed the delta (Δ) R, in the offset between atmospheric 
14C concentrations and the marine radiocarbon reser-
voir remain a major source of uncertainty that must be 
included in the calibration of 14C ages from human and 
marine faunal skeletal remains (Bronk Ramsey, 2008; 
Stuiver, 1986). A discussion of ongoing research on 
this topic is beyond the scope of this paper, but readers 
are encouraged to see Dyke et al. (2018), Krus, Jensen, 
Hamilton, and Sayle (2019), and Ledger, Forbes, Masson-
MacLean, and Knecht (2016) for an Arctic perspective on 
this issue. In the following section, we elaborate on some 
of the issues associated with equifinality, and present 
recently developed areas of research that have potential 
applications in Arctic archaeology.

Asking better questions: Community-led research and 
bioarchaeology in the Arctic
We begin by focusing on recent developments in indig-
enous and community-led research in Arctic communi-
ties, as further bioarchaeological research cannot proceed 
without input and consent from descendent communi-
ties. With the development of the National Graves and 
Repatriation Act (NAGPRA) in the United States, and the 
adoption of similar provincial legislature in Canada, many 
of the skeletal assemblages that were collected during 
the 19th and 20th centuries are being returned to Arctic 
communities, and most bioarchaeological studies are 
no longer conducted without permission from descend-
ent groups. Through the development of community-led 
interdisciplinary archaeology projects, such as those at 
Nunalleq Village and Nuvuk in Alaska, or the Traditions 

and Transition project in Labrador, considerable progress 
has been made to incorporate the priorities of indig-
enous stakeholders into archaeological research design 
(Hillerdal, 2017; Jensen, 2012; Traditions and Transitions, 
2019). Some Canadian universities, such as the University 
of Victoria, the University of British Columbia, and Memo-
rial University of Newfoundland, are now developing and 
implementing indigenous research paradigms, but much 
still needs to be done to incorporate the voices and con-
cerns of indigenous groups across the Arctic in the devel-
opment of archaeological questions. The incorporation 
of traditional knowledge could lead to a much deeper, 
more nuanced understanding of local environments 
(past and present), and an overall better interpretation 
of archaeological data. For example, the development of 
partnerships between indigenous informants and West-
ern scientists to study biodiversity and conservation in 
the north has improved the quality and scope of data 
regarding the ways species and arctic environments are 
responding to climate change and to the intensification 
of human exploitation of land and sea resources (Krupnik 
& Ray, 2007; Stevenson, 1997; Thornton & Scheer, 2012). 
For bioarchaeologists practicing in the NAA, such an 
approach would aid in building bridges between aca-
demic disciplines and indigenous communities which in 
turn would lead to more interesting and relevant research 
questions, and new ways of tackling old problems. The 
Inuit Tapiriit Kanatami has put forward a clear and con-
cise guide to conducting research on Inuit lands in Canada 
which includes strict guidelines on the ethical conduct of 
researchers and open access publication of data. Compli-
ance with published indigenous research guidelines (e.g. 
FNIGC, 2019; ITK, 2018) would only improve the scope 
and impact of future bioarchaeological studies, and the 
relationships between archaeologists and indigenous 
groups across the Arctic.

Macronutrient routing and physiological inputs to 
human stable isotope values
As reviewed above, the diets of archaeological Arctic 
hunter-gatherers were composed predominantly of pro-
tein and fats derived from marine mammals, fish, and 
caribou, with limited sources of carbohydrate. The incor-
poration of these macronutrients into human tissues is 
a source of uncertainty that must be considered when 
conducting palaeodietary analyses of arctic populations. 
In laboratory settings high protein diets are associated 
with increased direct routing of dietary amino acids to 
proteinaceous tissues (collagen, hair, and blood), and a 
lower diet-collagen δ13C offsets (Jim, Jones, Ambrose, & 
Evershed, 2006). Conversely, the consumption of marine 
protein may actually increase nitrogen isotope diet-tissue 
offsets (Webb, Stewart, Miller, Tarlton, & Evershed, 2016). 
These experimental findings may have implications for 
palaeodietary studies of Arctic hunter-gatherers, particu-
lar with respect to estimations of trophic level. The high 
marine protein diets of Arctic peoples may increase the 
diet-collagen δ15N offsets and render commonly used 
trophic discrimination factors inappropriate for this 
context (Hedges & Reynard, 2007). However, in most of 
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the cases presented in this paper, the trophic discrimi-
nation factors applied to human isotope data appear 
to be appropriate, based on prior assumptions for the 
zooarchaeological and archaeological records (Coltrain 
et al., 2004; Coltrain, 2009; Gulløv, 2012; Nelson et al., 
2012b), but further support from the application of 
newer generations of palaeodietary models (e.g. FRUITS 
[Fernandes, Grootes, Nadeau, & Nehlich, 2015]; or SIMMR 
[Parnell, 2016]) would be a welcome addition to Arctic 
stable isotope studies.

The contribution of carbon from dietary lipids to bone 
collagen is generally considered to be relatively minor 
(Fernandes et al., 2012). In other, lower latitude contexts, 
populations accessed wild and cultivated sources of carbo-
hydrates that provided ready sources of energy for amino 
acid synthesis, however, energy sources in the Arctic are 
limited to seasonal, and regionally variable, contributions 
from greens, tubers, berries, and seaweed, with the bulk 
sourced from animal fats. The influence of dietary lipids, 
such as whale (muktuk) and seal (nuktuk) blubber, on col-
lagen δ13C values is uncertain: experimental work with 
other mammals has shown flexibility in the incorporation 
of dietary lipids into proteinaceous tissues, prompting 
some researchers to urge caution when designing stable 
isotope studies of animals (including humans) with high 
lipid diets as protein-only models may misinterpret the 
stable isotope data (Newsome et al., 2010; Newsome et al., 
2014). As stable isotope studies of arctic populations have 
thus far been limited to the analysis of bulk proteins (col-
lagen and keratin), the interpretations of resulting isotope 
data sets have, of necessity, been quite broad. A recent 
analysis of polar bear blood and adipose tissue samples 
determined that large-bodied prey (whales and walrus) 
provided the greatest contribution of dietary lipids, while 
smaller marine mammals provided the bulk of dietary pro-
tein to bears (Cherry et al., 2011). A similar approach using 
human skeletal remains would be challenging as the δ13C 
analysis of archaeological bone lipids remains relatively 
unexplored (Colonese et al., 2015). Instead, the δ13C analy-
sis of non-essential amino acids found in bone collagen or 
hair keratin may offer a way forward. Non-essential amino 
acids can be divided into two groups by biosynthetic pre-
cursor: Glucogenic amino acids (Glycine, Alanine, Serine) 
are synthesized from carbon precursors taken from dietary 
carbohydrates and lipids, while the ketogenic amino acids 
(Glutamate and Aspartate) can be synthesized from car-
bon sourced from all dietary macronutrients (Newsome 
et al., 2014). As sources of dietary carbohydrates are lim-
ited in most of the Arctic, glucogenic amino acids would 
largely reflect dietary lipid sources. Building from Cherry 
et al. (2011), it could then be possible, for certain hunter-
gatherer populations, to model the contributions of 
lipid sources from, for example, bowhead whale, seal, or 
terrestrial sources of fat, using the δ13C values of gluco-
genic, and potentially ketogenic amino acids, too. Further 
insights could then be gained through comparison with 
the δ13C values of Proline which may be routed directly 
from dietary protein (Jim et al., 2006).

Dietary stress was proposed as a possible influence on 
human stable isotope values in the Arctic (Coltrain et al., 

2016). During periods of nutritional stress, protein syn-
thesis in healthy adults tends to slow, but it does not cease 
completely (Mekota, Grupe, Ufer, & Cuntz, 2006). When 
insufficient concentrations of amino acids are consumed, 
the body will catabolise amino acids from skeletal muscle, 
predominantly targeting glutamic acid and alanine, for 
tissue maintenance, leading to secondary enrichment in 
15N of body proteins (Mekota et al., 2006; Neuberger, Jopp, 
Graw, Püschel, & Grupe, 2013). Fuller et al. (2005) found 
evidence of this phenomenon, in the form of increasing 
δ15N values, in modern pregnant people suffering from 
morning sickness. The influence of dietary stress on col-
lagen δ13C values hypothesized by Coltrain et al. (2016) 
finds support in the work of Neuberger et al. (2013) who, 
in a study of δ13C and δ15N values in the hair of anorectic 
patients, posited that the catabolism of body fat would 
introduce 13C depleted carbon back into the body’s carbon 
pool, thereby reducing the δ13C value of amino acids that 
can use lipid-derived carbon as a substrate. Beaumont and 
Montgomery (2016) observed this phenomenon in den-
tine serial sections from Irish Famine Victims. It may be 
premature to assume that hunter-gatherers in the Arctic 
were regularly afflicted by dietary stress. While there 
are recorded occurrences of starvation during the post-
European contact period relating to illness and modern 
declines in Arctic prey species (Boas, 1964; Krupnik & 
Chlenov, 2013), there is insufficient evidence to assume 
that nutritional deficits were commonplace across the 
Arctic during prehistory. However, osteological analyses of 
skeletal remains from Alaska to Labrador do report skel-
etal markers that may be consistent with physiological 
stress, such as that caused by illness, or vitamin deficien-
cies caused by parasitic infection, or use of non-traditional 
foods provided by European whaling groups (Keenleyside, 
1998; Keenleyside, 1990; Way, 1978). Physiological stress 
should be considered as a possible source of negatively 
covarying δ13C and δ15N values (Beaumont, Montgomery, 
Buckberry, & Jay, 2015; Beaumont & Montgomery 2016; 
King et al., 2018), but the application of a blanket correc-
tion to palaeodietary models may not be necessary.

Food preparation and storage
Arctic peoples preserved hunted and gathered food 
resources in a variety of ways (stored in snowpack, 
mixed with oil or fat, air dried, or carefully fermented) 
for consumption throughout the year (Friesen & Arnold, 
1995; see Yamin-Pasternak, Kliskey, Alessa, Pasternak, & 
Schweitzer, 2014 for a modern example). In the case of 
large scale summer or fall hunts, such as caribou in their 
prime, beluga drives, salmon runs, or bowhead whales, 
the meat and (especially) fat these provided were often 
expected to last through the leanest months of winter, 
from February to April (Betts, 2005; Betts & Friesen, 2006, 
2013; Masson-MacLean et al., 2019; Taylor, 1988). It has 
long been recognised that the subsistence systems of 
many arctic peoples fall into the category of “collecting” on 
the spectrum of complex hunting and gathering societies 
(Binford, 1980; Savelle, 2002b). This distinction, in oppo-
sition to patterns of “foraging”, is an important one in that 
collecting is characterised by a lower level of residential 
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mobility, but a higher level of logistical (or task) mobil-
ity and storage of high-bulk focal resources (Betts, 2005; 
Binford, 1980; Stenton, 1989; Whitridge, 1999; Woollett, 
2007). These collecting and storage patterns, combined 
with variable mobility practices, may have the effect of 
attenuating expected seasonal differences in isotopic 
composition of human tissues, even when examined at a 
finer scale, as suggested by Britton et al. (2018a).

Several stable isotope studies have also proposed 
that the process of decomposition may raise the δ15N 
and δ13C values of stored meat. Bada, Schoeninger, and 
Schimmelmann (1989) analysed the effects of artificial 
protein hydrolysis on the stable isotope values of mod-
ern tendon collagen. The hydrolysed protein fragments 
became slightly enriched in 15N, while the δ15N values of 
unhydrolysed protein increased by up to +20‰ (Bada 
et al., 1989), possibly due to selective loss of particular 
amino acids with lower δ15N values. Recently Yurkowski, 
Hussey, Hussey, and Fisk (2017) tested the effects of 
decomposition and the duration of cold storage on the 
isotope values of ringed seal meat, Greenland shark tissue, 
and fish, and suggested that cold storage at a consistent 
temperature did not have an appreciable effect on stable 
isotope values, however, decomposition in a closed envi-
ronment increased ringed seal δ15N values by up to +2‰ 
(Yurkowski et al., 2017). Further experimental archaeol-
ogy studies may be required, but the effect on human δ15N 
values would probably be minor and may only be visible 
in incrementally growing tissues such as hair keratin, or 
tooth dentine.

Isotope baselines
The faunal isotope baseline is a key component of any pal-
aeodietary or radiocarbon study using human bone col-
lagen as an analyte; ideally, human isotope values will be 
compared to a set of carbon and nitrogen isotope ratio 
measurements from local, contemporaneous archaeo-
logical animals (Van Klinken et al., 2002). Shifts in the 
δ13C and δ15N values of primary producers are known 
to occur through time and over geographic space, and 
higher trophic level animals may also modify their feeding 
behaviours depending on local environmental conditions 
or hunting pressures (Betts & Friesen, 2006; Bocherens, 
Grandal-d’Anglade, & Hobson, 2014; Casey & Post, 2011). 
Several recent studies of modern and archaeological 
specimens have shown the influence of climate and other 
environmental factors on the δ13C and δ15N values of 
Arctic fauna. Szpak et al. (2019) have demonstrated signifi-
cant differences in the δ15N values of ringed seal popula-
tions of the Central Canadian Arctic Archipelago over the 
past 2000 years. Historic and modern walrus populations 
of the Chukchi Sea had significantly lower δ15N and δ13C 
values than archaeological specimens (Clark et al., 2019), 
findings which echoed that of an earlier study conducted 
on multiple species of archaeological and modern marine 
mammals from the same region (Szpak et al., 2017). The 
extensive sampling protocols of the aforementioned 
studies exceed the scope of most human palaeodietary 
studies, but they serve to highlight the possibility of 
temporal differences in isotope baselines that should be 
considered when conducting human palaeodietary analy-

ses. To date, it is difficult to conduct statistical compari-
sons of archaeological faunal isotope values across the 
Arctic due to the varying sizes of published data sets, and 
incomplete reporting of the archaeological context of the 
faunal remains used to construct isotope baselines. The 
increasing popularity of stable isotope analysis as a tool 
for palaeoenvironmental studies may reduce the sample 
size disparities in the future, but archaeological palaeodiet 
studies must still deal with issues arising from legacy 
collections stored in museums in North America and in 
Northern Europe. Some of these issues include changes in 
recovery methods of faunal material between the present 
and early 20th century (Betts, 2016); difficulties in access-
ing skeletal material in distant repositories that may or 
may not have complete inventories; and the recovery of 
mixed faunal assemblages from sites with multiple, over-
lapping, Pre-Inuit and Inuit or Yupik contexts, a common 
occurrence in the NAA (Park, 1993). Sampling protocols 
may also introduce a bias to the isotope baseline. For 
example, it has been proposed that in some Arctic and 
Sub-Arctic regions, hunter-gatherers preferred juvenile 
prey to adults, and that the nursing effect on δ15N values 
of young prey animals may explain higher than expected 
δ15N values of human bone collagen, but the bones of 
juveniles animals are often bypassed in favour of those 
from mature specimens (Nelson et al., 2012b) which are 
considered more representative of animal populations.

Compound specific isotope analysis of amino acids 
liberated from archaeological specimens, such as bone 
collagen, hair keratin, or baleen may alleviate some of the 
problems associated with equifinality or isotope baselines. 
Essential amino acids are transferred intact from dietary 
protein to human tissues, allowing the δ13C and δ15N 
values of these amino acids to be used as tracers as negli-
gible isotopic fractionation occurs during transfer (Fogel 
& Tuross, 2003; McClelland & Montoya, 2002; Popp et al., 
2007). The δ13C values of essential amino acids, when 
combined in statistical models, can identify the ‘isotope 
fingerprints’ associated with different sources of primary 
production allowing the relative contributions of multi-
ple foodwebs to a consumer isotope value to be charac-
terized (Elliott Smith, Harrod, & Newsome, 2018; Larsen 
et al., 2009; Larsen et al., 2013; Wang et al., 2018). This 
method has potential for improving our understanding of 
arctic diets, particularly when the contributions of prey 
species are difficult to distinguish using bulk collagen δ13C 
and δ15N values alone. Two studies conducted in the past 
10 years have revealed surprisingly variable δ13C values 
(–21.2‰ to –26.3‰) of the amino acid Phenylalanine 
(δ13CPhe) from 10 archaeological Inuit mummies from the 
Nuusuuaq Peninsula in Greenland that otherwise had rel-
atively homogenous bulk collagen δ13C values (–13.9‰ to 
–12.6‰) (Honch, McCullagh, & Hedges, 2012; Raghavan, 
McCullagh, Lynnerup, & Hedges, 2010). This exceeds the 
variation in δ13CPhe values measured in the collagen of 
hunter-gatherers from the coast of the Baltic Sea (–25.3‰ 
to –24.4‰) (Webb et al., 2015), or the hair of hunter-gath-
erers from Chile (–24.7‰ to –20.6‰) (Mora et al., 2016). 
These data suggest that the individuals from Nuusuuaq 
were either consuming different types of marine pro-
tein, or the same type of protein, but from regions with 
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different isotopic baselines. Further analysis of faunal 
specimens is of course required, but even this small data-
set is evocative of the potential of compound specific car-
bon isotope applications to arctic contexts with respect 
to human palaeodiet, social organization, and palaeoenvi-
ronmental reconstructions.

Breastfeeding and childhood diets
Decisions surrounding breastfeeding initiation, the time 
at which complementary foods are introduced, and the 
types of foods given to infants are strongly influenced by 
cultural attitudes toward female bodies, child rearing, and 
sexual politics (Fildes, 1986; Palmer, 2009). Breastfeeding 
and weaning practices, and the foods accessed by children, 
are closely linked to infant mortality and infection (Sankar 
et al., 2015), population size, social and economic roles of 
infant caregivers, and social concepts of childhood (Fildes, 
1986). Stable carbon and nitrogen isotope analysis of bone 
and dental collagen is commonly used to study breastfeed-
ing and weaning practices in disparate archaeological con-
texts around the world (e.g. Britton et al., 2018b; Eerkens 
& Bartelink, 2013; Herring et al., 1998; King et al., 2018; 
Nitsch, Humphrey, & Hedges, 2011), but to date such stud-
ies have not been attempted in Arctic contexts. There is 
little published information about the breastfeeding and 
weaning practices of Arctic caregivers in the pre- or post-
contact periods that can be used to understand the mod-
ern trajectory of infant care in the Arctic (Asuri, Ryan, & 
Arbour, 2011; McIsaac, 2014). Bioarchaeological studies of 
breastfeeding of pre- and post-contact Arctic populations 
would be informative of infant and maternal health in the 
past (Beaumont & Montgomery, 2016). Through sequen-
tial sampling and isotopic analysis of human deciduous 
and permanent teeth it may be possible to identify sub-
annual changes in maternal and infant diets (Beaumont 
et  al., 2015), to estimate average breastfeeding prac-
tices and by extension, commonly-held attitudes about 
childrearing (Britton et al., 2018b), to relate breastfeeding 
practices to the social and economic roles of infant car-
egivers (Nitsch et al., 2011), and by comparing the diets of 
infants and adults, gain more insight into social construc-
tions of childhood among arctic hunter-gatherers.

Conclusions
Archaeological research in the North American Arctic 
benefits from well-preserved faunal assemblages and a 
rich ethnographic record with which to reconstruct past 
human subsistence, but stable isotope analysis of human 
and faunal biological tissues still has a role to play by 
complimenting site- and region-based analyses with data 
from individuals. The research discussed in this review 
demonstrates that stable isotope analyses of human bone 
collagen and hair keratin have yielded important insights 
into diachronic shifts in diet, food cultures, and aspects 
of social organization at the level of the individual, but 
stable isotope research still faces the same challenges in 
the Arctic as it does elsewhere; issues of equifinality pose 
a number of problems in the interpretation of isotope 
data sets from bulk and sequentially sampled human tis-
sues. There is reason for hope: Arctic researchers are now 
combining stable isotope analysis with community-led 

research agendas, site-based interdisciplinary analyses, 
and are better able to contextualize human stable isotope 
data as a result. The application of additional methods, 
such as compound specific isotope analysis, or the iso-
topic analyses of breastfeeding and weaning practices, has 
considerable potential in the Arctic. Future research must 
continue to incorporate indigenous voices and research 
priorities as this will only improve the quality of informa-
tion gleaned from archaeological and bioarchaeological 
investigations in the Arctic.

Additional File
The additional file for this article can be found as follows: 

•	 Lay Summary. Reconstructing the Diets of Past Arctic 
Peoples: A Review. DOI: https://doi.org/10.5334/oq.​
67.s1

Acknowledgements
We would like to thank Niklas Hausmann, André Colonese, 
and Geoff Bailey for their work in organising the 2018 
European Association of Archaeology session ‘Methodo-
logical Advances in Coastal and Maritime Archaeology’ 
and for inviting us to take part in this special issue. We 
thank Meghan Burchell and Gunilla Eriksson for reading 
a draft of our manuscript and for providing useful sug-
gestions. We are very grateful to Dr. Kate Britton and two 
anonymous reviewers whose comments and thoughtful 
critiques greatly improved the quality of this paper.

Funding Information
This project was funded by the European Union’s frame-
work programme for research and innovation Horizon 
2020 under grant agreement No. 676154. Additional PhD 
funding was awarded by the Social Sciences and Humanities 
Research Council of Canada CGS awards to A.H. and D.E.

Competing Interests
The authors have no competing interests to declare.

Author Contributions
A.H. and D.E. drafted and edited the manuscript.

References
Alexander, MM, Gerrard, CM, Gutiérrez, A and 

Millard, AR. 2015. Diet, society, and economy in 
Late Medieval Spain: Stable isotope evidence from 
Muslims and Christians from Gandía, Valencia. 
American Journal of Physical Anthropology, 
156: 263–273. DOI: https://doi.org/10.1002/
ajpa.22647

Ambrose, SH and Norr, L. 1993. Experimental evidence 
for the relationship of the carbon isotope ratios of 
whole diet and dietary protein to those of bone 
collagen and carbonate. In: Lambert, JB and Grupe, 
G (eds.), Prehistoric Human Bone, 1–37. Berlin: 
Springer Heidelberg. DOI: https://doi.org/10.1007/​
978-3-662-02894-0_1

Ames, R. 1977. Land use in the Rigolet region. In: Brice-
Bennett, C (ed.), Our Footprints are Everywhere, 
279–308. Nain: Labrador Inuit Association.

https://doi.org/10.5334/oq.67.s1
https://doi.org/10.5334/oq.67.s1
https://doi.org/10.1002/ajpa.22647
https://doi.org/10.1002/ajpa.22647
https://doi.org/10.1007/978-3-662-02894-0_1
https://doi.org/10.1007/978-3-662-02894-0_1


Harris and Elliott: Stable Isotope Studies of North American Arctic PopulationsArt. 11, page 10 of 17  

Arneborg, J, Heinemeier, J, Lynnerup, N, Nielsen, HL, 
Rud, N and Sveinbjörnsdóttir, ÁE. 1999. Change 
of diet of the Greenland Vikings determined from 
stable carbon isotope analysis and 14C dating of their 
bones. Radiocarbon, 41(2): 157–168. DOI: https://
doi.org/10.1017/S0033822200019512

Arundale, WH. 1981. Radiocarbon dating in Eastern 
Arctic Archaeology: A flexible approach. American 
Antiquity, 46(2): 244–271. DOI: https://doi.org/10.​
2307/280207

Arutiunov, SA and Sergeev, DA. 1990. Issues of the 
ethnic history of the Bering Sea. Soviet Anthropology 
and Archaeology, 28(4): 50–77. DOI: https://doi.
org/10.2753/AAE1061-1959280450

Asuri, S, Ryan, AC and Arbour, L. 2011. Report 2: Breast-
feeding among Inuit in Canada. Early Inuit Child 
Health in Canada. Report produced for Inuit Tapiriit 
Kanatami. https://www.itk.ca/0wp-content/uploads/​
2016/07/2011-Report-Breastfeeding-among-Inuit-
in-Canada.pdf [05/06/2017].

Bada, JL, Schoeninger, M and Schimmelmann, A. 
1989. Isotopic fractionation during peptide bond 
hydrolysis. Geochimica et Cosmochimica Acta, 
53(12): 3337–3341. DOI: https://doi.org/10.1016/​
0016-7037(89)90114-2

Barrett, JH and Richards, MP. 2004. Identity, gender, 
religion and economy: New isotope and radiocarbon 
evidence for marine resource intensification in early 
historic Orkney, Scotland, UK. European Journal 
of Archaeology, 7(3): 249–271. DOI: https://doi.
org/10.1177/1461957104056502

Beaumont, J and Montgomery, J. 2016. The Great Irish 
Famine: Identifying starvation in the teeth of victims 
using stable isotope analysis of bone and incremen-
tal dentine collagen. PLoS One, 11(8): e0160065. DOI: 
https://doi.org/10.1371/journal.pone.0160065

Beaumont, J, Montgomery, J, Buckberry, J and Jay, 
M. 2015. Infant mortality and isotopic complex-
ity: New approaches to stress, maternal health, 
and weaning. American Journal of Physical 
Anthropology, 157(3): 441–457. DOI: https://doi.
org/10.1002/ajpa.22736

Betts, MW. 2005. Seven focal economies for six focal 
places: The development of economic diversity in the 
Western Canadian Arctic. Arctic Anthropology, 42(1): 
47–87. DOI: https://doi.org/10.1353/arc.​2011.0026

Betts, MW. 2009. Chronicling Siglit identities: Economy, 
practice, and ethnicity in the Western Canadian 
Arctic. Alaska Journal of Anthropology, 7(2): 1–28.

Betts, MW. 2016. Zooarchaeology and the reconstruc-
tion of ancient human-animal relationships in 
the Arctic. In: Friesen, TM and Mason, OK (eds.), 
Oxford Handbook of the Prehistoric Arctic, 81–108. 
Oxford: Oxford University Press. DOI: https://doi.
org/10.1093/oxfordhb/9780199766956.013.8

Betts, MW and Friesen, TM. 2004. Quantifying hunter-
gatherer intensification: A zooarchaeological case 
study from Arctic Canada. Journal of Anthropological 
Archaeology, 23(4): 357–384. DOI: https://doi.
org/10.1016/j.jaa.2004.07.001

Betts, MW and Friesen, TM. 2006. Declining foraging 
returns from an inexhaustible resource? Abundance 
indices and beluga whaling in the Western Canadian 
Arctic. Journal of Anthropological Archaeology, 
25(1): 59–81. DOI: https://doi.org/10.1016/j.jaa.​
2005.11.001

Betts, MW and Friesen, TM. 2013. Archaeofaunal 
signatures of specialized bowhead whaling in 
the Western Canadian Arctic: A regional study. 
Anthropozoologica, 48(1): 53–73. DOI: https://doi.
org/10.5252/az2013n1a3

Binford, LR. 1980. Willow smoke and dogs’ tails: Hunter-
gatherer settlement systems and archaeological site 
formation. American Antiquity, 45(1): 4–20. DOI: 
https://doi.org/10.2307/279653

Blake, W. 1991. Ratios of stable carbon isotopes in some 
High Arctic plants and lake sediments. Journal of 
Paleolimnology, 6(2): 157–166. DOI: https://doi.
org/10.1007/BF00153739

Boas, F. 1964. The Central Eskimo. Seattle: University of 
Nebraska Press.

Bocherens, H and Drucker, D. 2003. Trophic level 
isotopic enrichment of carbon and nitrogen in 
bone collagen: Case studies from recent and ancient 
terrestrial ecosystems. International Journal of 
Osteoarchaeology, 13(1–2): 46–53. DOI: https://doi.
org/10.1002/oa.662

Bocherens, H, Grandal-d’Anglade, A and Hobson, KA. 
2014. Pitfalls in comparing modern hair and fossil 
bone collagen C and N isotopic data to reconstruct 
ancient diets: A case study with cave bears (Ursus 
spelaeus). Isotopes in Environmental and Health 
Studies, 50(3): 291–299. DOI: https://doi.org/10.10
80/10256016.2014.890193

Brice-Bennett, C. 1977. Land use in the Nain and 
Hopedale regions. In: Brice-Bennett, C, Cooke, A and 
Davis, N (eds.), Our Footprints are Everywhere: Inuit 
Land Use and Occupancy in Labrador, 97–204. Nain: 
Labrador Inuit Association.

Britton, K. 2010. Multi-isotope analysis and the recon-
struction of prey species palaeomigrations and 
palaeoecology (PhD Thesis). Department of 
Archaeology, Durham University.

Britton, K, Knecht, R, Nehlich, O, Hillerdal, C, Davis, 
RS and Richards, MP. 2013. Maritime adaptations 
and dietary variation in Prehistoric Western 
Alaska: Stable isotope analysis of permafrost-
preserved human hair. American Journal of Physical 
Anthropology, 151: 448–461. DOI: https://doi.org/​
10.1002/ajpa.22284

Britton, K, McManus-Fry, E, Cameron, A, Duffy, P, 
Masson-MacLean, E, Czére, O, Smith, N, Stones, 
J, Winfield, A and Müldner, G. 2018b. Isotopes 
and new norms: Investigating the emergence of 
early modern U.K. breastfeeding practices at St. 
Nicholas Kirk, Aberdeen. International Journal of 
Osteoarcheology, 28(5): 1–13. DOI: https://doi.org/​
10.1002/oa.2678

Britton, K, McManus-Fry, E, Nehlich, O, Richards, M, 
Ledger, PM and Knecht, R. 2018a. Stable carbon, 

https://doi.org/10.1017/S0033822200019512
https://doi.org/10.1017/S0033822200019512
https://doi.org/10.2307/280207
https://doi.org/10.2307/280207
https://doi.org/10.2753/AAE1061-1959280450
https://doi.org/10.2753/AAE1061-1959280450
https://www.itk.ca/0wp-content/uploads/2016/07/2011-Report-Breastfeeding-among-Inuit-in-Canada.pdf
https://www.itk.ca/0wp-content/uploads/2016/07/2011-Report-Breastfeeding-among-Inuit-in-Canada.pdf
https://www.itk.ca/0wp-content/uploads/2016/07/2011-Report-Breastfeeding-among-Inuit-in-Canada.pdf
https://doi.org/10.1016/0016-7037(89)90114-2
https://doi.org/10.1016/0016-7037(89)90114-2
https://doi.org/10.1177/1461957104056502
https://doi.org/10.1177/1461957104056502
https://doi.org/10.1371/journal.pone.0160065
https://doi.org/10.1002/ajpa.22736
https://doi.org/10.1002/ajpa.22736
https://doi.org/10.1353/arc.2011.0026
https://doi.org/10.1093/oxfordhb/9780199766956.013.8
https://doi.org/10.1093/oxfordhb/9780199766956.013.8
https://doi.org/10.1016/j.jaa.2004.07.001
https://doi.org/10.1016/j.jaa.2004.07.001
https://doi.org/10.1016/j.jaa.2005.11.001
https://doi.org/10.1016/j.jaa.2005.11.001
https://doi.org/10.5252/az2013n1a3
https://doi.org/10.5252/az2013n1a3
https://doi.org/10.2307/279653
https://doi.org/10.1007/BF00153739
https://doi.org/10.1007/BF00153739
https://doi.org/10.1002/oa.662
https://doi.org/10.1002/oa.662
https://doi.org/10.1080/10256016.2014.890193
https://doi.org/10.1080/10256016.2014.890193
https://doi.org/10.1002/ajpa.22284
https://doi.org/10.1002/ajpa.22284
https://doi.org/10.1002/oa.2678
https://doi.org/10.1002/oa.2678


Harris and Elliott: Stable Isotope Studies of North American Arctic Populations Art. 11, page 11 of 17

nitrogen and sulphur isotope analysis of perma-
frost preserved human hair from rescue excavations 
(2009, 2010) at the precontact site of Nunalleq, 
Alaska. Journal of Archaeological Science: Reports, 
17: 950–963. DOI: https://doi.org/10.1016/j.jasrep.​
2016.04.015

Bronk Ramsey, C. 2008. Radiocarbon dating: Revolu-
tions in understanding. Archaeometry, 50(2): 249–
275. DOI: https://doi.org/10.1111/j.1475-4754.​
2008.00394.x

Casey, MM and Post, DM. 2011. The problem of isotopic 
baseline: Reconstructing the diet and trophic posi-
tion of fossil animals. Earth-Science Reviews, 106: 
131–148. DOI: https://doi.org/10.1016/j.earscirev.​
2011.02.001

Cherry, SG, Derocher, AE, Hobson, KA, Stirling, I and 
Thiemann, GW. 2011. Quantifying dietary pathways 
of proteins and lipids to tissues of a marine predator. 
Journal of Applied Ecology, 48: 373–381. DOI: 
https://doi.org/10.1111/j.1365-2664.2010.01908.x

Chisholm, BS, Nelson, DE and Schwarcz, HP. 1983. 
Marine and terrestrial protein in prehistoric diets 
on the British Columbia coast. Current Anthropol-
ogy, 24(3): 396–398. DOI: https://doi.org/10.1086/​
203018

Claassen, C. 2000. Quantifying shell: Comments on Mason, 
Peterson, and Tiffany. American Antiquity, 65(2): 
415–418. DOI: https://doi.org/10.2307/2694068

Clarke, CT, Horstmann, L, de Vernal, A, Jensen, AM and 
Misarti, N. 2019. Pacific walrus diet across 4000 
years of changing sea ice conditions. Quaternary 
Research, in press. DOI: https://doi.org/10.1017/
qua.2018.140

Colonese, AC, Farrell T, Lucquin A, Firth, D, Charlton, 
S, Robson, HK, Alexander, M and Craig, OE. 
2015. Archaeological bone lipids as palaeodi-
etary markers. Rapid Communications in Mass 
Spectrometry, 29(7): 611–618. DOI: https://doi.
org/10.1002/rcm.7144

Coltrain, JB. 2009. Sealing, whaling and caribou revisited: 
Additional insights from the skeletal isotope 
chemistry of eastern Arctic foragers. Journal of 
Archaeological Science, 36: 764–775. DOI: https://
doi.org/10.1016/j.jas.2008.10.022

Coltrain, JB, Hayes, MG and O’Rourke, DH. 2004. 
Sealing, whaling and caribou: The skeletal isotope 
chemistry of Eastern Arctic foragers. Journal of 
Archaeological Science, 31: 39–57. DOI: https://doi.
org/10.1016/j.jas.2003.06.003

Coltrain, JB, Tackney, J and O’Rourke, DH. 2016. Thule 
whaling at Point Barrow, Alaska: The Nuvuk cemetery 
stable isotope and radiocarbon record. Journal of 
Archaeological Science: Reports, 9: 681–694. DOI: 
https://doi.org/10.1016/j.jasrep.2016.​08.011

Craig, OE, Bondioli, L, Fattore, L, Higham, T and 
Hedges, R. 2013. Evaluating marine diets through 
radiocarbon dating and stable isotope analysis of 
victims of the AD 79 eruption of Vesuvius. American 
Journal of Physical Anthropology, 152: 345–352. 
DOI: https://doi.org/10.1002/ajpa.22352

Craine, JM, Elmore, AJ, Aidar, MP, Bustamante, M, 
Dawson, TE, Hobbie, EA, Kahmen, A, Mack, MC, 
McLauchlan, KK, Michelsen, A and Nardoto, GB. 
2009. Global patterns of foliar nitrogen isotopes 
and their relationships with climate, mycorrhizal 
fungi, foliar nutrient concentrations, and nitrogen 
availability. New Phytologist, 183(4): 980–992. DOI: 
https://doi.org/10.1111/​j.1469-8137.2009.02917.x

DeNiro, M and Epstein, S. 1981. Influence of diet on 
the distribution of nitrogen isotopes in animals. 
Geochimica et Cosmochimica Acta, 45(3): 341–
351. DOI: https://doi.org/10.1016/0016-7037​(81)​
90244-1

Drucker, DG, Hobson, KA, Ouellet, J-P and Courtois, 
R. 2010. Influence of forage preferences and habitat 
use on 13C and 15N abundance in wild caribou 
(Rangifer tarandus caribou) and moose (Alces 
alces) from Canada. Isotopes in Environmental and 
Health Studies, 46(1): 107–121. DOI: https://doi.
org/10.1080/10256010903388410

Duggan, AT, Harris, AJT, Marciniak, S, Marshall, I, 
Kuch, M, Kitchen, A, Renaud, G, Southon, J, 
Fuller, B, Young, J, Fiedel, S, Golding, GB, Grimes, 
V and Poinar, H. 2017. Genetic discontinuity 
between the Maritime Archaic and Beothuk 
populations in Newfoundland, Canada. Current 
Biology, 27: 3149–3156. DOI: https://doi.org/10.​
1016/j.cub.2017.08.053

Dumond, DE and Griffin, DG. 2002. Measurements of 
the marine reservoir effect on radiocarbon ages in 
the Eastern Bering Sea. Arctic, 55(1): 77–86. DOI: 
https://doi.org/10.14430/arctic692

Dyke, AS, Savelle, JM, Szpak, P, Southon, JR, Howse, L, 
Desrosiers, PM and Kotar, K. 2018. An assessment 
of marine reservoir corrections for radiocarbon 
dates on walrus from the Foxe Basin region of Arctic 
Canada. Radiocarbon, 61(1): 67–81. DOI: https://
doi.org/10.1017/RDC.2018.50

Eerkens, JW and Bartelink, EJ. 2013. Sex-biased weaning 
and early childhood diet among middle Holocene 
hunter-gatherers in Central California. American 
Journal of Physical Anthropology, 152(4): 471–483. 
DOI: https://doi.org/10.1002/ajpa.22384

Elliott Smith, EA, Harrod, C and Newsome, SD. 2018. 
The importance of kelp to an intertidal ecosystem 
varies by trophic level: Insights from amino acid δ13C 
analysis. Ecosphere, 9(11): e02516. DOI: https://doi.
org/10.1002/ecs2.2516

Farrell, TFG, Jordan, P, Taché, K, Lucquin, A, Gibbs, 
K, Jorge, A, Britton, K, Craig, OE and Knecht, R. 
2014. Specialized processing of aquatic resources 
in prehistoric Alaskan pottery?: A lipid-residue 
analysis of ceramic sherds from the Thule-Period 
site of Nunalleq, Alaska. Arctic Anthropology, 51(1): 
86–100. DOI: https://doi.org/10.3368/aa.51.1.86

Feder, HM, Iken, K, Blanchard, AL, Jewett, SC and 
Schonberg, S. 2011. Benthic foodweb structure in 
the southeastern Chukchi Sea: An assessment of 
δ13C and δ15N analyses. Polar Biology, 34: 521–532. 
DOI: https://doi.org/10.1007/s00300-010-0906-9

https://doi.org/10.1016/j.jasrep.2016.04.015
https://doi.org/10.1016/j.jasrep.2016.04.015
https://doi.org/10.1111/j.1475-4754.2008.00394.x
https://doi.org/10.1111/j.1475-4754.2008.00394.x
https://doi.org/10.1016/j.earscirev.2011.02.001
https://doi.org/10.1016/j.earscirev.2011.02.001
https://doi.org/10.1111/j.1365-2664.2010.01908.x
https://doi.org/10.1086/203018
https://doi.org/10.1086/203018
https://doi.org/10.2307/2694068
https://doi.org/10.1017/qua.2018.140
https://doi.org/10.1017/qua.2018.140
https://doi.org/10.1002/rcm.7144
https://doi.org/10.1002/rcm.7144
https://doi.org/10.1016/j.jas.2008.10.022
https://doi.org/10.1016/j.jas.2008.10.022
https://doi.org/10.1016/j.jas.2003.06.003
https://doi.org/10.1016/j.jas.2003.06.003
https://doi.org/10.1016/j.jasrep.2016.08.011
https://doi.org/10.1002/ajpa.22352
https://doi.org/10.1111/j.1469-8137.2009.02917.x
https://doi.org/10.1016/0016-7037(81)90244-1
https://doi.org/10.1016/0016-7037(81)90244-1
https://doi.org/10.1080/10256010903388410
https://doi.org/10.1080/10256010903388410
https://doi.org/10.1016/j.cub.2017.08.053
https://doi.org/10.1016/j.cub.2017.08.053
https://doi.org/10.14430/arctic692
https://doi.org/10.1017/RDC.2018.50
https://doi.org/10.1017/RDC.2018.50
https://doi.org/10.1002/ajpa.22384
https://doi.org/10.1002/ecs2.2516
https://doi.org/10.1002/ecs2.2516
https://doi.org/10.3368/aa.51.1.86
https://doi.org/10.1007/s00300-010-0906-9


Harris and Elliott: Stable Isotope Studies of North American Arctic PopulationsArt. 11, page 12 of 17  

Fernandes, R, Grootes, P, Nadeau, M-J and Nehlich, O. 
2015. Quantitative diet reconstruction of a Neolithic 
population using a Bayesian Mixing Model (FRUITS): 
The case study of Ostorf (Germany). American 
Journal of Physical Anthropology, 158(2): 325–340. 
DOI: https://doi.org/10.1002/ajpa.22788

Fernandes, R, Nadeau, M-J and Grootes, PM. 
2012. Macronutrient-based model for dietary 
carbon routing in bone collagen and bioapatite. 
Archaeological and Anthropological Sciences, 4(4): 
291–301. DOI: https://doi.org/10.1007/s12520- 
012-0102-7

Fildes, V. 1986. Breasts, Bottles, and Babies: A History of 
Infant Feeding. Edinburgh: Edinburgh University Press.

First Nations Information Governance Centre. 2019. 
The First Nations Principles of OCAP®. www.fnigc.
ca/ocap [27/07/2019].

Fogel, ML and Tuross, N. 2003. Extending the limits of 
paleodietary studies of humans with compound 
specific carbon isotope analysis of amino acids. 
Journal of Archaeological Science, 30(5): 535–545.  
DOI: https://doi.org/10.1016/S0305-4403(02)00​199-1

Friesen, TM. 1999. Resource structure, scalar stress, and 
the development of Inuit social organization. World 
Archaeology, 31(1): 21–37. DOI: https://doi.org/10.
1080/00438243.1999.9980430

Friesen, TM. 2000. The role of social factors in Dorset-
Thule interaction. In: Appelt, M, Berglund, J and 
Gulløv, HC (eds.), Identities and Cultural Contacts in 
the Arctic, 205–220. Copenhagen: Danish National 
Museum & Danish Polar Centre.

Friesen, TM. 2016. Pan-Arctic population movements. 
In: Friesen, TM and Mason, OK (eds.), Oxford 
Handbook of the Prehistoric Arctic. Oxford: Oxford 
University Press. DOI: https://doi.org/10.1093/
oxfordhb/9780199766956.013.40

Friesen, TM and Arnold, CD. 1995. Prehistoric beluga 
whale hunting at Gupuk, Mackenzie Delta, North-
west Territories, Canada. In: McCartney, AP (ed.), 
Hunting the Largest Animals: Native Whaling 
in the Western Arctic and Subarctic, 109–126. 
Studies in Whaling No. 3, Occasional Publication 
36. Edmonton: Canadian Circumpolar Institute  
Press.

Friesen, TM and Arnold, CD. 2008. The timing of the Thule 
migration: New dates from the Western Canadian 
Arctic. American Antiquity, 73(3): 527–538. DOI: 
https://doi.org/10.1017/S0002731600046850

Friesen, TM, Finkelstein, SA and Medeiros, AS. 2019. 
Climate variability of the Common Era (AD 1–2000) 
in the eastern North American Arctic: Impacts on 
human migrations. Quaternary International, in 
press. DOI: https://doi.org/10.1016/j.quaint.2019.​
06.002

Fuller, BT, Fuller, JL, Sage, NE, Harris, DA, O’Connell, 
TC and Hedges, REM. 2005. Nitrogen balance and 
δ15N: Why you’re not what you eat during nutritional 
stress. Rapid Communications in Mass Spectrometry, 
19(8): 2497–2506. DOI: https://doi.org/10.1002/
rcm.2090

Gigleux, C, Grimes V, Tütken, T, Knecht, R and 
Britton, K. 2019. Reconstructing caribou seasonal 
biogeography in Little Ice Age (late Holocene) 
Western Alaska using intra-tooth strontium and 
oxygen isotope analysis. Journal of Archaeological 
Science: Reports, 23: 1043–1054. DOI: https://doi.
org/10.1016/j.jasrep.2017.10.043

Giovas, CM. 2009. The shell game: Analytic problems 
in archaeological mollusc quantification. Journal 
of Archaeological Science, 36(7): 1557–1564. DOI: 
https://doi.org/10.1016/j.jas.2009.03.017

Grebmeier, JM, Cooper, LW, Feder, HM and Sirenko, 
BI. 2006. Ecosystem dynamics of the Pacific-influ-
enced Northern Bering and Chukchi Seas in the 
American Arctic. Progress in Oceanography, 71: 
331–361. DOI: https://doi.org/10.1016/j.pocean.​
2006.10.001

Guiry, EJ, Noël, S, Tourigny, E and Grimes, V. 2012. A 
stable isotope method for identifying transatlan-
tic origin of pig (Sus scrofa) remains at French and 
English fishing stations in Newfoundland. Journal 
of Archaeological Science, 39(7): 2012–2022. DOI: 
https://doi.org/10.1016/j.jas.2012.03.004

Gulløv, HC. 2012. Archaeological commentary on the 
isotopic study of the Greenland Thule culture. 
Journal of the North Atlantic, 3: 65–76. DOI: https://
doi.org/10.3721/037.004.s306

Harris, AJT, Duggan, AT, Marciniak, S, Marshall, I, 
Fuller, BT, Southon, J, Poinar, HN and Grimes, 
V. 2019. Dorset Pre-Inuit and Beothuk foodways in 
Newfoundland, ca. AD 500–1829. PloS One, 14(1): 
e0210187. DOI: https://doi.org/10.1371/journal.
pone.0210187

Hedges, REM, Clement, JG, Thomas, DL and O’Connell, 
TC. 2007. Collagen turnover in the adult femoral 
mid-shaft: Modeled from anthropogenic radio-
carbon tracer measurements. American Journal of 
Physical Anthropology, 133: 808–816. DOI: https://
doi.org/10.1002/ajpa.20598

Hedges, REM and Reynard, L. 2007. Nitrogen isotopes 
and the trophic level of humans in archaeology. 
Journal of Archaeological Science, 34: 1240–1251. 
DOI: https://doi.org/10.1016/j.jas.2006.10.015

Herring, DA, Saunders, SR and Katzenberg, MA. 1998. 
Investigating the weaning process in past populations. 
American Journal of Physical Anthropology, 105(4): 
425–439. DOI: https://doi.org/10.1002/(SICI)1096-
8644(199804)105:4<425::AID-AJPA3>3.0.CO;2-N

Hobbie, JE, Hobbie, EA, Drossman, H, Conte, M, 
Weber, JC, Shamhart, J and Weinrobe, M. 2009. 
Mycorrhizal fungi supply nitrogen to host plants 
in Arctic tundra and boreal forests: 15N is the key 
signal. Canadian Journal of Microbiology, 55(1): 
84–94. DOI: https://doi.org/10.1139/W08-127

Hodgetts, LM, Renouf, MAP, Murray, MS, McCuaig-
Balkwill, D and Howse, L. 2003. Changing sub-
sistence practices at the Dorset Palaeoeskimo 
site of Phillip’s Garden, Newfoundland. Arctic 
Anthropology, 40(1): 106–120. DOI: https://doi.
org/10.1353/arc.2011.0012

https://doi.org/10.1002/ajpa.22788
https://doi.org/10.1007/s12520-012-0102-7
https://doi.org/10.1007/s12520-012-0102-7
http://www.fnigc.ca/ocap
http://www.fnigc.ca/ocap
https://doi.org/10.1016/S0305-4403(02)00199-1
https://doi.org/10.1080/00438243.1999.9980430
https://doi.org/10.1080/00438243.1999.9980430
https://doi.org/10.1093/oxfordhb/9780199766956.013.40
https://doi.org/10.1093/oxfordhb/9780199766956.013.40
https://doi.org/10.1017/S0002731600046850
https://doi.org/10.1016/j.quaint.2019.06.002
https://doi.org/10.1016/j.quaint.2019.06.002
https://doi.org/10.1002/rcm.2090
https://doi.org/10.1002/rcm.2090
https://doi.org/10.1016/j.jasrep.2017.10.043
https://doi.org/10.1016/j.jasrep.2017.10.043
https://doi.org/10.1016/j.jas.2009.03.017
https://doi.org/10.1016/j.pocean.2006.10.001
https://doi.org/10.1016/j.pocean.2006.10.001
https://doi.org/10.1016/j.jas.2012.03.004
https://doi.org/10.3721/037.004.s306
https://doi.org/10.3721/037.004.s306
https://doi.org/10.1371/journal.pone.0210187
https://doi.org/10.1371/journal.pone.0210187
https://doi.org/10.1002/ajpa.20598
https://doi.org/10.1002/ajpa.20598
https://doi.org/10.1016/j.jas.2006.10.015
https://doi.org/10.1002/(SICI)1096-8644(199804)105:4<425::AID-AJPA3>3.0.CO;2-N
https://doi.org/10.1002/(SICI)1096-8644(199804)105:4<425::AID-AJPA3>3.0.CO;2-N
https://doi.org/10.1139/W08-127
https://doi.org/10.1353/arc.2011.0012
https://doi.org/10.1353/arc.2011.0012


Harris and Elliott: Stable Isotope Studies of North American Arctic Populations Art. 11, page 13 of 17

Honch, NV, McCullagh, JSO and Hedges, REM. 2012. 
Variation of bone collagen amino acid δ13C values 
in archaeological humans and fauna with differ-
ent dietary regimes: Developing frameworks of 
dietary discrimination. American Journal of Physical 
Anthropology, 148: 495–511. DOI: https://doi.org/​
10.1002/ajpa.22065

Inuit Tapiriit Kanatami. 2018. National Inuit Strat-
egy on Research. https://www.itk.ca/wp-con​tent/
uploads/2018/03/National-Inuit-Strategy-on-
Research.pdf [27/07/2019].

Jensen, AM. 2019. Critical information for the study of 
ecodynamics and socio-natural systems: Rescuing 
endangered heritage and data from Arctic Alaskan 
Coastal sites. Quaternary International, in press. 
DOI: https://doi.org/10.1016/j.quaint.2019.05.001

Jim, S, Jones, V, Ambrose, SH and Evershed, RP. 2006. 
Quantifying dietary macronutrient sources of 
carbon for bone collagen biosynthesis using natural 
abundance stable carbon isotope analysis. The 
British Journal of Nutrition, 95(6): 1055–1062. DOI: 
https://doi.org/10.1079/BJN20051685

Jones, J and Britton, K. 2019. Multi-scale, integrated 
approaches to understanding the nature and 
impact of past environmental and climatic change 
in the archaeological record, and the role of 
isotope zooarchaeology. Journal of Archaeological 
Science: Reports, 23: 968–972. DOI: https://doi.
org/10.1016/j.jasrep.2019.02.001

Keenleyside, A. 1990. Euro-American whaling in the 
Canadian Arctic: Its effects on Eskimo health. Arctic 
Anthropology, 27(1): 1–19.

Keenleyside, A. 1998. Skeletal evidence of health and 
disease in pre-contact Alaskan Eskimos and Aleuts. 
American Journal of Physical Anthropology, 107(1): 
51–70. DOI: https://doi.org/10.1002/(SICI)1096-
8644(199809)107:1<51::AID-AJPA5>3.0.CO;2-G

King, CL, Halcrow, SE, Millard, AR, Gröcke, DR, 
Standen, VG, Portilla, M and Arriaza, BT. 2018. 
Let’s talk about stress, baby! Infant-feeding practices 
and stress in the ancient Atacama Desert, Northern 
Chile. American Journal of Physical Anthropology, 
166(1): 139–155. DOI: https://doi.org/10.1002/
ajpa.23411

Kovacs, KM. 2009. Bearded Seal. In: Perrin, WE, Würsig, 
B and Thewissen, JGM (eds.), Encyclopedia of Marine 
Mammals, 97–101. Oxford: Elsevier. DOI: https://
doi.org/10.1016/B978-0-12-373553-9.00028-6

Kristensen, DK, Kristensen, E, Forchhammer, MC, 
Michelsen, A and Schmidt, NM. 2011. Arctic 
herbivore diet can be inferred from stable carbon 
and nitrogen isotopes in C3 plants, faeces, and wool. 
Canadian Journal of Zoology, 89(10): 892–899. DOI: 
https://doi.org/10.1139/z11-073

Krupnik, I and Chlenov, M. 2013. Yupik Transitions: 
Change and Survival at the Bering Strait 1900–1960. 
Fairbanks: University of Alaska Press.

Krupnik, I and Ray, GC. 2007. Pacific walruses, indigenous 
hunters, and climate change: Bridging scientific and 
indigenous knowledge. Deep Sea Research II: Topical 

Studies in Oceanography, 54(23–26): 2946–2957. 
DOI: https://doi.org/10.1016/j.dsr2.2007.08.011

Krus, AM, Jensen, AM, Hamilton, WD and Sayle, K. 
2019. A context-appropriate approach to marine 
14C calibration: Δr and Bayesian framework for the 
Nuvuk Cemetery, Point Barrow, Alaska. Radiocarbon, 
61(3): 733–747. DOI: https://doi.org/10.1017/RDC.​
2019.20

Larsen, T, Taylor, DL, Leigh, MB and O’Brien, DM. 2009. 
Stable isotope fingerprinting: A novel method for 
identifying plant, fungal, or bacterial origins of 
amino acids. Ecology, 90(12): 3526–3235. DOI: 
https://doi.org/10.1890/08-1695.1

Larsen, T, Ventura, M, Andersen, N, O’Brien, DM, 
Piatkowski, U and McCarthy, MD. 2013. Tracing 
carbon sources through aquatic and terrestrial food 
webs using amino acid stable isotope fingerprinting. 
PLoS One, 8(9): 373441. DOI: https://doi.org/10.​
1371/journal.pone.0073441

Lavigne, DM. 2009. Harp Seal. In: Perrin, WE, Würsig, B 
and Thewissen, JGM (eds.), Encyclopedia of Marine 
Mammals, 542–546. Oxford: Elsevier. DOI: https://
doi.org/10.1016/B978-0-12-373553-9.00127-9

LeBeau, MA, Montgomery, MA and Brewer, JD. 2011. 
The role of variations in growth rate and sample 
collection on interpreting results of segmental 
analyses of hair. Forensic Science International, 
210(1–3): 110–116. DOI: https://doi.org/10.1016/j.
forsciint.2011.02.015

Ledger, PM, Forbes, V, Masson-MacLean, E and Knecht, 
RA. 2016. Dating and digging stratified archaeol-
ogy in Circumpolar North America: A view from 
Nunalleq, Southwestern Alaska. Arctic, 69(4): 378–
390. DOI: https://doi.org/10.14430/arctic4599

Linderholm, A, Hedenstierna Jonson, C, Svensk, O 
and Lidén, K. 2008. Diet and status in Birka: Stable 
isotopes and grave goods compared. Antiquity, 
82(316): 446–461. DOI: https://doi.org/10.1017/
S0003598X00096939

Lynnerup, N. 2015. The Thule Inuit Mummies from 
Greenland. The Anatomical Record, 298: 1001–1006. 
DOI: https://doi.org/10.1002/ar.23131

Macko, SA, Fogel, ML, Hare, PE and Hoering, TC. 1987. 
Isotopic fractionation of nitrogen and carbon 
in the synthesis of amino acids by microorgan-
isms. Chemical Geology: Isotope Geoscience section, 
65(1): 79–92. DOI: https://doi.org/10.1016/​0168- 
9622(87)90064-9

Masson-MacLean, E, Houmard, C, Knecht, R, 
Sidéra, I, Dobney, K and Britton, K. Pre-contact 
adaptations to the Little Ice Age in Southwest 
Alaska: New evidence for the Nunalleq site. 
Quaternary International, in press. DOI: https://doi.
org/10.1016/j.quaint.2019.05.003

McCartney, AP. 1980. The nature of Thule Eskimo 
whale use. Arctic, 33(3): 517–541. DOI: https://doi.
org/10.14430/arctic2581

McCartney, AP and Savelle, JM. 1993. Bowhead whale 
bones and Thule Eskimo subsistence-settlement 
patterns in the central Canadian Arctic. Polar Record, 

https://doi.org/10.1002/ajpa.22065
https://doi.org/10.1002/ajpa.22065
https://www.itk.ca/wp-content/uploads/2018/03/National-Inuit-Strategy-on-Research.pdf
https://www.itk.ca/wp-content/uploads/2018/03/National-Inuit-Strategy-on-Research.pdf
https://www.itk.ca/wp-content/uploads/2018/03/National-Inuit-Strategy-on-Research.pdf
https://doi.org/10.1016/j.quaint.2019.05.001
https://doi.org/10.1079/BJN20051685
https://doi.org/10.1016/j.jasrep.2019.02.001
https://doi.org/10.1016/j.jasrep.2019.02.001
https://doi.org/10.1002/(SICI)1096-8644(199809)107:1<51::AID-AJPA5>3.0.CO;2-G
https://doi.org/10.1002/(SICI)1096-8644(199809)107:1<51::AID-AJPA5>3.0.CO;2-G
https://doi.org/10.1002/ajpa.23411
https://doi.org/10.1002/ajpa.23411
https://doi.org/10.1016/B978-0-12-373553-9.00028-6
https://doi.org/10.1016/B978-0-12-373553-9.00028-6
https://doi.org/10.1139/z11-073
https://doi.org/10.1016/j.dsr2.2007.08.011
https://doi.org/10.1017/RDC.2019.20
https://doi.org/10.1017/RDC.2019.20
https://doi.org/10.1890/08-1695.1
https://doi.org/10.1371/journal.pone.0073441
https://doi.org/10.1371/journal.pone.0073441
https://doi.org/10.1016/B978-0-12-373553-9.00127-9
https://doi.org/10.1016/B978-0-12-373553-9.00127-9
https://doi.org/10.1016/j.forsciint.2011.02.015
https://doi.org/10.1016/j.forsciint.2011.02.015
https://doi.org/10.14430/arctic4599
https://doi.org/10.1017/S0003598X00096939
https://doi.org/10.1017/S0003598X00096939
https://doi.org/10.1002/ar.23131
https://doi.org/10.1016/0168-9622(87)90064-9
https://doi.org/10.1016/0168-9622(87)90064-9
https://doi.org/10.1016/j.quaint.2019.05.003
https://doi.org/10.1016/j.quaint.2019.05.003
https://doi.org/10.14430/arctic2581
https://doi.org/10.14430/arctic2581


Harris and Elliott: Stable Isotope Studies of North American Arctic PopulationsArt. 11, page 14 of 17  

29(168): 1–12. DOI: https://doi.org/10.1017/S003​
2247400023160

McClelland, JW and Montoya, JP. 2002. Trophic rela-
tionships and the nitrogen isotopic composition of 
amino acids in plankton. Ecology, 83: 2173–2180. 
DOI: https://doi.org/10.1890/0012-9658​(2002)​083​
[2173:TRATNI]2.0.CO;2

McGhee, R and Tuck, JA. 1976. Un-Dating the 
Canadian Arctic. Memorial of the Society for 
American Archaeology, 31: 6–14. DOI: https://doi.
org/10.1017/S0081130000000745

McIsaac, KE, Lou, W, Sellen, D and Young, TK. 2014. 
Exclusive breastfeeding among Canadian Inuit: 
Results from the Nunavut Inuit Child Health 
Survey. Journal of Human Lactation, 30(2): 
229–241. DOI: https://doi.org/10.1177/089033​
4413515752

McManus-Fry, E, Knecht, R, Dobney, K, Richards, MP 
and Britton, K. 2018. Dog-human dietary relation-
ships in Yup’ik western Alaska: The stable isotope 
and zooarchaeological evidence from pre-contact 
Nunalleq. Journal of Archaeological Science: Reports, 
17: 964–972. DOI: https://doi.org/10.1016/j.
jasrep.2016.04.007

Mekota, A-M, Grupe, G, Ufer, S and Cuntz, U. 2006. 
Serial analysis of stable nitrogen and carbon 
isotopes in hair: Monitoring starvation and recovery 
phases of patients suffering from anorexia nervosa. 
Rapid Communications in Mass Spectrometry, 
20(10): 1604–1610. DOI: https://doi.org/10.1002/
rcm.2477

Minagawa, M and Wada, E. 1984. Stepwise enrichment 
of 15N along food chains: Further evidence and the 
relation between δ15N and animal age. Geochimica et 
Cosmochimica Acta, 48(5): 1135–1140. DOI: https://
doi.org/10.1016/0016-7037(84)90204-7

Mora, A, Arriaza, BT, Standen, VG, Valdiosera, C, 
Salim, A and Smith, C. 2016. High-resolution pal-
aeodietary reconstruction: Amino acid δ13C analysis 
of keratin from single hairs of mummified human 
individuals. Quaternary International, 436: 96–113. 
DOI: https://doi.org/10.1016/j.quaint.2016.10.018

Morrison, D. 1989. Radiocarbon dating Thule culture. 
Arctic Anthropology, 26(2): 48–77.

Morrison, D. 2000. Inuvialuit fishing and the Gutchiak 
site. Arctic Anthropology, 37(1): 1–42.

Nelson, DE, Lynnerup, N and Arneborg, J. 2012a. A 
first isotopic dietary study of the Greenlandic Thule 
Culture. Journal of the North Atlantic, S3: 51–64. 
DOI: https://doi.org/10.3721/037.004.s305

Nelson, DE, Lynnerup, N and Arneborg, J. 2012b. 
Stable carbon and nitrogen isotopic measurements 
of the wild animals hunted by the Norse and 
the Neo-Eskimo People of Greenland. Journal of 
the North Atlantic, S3, 40–50. DOI: https://doi.
org/10.3721/037.004.s304

Neuberger, FM, Jopp, E, Graw, M, Püschel, K and 
Grupe, G. 2013. Signs of malnutrition and starva-
tion–Reconstruction of nutritional life histories 
by serial isotopic analyses of hair. Forensic Science 

International, 226: 22–32. DOI: https://doi.org/10.​
1016/j.forsciint.2012.10.037

Newsome, SD, Bentall, GB, Tinker, MT, Oftedal, OT, 
Ralls, K, Estes, JA and Fogel, ML. 2010. Variation 
in the δ13C and δ15N diet: Vibrissae trophic discrimi-
nation factors in a wild population of California sea 
otters. Ecological Applications, 20: 1744–1752. DOI: 
https://doi.org/10.1890/09-1502.1

Newsome, SD, Wolf, N, Peters, J and Fogel, ML. 2014. 
Amino acid δ13C analysis shows flexibility in the 
routing of dietary protein and lipids to the tissue of 
an omnivore. Integrative and Comparative Biology, 
54(5): 890–902. DOI: https://doi.org/10.1093/icb/
icu106

Nitsch, EK, Humphrey, LT and Hedges, REM. 2011. 
Using stable isotope analysis to examine the 
effect of economic change on breastfeeding prac-
tices in Spitalfields, London, UK. American Journal 
of Physical Anthropology, 146(4): 619–628. DOI: 
https://doi.org/10.1002/ajpa.21623

Norman, L and Friesen, TM. 2010. Thule fishing 
revisited: The economic importance of fish at the 
Pembroke and Bell sites, Victoria Island, Nunavut. 
Geografisk Idsskrift-Danish Journal of Geography, 
110(2): 261–278. DOI: https://doi.org/10.1080/00
167223.2010.10669511

O’Connell, TC. 2017. “Trophic” and “source” amino acids 
in trophic estimation: A likely metabolic explana-
tion. Oecologia, 184(2): 317–326. DOI: https://
doi.org/10.1007/s00442-017-3881-9

O’Connell, TC and Hedges, REM. 1999. Isotopic com-
parison of hair and bone: Archaeological analyses. 
Journal of Archaeological Science, 26: 661–665. DOI: 
https://doi.org/10.1006/jasc.1998.0383

O’Connell, TC, Hedges, REM, Healey, MA and Simpson, 
AHRW. 2001. Isotopic comparison of hair, nail and 
bone: Modern analyses. Journal of Archaeological 
Science, 28(11): 1247–1255. DOI: https://doi.
org/10.1006/jasc.2001.0698

O’Connell, TC, Kneale, CJ, Tasevska, N and Kuhnle, 
GG. 2012. The diet-body offset in human nitrogen 
isotopic values: A controlled dietary study. American 
Journal of Physical Anthropology, 149(3): 426–434. 
DOI: https://doi.org/10.1002/ajpa.22140

Palmer, G. 2009. The Politics of Breastfeeding. London: 
Pintner and Martin.

Park, R. 1993. The Dorset-Thule succession in Arctic 
North America: Assessing claims for culture contact. 
American Antiquity, 58(2): 203–234. DOI: https://
doi.org/10.2307/281966

Parnell, AC. 2016. SIMMR: A stable isotope mixing model. 
R Package version 0.3. https://cran.r-project.org/
package=simmr.

Petzke, KJ, Boeing, H, Klaus, S and Metges, CC. 2005. 
Carbon and nitrogen stable isotopic composi-
tion of hair protein and amino acids can be used 
as biomarkers for animal-derived dietary protein 
intake in humans. The Journal of Nutrition, 135(6): 
1515–1520. DOI: https://doi.org/10.1093/jn/135.6. 
1515

https://doi.org/10.1017/S0032247400023160
https://doi.org/10.1017/S0032247400023160
https://doi.org/10.1890/0012-9658(2002)083[2173:TRATNI]2.0.CO;2
https://doi.org/10.1890/0012-9658(2002)083[2173:TRATNI]2.0.CO;2
https://doi.org/10.1017/S0081130000000745
https://doi.org/10.1017/S0081130000000745
https://doi.org/10.1177/0890334413515752
https://doi.org/10.1177/0890334413515752
https://doi.org/10.1016/j.jasrep.2016.04.007
https://doi.org/10.1016/j.jasrep.2016.04.007
https://doi.org/10.1002/rcm.2477
https://doi.org/10.1002/rcm.2477
https://doi.org/10.1016/0016-7037(84)90204-7
https://doi.org/10.1016/0016-7037(84)90204-7
https://doi.org/10.1016/j.quaint.2016.10.018
https://doi.org/10.3721/037.004.s305
https://doi.org/10.3721/037.004.s304
https://doi.org/10.3721/037.004.s304
https://doi.org/10.1016/j.forsciint.2012.10.037
https://doi.org/10.1016/j.forsciint.2012.10.037
https://doi.org/10.1890/09-1502.1
https://doi.org/10.1093/icb/icu106
https://doi.org/10.1093/icb/icu106
https://doi.org/10.1002/ajpa.21623
https://doi.org/10.1080/00167223.2010.10669511
https://doi.org/10.1080/00167223.2010.10669511
https://doi.org/10.1007/s00442-017-3881-9
https://doi.org/10.1007/s00442-017-3881-9
https://doi.org/10.1006/jasc.1998.0383
https://doi.org/10.1006/jasc.2001.0698
https://doi.org/10.1006/jasc.2001.0698
https://doi.org/10.1002/ajpa.22140
https://doi.org/10.2307/281966
https://doi.org/10.2307/281966
https://cran.r-project.org/package=simmr
https://cran.r-project.org/package=simmr
https://doi.org/10.1093/jn/135.6.1515
https://doi.org/10.1093/jn/135.6.1515


Harris and Elliott: Stable Isotope Studies of North American Arctic Populations Art. 11, page 15 of 17

Phillips, DL, Inger, R, Bearhop, S, Jackson, AL, Moore, 
JW, Parnell, AC, Semmens, BX and Ward, EJ. 
2014. Best practices for use of stable isotope mixing 
models in food-web studies. Canadian Journal 
of Zoology, 92(10): 823–835. DOI: https://doi.
org/10.1139/cjz-2014-0127

Popp, BN, Graham, BS, Olson, RJ, Hannides, CCS, Lott, 
MJ, López-Ibarra, G, Galván-Magaña, F and Fry, 
B. 2007. Insight into the trophic ecology of yel-
lowfin tuna, Thunnus albacares, from compound-
specific nitrogen isotope analysis of proteinaceous 
amino acids. In: Dawson, TE and Siegwolf, RTW 
(eds.), Stable Isotopes as Indicators of Ecological 
Change, 173–190. Amsterdam: Academic Press. DOI: 
https://doi.org/10.1016/S1936-7961(07)01012-3

Raff, JA, Rzhetskaya, M, Tackney, J and Hayes, MG. 
2015. Mitochondrial diversity of Iñupiat people 
from the Alaskan North Slope provides evidence 
for the origins of the Paleo- and Neo-Eskimo 
peoples. American Journal of Physical Anthropology, 
157(4): 603–614. DOI: https://doi.org/10.1002/
ajpa.22750

Raghavan, M, DeGiorgio, M, Albrechtsen, A, Moltke, 
I, Skoglund, P, Korneliussen, TS, Grønnow, B, 
Appelt, M, Gulløv, HC, Friesen, TM, Fitzhugh, 
W, Malmström, H, Rasmussen, S, Olsen, J, 
Melchior, L, Fuller, BT, Fahrni, SM, Stafford, T, 
Jr, Grimes, V, Renouf, MA, Cybulski, J, Lynnerup, 
N, Lahr, MM, Britton, K, Knecht, R, Arneborg, 
J, Metspalu, M, Cornejo, OE, Malaspinas, AS, 
Wang, Y, Rasmussen, M, Raghavan, V, Hansen, 
TV, Khusnutdinova, E, Pierre, T, Dneprovsky, K, 
Andreasen, C, Lange, H, Hayes, MG, Coltrain, 
J, Spitsyn, VA, Götherström, A, Orlando, L, 
Kivisild, T, Villems, R, Crawford, MH, Nielsen, 
FC, Dissing, J, Heinemeier, J, Meldgaard, M, 
Bustamante, C, O’Rourke, DH, Jakobsson, M, 
Gilbert, MT, Nielsen, R and Willerslev, E. 2014. 
The genetic prehistory of the New World Arctic. 
Science, 345(6200): 1255832. DOI: https://doi.
org/10.1126/science.1255832

Raghavan, M, McCullagh, JSO, Lynnerup, N and 
Hedges, REM. 2010. Amino acid δ13C analysis 
of hair proteins and bone collagen using liquid 
chromatography/isotope ratio mass spectrometry: 
Paleodietary implications from intra-individual 
comparisons. Rapid Communications in Mass 
Spectrometry, 24(5): 541–548. DOI: https://doi.
org/10.1002/rcm.4398

Ramsay, MA and Hobson, KA. 1991. Polar bears make 
little use of terrestrial food webs: Evidence from 
stable-carbon isotope analysis. Oecologia, 86(4): 
598–600. DOI: https://doi.org/10.1007/BF00​318​
328

Robbins, CR and Kelly, CH. 1970. Amino acid com-
position of human hair. Textile Research Journal, 
40(10): 891–896. DOI: https://doi.org/10.1177/​
004051757004001005

Ryan, K. 2011. Comments on Coltrain et al., Journal of 
Archaeological Science 31, 2004 “Sealing, whaling 

and caribou: The skeletal isotope chemistry of 
eastern Arctic foragers”, and Coltrain, Journal of 
Archaeological Science 36, 2009 “Sealing, whaling 
and caribou revisited: Additional insights from the 
skeletal isotope chemistry of eastern Arctic foragers”. 
Journal of Archaeological Science, 38(10): 2858–2865. 
DOI: https://doi.org/10.1016/j.jas.2010.11.028

Sankar, MJ, Sinha, B, Chowdhury, R, Bhandari, N, 
Taneja, S, Martines, J and Bahl, R. 2015. Opti-
mal breastfeeding practices and infant and child 
mortality: A systematic review and meta-analysis. 
Acta Paediatrica, 104(S467): 3–13. DOI: https://doi.
org/10.1111/apa.13147

Savelle, JM. 1997. The role of architectural utility in 
the formation of zooarchaeological whale bone 
assemblages. Journal of Archaeological Science, 24: 
869–85. DOI: https://doi.org/10.1006/jasc.1996.​0167

Savelle, JM. 2002a. The Umialiit-Kariyit whaling complex 
and Prehistoric Thule Eskimo social relations in the 
eastern Canadian Arctic. Bulletin of the National 
Museum of Ethnology, 27(1): 159–188. DOI: https://
doi.org/10.1007/978-1-4615-0543-3_4

Savelle, JM. 2002b. Logistical organization, social comp
lexity, and the collapse of prehistoric Thule whaling 
societies in the central Canadian Arctic Archipelago. 
In: Fitzhugh, B and Habu, J (eds.), Beyond Foraging 
and Collecting, 73–90. New York: Springer. DOI: 
https://doi.org/10.1007/978-1-4612-3498-2_15

Schell, DM, Saupe, SM and Haubenstock, N. 1989. 
Natural isotope abundances in bowhead whale 
(Balaena mysticetus) baleen: Markers of aging and 
habitat usage. In: Rundel, PW, Ehleringer, JR and 
Nagy, KA (eds.), Stable Isotopes in Ecological Research, 
260–269. New York: Springer.

Schledermann, P. 1971. The Thule Tradition in Northern 
Labrador (Unpublished MA Thesis). Department 
of Anthropology, Memorial University of 
Newfoundland.

Schledermann, P. 1976. The effect of climatic/ecological 
changes on the style of Thule culture winter dwell-
ings. Arctic and Alpine Research, 8(1): 37–47. DOI: 
https://doi.org/10.2307/1550608

Sherwood, GD and Rose, GA. 2005. Stable isotope analysis 
of some representative fish and invertebrates of 
the Newfoundland and Labrador continental shelf 
food web. Estuarine, Coastal and Shelf Science, 63: 
537–549. DOI: https://doi.org/10.1016/j.ecss.​
2004.12.010

Stefansson, V. 1914. The Stefánsson-Anderson Arctic 
Expedition of the American Museum: Preliminary 
ethnological report. New York: The Trustees. DOI: 
https://doi.org/10.5962/bhl.title.39990

Stenton, D. 1989. Terrestrial adaptations of Neo-Eskimo 
coastal-marine hunters on Southern Baffin Island 
(Unpublished PhD Dissertation). University of 
Alberta.

Stevenson, M. 1997. Inuit, whalers, and cultural 
persistence: Structure in Cumberland Sound and 
Central Inuit social organization. New York: Oxford 
University Press.

https://doi.org/10.1139/cjz-2014-0127
https://doi.org/10.1139/cjz-2014-0127
https://doi.org/10.1016/S1936-7961(07)01012-3
https://doi.org/10.1002/ajpa.22750
https://doi.org/10.1002/ajpa.22750
https://doi.org/10.1126/science.1255832
https://doi.org/10.1126/science.1255832
https://doi.org/10.1002/rcm.4398
https://doi.org/10.1002/rcm.4398
https://doi.org/10.1007/BF00318328
https://doi.org/10.1007/BF00318328
https://doi.org/10.1177/004051757004001005
https://doi.org/10.1177/004051757004001005
https://doi.org/10.1016/j.jas.2010.11.028
https://doi.org/10.1111/apa.13147
https://doi.org/10.1111/apa.13147
https://doi.org/10.1006/jasc.1996.0167
https://doi.org/10.1007/978-1-4615-0543-3_4
https://doi.org/10.1007/978-1-4615-0543-3_4
https://doi.org/10.1007/978-1-4612-3498-2_15
https://doi.org/10.2307/1550608
https://doi.org/10.1016/j.ecss.2004.12.010
https://doi.org/10.1016/j.ecss.2004.12.010
https://doi.org/10.5962/bhl.title.39990


Harris and Elliott: Stable Isotope Studies of North American Arctic PopulationsArt. 11, page 16 of 17  

Stewart, DB and Lockhart, WL. 2004. Summary of the 
Hudson Bay marine ecosystem overview. Winni-
peg: Canada Department of Fisheries and Oceans, 
Central and Arctic Region.

Stuiver, M, Pearson, GW and Braziunas, TF. 1986. 
Radiocarbon age calibration of marine samples 
back to 9000 Cal Yr BP. Radiocarbon, 28(2B): 
980–1022. DOI: https://doi.org/10.1017/S00338​
22200060264

Szpak, P, Buckley, M, Darwent, CM and Richards, MP. 
2017. Long-term ecological changes in marine mam-
mals driven by recent warming in northwestern 
Alaska. Global Change Biology, 24(1): 490–503. DOI: 
https://doi.org/10.1111/gcb.13880

Szpak, P, Savelle, JM, Conolly, J and Richards, 
MP. 2019. Variation in late Holocene marine 
environments in the Canadian Arctic Archipelago: 
Evidence from ringed seal bone collagen stable 
isotope compositions. Quaternary Science Reviews, 
211: 136–155. DOI: https://doi.org/10.1016/j.
quascirev.​2019.03.016

Tackney, J, Coltrain, J, Raff, J and O’Rourke, D. 2016. 
Ancient DNA and Stable Isotopes: Windows on 
Arctic Prehistory. In: Friesen, TM and Mason, OK 
(eds.), The Oxford Handbook of the Prehistoric Arc-
tic. Oxford: Oxford University Press. DOI: https://
doi.org/10.1093/oxfordhb/9780199766956. 
013.3

Tackney, J, Jensen, AM, Kisielinki, C and O’Rourke, 
DH. 2019. Molecular analysis of an ancient Thule 
population at Nuvuk, Point Barrow, Alaska. American 
Journal of Physical Anthropology, 168(2): 303–317. 
DOI: https://doi.org/10.1002/ajpa.23746

Tauber, H. 1981. 13C evidence for dietary habits of prehis-
toric man in Denmark. Nature, 292(5821): 332–333. 
DOI: https://doi.org/10.1038/292332a0

Taylor, JG. 1974. Labrador Eskimo settlements of the Early 
Contact Period. Publications in Ethnology 9. Ottawa: 
National Museums of Canada.

Taylor, JG. 1988. Labrador Inuit whale use during the 
Early Contact Period. Arctic Anthropology, 25(1): 
120–130.

Thornton, TF and Scheer, AM. 2012. Collaborative 
engagement of local and traditional knowledge and 
science in marine environments: A review. Ecology 
and Society, 17(3): 8. DOI: https://doi.org/10.5751/
ES-04714-170308

Toso, A, Gaspar, S, Banha da Silva, R, Garcia, SJ and 
Alexander, M. 2019. High status diet and health 
in Medieval Lisbon: A combined isotopic and 
osteological analysis of the Islamic population 
from São Jorge Castle, Portugal. Archaeological and 
Anthropological Science, 11(8): 3699–3716. DOI: 
https://doi.org/10.1007/s12520-019-00822-7

Traditions and Transitions. 2019. Available at www.tra-
ditionandtransition.com [22/08/2019].

Turner, LM. 2014. Mammals of Ungava and Labrador: 
The 1882–1884 fieldnotes of Lucien M. Turner 
together with Inuit and Innu knowledge. Washington: 
Smithsonian Institution Scholarly Press.

Van der Merwe, NJ. 1982. Carbon isotopes, photosyn-
thesis, and archaeology: Different pathways of pho-
tosynthesis cause characteristic changes in carbon 
isotope ratios that make possible the study of pre-
historic human diets. American Scientist, 70(6): 
596–606.

Van Klinken, GJ, Richards, MP and Hedges, REM. 2002. 
An overview of causes for stable isotopic variations in 
past European human populations: Environmental, 
ecophysical, and cultural effects. In: Ambrose, S and 
Katzenberg, MA (eds.), Biogeochemical Approaches 
to Paleodietary Analysis, 39–63. New York: Kluwer 
Academic/Plenum Publishers. DOI: https://doi.
org/10.1007/0-306-47194-9_3

Wang, YV, Wan, AHL, Lock, E-J, Andersen, N, 
Winter-Schuh, C and Larsen, T. 2018. Know your 
fish: A novel compound-specific isotope approach 
for tracing wild and farmed salmon. Food Chemistry, 
256: 380–389. DOI: https://doi.org/10.1016/j.
foodchem.2018.02.095

Way, JE. 1978. An Osteological Analysis of a Transitional 
Late Thule/Early Historic Labrador Eskimo Popu-
lation (Unpublished PhD Thesis). Department of 
Anthropology, University of Toronto.

Webb, EC, Honch, NV, Dunn, PJH, Eriksson, G, 
Lidén, K and Evershed, RP. 2015. Compound-
specific amino acid isotopic proxies for detecting 
freshwater resource consumption. Journal of 
Archaeological Science, 63: 104–114. DOI: https://
doi.org/10.1016/j.jas.2015.08.001

Webb, EC, Stewart, A, Miller, B, Tarlton, J and 
Evershed, RP. 2016. Age effects and the influence 
of varying proportions of terrestrial and marine 
dietary protein on the stable nitrogen-isotope 
compositions of pig bone collagen and soft tissues 
from a controlled feeding experiment. STAR: 
Science and Technology of Archaeological Research, 
2(1): 54–66. DOI: https://doi.org/10.1080/20548
923.2015.1133121

Whitridge, PJ. 1999. The prehistory of Inuit and Yupik 
whale use. Revista de Arqueología Americana, 16: 
99–154.

Whitridge, PJ. 2000. The construction of social dif-
ference in a prehistoric Inuit whaling commu-
nity (Unpublished PhD thesis). Department of 
Anthropology, Arizona State University.

Whitridge, PJ. 2001. Zen fish: A consideration of the dis-
cordance between artifactual and zooarchaeological 
indicators of Thule Inuit fish use. Journal of 
Anthropological Archaeology, 20(1): 3–72. DOI: 
https://doi.org/10.1006/jaar.2000.0368

Whitridge, PJ. 2016. Classic Thule (Classic Precon-
tact Inuit). In: Friesen, TM and Mason, OK (eds.), 
The Oxford Handbook of the Prehistoric Arctic. 
Oxford: Oxford University Press. DOI: https://doi.
org/10.1093/oxfordhb/9780199766956.013.41

Wolf, N, Newsome, SD, Peters, J and Fogel, ML. 2015. 
Variability in the routing of dietary proteins and 
lipids to consumer tissues influences tissue-specific 
isotopic discrimination. Rapid Communications 

https://doi.org/10.1017/S0033822200060264
https://doi.org/10.1017/S0033822200060264
https://doi.org/10.1111/gcb.13880
https://doi.org/10.1016/j.quascirev.2019.03.016
https://doi.org/10.1016/j.quascirev.2019.03.016
https://doi.org/10.1093/oxfordhb/9780199766956.013.3
https://doi.org/10.1093/oxfordhb/9780199766956.013.3
https://doi.org/10.1093/oxfordhb/9780199766956.013.3
https://doi.org/10.1002/ajpa.23746
https://doi.org/10.1038/292332a0
https://doi.org/10.5751/ES-04714-170308
https://doi.org/10.5751/ES-04714-170308
https://doi.org/10.1007/s12520-019-00822-7
http://www.traditionandtransition.com
http://www.traditionandtransition.com
https://doi.org/10.1007/0-306-47194-9_3
https://doi.org/10.1007/0-306-47194-9_3
https://doi.org/10.1016/j.foodchem.2018.02.095
https://doi.org/10.1016/j.foodchem.2018.02.095
https://doi.org/10.1016/j.jas.2015.08.001
https://doi.org/10.1016/j.jas.2015.08.001
https://doi.org/10.1080/20548923.2015.1133121
https://doi.org/10.1080/20548923.2015.1133121
https://doi.org/10.1006/jaar.2000.0368
https://doi.org/10.1093/oxfordhb/9780199766956.013.41
https://doi.org/10.1093/oxfordhb/9780199766956.013.41


Harris and Elliott: Stable Isotope Studies of North American Arctic Populations Art. 11, page 17 of 17

in Mass Spectrometry, 29(15): 1448–1456. DOI: 
https://doi.org/10.1002/rcm.7239

Woollett, JM. 2007. Labrador Inuit subsistence in the 
context of environmental change: An initial land-
scape history Perspective. American Anthropologist, 
109(1), 69–84. DOI: https://doi.org/10.1525/aa.​
2007.109.1.69

Yamin-Pasternak, S, Kliskey, A, Alessa, L, Pasternak, 
I and Schweitzer, P. 2014. The rotten renaissance 
in the Bering Strait: Loving, loathing, and washing 

the smell of foods with a (re)acquired taste. Current 
Anthropology, 55(5): 619–646. DOI: https://doi.
org/10.1086/678305

Yurkowski, DJ, Hussey, AJ, Hussey, NE and Fisk, 
AT. 2017. Effects of decomposition on carbon 
and nitrogen stable isotope values of muscle 
tissue of varying lipid content from three aquatic 
vertebrate species. Rapid Communications in Mass 
Spectrometry, 31(4): 389–395. DOI: https://doi.
org/10.1002/rcm.7802

How to cite this article: Harris, AJT and Elliott, DA. 2019. Stable Isotope Studies of North American Arctic Populations: A 
Review. Open Quaternary, 5: 11, pp. 1–17. DOI: https://doi.org/10.5334/oq.67

Submitted: 05 May 2019         Accepted: 21 October 2019         Published: 11 November 2019

Copyright: © 2019 The Author(s). This is an open-access article distributed under the terms of the Creative Commons 
Attribution 4.0 International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original author and source are credited. See http://creativecommons.org/licenses/by/4.0/.
 

                  	        OPEN ACCESS Open Quaternary is a peer-reviewed open access journal published by Ubiquity Press.

https://doi.org/10.1002/rcm.7239
https://doi.org/10.1525/aa.2007.109.1.69
https://doi.org/10.1525/aa.2007.109.1.69
https://doi.org/10.1086/678305
https://doi.org/10.1086/678305
https://doi.org/10.1002/rcm.7802
https://doi.org/10.1002/rcm.7802
https://doi.org/10.5334/oq.67
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Environmental and archaeological context 
	Stable Carbon and Nitrogen Isotopes in Arctic Environments 
	Isotope Analyses of Preserved Human Proteins 
	Stable Isotope Analyses of North American Arctic Populations 
	1) Diachronic perspectives on human subsistence in the Arctic 
	2) Food culture and social life in North American Arctic societies 

	Challenges and future prospects of stable isotope studies of Arctic populations 
	Asking better questions: Community-led research and bioarchaeology in the Arctic 
	Macronutrient routing and physiological inputs to human stable isotope values 
	Food preparation and storage 
	Isotope baselines
	Breastfeeding and childhood diets 

	Conclusions 
	Additional File 
	Acknowledgements 
	Funding Information 
	Competing Interests 
	Author Contributions 
	References 

