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Abstract

Understanding how species adapt to environmental change is critical as many species are
threatened by extinction under ongoing climate change. Beringia, the land mass that connected
Yukon and Alaska with eastern Siberia throughout much of the Late Pleistocene (~115,000 to
11,700 years before present [BP]), experienced significant climatic warming during the terminal
Pleistocene (~16,000—11,700 BP) and the increasing presence of humans in North America
(~24,000—12,000 BP), both being coincident with a widespread North American megafaunal
extinction event. However, species like the gray wolf (Canis lupus) survived, possibly due to
dietary flexibility. I am revisiting this hypothesis by combining existing and novel palacodietary

proxies.

Stable isotopes in animal tissues reflect the consumers' diet, making them a powerful tool
for dietary reconstructions of modern and extinct species. Carbon (6'*C) and nitrogen (6'°N)
isotopes are commonly used in palacodietary studies but are vulnerable to the degradation of
organic molecules and to environmental baseline shifts. Calcium isotopes (6*/4*Ca), Sr/Ca, and

Ba/Ca have been proposed as a complementary and potentially more robust dietary proxies.

I radiocarbon dated and analyzed 6"3C, 8'°N, 6*4/**Ca, Sr/Ca, and Ba/Ca in the remains
(bone and tooth enamel) of modern and Pleistocene wolves (n=15 and n=14, respectively) and
their potential modern and Pleistocene prey species (n=20 and n=22, respectively). Using
Bayesian stable isotope mixing models (BSIMMs), I reconstructed gray wolves’ prey preferences

and dietary habits over the past 50,000 years.

As expected, BSIMMs relying on 8*C and 8'°N data showed that Pleistocene wolves
primarily consumed large ungulates, with pre-LGM and LGM wolves having a horse-specialized
diet whereas modern wolves had a more generalist diet. When the §*4/**Ca values were added as
a third dimension, BSIMMs showed evidence of an even greater dietary shift with Pleistocene
wolves consuming almost exclusively horses, whereas modern wolves showed a more diverse

and small prey (i.e., snowshoe hare and arctic ground squirrel) dominated diet.

Calcium isotopes reinforce the hypothesis that Pleistocene wolves adapted to deglaciation
and the extinction of Beringian horses during the terminal Pleistocene by shifting to a more

generalist and flexible diet focusing on small prey and other large ungulates. This study provides
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key information on the palaeoecology of Beringian mammals and underlines the importance of
diet in biodiversity conservation, which can help inform effective management strategies for at-
risk species in the face of current and future climate change. Besides the palacoecological
insights, my work also demonstrates a key methodological advance with the addition of calcium
isotopes as a third, more robust palacodietary dimension less influenced by environmental
baselines and diagenesis. This offers an intriguing glimpse into the relatively unexplored
potential of calcium isotopes to further investigate palacodiets of animals and presents an
exciting development in the integration of traditional (i.e., carbon and nitrogen) and non-

traditional (i.e., calcium) isotope geochemistry into the field of palaeobiology.
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1 Introduction and background information

This thesis explores the integration of traditional and novel palaeodietary proxies with the
aim to overcome the limitations of traditional palaecodietary proxies (i.e., organic degradation,
increased susceptibility to diagenesis, influence from environmental baselines). Using traditional
(0"*C and 6"°N) and novel (8*/**Ca, Sr/Ca and Ba/Ca) palaeodietary proxies, I question the
dietary preferences of Pleistocene and modern gray wolves (Canis lupus Linnaeus, 1758) to
further decipher the mechanisms that may have facilitated their strong resilience to past
environmental changes. The methodological advance from this thesis can be applied to a wide
range of fossils and studies, such as Miocene trophic reconstructions, and future exploration into
Pleistocene apex carnivore dietary habits, which can further inform conservation efforts of

Canadian Arctic species and northern wildlife.

1.1 Background

1.1.1 The ecological role of apex predators

Carnivores play critical roles in ecosystem regulation and structure (Beschta & Ripple,
2009; Bruno & Cardinale, 2008; Estes et al., 2011; Ripple et al., 2014; Ritchie et al., 2012;
Ritchie & Johnson, 2009). This is especially evident for large apex predators that hold the
highest trophic levels in an ecosystem, some examples include but are not limited to, lions
(Panthera leo Linnaeus, 1758), tigers (Panthera tigris Linnaeus, 1758), and polar bears (Ursus
maritimus Phipps, 1774) (Ripple et al., 2014). Through a top-down trophic cascade, apex
predators shape trophic dynamics (Beschta & Ripple, 2009; Bruno & Cardinale, 2008; Estes et
al., 2011; Hairston et al., 1960; Paine, 1980; Ripple et al., 2014; Terborgh et al., 2001). Some of
the ways in which apex predators shape trophic systems includes but is not limited to, regulating
populations of intermediate trophic level species through competition with mesopredators
(Ritchie & Johnson, 2009) and specific prey consumption (Estes et al., 2011; Griffin & Silliman,
2010) which in turn regulates plant-herbivore interactions and plant biomass (Schmitz, 2006,

2009; Schmitz et al., 2000). Collectively, these ecological interactions promote and sustain



biodiversity (Beschta & Ripple, 2009; Bruno & Cardinale, 2008; Estes et al., 2011; Hairston et
al., 1960; Paine, 1980; Ripple et al., 2014).

The most iconic example, though controversial, (Brice et al., 2022; Hobbs et al., 2024;
Marshall et al., 2013) showcasing the important role of apex predators in shaping ecological
communities has been the reintroduction of wolves in Yellowstone National Park (Beschta &
Ripple, 2009; Ripple et al., 2025; Ripple & Beschta, 2012). Due to gray wolf eradication in the
1900s, common gray wolf prey, specifically elk (Cervus canadensis Erxleben,1777), became
overpopulated leading to overgrazing across the park, particularly of woody plants such as aspen
(Populus tremuloides Michx), cottonwood and willow (Salix spp.) in riparian zones (Beschta,
2005; Halofsky & Ripple, 2008; Ripple & Beschta, 2012; Ripple & Larsen, 2000). However,
once gray wolves were reintroduced in the 1990’s, elk populations declined, and elk altered their
behavior to avoid areas where they were most vulnerable to hunting such as in riparian zones
allowing recovery of the vegetation (Beschta & Ripple, 2016; Beyer et al., 2007; Fortin et al.,
2005). In these areas restoration in vegetation allowed tree growth, which stabilized river erosion
and facilitated the return of beavers (Castor canadensis Kuhl, 1820) who engineered ponds and
lakes, subsequently increasing aquatic animal biodiversity (Beschta & Ripple, 2016; D. W. Smith
& Tyers, 2012). This example among others (e.g., sea otters [Enhydra lutris Linnaeus, 1758] in
nearshore marine ecosystems [Estes & Duggins, 1995; Estes & Palmisano, 1974; Gorra et al.,
2022]) showcase how apex predators not only regulate prey populations, but also have cascading
effects on regulating the whole ecosystem (Dobson et al., 2006; Estes et al., 2011; Estes &
Palmisano, 1974; Gorra et al., 2022; Ripple et al., 2014, 2025; Ritchie et al., 2012).

1.1.1.1 Communities with co-existing apex predators

While apex predators are at the top of the trophic pyramid, niche partitioning can enable
multiple apex species to co-exist within the same ecosystem. This is typically achieved through
differentiation in spatial, temporal, and/or dietary ecological niches—by targeting specific prey,
occupying distinct habitats or territories, and exhibiting unique behaviors (Cong et al., 2024;
Durant, 1998; Fedriani et al., 2000; Hayward & Kerley, 2008; Karanth & Sunquist, 2000;
Lamichhane et al., 2025). For instance, in the African savanna, lions, leopards (Panthera pardus
Linnaeus, 1758), and cheetahs (Acinonyx jubatus Schreber, 1775) coexist despite overlapping

territories. Lions, as social hunters, tend to target medium-large ungulates (i.e., African buffalo



[Syncerus caffer Sparman, 1779], wildebeest [ Connochaetes sp. Lichtenstein, 1812] and zebra
[Equus sp. Linnaeus, 1758]) in open grasslands and are mostly active at night (Grant et al., 2005;
Hayward & Kerley, 2005, 2008; Orsdol, 1984). Leopards hunt solitarily, often in covered areas
during twilight hours, focusing on smaller ungulates (i.e., Impala [4Aepyceros melampus
Lichtenstein, 1812] and harnessed bushbuck [7ragelaphus scriptus Pallas, 1766]) and prey
caching—hoisting their prey into trees to avoid scavengers and competition (Balme et al., 2007,
Hayward et al., 2006; Hayward & Kerley, 2008). Cheetahs, on the other hand, rely on speed to
hunt small-medium-sized prey (i.e., gazelle [Eudorcas thomsonii Glinther, 1884 and Nanger
granti Brooke, 1872] and blesbok [Damaliscus pygargus phillipsi Harper, 1939]) in open
habitats during the day, reducing both spatial and temporal overlap with the other big felines
(Durant, 1998; Hayward et al., 2006; Hayward & Kerley, 2008; Mutoro et al., 2022). These
differences in hunting strategy, prey preference, habitat use, and activity patterns reduce direct
competition and allow for stable coexistence (Durant, 1998; Hayward & Kerley, 2008). Evidence
of niche partitioning are also found in the geological record. For example, in mid-Cretaceous
ecosystems, dietary niche partitioning allowed large predators such as the spinosaurids,
abelisaurids and crocodyliforms to coexist by targeting different prey and occupying distinct

ecological roles (Hassler et al., 2018).

A high diversity of top predator species within the same ecosystem often creates a
resilient and stable ecosystem due to more complex and balanced food web interactions (Estes et
al., 2011; Estes & Duggins, 1995; Finke & Snyder, 2010; Liu et al., 2024; Mougi, 2022; Schmitz
et al., 2000). However, specialization in diet, territory and behavior often associated with niche
partitioning comes with a cost. Large-bodied mammals (>44 kg), commonly referred to as
megafauna—including apex predators—face particularly high vulnerability in the face of
anthropogenic climate change and habitat degradation (Fuller et al., 2016; Mccain & King,
2014). Megafauna typically are biomic specialists (Fernandez & Vrba, 2005), have high
energetic and metabolic demands (Carbone et al., 1999) with distinct diets (Pineda-Munoz et al.,
2016), and exhibit slow reproductive rates which, in turn, contribute to delayed population
recovery (Albaladejo-Robles et al., 2023). Collectively these factors limit megafauna’s resilience
to ecological disruption (Albaladejo-Robles et al., 2023; de Silva & Leimgruber, 2019), which
can impact the resilience of an entire ecosystem (Cardillo et al., 2005; Fisher & Owens, 2004;

Fuller et al., 2016; Mccain & King, 2014; Morueta-Holme et al., 2010; Quintero & Wiens, 2013).
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Thus, top predators might become more vulnerable to environmental changes, habitat loss,
and/or to changes in the population dynamic of their specified prey populations (Estes et al.,
2011; Hatton et al., 2015; Ripple et al., 2015; Tyson et al., 2010). Despite ongoing global
conservation efforts, megafaunal populations continue to decline at alarming rates (Ripple et al.,
2016, 2017), threatening not only individual species but the ecological integrity of entire

communities.

1.1.1.2 Ecological threats and implications for apex predators

Environmental change and anthropogenic impacts on top predators are a challenge for
modern conservation efforts. Increased human disruption in natural ecosystems, including, but
not limited to, anthropogenically driven climate change, deforestation, and agriculture expansion,
poses significant threats to modern ecosystems (Diaz et al., 2019; Grimm et al., 2013; He &
Silliman, 2019; King, 2004; Pecl et al., 2017; Pires et al., 2018; Thomas et al., 2004; Wassmann
et al., 2011), often triggering large-scale landscape transformations that disrupts ecological
structure and biodiversity (Bellard et al., 2012; Grimm et al., 2013; Newbold, 2018; Pecl et al.,
2017; Pires et al., 2018; Schulte to Biihne et al., 2021; Weiskopf et al., 2020). Apex predators are
particularly vulnerable to such environmental stressors because they are dependent on the
stability of the entire food web (Hatton et al., 2015; Ripple et al., 2015; Tyson et al., 2010). Their
decline or extinction can further accelerate the destabilisation of ecological communities through
cascading trophic effects (e.g., aforementioned gray wolf eradication in Yellowstone) (Beschta &
Ripple, 2009; Bestion et al., 2019; Bruno & Cardinale, 2008; Estes et al., 2010, 2011; Hairston et
al., 1960; Paine, 1980; Ripple et al., 2014, 2015, 2024; Terborgh et al., 2001).

This dynamic is especially evident in the Canadian Arctic and sub-Arctic, where
ecosystems—ranging from tundra to northern boreal forests—have experienced Arctic
amplification, a doubling of the mean annual surface temperature increase relative to the global
average during the 20th century (AMAP, 2021; Gilg et al., 2012; Bengtsson et al., 2004;
Rowland et al., 2016; Screen & Simmonds, 2010; Serreze & Francis, 2006). Consequences
include, among others, rapid glacial and permafrost melt with an increased input of moisture to
soils and ecosystems (Barber et al., 2014; Lyon & Destouni, 2010), sea ice volume decline

resulting in habitat loss (Screen & Simmonds, 2010; Simmonds, 2015), Arctic tundra



shrubification (Danby et al., 2011; Hope et al., 2015), altered boreal forest composition (Massey
et al., 2023), and advancing alpine treelines (Munier et al., 2014; Trant et al., 2020).

These landscape-level changes can severely impact top predators of the Arctic, in
particular, climatically induced habitat shifts reshape predator-prey relationships and can trigger
trophic collapses (Chambault et al., 2020; Derocher et al., 2013; Fuglei & Ims, 2008; Hamilton et
al., 2017; Laws, 2017). For example, polar bears depend on sea ice to hunt seals and are thus
greatly impacted by the loss in sea ice volume (Derocher et al., 2004, 2013; Hamilton et al.,
2017; Stirling & Derocher, 2012). This has triggered alteration in polar bear habitat use patterns,
which has led to range shifts resulting in territorial overlap with other top predators (i.e., grizzly
bears [Ursus arctos horribilis Linnaeus, 1758] and gray wolves) leading to new interspecific
competition, altered predator-prey dynamics, and ecological mismatches all of which have

cascading trophic effects (Derocher et al., 1993, 2000; A. N. Laws, 2017; Rode et al., 2015).

In the Canadian Arctic and northern boreal forests, these megafaunal vulnerabilities are
compounded by amplified warming, which further destabilizes ecosystems and places northern
megafauna—and apex predators—at risk of population collapse (Hamilton et al., 2017; Laidre et
al., 2020; E. Post et al., 2009). Human disturbance (e.g., anthropogenically driven habitat loss,
increased human-wildlife conflict, and overharvesting [e.g., hunting, trapping]) further
intensifies these threats, pushing many species toward decline or extinction (Ordiz et al., 2021)

and thus can result in cascading trophic effects (Bestion et al., 2019; Ripple et al., 2024).

Understanding the trophic roles and dietary strategies of these at-risk species—
particularly apex predators—within high-latitude, rapidly changing ecosystems is therefore
essential. Insight into their ecological flexibility and niche constraints can help identify
thresholds of vulnerability and inform adaptive conservation measures tailored to future climate
scenarios (Ripple et al., 2016, 2017; Wiens et al., 2009). Given the keystone role that apex
predators hold in ecosystems (Estes et al., 2011; Ripple et al., 2024), conservation strategies must
account for their long-term responses to landscape transformation, trophic disruption, and

climatic instability to preserve ecosystem resilience and biodiversity (Dobson et al., 2006).



1.1.2 The importance of the fossil record to investigate ecological baselines and

inform modern conservation

Modern ecological monitoring is inherently constrained by its limited temporal scope,
often covering only a few decades at most. This limits the use of modern studies for conservation
efforts because the processes that shape ecosystems and ecological communities, such as climate
change, species adaptation, and ecological turnover, unfold over long timescales, sometimes
spanning centuries and millennia (Karl and Trenberth, 2003). The short timeframes of
contemporary studies make it challenging to capture the full spectrum of these processes,
particularly for carnivore species with complex prey interactions and dependence on the entire
ecological community. A comprehensive understanding of species' responses to climate and
environmental change requires the long-term perspective that the fossil record uniquely offers
(Dietl et al., 2015; Fordham et al., 2020; Lanier et al., 2015). By examining the past, we can

better anticipate future ecological shifts and species vulnerabilities.

The fossil record acts as a geohistorical archive, preserving species' foraging habits,
mobility patterns, and habitat use, offering invaluable insights into past ecosystems and how
their inhabitants responded to past climate events (Ben-David & Flaherty, 2012). Fossil bones
and teeth, in particular, retain chemical signatures—such as isotopic compositions—that reflect a
consumer’s diet and surrounding environment (Bearhop et al., 2004; Ben-David & Flaherty,
2012; Bryant et al., 1996; Clementz, 2012; Luz et al., 1984). The preserved isotopic
compositions in fossilized bones and teeth provide a window into ancient ecological dynamics
such as but not limited to species migratory patterns (e.g., Wooller et al., 2021), diets and
foraging habits (e.g., Hardy & Rowland, 2024), trophic interactions (e.g., Martin et al., 2018),
niche partitioning (Warsen et al., 2014), and species responses to environmental stressors (e.g.,
Fox-Dobbs et al., 2008). In turn, these records allow researchers to infer how modern species
may react when facing analogous ecological pressures. For example, analysis of stable isotopes
revealed that polar bears showed a significant dietary shift in modern times relative to
individuals of the early Holocene (11.7 ka BP to1960s), undergoing a baseline dietary shift from
primarily marine-based prey, such as seals, to more terrestrial sources, including birds and their
eggs’, which occurred coevally with diminishing sea ice habitats (Routledge et al., 2023). The

modification of polar bear diet further emphasizes the parallels between past and present



ecological changes and illustrates how some species might be able to adapt to environmental
changes, while other ultra-specialized taxa might be unable to adjust their diets to the extent
needed for survival (e.g. Giant pandas [Ailuropoda melanoleuca David, 1869] face extinction

due to inflexible dietary habits; Yang et al., 2024).

1.1.3 The potential of investigating the Beringian fossil record during the terminal

Pleistocene for modern species conservation

1.1.3.1 Ecology of Beringia

Beringia, a vast multicontinental landmass that connected eastern Siberia (western
Beringia) to Alaska and Yukon (eastern Beringia) via the Bering Land Bridge (BLB) during the
Late Pleistocene (115 to 11.7 ka BP). Unlike most of North America, which was covered by
continental ice sheets, eastern Beringia remained free from glaciation due to its dry climate
associated with its high surrounding topography that acted as a rain barrier (Fritz et al., 2012;
Froese et al., 2009; Schwartz-Narbonne et al., 2019; Zazula et al., 2006a,b; Zimov et al., 2012).
This unique environment fostered a thriving steppe-tundra ecosystem— known as the mammoth
steppe— with a flora dominated by permafrost and cold-adapted grasses and sedges (Froese et

al., 2009; Zimov et al., 1995).

Beringia's arid and cold climate along with the open vast grasslands made it an ideal
habitat for a diverse array of cold-adapted fauna composed of herbivorous megafauna species,
with grazers such as woolly mammoth (Mammuthus primigenius Blumenbach, 1799), Beringian
horse (Equus sp. and Haringtonhippus sp.), and bison (Bison sp. Smith, 1758), forming the
backbone of this ecosystem and roaming across vast territories (Drucker, 2022; Harington, 2011;
Schwartz-Narbonne et al., 2019; Zimov et al., 2012). This thriving herbivore biodiversity was
matched by a unique range of predators, from mesopredators such as hyenas
(Chasmaporthetes Hay, 1921), foxes (Vulpes vulpes Linneaus, 1758 and Vulpes lagopus
Linnaeus, 1758), and wolverines (Gulo gulo Linnaeus, 1758), to large apex predators like the
scimitar cat (Homotherium latidens Owen, 1846), cave lion (Panthera leo spelaea Boule & De
Villlleneuve, 1927), gray wolf, and giant short-faced bear (Arctodus simus Cope, 1879)
(Bocherens, 2015; Drucker, 2022; Harington, 2011; Schwartz-Narbonne et al., 2019), with these
predators holding a key role in Pleistocene ecosystems (Ripple & Van Valkenburgh, 2010). The

co-existence of these apex carnivores suggests a strong niche partitioning within the ecosystem



(Bocherens, 2015; Bocherens et al., 2011; Drucker, 2022), akin to the complex predator-prey
dynamics observed in modern African savannas (Drucker, 2022). Each predator likely filled
specific ecological niches, relying on specialized diets and hunting behaviors that were
subjective to spatiotemporal variations between western and eastern Beringia (Bocherens, 2015;
Shapiro & Cooper, 2003) as demonstrated in many studies (e.g., Boeskorov et al., 2012; Knapp
et al., 2009).

While the multicontinental and wide-ranging landmass of Beringia caused regional
variation between western and eastern species populations such as differences in species dietary
preferences and interactions (i.e., predator-prey interactions) (Bocherens, 2015; Shapiro &
Cooper, 2003; Szpak et al., 2010) this thesis focuses strictly on eastern Beringian populations
(i.e., interior Alaska and Yukon). Studies have suggested that in eastern Beringia scimitar cats
primarily preyed on large ungulates, specifically yak (Bos mutus Przewalski, 1883 ), caribou, and
bison (Yeakel et al., 2013), while cave lions favored caribou (Bocherens, 2015; Yeakel et al.,
2013), with giant short-faced bears fed mainly on caribou (Rangifer tarandus Linnaeus, 1758),
muskox (Ovibos moschatus Zimmermann, 1780), and possibly carcases and plants (Bocherens,
2015; Fox-Dobbs et al., 2008; Matheus, 1995; Raghavan et al., 2014), and gray wolves had a diet
dominated by horses (Landry et al., 2021). This specialization of diet and behavior in eastern
Beringia's apex carnivores shaped the region’s complex food webs and trophic interactions

(Ripple & Van Valkenburgh, 2010).

1.1.3.2 Quaternary megafauna extinction event

The disappearance of many eastern Beringian species during the terminal Pleistocene
(~16—11.7 ka BP), contributed to the Quaternary megafauna extinction event, where up to 72%
of North American megafauna genera went extinct (~13—11 ka BP) (Barnosky, 2008; Fox-Dobbs
et al., 2008; Koch & Barnosky, 2006; Mann et al., 2015).

There are two primary hypotheses to explain the large-scale disappearance of many
eastern Beringian species. The first being that the Late Pleistocene, particularly the interval
following the Last Glacial Maximum (LGM, 26-19 ka BP), marked a period of significant
environmental upheaval in eastern Beringia (Rowland et al., 2016). Global temperatures rose,
surrounding glaciers retreated, and permafrost began to melt. This led to the rapid transformation

of the mammoth steppe biome into a boreal forest with increasing shrub and tree dominance



(Hardy & Rowland, 2024; Zimov et al., 1995). These landscape and vegetation changes may
have led to the extinction of many megaherbivores which had cascading effects on carnivore
species (Guthrie, 2001; Monteath et al., 2021; Zimov et al., 2012).The second hypothesis states
that the expansion and increased activity of human populations in eastern Beringia resulted in the

overhunting of many megafauna species and increased competition for carnivores (Lorenzen et

al., 2011).

A hypothesis that combines both the climate change and overkilling hypotheses suggests
that the specialized diets, high metabolic demands and energy constraints (Carbone et al., 1999)
and slow reproductive rates and population recovery of megafauna limits their resilience to
ecological changes caused by climate/landscape change and overkilling/competition from
increased human activity (Albaladejo-Robles et al., 2023; Cardillo et al., 2005; de Silva &
Leimgruber, 2019; Ordiz et al., 2021).

Overall, this widespread megafauna extinction had drastic effects on the Beringian
ecosystem, including but not limited to altered species interactions (prey-predator dynamics) and
changes in plant biomes (Monteath et al., 2021, 2022; Murchie et al., 2021; Piers et al., 2015,
2018; Doughty et al., 2016; Lyons et al., 2016; T oth et al., 2019; Pineda-Munoz et al., 2021).
Some species, such as caribou, muskox, Dall sheep (Ovis dalli Nelson, 1884), moose (4lces
alces Linnaeus, 1758), and elk, persisted and still inhabit modern Alaska and Yukon. By the
beginning of the Holocene, one of the few apex predators to survive extinction and persist into

the modern day is the gray wolf.

Reconstructing the diets and trophic interactions of Pleistocene megafauna is central to
understanding why certain species prevailed or went extinct during this period of environmental
and ecological upheaval in the terminal Pleistocene. Through isotopic analysis of fossilized
remains, we can investigate the diets of species during these long-term environmental and
ecological changes (Clementz, 2012). For example, studies of the dietary habits of Beringian
carnivores such as the gray wolf provide insights into their adaptive strategies during the
Quaternary extinction event (Landry et al., 2021). Understanding how apex predators in Beringia
responded to past ecological shifts can thus provide critical insights into the resilience of modern
carnivores and inform conservation strategies aimed at preserving top predators in rapidly

changing ecosystems (Dietl et al., 2015; Fordham et al., 2020).



1.1.3.3  The terminal Pleistocene extinction in eastern Beringia as an analog to modern global

warming and human interference

The expansive fossil collection and quality of remains from eastern Beringia due to the cold
climate and permafrost layer (Matsubayashi & Tayasu, 2019; Matthiesen et al., 2021) in Beringia
and the Canadian Arctic makes this region ideal for palaeobiological studies (Fordham et al.,
2020), of which can provide insights to past ecological dynamics. Trophic and dietary
reconstructions of both extant and extinct northern species—spanning modern and Pleistocene
ecosystems—using stable isotope proxies (e.g., Schwartz-Narbonne et al., 2019) and
complementary techniques, offer critical insights into past ecological dynamics, of which is
essential for informing contemporary conservation strategies, particularly for vulnerable
megafauna and apex predators (Dietl et al., 2015; Fordham et al., 2020; Ripple & Van
Valkenburgh, 2010). This is especially relevant in the Canadian Arctic and northern boreal forest
biomes, which are undergoing climate-driven changes analogous to those during the terminal

Pleistocene (i.e., increased temperatures, permafrost melt, shrubification, etc.,).

1.1.3.4 Wolves as an ideal study species for investigating carnivore response to climate and
ecological changes

Gray wolves are an ideal species for investigating species’ responses to environmental and
ecological change in northern Canadian ecosystems. Their persistence from the terminal
Pleistocene to the present-day allows for direct comparison between populations which
experienced different climates, landscapes, and ecological conditions, thus allowing us to
understand how this carnivorous species responded during climate and ecological changes over
large timescales. There have been extensive ecological studies that have documented their
current dietary habits (e.g., Dalerum et al., 2018; Evavold et al., 2024; Gable et al., 2018;
Gauthier & Theberge, 1986; Hayes, 1995; Hayes et al., 2000, 2016; Hayes & Harestad, 2000;
Merkle et al., 2017; Milakovic & Parker, 2011; Pilot et al., 2012). In Alaska and the Yukon,
modern gray wolves are pack hunters and primarily prey on caribou, but their diet also includes
smaller mammals such as beaver, snowshoe hare (Lepus americanus Erxleben, 1777), Arctic
ground squirrel (Urocitellus parryii Richardson, 1825), and groundhog (Marmota monax
Linnaeus,1758), depending on regional prey availability and seasonal variability (Dalerum et al.,
2018; Gauthier & Theberge, 1986; Hayes, 1995, 2016; Hayes & Harestad, 2000; Merkle et al.,

2017). By contrast, isotopic analyses from fossil material indicates that Pleistocene gray wolves
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in eastern Beringia had a more specialized diet heavily reliant on megafaunal herbivores
(Bocherens, 2015; Fox-Dobbs et al., 2008; Landry et al., 2021). Landry et al. (2021)
demonstrated that eastern Beringian Pleistocene wolves exhibited high 6'*C and 6"°N values
consistent with a high trophic position and consumed mainly the flesh of large-bodied ungulates,

particularly Beringian horses.

Genetic studies further support the uniqueness and evolutionary significance of Beringian
gray wolves as shown in Loog et al. (2020). This study showed how contemporary gray wolf
populations descended from the expansion of Beringian gray wolves following the LGM (Loog
et al., 2020). Understanding why Beringian gray wolves survived, while other wolf linecages were
replaced and other carnivore species went extinct, requires reconstruction of their dietary habits,
habitat use, and interactions with changing prey communities. These insights are critical for
understanding past ecosystem dynamics which can inform modern conservation efforts under

ongoing climate change (Barnosky et al., 2017; Dietl et al., 2015; Fordham et al., 2020) .

1.1.4 Insights from traditional palaeodietary proxies (6'3*C and 6'°N)

1.1.4.1 Review of carbon and nitrogen stable isotopes as dietary proxies

Stable isotope analysis (SIA) is a powerful and widely used tool to reconstruct diet and
trophic interactions in both modern and ancient ecosystems (Clementz, 2012; DeNiro & Epstein,
1978, 1981; Fry, 2006). Carbon and nitrogen stable isotope compositions (i.e., §'*C and §'°N,
respectively) (Deniro & Epstein, 1978, 1981) provide biochemical signatures of an organism’s
diet and environment due to predictable isotopic fractionation during food digestion,
assimilation, and ultimately during tissue and biologic mineral synthesis (Koch, 2008). These
isotopic signals are preserved in tissues with slow turnover rates (i.e., bone), which allows them

to reflect long-term dietary and environmental information (Clementz, 2012).

During collagen synthesis proteins that are enriched in the heavy stable carbon isotope ('*C)
are preferred, influencing the bulk 8'*C value of the collagen and an approximate +5%o offset
between collagen and bulk diet (Ambrose & Norr, 1993; DeNiro & Epstein, 1978; Lee-Thorp et
al., 1989; Tieszen & Fagre, 1993). In general, 3"3C values in collagen slightly increase with

increasing trophic position, with an approximate §'*C trophic discrimination factor (TDF) of
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+1%o0 (Bearhop et al., 2004; Bocherens, 2015; Bocherens & Drucker, 2003; Jim et al., 2006),
with apex predators having the highest 6'*C values and primary producers having the lowest 6*C
values (Pilot et al., 2012). However, varying diets can result in some variation in the TDF among

species and individuals complicating its use as an unambiguous dietary proxy (Bearhop et al.,

2004; Caut et al., 2009).

Differences in photosynthetic pathways are a primary driver of §"*C variation, as Cs and Ca
plants differentiate the heavy and light carbon isotope to varying degrees (O’Leary, 1981, 1988).
These effects cascade through the trophic chain and result in distinctions between C3 vs C4 plant
feeding herbivores (Cerling & Harris, 1999; Codron et al., 2013; Jim et al., 2006; Tieszen, 19a).
In carnivores, 8'°C variation is due to consumption of different prey species and the type of
tissues consumed (i.e., muscle, fat, bone marrow, etc.,) (Ambrose & Norr, 1993; Lee-Thorp et
al., 1989; Tieszen & Fagre, 1993, Tieszen, 1991). In the context of high-latitude systems like
Beringia and the Yukon, where ecosystems are dominated by Cs plants (Blinnikov et al., 2011;
Tahmasebi et al., 2017; Wooller et al., 2007; Zazula, et al., 2006b), §'*C variation among
herbivores—and thus among carnivores—is not due to plant type (Cs vs Cs). This can limit the
distinction between species 5'°C values in these ecosystems (e.g., Landry et al., 2021), but some
isotopic distinction may still be observed among plants (Kohn et al., 2010) and animal species

(i.e., foregut and hindgut fermenters) (Cerling et al., 2021).

Nitrogen isotopes in bone collagen are reflective of the proteins from a consumer’s diet,
allowing for dietary and trophic reconstructions (Bocherens & Drucker, 2003). The light nitrogen
isotope (*N) is preferentially fractionated out of the body through waste products (i.e., urine)
(Deniro & Epstein, 1981; Minagawa et al., 1984). The preferential fractionation of '*N results in
an increase in 6"°N between adjacent trophic levels, with a TDF of +3 to +5%o (Bocherens &
Drucker, 2003; Deniro & Epstein, 1981; Minagawa et al., 1984), thus apex predators have the
highest 6'°N values compared to those of secondary consumers due to cumulative trophic

enrichment, with primary producers (i.e., plants) having the lowest 6'*N values.

To more precisely infer the feeding strategies of modern and extinct carnivores, like
Pleistocene gray wolves, dietary mixing models (i.e., Bayesian stable isotope mixing models
[BSIMMs]) can be applied using 8'°C and §'*N values of both predators and their potential prey
(e.g., Cheung & Szpak, 2021; Fox-Dobbs et al., 2007; Landry et al., 2021). These models
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estimate the proportional contributions of different prey species to a predator’s diet by
integrating isotopic data and known trophic discrimination factors (TDFs). Bayesian mixing
models, such as those implemented in MixSIAR or SIAR, allow for probabilistic reconstructions
that incorporate uncertainty and variability in prey isotope values and TDFs (Stock, 2025).
Landry et al. (2021) applied this approach to reconstruct the diet of Pleistocene wolves in eastern
Beringia.. This study demonstrated that Pleistocene wolves have a high reliance on Pleistocene
megafauna, particularly Beringian horses with approximately 54% contribution to their overall
diet. By contrast, modern wolves have lower §'°C and §'°N, and as shown in other studies,
predominantly feed on caribou, moose and small mammals (i.e., beavers, snowshoe hare and
arctic ground squirrel) (Dalerum et al., 2018; Gauthier & Theberge, 1986; Hayes, 1995; Hayes &
Harestad, 2000; Merkle et al., 2017). Landry et al. (2021) contributed valuable insights into
Beringian carnivore palacoecology through 6'*C and 8'°N analysis, while also demonstrating the
complexity of interpreting these isotopic systems due to various environmental and ecological

influences.

1.1.4.2 Limitations of carbon and nitrogen stable isotopes as dietary proxies

While carbon and nitrogen isotopes have proven powerful tools for reconstructing
modern and ancient diets and trophic positions, their interpretation can be confounded by
environmental variables (Drucker et al., 2008; Heaton, 1999; Heaton et al., 1986), especially in
dynamic ecosystems like Beringia (Drucker, 2022). This region experienced dramatic climatic
shifts over time—from the cold, dry tundra-steppe conditions of the Pleistocene mammoth
steppe (Alfimov & Berman, 2001; Brigham-Grette, 2001; Elias, 2000; Froese et al., 2009;
Guthrie, 1982; Pushkar & Cherepanova, 2011) to the warmer, wetter, and more forested
conditions of the Holocene and modern boreal environment (Aalto et al., 2022; Kemppinen et al.,
2023). These environmental transitions directly influence isotopic baselines in plants and soils,
which are then propagated up the food web, and can make it difficult to disentangle changes in

diet from changes in the underlying isotopic landscape (Casey & Post, 2011).

Nitrogen isotopes are particularly sensitive to environmental conditions such as moisture
and soil microbial activity (Craine, Brookshire, et al., 2015; Craine, Elmore, et al., 2015; Craine
et al., 2009). During the Last Glacial Maximum (LGM ~26-19ka BP), significant climate and

environmental shifts (i.e., colder temperatures, glacial advance, increased aridity) decreased

13



moisture levels and profoundly influenced the nitrogen cycle, as suggested by increased '°N
values in megafaunal remains from this time (Rabanus-Wallace et al., 2017). In arid and semi-
arid environments where there is minimal precipitation and dry soil, inorganic nitrogen is not
well retained, resulting in increased nitrogen cycling (Cleveland et al., 1999; Olson, 1958). This
inhibits nitrogen fixation in plants and increases denitrification and volatilization processes, both
of which fractionate '“N out of the soil, reducing its abundance, resulting in increased §'*N
values in the soil and then plants (Ambrose, 1991; Amundson et al., 2003; Handley et al., 1999;
Heaton, 1987; Hixon et al., 2018; Rabanus-Wallace et al., 2017; Stevens et al., 2004; Stevens et
al., 2008). Since nitrogen isotopes cascade up the food chain from primary producers, the
elevated 6'°N will be reflected in all trophic levels in that ecosystem (Ambrose, 1991; Schwartz-
Narbonne et al., 2019; Stevens et al., 2008). During periods of warmer and less arid climates—
such a modern Yukon and interstadial periods in eastern Beringia during the Pleistocene—
increased moisture leads to enhanced nitrogen loss through leaching and denitrification, lowering
the 6"°N of soil and plants, which is reflected through the trophic levels. These baseline shifts
complicate trophic interpretations as variations in 8'°N values may reflect environmental change
more than dietary behavior (Casey & Post, 2011), thus not allowing for direct comparison
between varying ecosystems, regions and/or time periods without considering this baseline

effect.

Carbon isotopes, though more stable across trophic levels (Bearhop et al., 2004;
Bocherens, 2015; Bocherens & Drucker, 2003; Jim et al., 2006) are also environmentally
dependent. Plant 6'*C values vary depending on canopy structure (Bonafini et al., 2013; Drucker
et al., 2008; van der Merwe & Medina, 1991), water use efficiency (Dawson et al., 2002; Heaton,
1999; Tieszen, 1991), and primary productivity (O’Leary, 1981, 1988; Tieszen, 1991). In open
and dry environments —such as the steppe tundra in eastern Beringia during the Late
Pleistocene— plants are exposed to direct sunlight and limited water, leading to higher water-use
efficiency and increased 6'*C values (Diefendorf et al., 2010; Kohn, 2010; Tieszen, 1991;
Wooller et al., 2007). As the eastern Beringian landscape transitioned to boreal forest, increased
moisture and canopy cover introduced the "canopy effect," whereby understory plants
assimilated recycled CO: depleted in *C, lowering their 6'*C values (Bonafini et al., 2013;
Drucker et al., 2008). Such variations are further complicated by altitude, temperature (Heaton,

1999; Kohn, 2010), and plant physiology (Diefendorf et al., 2010; Tieszen, 1991). Consequently,
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0N and 6"3C values in Beringian species like wolves may reflect not just prey composition, but

also broader shifts in ecosystem structure and plant communities.

Beyond environmental effects, the material from which carbon and nitrogen isotopes are
extracted (i.e., bone collagen), poses another major limitation for some (palaeo-)ecological
studies. Collagen is a labile organic protein that degrades relatively rapidly post-mortem due to
microbial activity, oxidation, and hydrolysis (Collins et al., 2002; Hedges, 2002). This
degradation alters the original isotopic composition, particularly through the preferential loss of
specific isotopes, leading to altered isotope compositions in older or poorly preserved specimens
(Balzer et al., 1997). Diagenetic processes, including remineralization and contamination by
exogenous carbon and nitrogen from soils and groundwater, further obscures the original dietary
signal (Gillespie et al., 1984). As a result, collagen-based isotopic analyses are only reliable
when the material passes strict preservation criteria (i.e., C:N ratios [ideally 2.9-3.6]) which
reflects well preserved collagen (Ambrose, 1990; Deniro et al., 1985). Bone degradation and
specimen preservation can vary dramatically depending on burial conditions, soil chemistry, and

time since deposition (Matthiesen et al., 2021; Nielsen-Marsh & Hedges, 2000).

Given these limitations, relying solely on collagen-bound 8"*C and 8'°N values in
Beringian wolves and other carnivores as dietary proxies can introduce significant uncertainty
and ambiguity. Shifts in environmental baselines due to climate change and the potential
conflation of dietary and ecological signals (Casey & Post, 2011), along with the varying
preservation of specimens (Matthiesen et al., 2021), highlight the need for additional
complementary dietary proxies. Robust, more diagenetically resistant materials—such as tooth
enamel (Dodat et al., 2023)—offers promising avenues for dietary reconstruction, especially
when paired with multi-isotope approaches or compound-specific techniques. Ultimately, a more
nuanced understanding of trophic dynamics in Pleistocene ecosystems like Beringia requires
expanding beyond traditional collagen isotopes to include proxies that can better withstand

diagenesis and ecological complexity.
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1.1.5 Calcium, strontium and barium in hydroxyapatite

Carbonated hydroxyapatite (HAp [Caio(PO4)s(OH)2]), a calcium apatite mineral
composing most of the bone and teeth inorganic component, is thermodynamically stable and
relatively resistant to diagenesis (i.e. post-burial chemical alteration) (Lee-Thorp & Sponheimer,
2003; Sponheimer & Lee-Thorp, 2006; Tacail et al., 2020; Wang & Cerling, 1994). The resistant
nature, stability, and preservation of HAp over geologic time makes it an ideal material in
palaeobiological studies, specifically the ratios of St/Ca and Ba/Ca and isotopes in HAp have
been proposed as indicators of diet and trophic level (Balter et al., 2002; Safont et al., 1998;
Toots & Voorhies, 1965).

1.1.5.1 Strontium and barium ratios a dietary proxy

Interestingly, Ca, Ba, and Sr are incorporated into the body from diet and Sr and Ba can
easily replace Ca in the HAp crystal structure due to the substitutive flexibility of HAp and the
similarities between Sr, Ba, and Ca (i.e., ionic radii and charge) (Elliott, 2019; Posner & Betts,
1975). Among vertebrate animals, calcium is preferentially retained over strontium and barium in
the body (and by extension in the HAp crystal structure) as it is an essential element for various
bodily functions (i.e., muscle contraction, cellular signaling, and bone/teeth formation, etc.,). As
a result, by means of different cellular and physiological processes, strontium and barium are
preferentially excreted from the body via urine and stool (Burton & Wright, 1995; Harrison et al.,
1967; Pors Nielsen, 2004; Sillen & Kavanagh, 1982). The depletion of strontium and barium
relative to calcium results in low Sr/Ca and Ba/Ca ratios incorporated into bone/teeth relative to
consumer diet (Burton & Wright, 1995; Sillen & Kavanagh, 1982). This effect cascades through
trophic levels due to the biopurification of strontium and calcium incremented at every level of
the food chain (Burton & Wright, 1995; Sillen & Kavanagh, 1982). Thus, apex predators will
have the lowest Sr/Ca and Ba/Ca ratios compared to that of herbivores, with plants having the
highest Sr/Ca and Ba/Ca ratios. The ingestion of bone in carnivores can contribute to increased
proportions of calcium in their diet, which can further dilute strontium and barium and decrease

Sr/Ca and Ba/Ca ratios and influence calcium isotopes (Schoeninger, 1979).

Despite the usefulness of Sr/Ca and Ba/Ca ratios as dietary and trophic level proxies,
several factors complicate their interpretation. One major concern is diagenetic alteration, as

post-mortem chemical alteration can modify the original elemental composition of HAp. While
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HAp is more resistant to diagenesis than carbonates for example, it is still susceptible to
elemental exchange with surrounding sediments and groundwater over time (Kohn, 2008;
Trueman et al., 2008). Strontium and barium being only present in trace concentrations within
HAp, even restricted amounts of exchange with the substrate can heavily affect resulting Sr/Ca
and Ba/Ca ratios (Fabig & Herrmann, 2002). Additionally, environmental variables such as local
soil geochemistry, plant mineral content, and differences in water sources can influence the
baseline Sr/Ca and Ba/Ca values independently of trophic level, leading to potential overlap
between dietary groups, and incomparability among distinct sites and time periods (Blum et al.,
2000; Burton et al., 1999; Land et al., 2000; Peek & Clementz, 2012). As such, careful screening
for diagenesis, as well as contextual environmental and ecological information, is essential to

accurately interpret Sr/Ca and Ba/Ca signals in fossil tissues.

1.1.5.2 Stable calcium isotopes as a dietary proxy

One of the most promising tools currently available for dietary reconstruction in recent
and deep geologic time are calcium isotopes. Most of calcium in the body is stored in HAp, and
calcium is a major component of HAp with ~40 wt% Ca in bioapatite (Tacail et al., 2020).
Through the small intestine, calcium is absorbed from the diet into the body through passive
paracellular diffusion and active transcellular transport (Skulan & DePaolo, 1999; Tacail et al.,

2020).

Calcium then circulates through the blood and is utilized in various physical processes
including bone mineralization (Skulan & DePaolo, 1999; Tacail, 2017). Calcium excretion to
primary urines and its partial reabsorption from primary urines back into the blood in the kidneys
plays a critical role in the isotope fractionation and conditioning the calcium isotope composition
of the body (Tacail, 2017; Tissot et al., 2024). During this process, light calcium isotopes (*’Ca
and **Ca) will be preferentially reabsorbed from primary urines to the blood, resulting in urine
being enriched in heavy calcium isotopes (**Ca and **Ca), and the blood (and consequently the
rest of the body) being comparatively depleted in heavy calcium isotopes (i.e. enriched in light
calcium isotopes) (Tacail, 2017; Tissot et al., 2024). During the incorporation of calcium into
hard tissues (i.e., bone and teeth) through biomineralization, further fractionation (of debated
degree) can occur with light calcium isotopes being preferentially incorporated into HAp

(Hassler et al., 2021a; Heuser et al., 2016; Skulan & DePaolo, 1999; Tacail, 2017; Toepfer et al.,
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2021). The result of the combined effect of all physiological fractionations on calcium isotopes,
is that HAp in bones and teeth are depleted in heavy calcium isotopes relative to the source diet,
with an offset of calcium isotope ratios between diet and HAp (generally expressed as §*/4>Ca
and 8*¥*Ca) remaining similar across mammalian species (Skulan & DePaolo, 1999; Tacail et

al., 2020).

The predictable fractionation of calcium isotopes in HAp has two consequences; first,
calcium isotope compositions from bones and teeth can be linked to diet composition, allowing
for modern and palaeodietary identification (Assemat et al., 2024; Chu et al., 2006; Hassler et al.,
2018; Skulan & DePaolo, 1999; Tacail et al., 2020). Second, the diet to HAp offset
bioaccumulates through trophic levels, further fractionating at each level along the food chain
and therefore informing about (palaeo-)ecosystem structures (Dodat et al., 2021; Hassler et al.,
2018; Martin et al., 2015, 2017, 2018; Weber et al., 2025). Notably, apex predators will have the
lowest §**42Ca (or $**4°Ca) values compared to that of secondary consumers (herbivores), with
primary producers having the highest §****Ca (or §**°Ca) values (Martin et al., 2015, 2017,
2018). It is important to acknowledge that the literature contains a certain number of cases where
linking calcium isotopes to diet or trophic level is complicated by specific physiological
processes or behaviors (Hassler et al., 2021a,b; Martin et al., 2017, 2018). However, some of
these factors (e.g. dairy consumption during nursing and lactation in mammals) can be accounted

for to reveal accurate trophic information (Hassler et al., 2021a,b).

Calcium 1sotopes offer several advantages when used in combination with carbon and
nitrogen isotopes for dietary reconstructions. Like carbon and nitrogen, calcium isotopes vary
with diet and trophic level, but they can further the distinction between monogastric organisms
(e.g., humans, carnivores, pigs, horses, woolly mammoths, hares, squirrels) and polygastric
ruminants (e.g., deer, cattle, sheep, goats, moose) (e.g., Guiserix et al., 2024; Hu et al., 2022;
Martin et al., 2018), of which has also been observed in carbon and nitrogen stable isotopes to a
certain degree (Cerling et al., 2021; Sponheimer et al., 2003). Moreover, calcium in HAp in
bones and teeth is significantly more resistant to diagenesis than collagen-bound carbon and
nitrogen extracted from fossil tissues, enabling dietary inferences in fossil material that would
otherwise be unsuitable for traditional stable isotope analysis (Dodat et al., 2023; Martin et al.,

2017). While more resistant to diagenetic alteration, calcium isotopes —particularly in bone—
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may still be susceptible to alteration such as adsorption or substitution processes during
fossilization (Dodat et al., 2023). Thus, testing for diagenetic alteration of specimens is still
recommended. Enamel is the preferred substrate for stable isotope dietary and trophic
reconstructions, as calcium isotopes, in particular, are more resistant to diagenetic alteration than

bone (Dodat et al., 2023).

Finally, calcium isotopes fractionate within plants during uptake and translocation from
roots to leaves (Cobert et al., 2011; Holmden & Bélanger, 2010; Moynier & Fujii, 2017; Schmitt,
2016; Schmitt et al., 2012), which widens the baseline of calcium isotopic composition at the
basis of the food chain. This can complexify conversions from calcium isotopic composition
directly to trophic level, by generating overlap between primary and higher-level consumers,
which in turn provides a great opportunity to study niche partitioning among individuals of the
same trophic level (Martin et al., 2017), as demonstrated by studying the niche partitioning of
apex predators in the African savanna (Martin et al., 2018). Consequently, calcium isotopes are
likely complementary, more broadly applicable, and more robust than carbon and nitrogen
isotopes making them an ideal proxy to be used in combination with carbon and nitrogen

isotopes to test for gray wolf dietary shifts during the Pleistocene-Holocene transition.

Since HAp is not susceptible to organic degradation like collagen, calcium isotopes are
applicable to deep-time studies (>2.6 Ma) in which carbon and nitrogen isotopes cannot be
applied as dietary and trophic proxies (e.g., Martin et al., 2022). They are also useful for extant
and recent geologic time fossil dietary and trophic reconstruction due to its robust nature, strong
trophic partitioning, and additional species isotopic separation (e.g., Hassler et al., 2018; Martin
et al., 2015). Since calcium isotopes can be applied to a wide range of geologic time periods and
epochs, they are ideal for the comparison of extinct and extant species diets and trophic
relationships (e.g., Martin et al., 2018), and provide an intriguing and as of yet unexplored means

by which to compare the diets of modern and Pleistocene gray wolves.
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1.2 Thesis objectives and hypotheses

1.2.1 Objectives

The overarching aim of this thesis is to evaluate the potential of novel palaeodietary
proxies—specifically 6*/**Ca, Sr/Ca, and Ba/Ca—alongside traditional isotopic methods (6'*C
and 6'°N) in reconstructing the dietary habits of gray wolves over the past 50,000 years in eastern
Beringia. By incorporating these novel proxies, we seek to provide a more robust and
comprehensive understanding of trophic interactions and dietary shifts in wolves, particularly in

relation to ecological and climate changes.

1.2.1.1 Objective 1: Methodological Development of New Dietary Proxies

The first objective of this study is methodological in nature and aims to test the
incorporation of new dietary proxies in reconstructing the diet of gray wolves. Specifically, I will
analyze 6*//**Ca, Sr/Ca, and Ba/Ca in tooth enamel in conjunction with 6'*C and 6'*N from bone
collagen to assess the dietary habits of Pleistocene and modern wolves. This objective will be

pursued through the following steps:

1. Selection of fossil wolves and potential prey: I first selected series of remains of wolves
from Beringia and the Yukon territory and their prospective prey from the Pleistocene and

Holocene periods to ensure representative samples from each time period.

2. Radiocarbon Dating: All selected fossil specimens were radiocarbon dated if not
previously done so, ensuring accurate temporal control and facilitating classification into

distinct age bins.

3. Isotopic Analysis: I conducted isotopic and elemental analyses, including 6'*C, 8'°N, and
0*/*2Ca, Sr/Ca, and Ba/Ca, of bone collagen and tooth enamel of the selected fossils,
respectively. During this step it is key to ensure that specimens are not compromised by

diagenesis, through rigorous checks and the production of high-quality, reliable data.

By completing this first objective, I will demonstrate the feasibility of using multiple
isotopic proxies in a single model species to assess diet, providing a more nuanced view of
dietary shifts and trophic relationships in ancient and modern wolves using novel dietary proxies

(0*/4*Ca, Sr/Ca and Ba/Ca).
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1.2.1.2 Objective 2: Ecological Refinement and Isotopic Mixing Models

The second objective is more ecologically focused and is centred around refining the
interpretation of wolf diets using the newly incorporated proxies in multi-isotope mixing models.
This objective involves testing whether the addition of 6*4/**Ca, Sr/Ca, and Ba/Ca provides new
insights into the dietary shifts of wolves from the Pleistocene to the Holocene. Specifically, I will
build increasingly complex multi-isotope mixing models (using 3'*C, 8'°N, 6*/**Ca, Sr/Ca, and
Ba/Ca) to test whether the isotopic data can refine the understanding of wolves’ dietary shifts.
This will help us in terms of assessing if wolves were highly specialized carnivores during the
Pleistocene, feeding primarily on horses, and whether they became more generalist in the

Holocene, as shown by previous studies (e.g., Landry et al., 2021).

Through this objective, I seek to understand whether the introduction of novel dietary
proxies can enhance the ability to reconstruct the dietary ecology of gray wolves and, more
broadly, to assess the role of dietary flexibility in their survival during periods of significant

ecological change.

1.2.2 Hypotheses

I hypothesized that the results of this study will align with those of previous research,
indicating a dietary shift occurred in gray wolves from horses in the Pleistocene to a wider array
of large ungulates and small prey in the Holocene (e.g., Bocherens, 2015; Dalerum et al., 2018;
Fox-Dobbs et al., 2007; Hayes, 1995, 2016; Hayes & Harestad, 2000; Landry et al., 2021;
Merkle et al., 2017). Additionally, I expect that the inclusion of 6*//**Ca, Sr/Ca, and Ba/Ca
isotopes will add a new dimension to the understanding of this dietary shift, further supporting or
challenging the idea that wolves exhibited dietary flexibility that contributed to their resilience
throughout ecological and climatic transitions. Finally, I anticipate that the addition of these
novel proxies will demonstrate their potential for broader application in palaecobiological studies,

particularly in reconstructing trophic relationships and dietary habits across time.
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2 Methodology

The flowchart in Figure 1 summarizes the sample processing and analytical steps (i.e., A:
Sampling and enamel pre-treatment, B: Bone pre-treatment and collagen extraction, C: Carbon
and nitrogen isotope analysis in collagen, D: Radiocarbon analysis in collagen, E: Elemental

analysis in enamel, F: Calcium purification and calcium isotope analysis, and G: statistical

analysis)
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Figure 1. Flowchart summarizing the methodological framework used in this thesis. The workflow includes A)
Sampling and enamel pre-treatment; B) Bone pre-treatment and collagen extraction; C) Carbon and nitrogen isotope
analysis in collagen; D) Radiocarbon analysis in collagen; E) Elemental analysis in enamel; F) Calcium purification

and calcium isotope analysis; and G) Statistical analysis.
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2.1 Specimen selection

All the Beringian fossil (leached, n=41) and modern (not leached, »=30) specimens
sampled in this study are from the Yukon territory and were obtained from the Canadian Museum
of Nature (CMN) Palaeobiology and Quaternary Zoology collections, respectively, with a total of
71 specimens sampled in this study. The specimens that were not radiocarbon dated and/or
analyzed for 8*C and 90'°N in this study were obtained from Landry et al., 2021 (i.e., EL110,
EL112, EL115, EL118, EL122, EL136, EL137, EL138, EL139, EL140, EL141, EL142, EL143,
EL144, EL145, EL146, EL147, EL149, EL150, EL1551, EL152, EL153, EL159, EL160, EL161,
EL162 EL163, EL220, EL223, EL224, and EL226). Horse specimens (i.e., EL229, EL230,
EL231, EL232, and EL233) were radiocarbon dated and analyzed for 8"*C and 8'°N by Zoe
Landry in 2024 as part of her PhD thesis (Landry et al. in prep). The remainder of specimens
were radiocarbon dated and underwent stable carbon and nitrogen isotope ratio analyses in this
study. All specimens analyzed in this study underwent stable calcium isotope ratio and elemental

analyses.

The rationale for species selection was based on known modern and Pleistocene gray wolf
prey preferences from previous studies (e.g., Bocherens, 2015; Dalerum et al., 2018; Fox-Dobbs
et al., 2007; Hayes, 1995, 2016; Hayes & Harestad, 2000; Landry et al., 2021; Merkle et al.,
2017). The species analyzed in this study are Arctic ground squirrel (»=3), bison (n=5), caribou
(n=10), Dall sheep (n=5), horse (n=5), moose (n=5), muskox(n=1), snowshoe hare (n=3), woolly
mammoth (#=5) and gray wolf (n=29). Specimens of these species were selected for sampling

based on the following criteria:

1) Sample sites were localized within approximately 250 km of Dawson or Old Crow in the
Yukon, to the best of my ability. I have four samples located within 350km of Whitehorse,
Yukon. Local geology and environmental conditions are known to influence isotope
compositions (see Chapter 1 for further details), so by minimizing the study region I attempted to
minimize potential noise in the isotopic compositions that may be derived from locality (Figure
2). Unfortunately, site locations were located within distinct geochemical provinces of Yukon
(MacFarlane, 2022) (Figure 2) leading to potentially different diagenetic history. To avoid any
effect of differential diagenesis cause by specimen locality, all Pleistocene fossil samples

underwent pre-treatment chemical leaching to remove any potential diagenetic overprinting.
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Figure 2. Geographic distribution of Beringian fossil (pink circles) and modern samples (blue squares) analyzed in
this study, across present-day Yukon Territory, particularly constrained around the Dawson and Old Crow regions.
The species type of each specimen is indicated by the animal silhouettes. The map includes geochemical provinces
across Yukon (MacFarlane, 2022), illustrating that specimens originate from a diverse range of geological and
geochemical settings.

2) A well-preserved tooth that erupted post-weaning. Due to the varying tooth mineralization
and eruption sequences and varying nursing/weaning ages between mammal species, the targeted
tooth for sampling for stable isotope and elemental concentration analyses varies between
species and is summarized in Table 1. Sampling the tooth that erupted post-weaning creates
consistency across the dataset containing various species and ensures that the stable isotope
compositions reflect the adult diet by minimizing the effect of nursing/weaning (e.g., Martin et
al., 2020; Tacail et al., 2017). For the small mammals (i.e., Arctic ground squirrel and snowshoe
hare), the teeth were too small and the enamel too thin to accurately sample only enamel, so bone

was preferentially sampled for these species for all analyses in this study.
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Table 1. Tooth targeted for enamel sampling for each species.

Note: Arctic ground squirrel and snowshoe hare teeth were too small for enamel sampling, thus bone was sampled

instead.
Species Tooth targeted for enamel
sampling
Gray wolf P4 or M1
Arctic ground squirrel N/A
Bison M3
Caribou M3
Dall Sheep M3
Horse P4
Moose M3
Muskox M3
Snowshoe hare N/A
Woolly mammoth M3 “M6”

3) A well-preserved (i.e., cortical bone) mandible or maxilla for collagen extractions for
radiocarbon and/or stable carbon and nitrogen isotope ratio analyses. Dense bones such as
cortical or mandibular bones are known to better preserve collagen than porous bones
(Asmundsd(’)ttir et al., 2024; Matsubayashi & Tayasu, 2019; Suarez et al., 1996). Extraction of

quality collagen is key to obtaining robust radiocarbon and isotope data.

2.2 Isotope and Elemental Analyses

2.2.1 Radiocarbon dating and carbon and nitrogen isotope analysis in collagen

2.2.1.1 Bone sampling

The mandible or maxilla of specimens that required stable carbon and nitrogen isotope
ratio analyses and/or radiocarbon dating were sampled using a low-speed Dremel tool at the

CMN. A surface area of the cortical bone was sanded using a Dremel tool with a sanding drum

25



and band to remove any glue or polish. Following the sanding a 300-500 mg piece of cortical
bone was sampled from the maxilla or mandible using a Dremel tool with a cleaned (using
methanol and a Kim wipe®) diamond cutting wheel tip. For the woolly mammoth specimens,
dentin was sampled instead of bone for stable carbon and nitrogen isotope analysis and/or

radiocarbon dating, but the same preparation protocols used for bone samples were followed.

2.2.1.2 Collagen extraction

All the equipment (beakers, Pyrex break seals, PP transfer pipettes, tweezer/scoops, etc.,)
for the following procedures (collagen extraction, analytical techniques and isotope

measurements) were appropriately cleaned beforehand to avoid contamination.

The sampled bone piece was crushed into 1-2mm pieces and weighed into tubes to
undergo collagen extraction at the Andre E. Lalonde Accelerator Mass Spectrometry (AMS)
laboratory at the University of Ottawa, following procedures from Beaumont et al. (2010); Brock
et al. (2010); Crann et al. (2017) Longin (1971). The first step of collagen extraction is 10 days
of decalcification using 0.5M hydrochloric acid (HCI) maintaining a pH of 3.0 to remove the
mineral (i.e. HAp) proportion of the bone to obtain the organic collagen matrix. The
decalcification is followed by three rinses with 18.2 MQ/cm grade Milli-Q water. Next, to
remove humic acids, 0.1M sodium hydroxide (NaOH) is added for 30 minutes at room
temperature and then rinsed three times with 18.2 M{/cm grade Milli-Q water. Then, 0.5M HCl
1s added at room temperature for 30 minutes to remove residual CO2 that may be leftover from
the NaOH wash and to decrease the pH of the sample prior to gelatinization, then rinsed three

times with 18.2 MQ/cm grade Milli-Q water.

Samples then undergo gelatinization (approx. SmL) to breakdown and retain the collagen
for 20 hours at 60°C and are then centrifuged. Filtration is then performed using cleaned
Whatman® autovial syringeless filters. Beringian fossil samples underwent ultrafiltration whose
procedure is outlined in Crann et al. (2017, 2019), and included three rounds of centrifuging with
increasing rpm and respective rinses with 18.2 M{Q/cm grade Mili-Q water prior to filtering.
Some samples underwent multiple rounds of gelatinization to maximize the amount of collagen
collected. The collagen is then freeze-dried, and collagen subsets are weighed into tin capsules
for further preparation for radiocarbon dating and/or for stable carbon and nitrogen isotope ratio

analyses.
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2.2.1.3 F"C analytical techniques and radiocarbon date calibration

Radiocarbon dated samples undergo combustion on a Thermo Flash 1112 elemental
analyzer (EA) with extraction line to trap the CO- in clean Pyrex break seals (St-Jean et al.,
2016). During this step preliminary C:N results indicate if samples are suitable for radiocarbon
dating (i.e., 2.9<C:N<3.6) (Ambrose, 1990; Deniro et al., 1985). If samples are deemed suitable
for radiocarbon dating (i.e., 2.9<C:N<3.6), the pure CO2 samples now undergo graphitization in
the presence of hydrogen and iron powder (Crann et al., 2017; St-Jean et al., 2016) before being
pressed in aluminum targets and analyzed on the lonplus AG MICADAS (Mini Carbon Dating
System) at the Andre E. Lalonde AMS laboratory at the University of Ottawa, with data

processing procedures from Wacker et al. (2010).

The fraction-modern (F'*C) are calculated based on the standardization of the '*C/'*C
ratio to that of primary international standard Oxford Isotope Standard 2 (Ox-II), following the
protocol from Reimer et al. (2004). These *C/!*C ratio measurements are background corrected
for natural, preparation and spectrometer fractionation from machine blank, 8'*Cppp = -25%o
measured on the Accelerator Mass spectrometer (AMS) at Andre E. Lalonde, Accelerator Mass
Spectrometry (AMS) laboratory at the University of Ottawa.!*C ages are calculated following
Stuiver et al. (1977) and reported as BP (BP = CE 1950) with error (SD) reported based on
Poisson counting statistics, variation of repeated '“C/!>C and *C/'*C ratios, and A.E Lalonde

historical blank variability (Crann et al., 2019).

The !“C ages are then calibrated using OxCal v4.4 (Bronk Ramsey, 2009) and reports an
age range (BP) with associated probability (i.e., 95.4% for all calibrated dates in this study,
Appendix A Figure 1). The median of this range is then calculated and used for statistical

analyses.

2.2.1.4 Stable carbon and nitrogen isotope analytical techniques

The stable carbon and nitrogen isotope ratio measurements were performed at the Jan
Veizer Stable Isotope Laboratory at the University of Ottawa on a Thermo DeltaPlus Advantage
coupled to an elemental analyser (Vario EL Cube, Elementar) via a Conflo III interface (Thermo)
isotope ratio mass spectrometry (IRMS). The 8'°N and 6'*C values are reported as parts per
thousand (per mil [%o]) standardized to international standards AIR (6'*N) and V-PDB (8'*C),

respectively.
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The values were calibrated to three internal standards (C-51 Nicotiamide
[6"N=0.07£0.2%o0, 6"*C=-22.95+0.2%o,], C-52 mix of ammonium sulphate and sucrose
[6"°N=16.58+0.2%o,, 8"*C=-11.94+0.2%,,], and C-54 caffeine [6"*N=-16.61%0.2%o, 6*C=-
34.46+0.2%o,]) which were calibrated to international standards (5'°N: IAEA-N1 [+0.4+0.07%o;
Kendall & Grim, 1990], IAEA-N2 [+20.3+0.12%o0; Kendall & Grim, 1990], USGS-40 [-
4.5240.1%o0; Qi et al., 2003], and USGS-41 [47.57+0.2%0; Qi et al., 2003] and 5'*C: IAEA-CH-6
[-10.440.003%o; Coplen et al., 2006], NBS-22 [-29.91+0.04%o; Coplen et al., 2006], USGS-40 [-
26.24+0.042%o; Qi et al., 2003] and USGS-41 [37.76+0.049%0;Qi et al., 2003]). Values were

corrected for linearity and drift.

Analytical precision (2SE) is reported based on L-glutamic acid internal standard C-55
reporting a 6'°N mean value of -4.0%0%0.134%0 (2SE, n=5) and 3'*C mean value of -28.5+0.09%o
(2SE, n=4) for the Beringian fossil sample run and a mean 6"*N of -4.0 £0.078%o (2SE, n=12)
and 0"*C mean value of -28.6+£0.064%o (2SE, n=12) for the modern sample run, with expected
values of 6'°N = -3.9+0.2%,, and 6'3C = -28.5+£0.2%0. C-55 was not included in calibration as it
was run as a blind standard. Cold fish water gelatine internal standard C-223 was analyzed as a
quality check in the modern run and reported a mean 6'°N of 14.5+0.08%o (SD, n=8), and 8"*C
mean value of -16.5+£0.09%o (SD, n=8), with expected values of 6'°N = 14.714+0.2%o and "3C = -
16.33+0.2%0, and was not included in the calculation of the analytical precision and not included

in calibration.

2.2.2 Calcium purification isotope analysis and elemental analysis

2.2.2.1 Enamel sampling
Enamel was preferentially sampled over bone or dentin for calcium stable isotope ratio

and elemental analyses as bone and dentin have a greater porosity than enamel (up to 40% more
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porous) (Wang & Cerling, 1994). The porosity and smaller HAp crystal size (i.e. high
surface/volume ratio) make dentin and bone more prone to sediment incorporation and
diagenetic alteration than enamel, thus enamel is a preferable material for trace element
concentration and/or isotopic compositions (e.g., Hassler et al., 2018; Jaouen et al., 2017;

Joannes-Boyau et al., 2019; Martin et al., 2015, 2018).

The tooth targeted for sampling differed among species due to varying tooth
mineralization and eruption sequences. Table 1 summarizes the target tooth that was sampled for
each species. Enamel samples were consistently taken from the latest erupting teeth that typically
occurs post-nursing and weaning: P4 or M1 in gray wolves (Geiger et al., 2016), P4 in horses
(Hoppe et al., 2004), and M3 in caribou, bison, muskox, Dall sheep, and mammoths (sometimes
referred to as M6 in mammoths) (Fuller, 1959; Laws, 1966; Metcalfe et al., 2010; Stimmelmayr
et al., 2006; van den Berg et al., 2021). For small mammals (i.e., Arctic ground squirrel and
snowshoe hare) bone was preferentially sampled instead of teeth, as their teeth were too small

and the enamel too thin to properly sample.

The respective tooth being sampled was lightly sanded with a low-speed Dremel tool
with a sanding drum and band to remove any glue/polish and to lightly clean the tooth surface,
while ensuring enough enamel remained for sampling. Following the sanding the tooth surface

was cleaned using methanol and Kim wipes® and briefly left to dry prior to sampling.

Using a clean 2mm pointed tip on a low-speed Dremel®, approximately 2mg of tooth enamel
was collected from the middle of the tooth crown and was cleaned between each specimen using
methanol and a Kim wipe®. As tooth enamel covers the dentin and mineralizes top-down (i.e.,
forming tooth cuspids in the crown first and mineralizing downward towards the tooth neck and
root [Anemone et al., 1996]), the middle of the crown was preferentially sampled to avoid a
juvenile dietary signal. The tooth neck and root were avoided when sampling due to thin enamel
and increased presence of tooth cement. The sampling location for each species is shown in
Figure 3, 4, and 5. Woolly mammoth specimens were specifically difficult to sample, due in part
to their complex tooth morphology as shown in Figure 4, and as they typically are held together
by lots of glue. By targeting the middle of the crown and sampling teeth that erupted post-

weaning/nursing I minimized the influence of juvenile diet and nursing/weaning isotopic signals
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that may be preserved in younger growth layers, thus ensuring that my isotopic results reflect the

bulk adult diet.

>

\ Enamel

Figure 3. A) Modern wolf M1 specimen (CMNMA31759); and B) Beringian wolf fossil M1 specimen
(CMINFV48454). Both A) and B) depict gray wolf molar morphology, highlighting the enamel and the dentin, and

sampling locations.

Figure 4. A) Woolly mammoth M3 “M6” (CMNFVC49389) depicting mammoth enamel sampling location; and B)
Wolly mammoth M3 “M6” (CMNFV43088) displaying mammoth molar morphology, depicting the enamel from the

dentin and cement.
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' Dentin

Figure 5. Enamel sampling locations for selected fossil and modern herbivore specimens analyzed in this study. A)
Beringian bison molars (CMNFV34651) illustrating the distinction between enamel and dentin, with the enamel
sampling region highlighted; B) Modern moose M3 (CMNMA 30623); C) Beringian bison M3 (CMNFV 34651); D)
Modern caribou M3 (CMNMA 36094); E) Beringian horse P4 (CMNFV 20139); F) Beringian muskox M3
(CMNMA 22509); and G) Modern Dall sheep M3 (CMNMA30626). Sub-figures B-G show enamel sampling
locations, where enamel was collected with a Dremel tool across a lateral shallow depth from the middle of the tooth

crown.

Due to the differences in the composition, formation, and remodelling capacity of enamel,
dentin, and tooth cementum (Hall, 2015), a key factor in this sampling is to ensure no dentin
and/or tooth cementum are accidently sampled and mixed with the enamel. To avoid potentially
sampling dentin and/or tooth cementum, the enamel powder was collected laterally over a
shallow depth in the middle of the crown instead of a single point. Some specimens that had very
thin enamel, specifically gray wolves, were scored with a clean scalpel blade and the enamel was
manually removed from the dentin along these score lines. If any dentin remained on this piece
of enamel, it was gently sanded away with a low-speed Dremel. Specimens with previously
damaged enamel had pieces manually removed without the use of a Dremel. Samples were

weighed (~2mg) and placed in 2mL acid clean centrifuge tubes.

2.2.2.2 Sample pre-treatment

The following procedures (i.e., sample pre-treatment, calcium purification and stable
calcium isotope ratio measurement) were performed in clean laboratories at the University of
Ottawa or National Research Council in Ottawa (NRC). All Teflon beakers, pipette tips,

centrifuge tubes, columns, resin and acid containers used in this study were appropriately acid
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cleaned with a sequence of distilled acids for several days rinsed with 18.2 MQ/cm grade Milli-
Q water and dried prior to use. Only ultrapure (i.e., distilled American Chemical Society grade)
HCI and/or HNO;3 were used in this study, and if need be, diluted using 18.2 M<Q/cm grade Milli-

Q water.

2.2.2.2.1 Leaching, digestion and elemental analytical techniques

Beringian fossil samples underwent a leaching pre-treatment procedure outlined in Dodat
et al. (2023) to revert diagenetic overprinting (Dodat et al., 2023; Koch et al., 1997; Nielsen-
Marsh & Hedges, 2000; Sillen & LeGeros, 1991; Wathen et al., 2022). Leaching consisted of
0.5mL per sample mg of 0.1M acetic acid (ARISTAR® PLUS for trace metal analysis) in an
ultrasonic bath for 30 minutes, followed by centrifuging and three 18.2 MQ/cm grade Mili-Q
rinses, with centrifuging between each. Due to the small mass of enamel samples (~2mg), there
was no feasible method to weigh the remaining sample post-leaching which is common in the
literature (e.g., Dodat et al., 2023), and thus elemental concentrations are calculated using a pre-
leached mass. While leaching removed approximately 30% of material, there is no calcium

isotopic fractionation and thus the 5*2Ca values are unaffected by leaching (Dodat et al., 2023).

Modern (not leached) and Beringian fossil (leached) samples were then digested in clean
Teflon beakers using 15M HNO3 on a hotplate at 120°C for a minimum of 1 hour and then put to
dry. Two aliquots of the digested samples were diluted in approximately 0.3M HNOs, spiked
with 2ppb indium in acid cleaned centrifuge tubes for major (Ca, P, etc.,) and trace (Sr, Ba, Rare
Earth Element [REE]) element measurement on an Inductively coupled plasma mass
spectrometer (ICP-MS) at the University of Ottawa. These values were corrected for machine

drift using the spiked indium as an internal standard.

2.2.2.2.2 Calcium purification

The methods used for calcium purification in this study are based on the methods from
Guiserix et al. (2022) and Tacail et al. (2014) with modifications for the Biorad PP columns
(2mL bed and 10mL residual) and hand made PP transfer pipette columns (0.3ml volume, 2.5cm
height x 0.39cm diameter beds) used in this study, outlined in Hassler et al. (in prep) and
summarized in tables 2, 3, and 4. Prior to sample calcium purification, series of elution profiles
for various international and internal standards including international bone standard SRM 1486

and SRM 1400, and international seawater standard IAPSO were performed to ensure >90%
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calcium recovery to avoid fractionation during the purification processes. These elution profiles
and procedural blanks are outlined in Hassler et al. (in prep). Figure 1F summarizes the calcium

purification methods into a series of 3-steps, depicting the elution of each respective step.

The remaining post-digested sample aliquots were diluted in 10M HCI and then dried to
prepare the samples for 6M HCI dilution for the first purification using cation exchange resin
AG50WX12, 200-400 mesh in Biorad PP columns (2mL bed and 10mL residual) (Table 2).
During this step the matrix elements (K, P, Mn, Mg, S, etc.,) are eluted and the Ca and Sr are

recovered (Tacail et al., 2014; Hassler et al., in prep).

Following AG50WX12 purification, modern (not leached) samples were diluted in 15M
HNO3 and then dried to prepare the samples for 3M HNO3 dilution. Next, the modern samples
underwent Sr-specific (Sr-spec, Eichrom resin, 50-100um particle size) purification to separate
Sr from Ca in hand made PP transfer pipette columns (0.3ml volume, 2.5c¢cm height x 0.39cm

diameter beds), (Table 4) (Guiserix et al., 2022; Hassler et al., in prep; Tacail et al., 2014).

Based on the Fe concentrations of the Beringian fossil (leached) samples analyzed on an
ICP-MS (Fe/Ca>0.0067), these samples underwent an AG1XS8 resin, 100-200 mesh purification
in Biorad PP columns (2mL bed and 10mL residual) to lower the concentration of Fe in these
samples (Fe/Ca< 0.0067) to avoid potential matrix effect interferences on calcium isotope
measurements (Hassler, 2021; Tacail et al., 2014). Modern samples have much lower Fe
concentrations (Fe/Ca< 0.0067) than that of fossil samples due to minimal diagenetic
overprinting and thus do not require further Fe elution (Table 3), (Tacail et al., 2014; Hassler et
al., in prep).

After the AG1X8 purification the Beringian fossil (Ieached) samples were diluted in 15M
HNO3 and then dried to prepare the samples for 3M HNO3; dilution where they then underwent
Sr-specific (Sr-spec, Eichrom resin, 50-100um particle size) purification in hand made PP
transfer pipette columns (0.3ml volume, 2.5cm height x 0.39cm diameter beds) to separate Sr

from Ca (Table 4), (Guiserix et al., 2022; Hassler et al., in prep; Tacail et al., 2014).
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Table 2. Steps for ImL AG50WX12 resin, 200-400mesh for calcium purification with Biorad PP columns (2mL bed

and 10mL residual), (Tacail et al., 2014; Hassler et al., in prep).

Step Elution agent Volume
Wash 6 M HCI* 10mL
Milli-Q H20 10mL
O6NHCI* 10mL
Conditioning IM HCI 2mL
2mL
Matrix elution IM HCI 0.1mL sample loading
0.9mL
10mL
10mL
2mL
Collection (Ca, Sr) 6M HCI ImL
SmL
Wash 6M HCI1* 10mL

Table 3. Steps for 2mL AG1X8 resin, 100-200mesh calcium purification with Biorad PP columns (2mL bed and

10mL residual) (Tacail et al., 2014; Hassler et al., in prep).

Step Elution agent Volume
Wash Milli-Q H20 10mL
0.5M HNOs* 10mL
Milli-Q H20 10mL
6MHCI* 10mL
Milli-Q H20 10mL
Conditioning 6M HCI1* 6mL
6M HCl 2mL
Collection (Ca, Sr) 6M HCI 3.5mL sample loading

0.5mL

SmL
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Fe and Zn elution 0.5M HNOs* SmL
SmL
Wash 0.5M HNOs* 10mL

Table 4. Steps for 0.3mL Sr-specific Eichrom resin, 50-100um particle size for calcium purification with hand made

PP transfer pipette columns (0.3ml volume, 2.5cm heightx0.39cm diameter beds) (Guiserix et al., 2022; Hassler et

al., in prep; Tacail et al., 2014).

Step Elution agent Volume
Rinse columns with 7.5M HNO3
Load 0.3mL 50-100um Sr-spec resin

Wash 0.005M HNO3* 3.5mL
3.5mL

Conditioning 3M HNO; 2mL
2mL

Collection (Ca) 3M HNO; 0.3mL sample loading
0.7mL
2.5mL

Sr elution 0.005M HNOs* 2mL
2mL
3mL

Wash 0.005M HNOs* 3.5mL

Once calcium purification is complete, samples were then digested in 15M HNOs on a

hotplate at 120°C for a minimum of 1 hour to remove any organic particles that could have been

introduced from the 0.3mL Sr-spec Eichrom resin. Samples were dried and then dissolved in

0.45M HNO:; for calcium isotope ratio measurement.

2.2.2.3 Stable calcium isotope ratio analytical techniques

All “2Ca and **/*2Ca measurements were done on a Thermo Neptune Plus (MC-ICP-MS)

at the NRC and Sr corrected following the procedure outlined in Tacail et al., 2014. §*/42Ca

values were calculated based on the standard-sample-standard bracketing method, standardized
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to the Alpha solution (Thermo Scientific Calcium, plasma standard solution, Specpure®, Ca

10,000png/mL) and are reported as parts per thousand (per mil [%o]).

(44Ca/42Ca)sqmpie

§44/42(¢ =
QAlpha (44Ca/42Ca) sipha

— 1| x 1000

SRM1486 and SRM 1400 were used as secondary standards. We report a mean §*/“>Caaipha
value of -1.00420.080%o (2SD, n=4) and mean §**?Ca ajpha of -0.508+0.040%o (2SD, n=4) for
SRM1486. SRM 1400 analyzed in this study has a mean §*/“2Caajpha value of -1.127+0.206%o
(2SD, n=2) and mean §***Ca apha of -0.555+0.454%0 (2SD, n=2). These values are consistent
with published values (i.e., mean §*““Cajcp value of -1.03+0.13%o [2SD, n=120] for SRM1486
and -1.24+0.13%o [2SD, n=26] for SRM1400; Tacail et al., 2015). Analytical precision is
reported as 2SE of the mean for each sample and is found in Appendix C Table 2.

2.3 Data processing

2.3.1 Published source data and age subsets

After radiocarbon dating was performed, it was revealed that the selected specimens had
a biased age distribution with most specimens older than 26ka BP and only a few specimens
within the Last Glacial Maximum (LGM) and deglaciation periods 11-26 ka BP (i.e., two gray
wolves, one bison, and two horses). To increase the representativeness of this sample-set for
those important climate periods, 6"*C and 8'°N data from a range of prey species of
complementary age was compiled from the literature to assess the wolves’ diet during those

periods. The compiled data was selected based on the following criteria:

1) Ionly included prey species that were analyzed in this study, across similar radiocarbon
ages (~0-50 ka BP)

2) I only included radiocarbon dated samples with corresponding 8'*C and 8'°N values from
cortical bone or dentin, ensuring comparability in preparation and analytical methods

with my sample set.
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3) I only selected specimens recovered from the same region as my sample set, restricting
my search to latitude 60° to 66° and longitude -150° to -138° to further limit potential

regional environmental effects on isotopic and elemental composition.

See Appendix D Table 4 for a list of the publications included in the compiled prey source

database.

Prior to statistical analyses all samples (wolves and prey species) in this study and from the
data compilation were classified into one of four age subsets (i.e., Modern, post-LGM, LGM and
pre-LGM) based on their median calibrated radiocarbon age (BP). These age subsets represented
different climate conditions defined using the !0 NGRIP Greenland ice core curve (Fuchs &
Leuenberger, 1996; Sowers et al., 1989) and regional climate shifts over the late Pleistocene and

Holocene.

A summary of the age subsets and associated climate in eastern Beringia are summarized
in Table 5. The first age subset is ‘modern’, with samples ranging from 0 tol1 ka BP
corresponding to the Holocene and climate conditions similar to present-day with warm and wet
climate and boreal forest ecosystem. The second age subset is ‘post-LGM’ and ranges from 11 to
19 ka BP and represents the deglaciating conditions between the LGM and Holocene, where
climate gradually warms, and moisture and vegetation growth dominate the landscape (Rabanus-
Wallace et al., 2017). The third age subset is ‘LGM’ and ranges from 19 to 26 ka BP and is
characterized by the coldest and dryest conditions in Beringia with typical mammoth steppe
ecosystems (i.e., cold, dry, grasslands; Rabanus-Wallace et al., 2017; Zazula et al., 2006b; Zimov
et al., 2012). The last age subset is ‘pre-LGM’ with samples >26 ka BP representing the
interstadial period occurring between Pleistocene glacial maximums, with glacial conditions but
warmer and likely wetter than LGM conditions and dominance of tundra and mammoth steppe

ecosystems (Rabanus-Wallace et al., 2017; Zazula et al., 2006b; Zimov et al., 2012).
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Table 5. Age subset descriptions including associated age range and summaries of climate conditions and

ecosystems in eastern Beringia over the last 50,000 years.

Age subset Associated age range | Summary of climate Summary of
ecosystem
Modern 0-11,000 BP Warm climate Boreal forest,
moist soils
Post-LGM 11,000-19,000 BP Deglaciation, Transition from
increasing mammoth steppe
temperatures, glacial to boreal forest,
and permafrost melt, increasing soil
moisture
LGM 19,000-26,000 BP Coldest temperatures | Mammoth-steppe,
and arid climate very low soil
moisture
Pre-LGM >26,000 BP Cold temperatures and | Mammoth-steppe,
arid climate low soil moisture

2.3.2 CO; atmospheric correction

All 8"*C values from this study and the published source dataset underwent atmospheric
CO; correction. Due to increased anthropogenic fossil fuel activity since the industrial revolution
in 1880, the atmospheric 8'*C baseline is higher than in the past and must be considered when
comparing modern (younger than 1880) to fossil specimens (older than 1880) (Long et al.,
2005). To directly compare all specimens from this study and the published source dataset, all
0"3C values, including modern specimens were corrected to the year 1967 (the youngest modern
specimen from this study). The modern specimens were also corrected as their collection date
ranges from 1935 to 1967. Over these 32 years, shifts in atmospheric 6'*C are observed (Long et
al., 2005) so I corrected all 8'*C values to directly compare all specimens, no matter the
deposition and collection date. I corrected 6'*C values based on the procedure and formula

outlined in Long et al. (2005):

513CCorrection factor = —5.5656 — e(6'0932 X1079)(1967-a)*
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Where a refers to the year of collection for modern specimens or 1880 for fossil samples

(specimens older than 1880).

This 8"3C correction factor is added to the measured 6'3C value. After this correction
factor is applied, all specimens have baseline-corrected comparable 6'*C values. The baseline-

corrected 8'*C values are used in all further statistical analyses.

2.3.3 Elemental concentrations, ratios and NASC normalization

2.3.3.1 [Indicators of diagenetic alteration

Rare Earth Element (REE) patterns are indicative of the extent and type of diagenetic
alteration a specimen experienced post-deposition (Reynard & Balter, 2014). REE concentrations
were monitored in this study to support the quality of isotopic and elemental data. Due to post-
depositional alteration, REE’s become increasingly incorporated into the HAp crystal structure
through two processes, additive or substitutive diagenesis (Reynard & Balter, 2014). The
difference in ionic radius across the suite of REE, modulated by the diagenetic processes at play,
allow certain REE to be more easily incorporated into the HAp crystal structure (e.g., Eu and
Sm, both with ionic radii similar to Ca [~100pm]). The behaviour of the REE’s, and resulting
enrichment factors between them, will thus depend on their ionic radius and inform about the
type and degree of diagenetic processes which affected the HAp crystals (Reynard & Balter,
2014).

For fossil samples that underwent leaching, the enamel concentrations (ppm) were
calculated using the pre-leached mass. The REE concentrations (ppm) were normalized to the
North American Shale Composite (NASC) (McLennan, 1989). The REE concentrations are
normalized to NASC (or Post-Archean Average Shale [PASS]) so that REE can be compared
between specimens from different depositional locations within this study and published studies.
This normalization also assists in REE anomaly identification, which can be indicative of
diagenetic alteration and therefore can be used to determine which samples should be removed as

outliers.

Ca/P is used as an indicator of HAp preservation as any deviations from the natural HAp

Ca/P range can indicate recrystallization, substitution, and/or secondary mineral precipitation
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(additive-like diagenesis) (Dodat et al., 2023; Sillen & LeGeros, 1991). Thus, Ca/P ratios are
calculated in this study to inform about the type and extent of diagenetic overprinting.
Additionally, Ca/P ratios also provide insight into the effectiveness of leaching pre-treatments,
with some limitations (Fabig & Herrmann, 2002). Samples with a Ca/P ratio not within the
natural HAp range (i.e., 1.6-2.7; Dodat et al., 2023; Shah, 2025) or that are clear outliers in this
dataset suggest diagenetic alteration and thus should be removed. The Ca/P ratio is directly
calculated from the drift corrected aliquot concentrations as these elements were both analyzed

in the same aliquot and thus have the same dilution factors.

Comparison of REE patterns, Europium (Eu) concentrations, and Ca/P ratios among
specimens and with other studies were used to indicate the level and type of diagenetic alteration
and confirm that samples unaltered by post-depositional processes and can reliably use isotopic

and elemental analysis are for dietary and trophic interpretations (Reynard & Balter, 2014).

2.3.3.2 Alkaline earth element ratios (Sr/Ca and Ba/Ca)

Alkaline Earth element ratios (AER) (i.e., St/Ca and Ba/Ca) are calculated as these ratios
are commonly used in trophic reconstructions (Blum et al., 2000). Sr/Ca and Ba/Ca ratios are
calculated from the enamel concentrations as two aliquots were taken for ICP-MS and were
diluted based on major (i.e., Ca) and minor (i.e., Sr and Ba) element measurements. The aliquot
concentrations cannot be directly compared as they have varying dilution factors. Thus, the
enamel concentration (ppm) must be considered when calculating these ratios as it has been

corrected for dilution factor.

2.3.4 Statistical analyses

All statistical analyses other than dietary mixing models were performed in Python (v.3.10.14;
Python Software Foundation, 2024). For all statistical analyses and interpretations, the

aforementioned outliers were removed (described in further detail in Chapter 3).

2.3.4.1 Two tailed t-test and Mann-Whitney test

Shapiro-Wilk tests were conducted to test if 3'*C, 6'°N, 544/ “2Caalpha, St/Ca and Ba/Ca are
normally distributed to indicate the type of statistical analyses required for each variable. Based

on the Shapiro-Wilk test and as observed in Appendix A Figure 2, §"*C and 8'°N can be
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confidently assumed to be normally distributed (Shapiro-Wilk test p=1.0, Appendix A Figure 2).
3*“2Capipha, S1/Ca and Ba/Ca are not normally distributed (Shapiro-Wilk W= 0.946, 0.948, and
0.900, respectively, and p<0.05, Appendix A Figure 2).

Paired two-tailed t-tests, assuming equal variance were performed to test if there was a
statistically significant difference for §'*C, §'*N, §*/2Caaipha, St/Ca and Ba/Ca between the two
independent groups: modern and pre-LGM gray wolves. As §*/“2Caaipha, St/Ca and Ba/Ca are not
normally distributed, as revealed by the Shapiro-Wilk test, I also performed a Mann-Whitney test
in tandem with the t-tests. These tests were performed to determine if §'3C, §'*N, §**2Caaipha,
St/Ca and Ba/Ca differ for wolves from different time periods, which can yield insights
regarding whether gray wolves have undergone dietary change from the Pleistocene to the
present-day. As post-LGM and LGM gray wolf age subsets both only have one wolf specimen

these age subsets can not be included in these statistical analyses.

2.3.4.2 Principal component analysis (PCA)

Principal component analysis (PCA) was performed to investigate if there are patterns of
variation across the species in their respective age subsets explained by §*C, §'*N, §*/“2Caaipha,
St/Ca, and Ba/Ca while reducing dimensionality in the data. This analysis visualizes the

multivariate relationships that may exist between the variables regarding species and age subset.

Two PCA’s were performed. The first considering §'*C, §'*N, and §*/“>Caaipha and the second
considering 6'*C, 8'°N, 544/ “2Caalpha, St/Ca and Ba/Ca. Prior to the PCA, the data underwent z-
score normalization. The PCA’s were performed in Python using the scikit-learn decomposition
module (v.1.2.2; Pedregosa et al., 2011) considering two principal components (PC1 and PC2).
In addition to the PCA, ellipses with 95% confidence based on covariance matrices were plotted
to show species clustering. The feature loading (83C, 8'*N, §*/“2Caaipha, St/Ca and Ba/Ca) were
represented as vectors on the PCA to represent the contribution of each variable to the variation

(PC1 and PC2).

2.3.5 Bayesian stable isotope mixing models (BSIMM)

To determine the primary prey species of gray wolves from different time periods (i.e.,

age subsets) Bayesian stable isotope mixing model (BSIMM) were run using MixSIAR
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(v.3.1.10; Stock, 2025) using the JAGS software (v.4.3.0; Plummer, 2003) in R (v.4.4.2; R Core
Team, 2024) with 100,000 iterations. The MixSIAR package can analyze multi-isotope datasets
and incorporates uncertainty in source isotope values and trophic discrimination factors (TDF)

making it the ideal method to determine the primary prey of gray wolves from stable isotopes.

Variations of BSIMM’s were run for each respective age subset (modern, post-LGM,
LGM, and pre-LGM) and included time specific prey species. For all models the prey sources
are considered by mean 83C, §**N, and §* “2Caalpha and associated standard deviation. The
wolves are input as a mixture with individual isotopic values loaded in the models as this

incorporates intra-consumer variance (Stock, 2025). Two versions of BSIMMs were generated:

1) uninformed model, where the priors for all prey sources are weighted equally, thus all

prey species are assumed as equally likely to contribute to wolf diet.

2) informed model, where priors are set to weigh the likelihood of a prey species’
contribution to wolf diet based on the prey’s mass in relation to the target prey mass of a wolf
pack. Carnivores usually have a typical target prey mass that maximize the energy return
(Carbone et al., 1999; Volmer et al., 2016). As wolves are known pack hunters, the target prey
mass must be considered for a wolf pack and not an individual wolf (Volmer et al., 2016). To set
the priors based on wolf pack target prey mass an inverse distance weighting probability (Ppw)

scaled to the number of prey species (n) in each respective model was calculated as followed:

1
(laverage prey mass i — wolf pack target prey mass| + 1)

Ppwi =

Prior; = Pipy i X m

The sum of priors should be equal to the number of prey species () analyzed in the
model. Due to the multiple variations of models ran in this study, the priors calculated from the
above formula are displayed with the BSIMM results in Appendix B Tables 1, 2, and 3, and are
based off the wolf pack target prey mass of 251.6kg (Volmer et al., 2016). The masses of the prey
species used to calculate the priors are as followed: Arctic ground squirrel —0.8kg (Yukon

wildlife, 2024c), snowshoe hare —1.49kg (Yukon Wildlife, 2024b) , caribou —170kg (Yukon
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Wildlife, 2025b), muskox—295kg (Yukon Wildlife, 2024a), moose —450kg (Yukon Wildlife,
2025c¢), bison —725kg (Yukon Wildlife, 2025a), horse — 285kg (Landry et al., 2022), Dall
sheep —70kg (U.S. National Park Service, 2020), and woolly mammoth —5980kg (Larramendi,
2015).

Running the BSIMM:s requires the input of trophic discrimination factors (TDF’s) which
account for the isotopic offset between an animal’s tissues and its diet. The 6'*C and 6'°N TDF’s
are calculated from bone collagen and are wolf-specific from Fox-Dobbs et al. (2007). The TDF
for §*/42Caapha is from Tacail et al. (2020) and calculated based on the regression of §*/“2Cabone
vs 8*/42Ca diet from seven vertebrae species. The TDF’s and respective standard deviations used
for wolves in this study are A*Ceoi = +1.3%o0 £0.6%o (Fox-Dobbs et al., 2007), ANcoi =+4.6%o
+0.7%o (Fox-Dobbs et al., 2007), and A**Cabone = -0.54%o £0.075%o (Tacail et al., 2020). No
models were run including Sr/Ca and Ba/Ca as no TDF was identified in the literature for these

variables.

To test the potential of calcium isotopes to refine the dietary inputs for gray wolves I ran

three distinct BSIMM each with uniformed models and informed versions:
1) Traditional proxy BSIMMs including compiled prey source data

The first BSIMM was a typical carbon and nitrogen isotope dietary model in which I only
used the 8"*C and 6'°N of gray wolves from this study to determine their diet (Appendix C Table
2). For the prey source data, [ used the 6'3*C and 8'°N data from the prey dataset compiled from
the literature and the newly acquired prey 6"°C and 8'°N values (Appendix C Table 1, 2). This
model was run for gray wolves in each age subset (i.e., modern [n=15], post-LGM [r=1], LGM

[n=1], and pre-LGM [rn=10]) with time-specific prey species belonging to those age bin.
2) Traditional proxy BSIMMs

The second BSIMM was also run using exclusively 8"*C and 8'°N of gray wolves (Appendix
C Table 2). In this case, however, I limited the included prey species to only those for which data
was collected in this study (Appendix C Table 2) to test whether potential geographic or
methodological biases might have influenced the dietary results. Because I had only a limited

number of prey species for the LGM and post-LGM subsets in this study, I only ran this BSIMM
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for gray wolves in the modern (n=15) and pre-LGM age subset (n=10) with time-specific prey

species.
3) Traditional and novel proxy BSIMMs

The third BSIMM combines §"*C, §'*N, and §*/*2Caaipha of gray wolves from this study as
well as prey §'°C, 8N, and §*/*2Caapha from this study (Appendix C Table 2). As for the
previous BSIMM, due to the low representation of prey from the LGM and post-LGM age bins,
this model was only run for modern (»=15) and pre-LGM gray wolves (n=10) with time-specific

prey species.

The traditional proxy BSIMMs for modern and pre-LGM wolves were run to compare
these models to the traditional and novel proxy BSIMMs to test if the model including calcium
isotopes provides further insights into gray wolf dietary preferences. The traditional proxy
BSIMM variations allow for comparison between modern and pre-LGM BSIMMs with prey
values from only this study and prey sources including published values to ensure that my 6"*C

and o0'°N values are comparable with that of published sources and have similar BSIMM outputs.
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3 Results

The full dataset collected in this study including gray wolves and prey data is available in
Appendix C Table 1,2, 3, which gathers site and specimen metadata, including CMN specimen
ID, region, latitude and longitude, substrate, feeding type, gut physiology, radiocarbon data and
metadata including radiocarbon ID, radiocarbon date (calibrated and uncalibrated), C:N ratio,
age subset, stable isotope results including 6'*C (%o), 8'°N (%o), and 6*/**Caaipha (%0) and
elemental results including Ca/P, St/Ca and Ba/Ca ratios, and rare earth element concentrations
normalized to NASC. The prey isotope dataset compiled from the literature contains the same

metadata except for calcium isotopes and elemental data and is available in Appendix C Table 4.

3.1 Data quality

3.1.1 Radiocarbon, 6"*C (%) and 6"*N (%)

All samples that underwent radiocarbon dating and/or 8'*C, and 8'°N, analysis in this
study have a C:N ratio within 2.9-3.6 (Appendix A Figure 3) indicating minimal to no post
depositional alteration and/or organic degradation (Ambrose, 1990; Deniro et al., 1985). As
observed in Appendix A Figure 3, EL183 has a 8"°N value of -0.17%o, which is an outlier from
the rest of the 6'°N values in this study and the prey source dataset, all of which have values of
0N >0. Thus, EL183 is deemed an outlier and has been removed from further statistical
analyses. All radiocarbon dates calibrated on this study yielded robust calibration with >95.4%

probability (Appendix A Figure 1).

3.1.2 “#/*?Ca measurement

All samples and standards analyzed in this study fall on the §****Ca aipha Vs **2Caaipha
line y=(0.488+0.026)x + (-0.013+0.026), (R°=0.927, p-value<0.001, Figure 6). This line is
generally consistent with the predicted linear approximation of exponential mass dependent
fractionation law (y=0.507x, Figure 6) (Tacail et al., 2015, 2020) and that from previously
published studies (e.g., y=(0.518+0.013 )x + (0.003+£0.021) (Tacail et al., 2015). In this study we
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report a mean §*/“2Caapha of -1.004+0.080%o0 (2SD, n=4) for SRM 1486 and -1.127+0.206%o
(2SD, n=2) for SRM 1400, both of which are consistent with published values (e.g., mean
5*2Caycp value of -1.03+0.13%o [2SD, n=120] for SRM 1486 and -1.24+0.13%o [2SD, n=26] for
SRM1400 (Tacail et al., 2015).
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Figure 6. Plot of 6*/**Cayipha (%0) versus 6*/*?*Caapna (%0) for all samples, bracketing standards, international
reference materials, and internal standards analyzed in this study. The regression which depicts the mass-dependent
fractionation line of these samples (red dashed line) is defined by the equation y = (0.488 = 0.026)x + (-
0.013+0.026), R?=0.927, p <0.001. The predicted linear mass fractionation law (y = 0.507x) is shown as the black
dashed line for comparison. International standards SRM 1486 and SRM 1400 are shown in green and yellow,

respectively.
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3.1.3 Indicators of diagenetic alteration

All elemental concentrations (ppm) for Beringian leached fossil samples are calculated
based on a pre-leached mass. This is common in the literature (e.g., Dodat et al., 2023) as for
samples with small enamel masses (~2mg), there is no feasible method to weigh the remaining

post-leached enamel.

3.1.3.1 Ca/P

Ca/P is used as an indicator of HAp preservation and secondary mineral precipitation
(additive-like diagenesis) in fossil bone and enamel samples (Dodat et al., 2023; Sillen &
LeGeros, 1991). All modern samples that did not undergo leaching plot within the expected Ca/P
range of modern HAp (i.e., 1.6-1.9; Dodat et al., 2023; Shah, 2025), (Figure 7). For post-leached
Beringian fossil samples, I expect and observe a lower Ca/P to that of the non-leached modern
samples. The decrease in Ca/P of post-leached Beringian samples shows that leaching removed a
portion of the authigenic Ca but also remove potential diagenetic Ca, as expected (Dodat et al.,
2023; Sillen & LeGeros, 1991). I observed a few outliers on the Ca/P plot (Figure 7), EL208 and
EL234 with Ca/P values of 1.2 and 1.1, lower than the expected Ca/P even for diagenetically
altered samples, possibly indicating remaining presence of secondary carbonate phosphates, and
EL156 and EL220 with Ca/P values of 2.3 and 2.0, respectively, which is higher than modern
samples suggesting that some diagenetic Ca may have remained in those samples (Dodat et al.,
2023; Sillen & LeGeros, 1991). These outliers were removed from further statistical analyses as

their Ca/P value could indicate diagenetic alteration.
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Figure 7. Plot of 6*/**Caaipha (%0) versus Ca/P ratios for modern (blue squares) and Beringian fossil (pink circles)
samples. The expected natural range of Ca/P in enamel bioapatite (1.6—2.7) is depicted by the dashed black lines.

Ca/P was used to assess potential diagenetic alteration and pre-treatment leaching efficiency.

3.1.3.2 Rare Earth Elements

Normalized Rare Earth Element (REE) elemental concentrations are used to test the
extent and type of diagenetic alteration because certain REEs preferentially incorporate in
biogenic matrices (see Chapter 2 for more details) (Dodat et al., 2023; Reynard & Balter, 2014).
All Beringian fossil sample REE profiles from the two main regions (i.e., Dawson and Old Crow
Yukon, Figure 8A and 8B, respectively) in this study plot within the same normalized
concentration range (i.e., 10°-10, Figure 8A, 8B). All REE profiles are relatively flat with no
enrichment in light-REE (LREE) and/or heavy-REE (HREE), or Ce anomalies. These findings
show that diagenetic alteration does not appear in one region more than another and thus samples
from the two regions can be directly compared. This also shows minimal diagenetic alteration.

(Reynard & Balter, 2014). EL234 was furthermore indicated to be an outlier by its relatively
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greater REE concentrations compared to all other samples in this study, which indicates

diagenetic input (Dodat et al., 2023; Reynard & Balter, 2014).
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Figure 8. NASC normalized rare earth element (REE) profiles of Beringian fossil bioapatite enamel samples that
underwent pre-treatment leaching. A) Specimens from Dawson, Yukon; and B) specimens from Old Crow, Yukon.
Patterns are used to evaluate diagenetic alteration and assess preservation quality of fossil samples from the two

study regions.

Sm and Eu are REE with a medium ionic radius that are used as indicators of HAp
diagenetic alteration as they have similar ionic radii as Ca (~100pm), making them more prone to
be incorporated into the HAp crystal lattice during post-depositional alteration processes (Dodat
et al., 2023; Reynard & Balter, 2014). The lack of enrichment of these elements, in all but two
samples, along with the relatively flat shape of the REE profiles indicate minimal post-
depositional diagenetic alteration (Dodat et al., 2023; Reynard & Balter, 2014). In addition, there
are no trends observed between §*/“2Caaipha and Eu (ppm) in this dataset as observed in Figure 9,
shown by the weak linear regression between these variables (R°=0.02 and p>0.05, Figure 9).
Two outliers are observed in the Eu concentrations. EL201 and EL234 have much greater Eu
concentrations to that of the other modern and Beringian samples, respectively, with values of
0.8 and 1.9ppm, respectively. Thus, EL201 and furthermore EL234, are potentially diagenetically
altered (Dodat et al., 2023; Reynard & Balter, 2014) and are considered outliers.
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Figure 9. Plot of 6*/**Cagipha (%0) versus europium (Eu, ppm) concentrations in modern (blue squares) and Beringian
fossil (pink circles) enamel samples that underwent pre-treatment leaching. Eu concentrations (ppm) were used to
assess potential diagenetic alteration. The dashed black line represents the weak linear regression between these

variables (R?=0.02 and p>0.05).

La/Yb and La/Sm ratios normalized to NASC (or PAAS) can also be used as indicators of
diagenetic processes in fossil HAp. La is a LREE, whereas Yb is a HREE. A ratio of light-heavy
(La/Yb) and light-middle (La/Sm), are indicative of the type and extent of diagenetic alteration
(Reynard & Balter, 2014). As seen in Figure 10, on a (La/Yb)n (NASC) vs (La/Sm)n (NASC)
plot, all Beringian fossil samples cluster around (1,1). Dawson samples have slightly higher
mean values of (La/Sm)x (NASC) (1.1£0.1 [SD, n=16]) and (La/Yb)n (NASC) (1.7+0.7 [SD,
n=16]), compared to that of Old Crow (i.e., (La/Sm)n (NASC): 0.7+0.2 [SD, n=24]), and
(La/Yb)n (NASC):1.3+0.3 [SD, n=24]). Despite the slight difference between Dawson and Old
Crow (La/Sm)n (NASC) and (La/Yb)n (NASC) values, the majority of Beringian samples plot
within the contemporary quaternary (La/Yb)x (NASC) and (La/Sm)n (NASC) range from
published studies that have minimal digenetic input (Figure 10, modified from Reynard & Balter
(2014). The few samples that do not plot within this range fall within a (La/Yb)n (NASC) and/or
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(La/Sm)n NASC) range that is indicative of early diagenesis or protracted diagenesis (inorganic

absorption) (Figure 10) (Reynard & Balter, 2014).
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Figure 10. Plot of La/Yb versus La/Sm ratios in Beringian fossil enamel samples that underwent pre-treatment
leaching, depicted by sample locality; Dawson (diamonds) and Old Crow, Yukon (triangle), used to assess the type
and extent of potential diagenetic alteration. The samples from this study (pink squares or triangles) are plotted with
a modified figure from (Reynard & Balter (2014) depicting La/Yb and La/Sm of fossil apatite with colour scale
showing age of samples. The modified figure depicts the shift and fractionation associated with digenetic process

(adsorption and substitution trends, as well as metamorphic trends.
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As the Beringian samples are Late Pleistocene fossils, some early diagenesis and
inorganic absorption is expected. Despite this, when the Ca/P, REE profiles, Eu (ppm), and
(La/Yb)n (NASC) vs (La/Sm)n (NASC) analyses are considered in tandem and considering that
calcium isotopes in enamel are largely immune to digenetic alteration (Dodat et al., 2023), I
conclude that there is minimal post-depositional diagenetic alteration of the Beringian fossil
samples making them ideal for §*/“2Caaiph. and elemental analyses. Thus, they can reliably be
used for dietary interpretation. The samples that are outliers for one or more of these analyses
have been removed from further analyses and trend interpretation (i.e., Bison sample EL156,
snowshoe hare sample EL183, moose sample EL201, woolly mammoth sample EL208, gray
wolf sample EL220, and Arctic ground squirrel sample EL234).

3.2 Radiocarbon dating and Age subsets

Of the 24 samples radiocarbon dated in this study 14 were dated as a non-finite age and
are henceforth represented as >50,000 BP. Upon radiocarbon dating some specimens that were
initially categorized as a modern(non-leached) or Beringian (leached) samples were reassigned
to a different age category for the remainder of the analyses. These samples include caribou
samples EL127, EL130 and EL133 and snowshoe hare EL228, all of which were classified in the
museum as fossil samples but yielded radiocarbon dates of 6490 + 25, 690 + 20, 1040 + 20 and
4940 £25, BP, respectively. These samples were reassigned to the modern subset for the

remainder of the analyses but also underwent leaching because of their older ages.

All samples were assigned into one of four age subsets (i.e., Modern; 0-11Ka BP, post-
LGM; 11-19 ka BP, LGM; 19-26 ka BP, and pre-LGM; >26 ka BP) based on their median
calibrated radiocarbon age (BP) (Appendix D Table 2 and 4). For this study the modern subset
consists of arctic ground squirrel (n=2), caribou (n==8), Dall sheep (n=2), gray wolves (n=15),
moose (n=4), and snowshoe hare (n=2). A bison (n=1) and gray wolf (n=1) make up the post-
LGM age subset. The LGM subset contains a gray wolf (rn=1) and horses (n=2). The pre-LGM
subset contains bison (n=3), caribou (n=2), Dall sheep (n=3), gray wolves (n=11), horses (n=3),

muskox (n=1), and woolly mammoths (n=4).
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Upon radiocarbon dating it was revealed that the LGM and post-LGM age subsets only
contain 1 wolf specimen and thus cannot be included in the two-tailed t-tests for stable isotopes
and elemental ratios between gray wolf age subsets. These age subsets also lack herbivore
specimens, thus the only BSIMM ran for these age subsets was for 6'*C and 6'°N and included

prey source material.

3.3 Stable Isotopes

The stable isotope compositions and trends vary based on species, age subset and isotope
system (i.e., 8'*C, 8'*N and 5*/“Caapha) as observed in Figure 11 and 12. The §"*C and §"*N
values of prey species obtained in this study plot within the range of those from the dataset

compiled from published literature that is constrained to Alaska and Yukon as seen in Figure

11A,B.

To test if there are statistically significant differences in gray wolf stable isotopes and elemental ratios over time, I
performed a paired two-tailed t-test between the modern and pre-LGM gray wolf §'°C, 5N, §*/*>Caaipha, St/Ca and
Ba/Ca, respectively. Additionally, Mann-Whitney tests between modern and pre-LGM gray wolf as §*“>Caaipha,
Sr/Ca, and Ba/Ca values as these variables are not normally distributed (see Chapter 2 for further details).Table 6,
Two-tailed t-test (T-statistic and p-value) and Mann Whitney (Mann-Whitney U and p-value) results testing the
difference between 8'>C (%o), 8'°N (%o), 6**/**Ca alpha (%0), Sr/Ca, and Ba/Ca of modern (n=15) and pre-LGM gray
wolves (n=10 for 6"*C and 6"°N and n=11 for 8*/**Ca aipha, St/Ca, and Ba/Ca). * T-test and Mann-Whitney U results

with a significant difference between the compared gray wolf subsets (p-value < 0.05).

Variable Paired two-tailed t-test Mann-Whitney U test
t p-value U p-value
d13C 1.68 0.106 NA NA
815N 4.259 0.001* NA NA
544/42C3A|pha 1.474 0.159
58.0 0.213
Sr/Ca 2.692 0.016%* 34.0 0.013*
Ba/Ca 6.791 0.4 x10™* 0.0 2.1 x107°*
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Figure 11. Median calibrated radiocarbon age (years BP) plotted against isotopic values and alkaline earth elemental
ratios (AER) for fossil and modern specimens. Age subset is depicted by colour (modern [blue], post-LGM [orange],
LGM [green], and pre-LGM [pink]) and species by shape. A) 3*C (%0) and B) 6"°N (%o) values from collagen
analyzed in this study with error bars representing +2 standard error (SE) analytical uncertainty, along with values
from the compiled prey database shown transparently in the background for comparison*; C) §*/*2Caaipha (%o) values
from tooth enamel with error bars representing +2SE analytical uncertainty.; D) Sr/Ca and E) Ba/Ca values from
tooth enamel. *Note: References for compiled prey database in Appendix C Table 4.
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Figure 12. Box-and-whisker plots showing isotopic values and alkaline earth elemental ratios (AER) for fossil and

modern specimens organized by age subset, depicted by colour (modern [blue], post-LGM [orange], LGM [green],
and pre-LGM [pink]). A) §"*C (%o); B) 8'°N (%o0); C) 6*/**Caipha (%0); D) Sr/Ca*; and E) Ba/Ca*. The horizontal

black line within each box indicates the median; boxes represent the interquartile range (IQR), and whiskers denote

the range of non-outlier values. Outliers are plotted as black diamonds. Species with n = 1 in respective age subsets

are shown as a black line with a single data point. *Note: Arctic ground squirrel and snowshoe hare are excluded

from the Sr/Ca and Ba/Ca plots due to highly IQRs likely resulting from the sampling of bone rather than enamel.
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Figure 13. Box-and-whisker plots showing isotopic values and alkaline earth elemental ratios (AER) for fossil and
modern gray wolves organized by age subset, depicted by colour (modern [blue], post-LGM [orange], LGM [green],
and pre-LGM [pink]). A) 8"3C (%0); B) 8'°N (%o0); C) 6*/**Caipha (%0); D) Sr/Ca; and E) Ba/Ca. The horizontal black
line within each box indicates the median; boxes represent the interquartile range (IQR), and whiskers denote the
range of non-outlier values. Outliers are plotted as black diamonds. Species with n = 1 in respective age subsets are

shown as a black line with a single data point.

3.3.1 Carbon (8*C %o)

0"3C values show minimal difference among species as seen in Figure 11A, and 12A,
with minimal clustering and extensive overlap of species 3'*C values in each respective age
subset. Minimal differences in 6'*C values are observed for each species over time (Figure 11A,
12A). There are minimal differences between gray wolf 6'*C values over time as seen in the
scatter plot (Figure 11A) and boxplots, where all gray wolf 6'*C values fall within the same range
on the box and whisker plots (Figure 12A, 13A). Of all the species analyzed, modern and pre-
LGM gray wolves, and modern caribou have the largest range in 6'*C values (Figure 12A, 13A).

Modern gray wolves have a mean §"3C of -21.8+1.5%o (SD, n=15), the post-LGM wolf
has a 8'*C value of -19.9%o, the LGM wolf has a 6'3C value of -21.7%o, and pre-LGM gray
wolves have a mean 8*C of -21.0%0%0.98%o (SD, n=10) (Figure 13A). There is no significant
difference between 8'3C of modern and pre-LGM gray wolves as shown by a two-tailed t-test

(=1.68 and p>0.05, Table 6), indicating no change to gray wolf 8"*C over the last 50,000 years.
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3.3.2 Nitrogen (8"*N %o)

As observed in Figure 11B and 12B 6"°N varies between species with distinct clustering
of species across all four age subsets (Figure 11B). Gray wolves have the highest 6'°N compared
to the herbivore species across all four age subsets, except for woolly mammoths which have
high 6N values, which can be expected for woolly mammoths (Schwartz-Narbonne et al., 2015)

and is comparable to data from published sources as seen in Figure 11B.

As observed in Figure 11B and 12B 6'°N values vary over time for all prey species. This
is also observed for the gray wolves, which based on a two-tailed t-test, show a significant
difference between modern and pre-LGM gray wolf 8'°N values (1=4.259 and p<0.05, Table 6).
Modern wolves have a mean 6'°N of 6.5+0.8%0 (SD, n=15), the post-LGM gray wolf has a "N
value of 6.4%o, and pre-LGM wolves have a mean 6"°N of 9.0+£1.8%o (SD, n=10) (Figure 13B).
The LGM wolf has the most enriched 3'°N with a value of 12.5%0 (Figure 9B). Overall, 6'°N

values change over time for gray wolves based on the t-test and appear to peak during the LGM.

3.3.3 Calcium (8**2Caaipha %o0)

5*2Caaipha values vary between species, with gray wolves exhibiting the lowest
3*2Canipha values compared to the herbivore prey species in each respective age subset (Figure
11C, 12C). LGM and pre-LGM horses have the highest §*/“>Caaipha With mean values of -0.675+
0.037%o (SD, n=2) and -1.053+ 0.089%o (SD, n=3), respectively, with other monogastric prey
species (i.e., Arctic ground squirrel, snowshoe hare, woolly mammoth) also having elevated

5*/2Caapha values compared to ruminants (i.e., polygastric [Dall sheep, muskox, caribou, bison,

moose])(Figure 11C, 12C).

As observed in Figure 11C, 12C and 13C, the LGM gray wolf has the highest §*/2Caaipha
value compared to the other gray wolf age subsets with a value of -1.0%o. The post-LGM gray
wolf has a §*/“>Caaipha value of -1.3%o and has higher §*/“>Caapha values compared to that of the
modern and pre-LGM gray wolves [i.e., modern §*/“>Caaipha mean of -1.5£0.1%o (SD, n=15) and
pre-LGM with a mean §**>Caapha of -1.4£0.1%o (SD, n=11)]. The modern and pre-LGM wolves
do not have a significantly different mean §*/“2Caaipha as shown by a two-tailed t-test (t =1.474

and p>0.05, Table 6), and a Mann-Whitney test (U=58.0 and p>0.05, Table 6).
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While there is no significant difference between modern and pre-LGM gray wolf
5*“2Canipha values, the LGM gray wolf has higher §*/“2Caapha values than the other age subsets,
specifically when compared to the modern gray wolves. These results are preliminarily but
indicate a difference in gray wolf §*/*2Caaipha over time, with values peaking during the LGM.
Unfortunately, the LGM and post-LGM gray wolves cannot be included in the t-test or Mann-

Whitney U analyses due to a lack of specimens in these age subsets (n=1).

3.4 Alkaline earth elemental ratios (Sr/Ca and Ba/Ca)

Sr/Ca and Ba/Ca values have some species clustering, but greater intraspecies variation
and overlap compared to §'*C, §'*N and §*/2Caaipha values (Figure 11D, 11E and 12D, 12E).
Sr/Ca values do not vary over time for all species, but there are differences in St/Ca values
between age subsets of gray wolves and Dall sheep, with LGM gray wolf having the highest
Sr/Ca compared to other gray wolves (Figure 12D, 13D). Ba/Ca values vary between age subsets
for the following species: gray wolves, bison and horse (Figure 12E, 13E).

Gray wolves have the lowest median Sr/Ca and Ba/Ca values compared to the herbivore
prey species (Figure 12D,12 E). Modern gray wolves have a mean Sr/Ca of 7.190 x107+1.960
x10™* and mean Ba/Ca of 2.280 x107*+9.180 x103(SD, n=15). The post-LGM gray wolf has a
Sr/Ca value of 7.129 x10™* and Ba/Ca value of 6.700 x10*, whereas the LGM gray wolf has a
value of 1.744 x107 and 5.290 x10%, respectively. Pre-LGM gray wolves have a mean Sr/Ca of
1.013 x103+3.209 x10* and mean Ba/Ca of 1.574 x107+6.525 x10™* (SD, n=11), (Figure 13D,
13E). Based on the two-tailed t-test and Mann-Whitney U test, modern and pre-LGM wolves
Sr/Ca and Ba/Ca have a significant difference (r=2.692 and 6.791, respectively, and U= 34 and
<0.1, respectively, all with p 5<0.05, Table 6), indicating that there was a change in gray wolf

Sr/Ca and Ba/Ca compositions over the last 50,00 years.

3.5 Principal component analyses
The PCA plot in Figure 14A shows the clustering of species and respective age subset
based on §*C, 8N and §*/“2Caaipha. Principal Component 1 (PC1) accounts for 41.18% variance

and Principal Component 2 (PC2) explains 33.04% variance. Cumulatively PC1 and PC2 capture
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74.22% of the total variation in this study’s dataset. The dominant variable in PC1 is 8N
pointing to the right and for PC2 is §*“2Caapha pointing in the upper left quadrant. 5'*C plots
diagonally along PC1 and PC2, pointing in the lower left quadrant (Figure 14A).

Trophic position and gut physiology appear to influence the distribution and clustering of
species in the PCA plot. Gray wolves of all age subsets cluster on the right side of the plot, which
is associated with higher §'*N values and lower and §*/“2Caaipha values (Figure 14A). Herbivores
have lower 5'*N and higher §*/“2Caapha values than the gray wolves and cluster on the left side
of the plot. The monogastric prey species (i.e., horse and woolly mammoth) have higher

3*2Caaipha values and cluster towards the top of the plot (Figure 14A).

A PCA considering five variables (6"*C, "N, 54 “2Caalpha, St/Ca, and Ba/Ca) explains
62.65% of the variation in this dataset with the first two axes alone, with PC1 accounting for
36.04% variation and PC2 with 26.61% variation (Figure 14B). Compared to the PCA with only
three variables (5"3C, 8'*N and §**>Caaipha), the PCA considering five variables appears to
explain 11.57% less variation in the dataset, possibly indicating that adding Sr/Ca and Ba/Ca
introduces noise into the dataset, which is not unexpected when adding more variables to a PCA
(Figure 14A, B). "N and §'*C plot along PC2, and §*/**Caaipha, St/Ca, and Ba/Ca plot along
PC1.

Similar trends are observed in the five variable PCA as the three variable PCA but there
appears to be more overlap of the species clusters. Gray wolves of all age subsets are associated
with higher 5'*N and lower §*/2Caaipha values. Woolly mammoths overlap with gray wolves in
this PCA as they also have high 8'°N values compared to the other herbivore species (Figure
14B). As in the previous PCA, monogastric species are associated with high §*/42Caaipha and

higher Sr/Ca values.
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the sampling of bone rather than enamel and flexible diet of small mammals.
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Figure 14. Principal Component Analysis (PCA) of isotopic and elemental data categorized by species and age
subset (modern, Post-LGM, LGM, and Pre-LGM). A) PCA incorporating 3*C (%o), 3'*N (%o), and */*>Cayipha (%o0)
values, with Principal Component 1 (PC1) explaining 41.18% of the variance and Principal Component 2 (PC2)
explaining 33.04%; and B) PCA incorporating: 6*C (%o), 0'*N (%o), 6*/**Caaipha (%0), St/Ca, and Ba/Ca*, with PC1
explaining 36.04% of the variance and PC2 explaining 26.61%. *Note: The PCA including Sr/Ca and Ba/Ca do not

include Arctic ground squirrel and snowshoe hare due to high degrees of intraspecies variations likely resulting from
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3.6 Gray wolf dietary mixing models
Bayesian stable isotope mixing models (BSIMMs) were used to assess the prey
consumed by gray wolves through changing environmental conditions of glacial and interglacial

periods. Appendix B Table 1, 2, 3 compile outputs from all BSIMM variations and versions.

All BSIMM variations reveal similar results for the modern gray wolves, revealing that
modern gray wolves consume primarily snowshoe hare (Traditional proxy BSIMMs including
compiled prey source data: 56.9+19.4%; Figure 15A), (Traditional proxy BSIMMs: 62.2+19.2%;
Figure 16A), and (Traditional and novel proxy BSIMMs: 58.2426.9%; Figure 17A) with a more
minor contribution from large prey such as caribou (Traditional proxy BSIMMs including
compiled prey source data: 10.5+6.5%; Figure 15A), (Traditional proxy BSIMMs: 12.1+8.2%;
Figure 16A), and (Traditional and novel proxy BSIMMs: 6.7+4.1%; Figure 17A).

Conversely, all pre-LGM BSIMM reveal that the primary prey source of gray wolves
during the pre-LGM was horse [(Traditional proxy BSIMMs including compiled prey source
data: 44.8+10.7%; Figure D), (Traditional proxy BSIMMs: 69.4+13.4%; Figure 16B), and
(Traditional and novel proxy BSIMM: 83.548.1%; Figure 17B). The BSIMM’s for pre-LGM
gray wolves with §*/*2Ca show a significant improvement in precision with a small standard
deviation of 8.1%, the lowest standard deviation observed for primary prey species in all

BSIMM variations.

Additionally, traditional proxy BSIMMs including compiled prey source data were run
for the post-LGM and LGM age subsets revealed post-LGM gray wolves primary prey species
was caribou (28.3+13.1%), and large contribution of snowshoe hare (22.7+16.7%), arctic ground
squirrel (20.7£16%), and Dall sheep (18.6£15.4) (Figure 15B), whereas the primary prey source
of LGM gray wolves were horses (77.8+20.1%; Figure 15C).
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Figure 15. Plot of percent contributions (£standard deviation) of prey species sources to the diets of A) Modern gray
wolves [<11 ka BP]; B) Post-LGM gray wolf [11-19 ka BP]; C) LGM gray wolf [19-26 ka BP]; and D) Pre-LGM
gray wolves [>26ka BP], from traditional proxy (3'*C [%o] and 6'°N [%o]) BSIMMs that include values from

compiled published prey source dataset. Generated by uninformed and informed mixing models.
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Figure 16. Plot of percent contributions (+standard deviation) of prey species sources to the diets of A) Modern gray

wolves [<11 ka BP]; and B) Pre-LGM gray wolves [>26ka BP], from traditional proxy (6'3C [%o] and 6'°N [%o])
BSIMMs. Generated by uninformed and informed mixing models.
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Figure 17. Plot of percent contributions (+standard deviation) of prey species sources to the diets of A) Modern gray
wolves [<11 ka BP]; and B) Pre-LGM gray wolves [>26ka BP], from traditional and novel proxies (6"*C [%o], 6"°N
[%0], and &**/*2Cagipha [%0]) BSIMMSs. Generated by uninformed and informed mixing models.
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4 Discussion

The effects of anthropogenic climate change will reach far beyond our lifetimes, limiting
our ability to use present-day data to effectively predict how species will respond to future shifts
in climatic and environmental conditions. By studying the fossil record, we can interpret how the
feeding habits of top predators evolved in response to rapid climatic and environmental changes,
which provides direct insights into the long-term dynamics of trophic relationships in
palaeoecological communities. Reconstructing past trophic dynamics and ecological shifts are
critical to predict the long-term response of ecosystems to modern global changes, specifically in
response to anthropogenic climate change (Barnosky et al., 2017; Dietl et al., 2015; Fordham et
al., 2020). Eastern Beringian gray wolves provide an excellent case study opportunity to assess
the dietary evolution of a top predator species from the Late Pleistocene to the present-day, and
allows us to examine how feeding behavior and dietary flexibility may have contributed to this
species survival amid large-scale climatic, environmental, and ecological changes, a hypothesis

that had been explored in a previous study (e.g., Landry et al., 2021).

Changes in stable isotope compositions in consumers tissues reflect ecological
differences, including but not limited to landscape, climate, habitat-use, and dietary changes
(Ben-David & Flaherty, 2012). Thus, the stable isotopes compositions (i.e., 6'*C, 6'°N, and
0*/*2Ca) in gray wolf tissues can provide insights into their feeding ecology over time
(Bocherens & Drucker, 2003) but may also reflect environmental changes (Heaton et al., 1986;
Hixon et al., 2018). Previous studies have investigated the diets of modern and Pleistocene gray
wolves in eastern Beringia using traditional stable isotope dietary proxies (i.e., 6'*C and 6'°N)
(e.g., Landry et al., 2021). Landry et al. (2021) found that gray wolves might have survived to
modern times by shifting their diet from predominantly horses to a more generalist diet including
other large ungulates and smaller prey. However, as nitrogen and carbon isotopes are strongly
influenced by environmental and climate baseline conditions, shifts in 6'3*C and 8'°N values
might represent a mixture of dietary and environmental changes (Ben-David & Flaherty, 2012).
The limitations of these traditional stable isotope proxies (see details in Chapter 1) can result in
ambiguous dietary reconstructions unless proper spatiotemporal constraints are considered. Thus,
further investigation using independent dietary proxies, such as 6*4/**Ca, is required to further

refine dietary studies.
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In this study, I analyzed a broad combination of dietary proxies including 6'*C, 6"°N,
0*/*2Ca, Sr/Ca, and Ba/Ca of Pleistocene and modern wolves from eastern Beringia and the
Yukon territory, as well as associated prey to test and refine gray wolf feeding habits over the
changing environmental conditions of the last 50,000 years. Using Bayesian stable isotope
mixing models I reconstruct the dietary contribution of each prey to gray wolf diet across four
age categories (i.e., modern [0 to 11 ka BP], post-LGM [11 to 19 ka BP], LGM [19 to 26 ka BP]
and pre-LGM [>26 ka BP]), with each age subset having distinct climate and landscape

conditions as described in Chapter 2.

4.1 Data quality

A critical prerequisite for this study was to ensure that all isotopic data used in my dietary
reconstructions accurately reflect biogenic signals and are not compromised by diagenetic
alteration. For this reason, I applied stringent protocols and screening criteria for both bone

collagen and enamel derived isotopic data.

Carbon (6*C) and nitrogen (6'°N) isotopes were analyzed in bone collagen (see Chapter
2). Collagen, being an organic matrix, is highly susceptible to diagenetic degradation (e.g., van
Klinken, 1999), which can lead to contamination by exogenous materials and isotopic shifts
(Balzer et al., 1997). To mitigate this risk, we employed an ultrafiltration protocol for collagen
extractions which maximizes the recovery of collagen while minimizing possible contamination
by low-molecular-weight compounds such as degraded proteins and other contaminants (i.e.,

salts and microorganisms) (Talamo et al., 2021).

Only samples that met rigorous preservation criteria were retained for analysis.
Specifically, we applied a narrow range of acceptable atomic C:N ratios (2.9-3.6), a widely used
proxy for collagen integrity (Deniro et al., 1985; Ambrose, 1990). All collagen samples included
in this study fell within the accepted C:N range (Appendix A Figure 3) indicating excellent
collagen preservation and/or the reflecting the efficiency of ultrafiltration collagen extraction
methods. This high degree of preservation is consistent for subfossil material recovered from
cold, high-latitude environments, where collagen degradation is generally slower (Matsubayashi

& Tayasu, 2019; Matthiesen et al., 2021). Radiocarbon dating confirmed the expected
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chronological placement of the samples, and both 6'*C and 6'°N data demonstrated excellent

analytical precision and reproducibility (see Chapter 2).

In contrast to collagen and bone, tooth enamel is an inorganic matrix and is generally
more resistant to diagenetic alteration (Dodat et al., 2023; Reynard & Balter, 2014). However,
during fossilization some diagenetic alteration can still occur through processes such as chemical
exchange or recrystallization, which may introduce or replace biogenic calcium with exogenous
material (Hoppe et al., 2004; Trueman et al., 2008). To assess the extent and type of diagenetic
alteration in enamel, I employed a multi-proxy screening approach using established
geochemical indicators including, rare earth element (REE) profiles, europium (Eu)
concentrations, and La/Yb and Sm/Yb ratios (Dodat et al., 2023; Reynard & Balter, 2014). The
high La/Yb and Sm/YD ratios are indicative of early diagenesis and adsorption (Reynard &
Balter, 2014). Overall, these ratios suggest minimal diagenetic overprinting, as samples from this
study have similar La/Yb and Sm/Yb values to that of Quaternary samples with limited
diagenetic input (Figure 10). The potential diagenetic input as indicated by La/Yb and Sm/Yb
ratios, will negligibly alter calcium isotope compositions in enamel as shown by Dodat et al.

(2023), confirming the reliability of the isotopic compositions.

The relatively flat REE profiles (Figure 8) and low Eu concentrations (Figure 9) both
indicate minimal diagenetic uptake (Dodat et al., 2023; Reynard & Balter, 2014; Tiitken et al.,
2008). The similar ranges and patterns between REE profiles between the two main regions (i.e.,
Dawson and Old Crow [Figure 8]) shows that despite different geochemical provinces (Figure
2), fossil samples underwent minimal types and extents of diagenetic alteration. Thus, I can
compare fossil samples form the various sites across the Yukon. Ca/P molar ratios were also
evaluated to detect possible mineral replacement or post-secondary deposition (Dodat et al.,
2023; Sillen & LeGeros, 1991; Trueman & Tuross, 2002) where all but four samples showed

consistent and expected Ca/P values (Figure 7).

All but six enamel sample outliers (i.e., EL156, EL183, EL201, EL208, EL220, and
EL234) passed these diagenetic screening criteria and were deemed well-preserved (see Chapter
3 for details). The six outliers showed mild deviations from the diagenetic screenings and were
excluded from statistical analyses and trend interpretation, despite having isotopic values within

typical dietary ranges. Together, these stringent diagenetic assessments confirm that the 6"*C,
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0N, AER, and 0*4/**Ca values reported in this study represent biologically meaningful signals.
The combined use of reliable organic and inorganic geochemical proxies ensures the robustness
of my dietary reconstructions and enhances confidence in interpreting trophic dynamics across

space and time.

4.2 Gray wolf diet; Insights from isotope and elemental dietary proxies

4.2.1 Traditional dietary proxies (6'*C and &'°N)

Carbon and nitrogen isotopes are commonly used as dietary indicators to reconstruct diet
and trophic relationships (Bocherens & Drucker, 2003). Across all age subsets, gray wolves
exhibit 6'*C values that are broadly similar to those of their potential prey (Figure 11A, 12A),
suggesting limited carbon isotopic distinction between trophic levels. Additionally, only the
modern small mammals have a lower mean §'3C values compared to modern gray wolves
whereas for Pleistocene gray wolves, horses and mammoths are the only prey that have lower

mean 6"C values (Figure 11A, 12A).

The lack of 8"*C value distinction between gray wolves and their prey observed in this
study is likely the result of the small 8'*C trophic discrimination factor (TDF). With only a +1 %o
enrichment in 8'*C between adjacent trophic levels, it is unlikely that when used in isolation
carbon isotopes would provide a diagnostic tool to assess prey consumption (Fry et al., 1991;
Perkins et al., 2014; Post, 2002). This is particularly true when considering the range of other
factors that can overprint the '3C discrimination associated with trophic level, such as
environmental conditions (Heaton, 1999; Kohn, 2010), habitat (Bonafini et al., 2013; Drucker et
al., 2008), and plant types (Diefendorf et al., 2010; Tieszen, 1991). All these factors create a high
intraspecies 8'3C range, as observed in the results in this study, (Figure 11A, 12A), which makes

1t difficult to observe the TDF effect.

Additionally, I observe minimal difference in gray wolf 6'*C values over time (Figure
13A). This is likely a consequence of the similar 6'*C values among prey, which likely reflects
the shared Cs plant-based diets between herbivore species in this study area (Blinnikov et al.,
2011; Tahmasebi et al., 2017; Wooller et al., 2007 Zazula et al., 2006a) (Figure 11A, 12A) and

does not imply dietary continuity between modern and Pleistocene gray wolves. Even if gray
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wolves had significantly shifted their diet, this shift would be difficult to quantify with carbon
isotopes due to the overarching similarity of prey 6'*C values. These collective findings further
support that '*C cannot independently be used as a dietary proxy (Fry et al., 1991; Perkins et al.,
2014; Post, 2002), particularly in environments where 8'*C does not distinguish among prey
species, coupled with the existence of only one dominant plant photosynthetic pathway (i.e, C3
vs C4 plants)—such as in Yukon and eastern Beringia—as this can lead to an ambiguous trophic

reconstruction and mislead carnivore diet reconstruction (Casey & Post, 2011).

Nitrogen stable isotopes are commonly used in combination with 6"*C for trophic and diet
reconstructions because of the distinct trophic enrichment in the heavy nitrogen isotope with
increasing trophic position (Bocherens & Drucker, 2003; Deniro & Epstein, 1981; Minagawa et
al., 1984). As expected, gray wolves have the highest 5'°N values compared to herbivores in each
age subset (Figure 11B, 12B). However, gray wolf §'°N values vary significantly over the last
50,00 years with higher values prior to and during the LGM, and lower values after the LGM
(Figure 13B). This could indicate a dietary shift between modern and Pleistocene gray wolves as
interpreted by Landry et al. (2021). However, since 6'°N values are known to vary with habitat
and environmental conditions (Craine,et al., 2015a,b; Craine et al., 2009), observed changes in
0N values may not solely indicate dietary shifts, but could also reflect environmental changes
within the region, which has been shown in previous studies (e.g., Fox-Dobbs et al., 2008;

Schwartz-Narbonne et al., 2019; Stevens et al., 2008; Tahmasebi et al., 2018).

Interestingly, prey 6'°N values show similar trends as wolves with lower values during
the Holocene and post-LGM subsets compared to the LGM and pre-LGM subsets (Figure 11B,
12B). While shifts in dominant vegetation and plant types have occurred in this region over the
last 50,000 years (Rowland et al., 2016; Zimov et al., 1995), it is unlikely that all herbivore
species completely shifted their diet during these periods. Rather it is more likely that the
observed variation in prey 6'°N values could be attributed to changes in baseline environmental
conditions, particularly moisture availability in soils, that are known to affect 6'°N values (Craine
et al., 2015a,b; Craine et al., 2009). Prior to and during the LGM, global temperatures were
colder, and eastern Beringia was more arid with minimal soil moisture, resulting in higher 6'*"N
values in plants that was likely propagated throughout the food chain (Ambrose, 1991;
Amundson et al., 2003; Handley et al., 1999; Heaton, 1987; Hixon et al., 2018; Rabanus-Wallace
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et al., 2017; Stevens et al., 2004; Stevens et al., 2008). As global temperatures increased, glacial
retreat and permafrost thaw led to an influx of moisture in eastern Beringia soils and ecosystems
(Rabanus-Wallace et al., 2017; Rowland et al., 2016). This resulted in lower 6'°N in plants and
herbivores because increased moisture influences nitrogen cycling in soils (Cleveland et al.,
1999; Rabanus-Wallace et al., 2017). This Late Glacial Nitrogen Excursion (LGNE) is
characterized by a significant drop in herbivore 6'*N values across Europe, Siberia, and the
Americas, coinciding with the Last Glacial-Interglacial transition (Rabanus-Wallace et al., 2017,
Reade et al., 2023; Tahmasebi et al., 2018). Thus, the difference and trends observed in gray wolf
0N values over time might be, at least partially, reflective of changing environmental baselines.
Teasing out the portion of 6'°N variations linked to environmental changes from that associated

with dietary modifications requires additional proxies.

The resolution of $'3C and 6'°N alone as dietary proxies in regions like eastern Beringia
and the Yukon is limited due to shifts in isotopic baselines due to changing environmental
conditions and where vegetation is dominated by a single photosynthetic pathway (Cs), both of
which further complicate dietary interpretation. In conclusion, the 8'*C and 8'°N data collected in
this thesis are not sufficient to support large-scale dietary shifts in gray wolve diet across the last
50,000 years. Such interpretations require consideration of spatial and temporal constraints and

nonetheless, additional dietary proxies are necessary to support more robust conclusions.

4.2.2 Novel dietary proxies (6*4/**Ca, Sr/Ca, and Ba/Ca)

The limitations of 6'*C and 6'°N, as previously described, can result in ambiguous diet
and trophic reconstructions (Balzer et al., 1997; Casey & Post, 2011). Therefore, it is critical to
use additional independent proxies to validate previous findings that suggest that wolves
completely shifted their diet between the late Pleistocene to now (e.g., Landry et al., 2021).
Novel dietary proxies such as §*/**Ca, St/Ca, and Ba/Ca have the potential to achieve a more
nuanced understanding of feeding ecology and trophic relationships in extinct prey species, by
adding independent dimensions in the isotope dietary space (Balter et al., 2002; Martin et al.,
2017; Reynard & Balter, 2014; Safont et al., 1998; Tacail et al., 2020; Toots & Voorhies, 1965).
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Compared to traditional isotopic proxies, trophic reconstructions based on alkaline Earth
element ratios (AER) such as Sr/Ca and Ba/Ca ratios, are used less frequently due to perceived
sensitivity to baseline shifts and diagenetic alteration (e.g., Blum et al., 2000; Peek & Clementz,

2012; Price et al., 2002; Terrill et al., 2022).

Due to trophic depletion, I would expect AER in gray wolves to be lower than that of
herbivores (Burton & Wright, 1995; Sillen & Kavanagh, 1982). However, my results do not
consistently reflect a predicted trophic depletion, as the gray wolf AER values in this study are
not consistently lower than herbivores in each respective age subset (Figure 11D, E and 12D, E).
This is likely because the relative abundances of Sr and Ba to Ca are more sensitive to local
baselines and will change with local geology and environmental conditions (Balter, 2004). This
baseline effect can create high degrees of intraspecies variation particularly when pooling
samples from different sites as done in this study. This can result in inconsistent biological
fractionation of Sr and Ba relative to Ca, specifically in carnivores as the most significant and
consistent biological fractionation of Sr and Ba usually occurs in lower trophic levels (Balter,

2004; Blum et al., 2000; Price et al., 2002).

I observe changes in gray wolf Sr/Ca and Ba/Ca ratios over time (Figure 13D, E), but due
to the variation and inconsistency it is difficult to distinguish if this reflects a dietary shift, local
geology, post-depositional diagenetic alteration, or a combination of these factors. Based on my
findings I suggest rather to use St/Ca and Ba/Ca at singular sites and horizons, as they can be
heavily influenced by local geology and diagenetic alteration. The limited and variable biologic
fractionation, findings shown in this thesis as well as in previous studies, highlight that Sr/Ca and
Ba/Ca should not be independently applied in dietary and trophic reconstructions (e.g., Fabig &
Herrmann, 2002; Hassler et al., 2018; Martin et al., 2015; Nitzsche et al., 2022; Peek &
Clementz 2012).

In addition to AER, I tested the potential of 6*//**Ca as an independent dietary proxy.
Gray wolves generally displayed the lowest 5*4/4*Ca values compared to herbivores in each
respective age subset (Figure 11C, 12C). This was expected because calcium isotopes are known
to fractionate along the trophic chain with decreasing 6*//**Ca values with increasing trophic
level (Dodat et al., 2021; Hassler et al., 2018; Martin et al., 2015, 2017, 2018; Weber et al.,

2025). Interestingly, it is observed that there are potential 6*//**Ca differences between
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monogastric and polygastric organisms in each age subset, where monogastric species (i.€.,
horse, snowshoe hare, Arctic ground squirrel, and mammoth) have higher 6*4/**Ca values than
polygastric species (i.e., caribou, moose, Dall sheep, muskox, and bison) (Figure 12C,14A, B),
consistent with findings from previous studies (e.g., Guiserix et al., 2024; Hu et al., 2022; Martin
et al., 2018). This difference in 6*4/**Ca values between monogastric and polygastric organisms
may also be driven by differences in diet (grazing and browsing feeding habits) as suggested by
data from ecosystems and plants (e.g., Guiserix et al., 2024; Martin et al., 2018). The 6*//**Ca
values further the isotopic distinction between species, which is ideal in diet and trophic
reconstructions. The possibility to distinguish a carnivorous diet dominated by specific

herbivorous prey adds an important dimension to the multi-isotope dietary framework.

Gray wolf 8*/**Ca values show some variation over time, being the highest during the
LGM, and lowest in Holocene wolves (Figure 13C). Unlike 6"°N values, I do not observe a
significant baseline shift in 6*//**Ca values, as indicated by the *4/**Ca similarity between
Holocene and post-LGM herbivores compared to LGM and pre-LGM herbivores (Figure 11C,
12C). This suggests that unlike nitrogen, calcium stable isotopes experienced minimal to no
baseline shift despite climatic, landscape, and environmental changes occurring in eastern
Beringia during this time. Thus, the observed change in gray wolf 6*//*?Ca values over time is
likely not reflective of environmental changes, but of a dietary shift. These findings demonstrate
that incorporating 6*4/**Ca as a dietary proxy provides a method to evaluate whether shifts in
gray wolf isotopic compositions over the past 50,000 years reflect dietary changes, with minimal
influence from environmental baseline variability and will strongly complement 6'*C and 6"°N
dietary interpretations. This highlights the robustness of calcium isotopes and supports the
reliability of 6**Ca as a dietary proxy, particularly in environmentally dynamic systems where

other dietary proxies might be more challenging to interpret.

4.3 Dietary Mixing Models reveal shift in Gray Wolf Feeding Ecology

Understanding the ecology of gray wolves over time offers a unique window into
predator-prey dynamics and broader ecosystem transformations. Using Bayesian stable isotope

mixing models (BSIMMs), I used the new isotopic data generated in this study to reconstruct
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precise dietary profiles of gray wolves across four time periods from the Pleistocene to the
present-day. Through this exercise, I find further support for and refine the major ecological
transition of this species with a shift from a highly specialized diet to a more generalist and

opportunistic diet.

I employed three variations of BSIMMs based on a combination of 6*C, §'°N, and
d*/*2Ca isotopic data (see Chapter 2 for details). Each model was run with two prior settings;
uninformative priors— which assumed equal likelihood of all prey sources (the MixSIAR default
settings) — and informative priors—which incorporate ecological knowledge of wolf predatory
behavior, particularly prey size preferences (see Chapter 2 for more details and Appendix B
Tables 1, 2, 3 for list of priors). While uninformative priors offer a neutral baseline, the
informative models provide more ecologically realistic reconstructions, particularly for species

with known hunting strategies like wolves.

4.3.1 Pleistocene Wolves: Horse Specialists in an Abundant Ecosystem

Consistent across all informed BSIMMs, Pleistocene gray wolves (before 19 ka BP) from
eastern Beringia exhibited a highly specialized diet, dominated by Beringian horses (Figure 15C,
15D, 16B, 17B). These findings corroborate earlier work (e.g., Landry et al., 2021), but calcium
isotopes further highlight the degree of specialization than previously recognized from carbon
and nitrogen isotopes alone with up to 84% of the diet coming from horses (Figure 17B).
Pleistocene wolves appear to have had an extremely specialized diet, taking advantage of the
high abundance of horses across the mammoth steppe (Guthrie, 2003; Harington, 2011). Despite
limited specimen availability during the Last Glacial Maximum (26—19 ka BP), even the
informed traditional proxy BSIMM that included published prey source data primarily suggests
that gray wolves remained highly specialized on Beringian horses during the LGM (Figure 15C).
As this model only contains one wolf specimen, I recommend that future studies include more
samples and run additional BSIMMs with traditional and novel dietary proxies for a more in-

depth view on gray wolf diet during the LGM.

Intriguingly, recent ancient DNA analyses suggest that Beringia was the home to now-
extinct lineages of gray wolves called the Beringian wolf that likely exhibited slightly distinct

hunting habits focused on megafauna as evidenced by their robust jaws, large, broad carnassial
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teeth, and wide, short snouts — all modifications for higher bite force and better carcass
processing stronger jaws (Loog et al., 2020; Leonard et al., 2007). These results imply that
during the Pleistocene, gray wolves likely occupied a distinct ecological niche with minimal
dietary overlap with other apex predators, enabled by the high biomass of large herbivores and
potential ecological niche partitioning (Bocherens, 2015; Drucker, 2022; Schwartz-Narbonne et
al., 2019). The presence of this morphologically and genetically distinct lineage, the so-called
Beringian wolf, raises compelling questions about the drivers of such extreme dietary
specialization. Further morphometric, isotopic, and genomic analyses of Pleistocene specimens
are needed to determine whether this specialization reflects an inherited, genetically encoded
trait of a now-extinct hypercarnivorous lineage, or a flexible, behavioral modification by gray

wolves in response to the unique ecological conditions of the mammoth steppe.

4.3.2 Post-LGM Transition: From Specialization to Generalism

Between 19 and 11 ka BP, major climatic and vegetational shifts—particularly the onset
of warming temperatures, increased moisture, and the northward expansion of shrub tundra and
boreal forests—transformed eastern Beringian ecosystems (Zimov et al., 1995). The collapse of
the mammoth steppe biome, characterized by its nutrient-rich grasslands and herbaceous cover,
led to significant habitat loss for grazing megafauna (Guthrie, 2001; Zazula et al., 2006b).
Around 13.5 ka BP, the proliferation of woody shrubs further reduced the viability of open
grasslands, compounding pressures on grazing specialists (e.g., woolly mammoth, Beringian
horse, etc.,) many of which experienced steep population declines or went extinct shortly
thereafter (Monteath et al., 2021, 2022; Murchie et al., 2021). Horses in particular showed signs
of a rapid demographic collapse, as revealed by palacogenomic reconstructions indicating a
severe population bottleneck across much of Beringia (Guthrie, 2003; Running Horse Collins et

al., 2025).

As this faunal turnover progressed, new herbivore communities began to emerge in the
changing tundra-taiga landscape, with species such as caribou and moose, expanding their ranges
and ecological roles (Meiri et al., 2020; Taylor et al., 2021). In response, gray wolves underwent
a marked dietary shift, as shown by traditional proxy BSIMMs which reveal a significant

broadening in gray wolf diets between 19 and 11 ka BP, with increasing reliance on a wider suite
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of large ungulates—particularly caribou and Dall sheep—as well as a surprising and consistent
intake of small mammals such as Arctic ground squirrels and snowshoe hares (Figure 15B).
These small mammals contributed as much to the diets of the wolves analyzed in this study as
ungulates, underscoring a strategic shift in foraging behavior. Similar to the LGM BSSIM, the
post-LGM model only contains one wolf specimen, so further research is recommended to

understand this dietary shift in greater detail between 19 to 11 ka BP.

This transition from a specialist to generalist supports a profound example of ecological
and behavioral flexibility in gray wolves instead of a complete change of lineages with distinct
hunting habits. Unlike other Beringian predators such as the scimitar cat, the short-faced bear,
which were heavily dependent on megaherbivore prey and appear to have been unable to adapt
to the disappearance of those ecological niches (Ripple & Van Valkenburgh, 2010; Van
Valkenburgh, 2009), gray wolves demonstrated the capacity to diversify their diet from an almost
exclusively horse-based diet in the Pleistocene to a more diversified diet during deglaciation.
This flexibility likely contributed to their survival into the Holocene and beyond as well as the
success of the Beringian lineage of gray wolves across the globe (Loog et al., 2020). Such
dietary flexibility—possibly rooted in both behavioral alteration and social foraging dynamics—
enabled wolves to reorient their ecological role and persist through a time that proved more

challenging for their co-existing apex predators.

4.3.3 Modern Wolves in Southern Yukon: Opportunistic Generalists

Modern informed BSIMMs reveal a highly opportunistic foraging strategy among
modern gray wolves in southern and central Yukon. In some cases, up to 84% of their dietary
intake is composed of small mammals, with snowshoe hares comprising the majority, followed
by Arctic ground squirrels (Figure 15A, 16A, 17A). Whereas large ungulates (caribou and
moose) contribute only minimally to the diet (Figure 15A, 16A, 17A), in contrary to other
studies which show that moose and caribou are the preferred prey of modern gray wolves (e.g.,

Gauthier & Theberge, 1986; Hayes et al., 2016).

All but one of the modern gray wolves analysed in this study inhabit southern and central

Yukon, around the Whitehorse and Dawson areas (Figure 2). In southern and central Yukon, the
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boreal (woodland) caribou populations occur at relatively low population densities compared to
regions that are inhabited by northern mountain (migratory) caribou (i.e., Porcupine and
Fortymile herds that inhabit northern Yukon and Alaska) (Yukon Wildlife, 2025b ;Porcupine
Caribou Technical Committee, 2022; Fortymile Harvest Management Committee, 2020; Kelsey
Russell et al., 2024; Wildlife Management Advisory Council (North Slope), 2021; Yukon
Department of Environment et al., 2024). The Fortymile caribou herd inhabits parts of central
Yukon, but the majority of their range is located within Alaska (Fortymile Harvest Management
Committee, 2020; Yukon Department of Environment et al., 2024). Moose are relatively
abundant across all regions in the Yukon, but when comparing their population densities
(Bergeron et al., 2024; Hodges, 1999; Milligan et al., 2023), they are still less available than
snowshoe hare and Arctic ground squirrel populations which are both ubiquitous and seasonally
abundant across the boreal forest and subarctic landscapes of the Yukon (Hodges, 1999; Milligan
etal., 2023).

Gray wolves are known to exploit a wide range of prey types and undergo switches in
feeding habits depending on the local abundance, seasonality and vulnerability of prey species,
from a diet primarily comprised of large ungulates (caribou and moose) to one that includes a
greater diversity of prey species (i.e., not restricted to ungulates) which incorporates small
mammals (Arctic ground squirrel, snowshoe hare, muskrat [Ondatra zibethicus Linnaeus 1766],
and beaver; Gable et al., 2018; Merkle et al., 2017; Dalerum et al., 2018), and even foraging on
berries (Evavold et al., 2024) and eating salmon (Adams et al., 2010). Thus, I hypothesize that
the increased representation of small mammals in gray wolf diet in southern and central Yukon,
as revealed by the modern BSIMMs, is likely due to the greater abundance of these species

compared to caribou and moose in this region.

These findings further underscore the role of environmental context in shaping gray wolf
trophic behavior, highlighting how modern wolves remain ecologically flexible predators
capable of switching between prey guilds based on availability, seasonality, and energetic payoff
(Adams et al., 2010; Evavold et al., 2024; Gable et al., 2018; Merkle et al., 2017; Dalerum et al.,
2018). Such flexibility may be one of the key traits that has allowed gray wolves to persist across

millennia of environmental perturbations and into diverse Holocene and Anthropocene
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environments—unlike more specialized carnivores whose survival may have been tightly linked

to the fate of their megafaunal prey (Ripple & Van Valkenburgh, 2010; Van Valkenburgh, 2009).

4.3.4 Ecological Interpretation and Broader Implications

Collectively, these findings reveal a profound ecological transformation in gray wolf feeding

behavior over the last 50,000 years:

o Pleistocene wolves functioned as dietary specialists, relying heavily on Beringian horses

in the mammoth steppe ecosystem.

e Post-LGM wolves transitioned toward generalist foraging strategies, adapting to the
disappearance of key megafaunal prey and the restructuring of northern ecosystems

during the terminal Pleistocene.

e Modern wolves, particularly in southern Yukon, exemplify continued dietary flexibility,
subsisting primarily on locally abundant small mammals such as snowshoe hares and

Arctic ground squirrels.

This remarkable niche flexibility appears to be a critical factor in the long-term persistence of
gray wolves, enabling them to survive dramatic ecological upheavals, including the extinction of
their primary prey, habitat turnover, and shifting community structures. In contrast to more
specialized carnivores like the short-faced bear or the scimitar cat, whose extinction has been
partly attributed to limited dietary flexibility (DeSantis et al., 2021; Donohue et al., 2013), gray
wolves demonstrate how the ability for dietary modification can serve as a buffer against

extinction pressures.

The application of Bayesian Stable Isotope Mixing Models (BSIMM), especially those
incorporating calcium isotopes (6*/**Ca), offers a novel and more nuanced lens into long-term
trophic dynamics. These multi-isotope approaches not only improve dietary resolution as shown
in this thesis but also allow us to track shifts in predator-prey interactions with unprecedented
specificity. As such, they represent a powerful tool for reconstructing ecological resilience and

the adaptive strategies of apex predators across recent and deep geologic time.
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4.4 Advantages of Incorporating Calcium Isotopes in Dietary Mixing
Models

The limitations of 8'*C and §'°N as dietary proxies—stemming from the degradation and
alteration of collagen (see Chapter 1 for further details), combined with the low trophic
discrimination of carbon isotopes, minimal 6'*C distinction between species, and the sensitivity
of 8'°N to environmental baseline shifts which are observed in this study, can lead to ambiguous
BSIMM outputs that have large uncertainties, limitations that have been documented in previous

studies such as that of (Landry et al., 2021).

In this thesis, BSIMMs were run using traditional (8"*C and 6'°N) and novel (6*Ca)
dietary proxies, and the outputs were compared to models using only traditional proxies (6'*C
and 0'°N). However, due to a limited number of prey specimens in the LGM and post-LGM
subsets—which were only identified following radiocarbon dating—BSIMMs incorporating
d*Ca were only conducted for the modern and pre-LGM gray wolf age subsets. By comparing
the outputs of the BSIMMs run with traditional dietary proxies (3'*C and 6'°N ) to the outputs of
BSIMMs combining traditional and novel dietary proxies (6'*C, 8"*N , and 6*/**Ca) I test the
feasibility of using multiple isotopic proxies (i.e., "*C, 8"°N, and 6*//**Ca) to improve the outputs

of BSIMMs in a single model species (i.e., the gray wolf).

The addition of §*/**Ca adds a third dimension that increases the distinctiveness of the
prey sources, likely due to the ability of 6*//**Ca to distinguish monogastric and polygastric
species. As expected, I observe that not only do calcium isotopes highlight general trophic
organisation, but also to a smaller scale the diet preferences and gut physiology (i.e., monogastric
and polygastric organisms) within herbivores and carnivores (Figure 14, 18). The degree of
isotopic distinctiveness between species achieved in this study cannot be obtained with only
carbon and nitrogen isotopes as observed in Figure 18, highlighting the benefit of incorporating

d*/**Ca alongside 8"*C and 8'°N in dietary mixing models.
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Figure 18. A) Two-dimension isospace plot of mean 3"3C (%o) and 8'°N (%o) values (+standard deviation) of gray

wolves and their potential prey species, depicted by age subset (modern [blue], post-LGM [orange], LGM [green],

and pre-LGM [pink]); and B) Three-dimension isospace plot of mean 6'3C (%o), '°N (%o), and 6*/*>Caaipha (%o0)

values (standard deviation) of gray wolves and their potential prey species, depicted by age subset (modern [blue],

post-LGM [orange], LGM [green], and pre-LGM [pink]).

79



BSIMMs ability to distinguish the isotopic sources of a consumer are strongly influenced
by the degree of distinctiveness between source isotopic compositions (Lerner et al., 2018). I
found that the additional dimension provided by calcium isotopes furthers the isotopic separation
of species (Figure 18), which results in more precise dietary interpretations and BSIMM outputs
as indicated by the reduced standard deviations in prey contribution estimates (Appendix B
Tables 1, 2, 3), strongly observed in the pre-LGM BSIMM. The informative pre-LGM BSIMM
ran only using traditional dietary proxies show that horses contribute 58.2+26.9% to overall gray
wolf diet (Figure 16B and Appendix B Table 2). The addition of 6*4/*Ca to the pre-LGM
BSIMM not only showed that Pleistocene wolves hyperspecialized in horse, revealing that horse
makes up to 83.5+£8.1% of their diet Figure 17B and Appendix B Table 3), it also drastically
reduces the standard deviation by 18.8%, showing that the inclusion of &**/**Ca improved the
precision of my dietary mixing models. The other prey contributions in the pre-LGM model also
had reduced standard deviations compared to the BSIMM ran with traditional dietary proxies

(Figure 16A, 17A and Appendix B Table 1, 2).

Overall, the precision of the modern gray wolf BSIMMs also improved, as the standard
deviation of prey contribution decreased for all prey sources except snowshoe hare and Arctic
ground squirrel which remained relatively constant between BSIMM variations (Figure 16A,
17A and Appendix B Table 2, 3). I believe that the consistently high standard deviation of the
small mammals in the modern BSIMMs are attributed to their high degree of isotopic variation
(SD) as observed in Figure 18. Prey source isotopic variation can greatly influence the precision
of BSIMMs (Phillips et al., 2014). High degrees of intraspecies isotopic variation can result in
increased overlap between prey sources, which can increase the uncertainty of BSIMM outputs
(i.e., prey contribution) (Phillips et al., 2014). Small mammals such as snowshoe hare and Arctic
ground squirrels, typically have broad ecological niches and flexible diets, consuming a range of
plant, fungal, and even animal matter depending on region, ecological niche, and season (Batzli
& Sobaski, 1980; Elliott et al., 2022; Hobbie et al., 2017; Wolff, 1978). The large variation in
small mammals’ diet likely resulted in high degrees of intraspecies isotopic variation as observed
in this study (Figure 18) which subsequently drove the high degrees of uncertainty in the small

mammals in the BSIMMs, despite the addition of §*4/**Ca. In addition, the small mammal’s
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calcium isotope compositions are from bone, which is more susceptible to digenetic alteration
then enamel (e.g., Dodat et al., 2023), this may have also increased the isotopic variation of these
species. Even so, the modern BSIMM that included calcium isotopes further refines the
understanding of contemporary gray wolf feeding habits. This model revealed that small
mammals make up to approximately 84% of gray wolf diet, whereas the 3'*C and &'"’N BSIMMs
showed they contribute only up to 75% (Figure 16A, 17A and Appendix B Tables 2, 3).

4.5 Limitations of this study

Despite considerable effort to constrain this study spatiotemporally and to analyze the
isotope composition of most of the potential gray wolf prey across different time periods, the
interpretation of this work has several limitations regarding these factors that should be taken

into account.

Some prey species but particularly Arctic ground squirrel, snowshoe hare, and muskox
were represented by very few specimens. In general, this type of dietary study requires a large
dataset to account for intraspecies dietary and isotope variance. In this study some species in
respective age subsets only had one specimen, in these cases the standard deviations (SD) used in
the Bayesian Stable Isotope Mixing Models (BSIMMs) could not be calculated. For example,
muskox was represented by only one specimen, and its variability was approximated using SD
values from other species within the same age subset. Additionally, sample sizes (#) had to be
manually adjusted to meet MixSIAR’s minimum requirement (n=2), further contributing to

potential overestimation of isotopic variability and increased uncertainty in dietary estimates.

The prey dataset did not include all species that likely contribute to the gray wolf diet.
Notably, the American beaver is a known dietary component of modern wolves in the Yukon
were not included in this study (Gable et al., 2018). As aquatic herbivores, beavers have distinct
isotopic composition (particularly for 6'*C values; Severud et al., 2013) , and their absence may
have led to inaccuracies or inflated uncertainty in the modern BSIMM outputs. Future studies
should incorporate beaver isotopic data, either through new sampling or published values, to test

their contribution more robustly.
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All BSIMMs assumed constant trophic discrimination factors across prey species, despite
known differences in diet, physiology, and metabolism. This assumption likely limited the
precision and ecological accuracy of the modeled wolf diets (Vesely et al., 2024) because the
TDFs between species may vary based on tissues synthesis and physiology (Stephens et al.,
2023). Future models should incorporate species-specific or experimentally derived TDFs

wherever possible.

When calculating priors for informed BSIMMSs, contemporary average body masses were
applied across all age subsets. However, prey body sizes likely varied significantly over the past
50,000 years in response to climate and environmental changes (Smith et al., 2018). As a result,
using modern body mass values for Pleistocene scenarios may have biased the outputs. Future

studies should account for temporal variability in animal size to refine biomass-based priors.

The dataset lacks sufficient representation of prey and wolf specimens from the Last
Glacial Maximum (LGM) and post-LGM periods, preventing the inclusion of 6*4/#?Ca data in
BSIMMS for these time slices. As a result, BSIMMs for these periods relied heavily on
literature-derived prey data, and any conclusions regarding these timeframes remain preliminary.

More targeted sampling from these periods is necessary for robust interpretation.

Although efforts were made to limit geographic spread, specimens were collected from
multiple sites across the Yukon (Figure 2). This spatial variability may have introduced isotopic
noise related to local geology or environmental differences, as well as potential regional dietary
adaptations among wolf populations. Future research should aim for even tighter spatial and

temporal control to minimize confounding factors particularly in dietary models.
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5 Conclusions

5.1 Summary of main findings

The pre-Last Glacial Maximum (LGM) and modern Bayesian stable isotope mixing
model (BSIMM) variations highlights how the addition of a third and independent dietary proxy,
such as calcium isotopes, can provide critical insights that complement 8'*C and 6'°N dietary
proxies (Figure 16, 17). The addition of calcium isotopes increased species isotopic
distinctiveness (Figure 18) which allowed for increased precision of the BSIMMs. Based on
those collective findings I recommend 6*/**Ca be applied in combination with 6'*C and 6"°N in
dietary mixing models to improve precision and decrease ambiguity in isotopic interpretation
potentially caused by 6'*C and 6'°N, particularly for studies with limited 6"*C distinctiveness and
largescale climate and landscape changes that may drive changes in 6'°N. These findings not
only refine the understanding of gray wolf feeding ecology but also present and further the
development of a new and exiting methodological advance that can be widely applicable for

future palaeobiological studies.

These findings not only highlight the benefit of introducing calcium isotopes as a third
dimension in diet and trophic reconstructions, but they provide critical insights on the
palaeoecology of Beringia. The BSIMM analyses using 6"*C, 8'°N, and 6*/**Ca provide
compelling evidence that Pleistocene gray wolves (>19 ka BP) in eastern Beringia maintained a
highly specialized diet, primarily focused on Beringian horses (Figure 15C,D, 16B, 17B)—
findings that are consistent with those of previous research (e.g., Landry et al., 2021). The
addition of calcium isotopes from this study further shows the degree to which Pleistocene gray
wolf diet was specialized on horse, findings that were not made possible by only applying

traditional stable isotopes dietary proxies.

The post-LGM (11 to 19 ka BP) BSIMM using 6"*C and "°N revealed that once gray wolves
lost their primary prey species following the extinction of horses in North America (~13ka BP;
(Guthrie, 2003; Running Horse Collins et al., 2025) they transitioned to a more generalist and
opportunistic feeding strategy, incorporating a broader range of prey including both large
ungulates (caribou and Dall sheep) and small mammals (Arctic ground squirrel and snowshoe

hare) (Figure 15B).
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The opportunistic nature of gray wolf diet persists in modern populations as shown by the
modern (<11 ka BP) BSIMM outputs that show gray wolves from southern Yukon primarily
consumed snowshoe hare and Arctic ground squirrels (Figure 15A, 16A, 17A)—likely reflecting
the high local abundance of these small mammals and the comparatively low availability of
caribou and moose in the region (Bergeron et al., 2024; Hodges, 1999; Milligan et al., 2023;
Yukon Wildlife, 2025¢). This suggests and confirms that contemporary gray wolf diet is heavily
influenced by regional prey abundance (Dalerum et al., 2018; Gable et al., 2018; Merkle et al.,
2017).

Collectively, these results reveal that over the past 50,000 years, gray wolves have
undergone a significant shift in feeding habits—from a more specialized and rigid diet to one that
is flexible and opportunistic. My findings not only support the hypothesis that gray wolves
underwent a dietary shift that was likely driven by the extinction of horses in North America
(Guthrie, 2003; Running Horse Collins et al., 2025) that coincided with large-scale ecological
and landscape changes across the region (Drucker, 2022; Rowland et al., 2016; Schwartz-
Narbonne et al., 2019; Yeakel et al., 2013), but they further demonstrate the extent to which gray
wolf diet was horse specialized and further illustrate the influence of regional prey abundance in
modern gray wolf diet. The capacity of gray wolves to adapt their diet and foraging strategies
may have been a key factor in their persistence through the terminal Pleistocene, a period marked
by the widespread extinction of megafauna (Barnosky, 2008; Koch & Barnosky, 2006; Mann et
al., 2015; Ripple & Van Valkenburgh, 2010).

5.2 Future studies and recommendations

The findings from this thesis highlight the robustness of calcium isotopes and supports
their reliability as a dietary proxy, particularly in environmentally dynamic systems where other
dietary proxies might be more limited and potentially introduce ambiguity. I show that
incorporating calcium isotopes as a dietary proxy provides a powerful method for recreating the
diet of a carnivore species. These findings illustrate a promising novel methodology that can be
reliably applied to a wide range of species, ecosystems, and epoch due to the robust and resistant

nature of calcium isotopes in bioapatite (i.e., tooth enamel) (Dodat et al., 2023). This can provide

84



critical insights into long-term predator-prey and trophic interactions, not only in extant

ecosystems but in palaco-communities.

Specifically, this methodological advancement can be applied to other species in eastern
Beringia. I recommend that future studies use this approach to enhance the understanding of
trophic relationships and potential niche partitioning among coexisting apex predators in eastern
Beringia during the terminal Pleistocene (e.g., scimitar cat, cave lion, giant short-faced bear,
etc.,). Applying the methods outlined in this thesis could not only advance the palacoecological
reconstruction of Beringia but also shed light on why certain species persisted while others went
extinct during the terminal Pleistocene. These insights may also inform the conservation of
modern carnivore species by giving insights to how extant species and modern ecosystem might
respond when facing similar ecological pressures, such as anthropogenically driven climate
change. This would be particularly useful for extant Arctic and northern species which are at
high risk due to Arctic amplified warming which is resulting in largescale landscape, habitat and

ecological changes (Hamilton et al., 2017; Laidre et al., 2020; Post et al., 2009).

Furthermore, I recommend that calcium isotopes in HAp can be used for dietary and
trophic reconstruction in systems where traditional proxies (carbon and nitrogen isotopes) may
introduce ambiguity in dietary interpretations due to the influence of shifting environmental
baselines (Casey & Post, 2011), the organic degradation of collagen (Balzer et al., 1997; Collins
et al., 2002; Hedges, 2002), and the increased susceptibility of bone to diagenetic alteration
(Dodat et al., 2023; Gillespie et al., 1984). The applicability of calcium isotopes across recent
and deep geologic time can provide critical insights to the trophic interactions of past

ecosystems, some of which have not been studied in detail due to a lack of reliable methodology.

Overall, multi-isotope approaches not only improve the resolution of dietary and trophic
reconstructions but also allow us to track shifts in feeding ecology, predator-prey interactions and
species response across long time scales with unprecedented specificity. As such, they represent
a powerful method for exploring ecological resilience and the adaptive feeding strategies of

species across recent and deep time.
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Appendix A: Supplementary Figures
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Figure 1. Radiocarbon calibration plots of samples that underwent radiocarbon dating in this thesis using OxCal v4.4
(Bronk Ramsey, 2009) depicting an age range (BP) with associated probability (95.4%).
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Figure 2. Histograms illustrating the distribution of: A) 8'3C (%o); B) 3*N (%o); C) §**/*2Caaipha (%0); D) Sr/Ca; and E)
Ba/Ca to assess normality.
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fossil (pink circles) samples. All samples fall within the accepted C:N range (2.9-3.6), indicating well preserved

collagen.
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Appendix B: Supplementary Tables

Table 1. Percent contributions and standard deviation of prey species sources to the diets of modern gray wolves
[<11 ka BP], post-LGM gray wolf [11-19 ka BP], LGM gray wolf [19-26 ka BP], and D) Pre-LGM gray wolves

[>26ka BP], from traditional proxy (8'*C [%o] and 6N [%o0]) BSIMMs including compiled published prey source
data* from uninformative and informed mixing models. Priors used in the informed mixing models listed and

calculated based on comparison of the average mass of each prey species to the target prey mass of a wolf pack.

*Note: References for published herbivore carbon and nitrogen stable isotope values from listed in Appendix D

Table 4.
Age subset Prey species Mean dietary | Standard Prior; Mean Standard
contribution deviation informed | dietary deviation
(%); (%); model contribution | (%);
uninformed uninformed (%); informed
model model informed model
model
Modern Bison 8.9 7.6 0.387 3.8 5.3
gray wolves | Caribou 4.7 4.4 2.224 10.5 6.5
Dall Sheep 7.9 7.9 1.006 8.6 8.7
RS BT g 15.2 G, 12.4 13.4
squirrel
Snowshoe hare | 52.2 20.5 0.732 56.9 19.4
Moose 8.8 8.5 0.921 7.8 7.8
Post-LGM ArCFlC ground 2 16 20.7 16.5
gray wolves | squirrel 0.718
Dall Sheep 16.1 13.8 0.991 18.6 15.4
Snowshoe hare | 21.9 14.6 0.720 22.7 16.7
Caribou 14.8 10.9 2.190 28.3 13.1
Bison 25 17.1 0.381 9.8 12.6
LGM gray Bison 32.8 21.3 0.249 5 11.5
wolves Woolly
mammoth 24.3 18.7 0.021 0.4 3
Horse 14.7 14.2 2.657 77.8 20.1
Caribou 10.7 9.9 1.428 10 8.5
Dall sheep 17.5 17.1 0.646 6.8 12
Pre-LGM Bison 8.2 7.8 0.177 1.3 3.1
gray wolves | Horse 23 19.5 1.891 44.8 10.7
Woolly
mammoth oy [0 0.015 v v
Muskox 20.6 14.8 2.441 30.9 16.4
Caribou 14.1 12.9 1.017 16.1 11.8
Dall sheep 21.3 18.8 0.460 6.9 10.7
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Table 2. Percent contributions and standard deviation of prey species sources to the diets of modern gray wolves
[<11 ka BP], post-LGM gray wolf [11-19 ka BP], LGM gray wolf [19-26 ka BP], and D) Pre-LGM gray wolves
[>26ka BP], from traditional proxy (3'*C [%o] and 6'*N [%o0]) BSIMMs from uninformative and informed mixing
models. Priors used in the informed mixing models listed and calculated based on comparison of the average mass
of each prey species to the target prey mass of a wolf pack.

Age subset Prey species Mean dietary | Standard Prior; Mean Standard
contribution deviation informed dietary deviation
(%); (%); model contribution | (%);
uninformed uninformed (%); informed
model model informed model
model
Modern Caribou 5.8 5.7 1.981 12.1 8.2
gray wolves | Dall sheep 6.3 5.9 0.896 53 54
RS I g 15.8 s 13.1 14.7
squirrel
Snowshoe hare | 60.9 19.6 0.652 62.2 19.2
Moose 9.1 8.3 0.821 7.3 7.8
Pre-LGM Bison 6.1 7.3 0.177 1 2.3
gray wolves | Horse 58.5 22.8 1.891 69.4 13.4
Woolly
mammoth 6.8 7.9 0.015 0.1 0.7
Muskox 17.2 13.7 2.441 22.9 11.9
Caribou 5.8 6.8 1.017 4.6 5
Dall sheep 5.5 6.9 0.460 2.1 3.1

Table 3. Percent contributions and standard deviation of prey species sources to the diets of modern gray wolves
[<11 ka BP], post-LGM gray wolf [11-19 ka BP], LGM gray wolf [19-26 ka BP], and D) Pre-LGM gray wolves
[>26ka BP], from traditional and novel proxies (8"*C [%o], '*N [%o], and d*/*2Caaipha [%0] ) BSIMMs from

uninformative and informed mixing models. Priors used in the informed mixing models listed and calculated based
on comparison of the average mass of each prey species to the target prey mass of a wolf pack.

Age subset Prey species Mean dietary | Standard Prior; Mean Standard
contribution deviation informed dietary deviation
(%); (%); model contribution | (%);
uninformed uninformed (%); informed
model model informed model
model
Modern Caribou 3.7 3.2 1.981 6.7 4.1
gray wolves | Dall sheep 4 3.7 0.896 3.5 3.7
AU GO | 5 o 21.4 WAL 26.6 25.6
squirrel
Snowshoe hare | 59.8 22.6 0.652 58.2 26.9
Moose 6.1 54 0.821 5 4.8
Pre-LGM Bison 3.4 3.3 0.177 0.7 1.5
gray wolves | Horse 82.8 7.5 1.891 83.5 8.1
Woolly
mammoth Sl 2 0.015 0 0.1
Muskox 4.8 5.1 2.441 11.7 7.6
Caribou 2.5 23 1.017 24 2.3
Dall sheep 34 3.5 0.460 1.6 24
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Appendix C: Data Availability Tables

Table 1. Specimen metadata compiling including sample ID, CMN specimen ID, 14C ID, species, sample type, Age subset, Feeding behaviour, Gut physiology, region, latitude and longitude,
Enamel substrate, Bone substrate, and carbon, nitrogen and radiocarbon reference.

Sample | Specimen 14C ID Species Sample | Age Feeding Gut Region Latitude | Longitude | Enamel Bone 013C,015N,
ID ID type subset behaviour | physiology substrate | substrate | 14C
Reference
EL110 CMNMA N/A Rangifer Modern | Modern | Mixed Polygastric Old Crow 67.6 -139.8 m3 N/A Landry et al.
36094 tarandus sample (2021)
EL112 CMNMA N/A Rangifer Modern | Modern | Mixed Polygastric Old Crow 67.6 -139.8 m3 N/A Landry et al.
36095 tarandus sample (2021)
EL115 CMNMA N/A Rangifer Modern | Modern | Mixed Polygastric Old Crow 67.6 -139.8 m3 N/A Landry et al.
33487 tarandus sample (2021)
EL118 CMNMA N/A Rangifer Modern | Modern | Mixed Polygastric Old Crow 61.1 -128.5 m3 N/A Landry et al.
31747 tarandus sample (2021)
EL122 CMNMA N/A Rangifer Modern | Modern | Mixed Polygastric Old Crow 60.1 -133.4 M3 N/A Landry et al.
36278 tarandus sample (2021)
EL125 CMNFV UoC- Rangifer Beringia | Pre- Mixed Polygastric Dawson 64.1 -139.4 m3 Jaw bone | this study
33764 26473 tarandus sample LGM
EL127L | CMNFV UoC- Rangifer Beringia | Modern | Mixed Polygastric Old Crow 68.4 -141.4 m3 Jaw bone | this study
51488 26470 tarandus sample
EL130 CMNFV UoC- Rangifer Beringia | Modern | Mixed Polygastric Old Crow 68.4 -141.4 m3 Jaw bone | this study
51492 26469 tarandus sample
EL133L | CMNFV UoC- Rangifer Beringia | Modern | Mixed Polygastric Old Crow 68.4 -141.4 m3 Jaw bone | this study
51480 26471 tarandus sample
EL136 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 63.4 -139.5 ml N/A Landry et al.
31759 sample (2021)
EL137 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 62.6 -140.0 ml N/A Landry et al.
33453 sample (2021)
EL138 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 62.6 -140.0 ml N/A Landry et al.
33455 sample (2021)
EL139 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 63.4 -139.5 ml N/A Landry et al.
31760 sample (2021)
EL140 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 63.7 -135.4 ml N/A Landry et al.
33456 sample (2021)
EL141 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Old Crow 67.3 137.8 ml N/A Landry et al.
36162 sample (2021)
EL142 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 62.6 -140.0 ml N/A Landry et al.
33454 sample (2021)
EL143 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 63.7 -1354 ml N/A Landry et al.
30923 sample (2021)
EL144 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 63.7 -1354 ml N/A Landry et al.
30924 sample (2021)
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Sample | Specimen 14C ID Species Sample | Age Feeding Gut Region Latitude | Longitude | Enamel Bone 013C,015N,
ID ID type subset behaviour | physiology substrate | substrate | 14C
Reference

EL145 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 63.7 -135.4 ml N/A Landry et al.
30925 sample (2021)

EL146 CMNFV N/A Canis lupus Beringia | Pre- Carnivore | Monogastric | Old Crow 68.4 -141.4 Ml N/A Landry et al.
48450 sample LGM (2021)

EL147 CMNFV N/A Canis lupus Beringia | Pre- Carnivore | Monogastric | Old Crow 68.4 -141.4 ml N/A Landry et al.
48020 sample LGM (2021)

EL148 CMNFV UOC- Rangifer Beringia | Pre- Mixed Polygastric Dawson 64.1 -139.4 M3 Jaw bone | this study
29050 26474 tarandus sample LGM

EL149 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 63.4 -139.5 ml N/A Landry et al.
31751 sample (2021)

EL150 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Y.T.-B.C. 60.0 -133.9 ml N/A Landry et al.
34691 sample (2021)

EL151 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 62.6 -140.0 ml N/A Landry et al.
33457 sample (2021)

EL152 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Dawson 63.3 -138.3 ml N/A Landry et al.
14106 sample (2021)

EL153 CMNMA N/A Canis lupus Modern | Modern | Carnivore | Monogastric | Ross River | 62.0 -132.4 ml N/A Landry et al.
18133 sample (2021)

EL154 CMNFV UOC- Bison Beringia | Pre- Grazer Polygastric Dawson 63.7 -138.5 m3 Jaw bone | this study
13524 26464 priscus, bison | sample LGM

crassicornis

EL155 CMNFV UoC- Bison sp. Beringia | Post- Grazer Polygastric Old Crow 68.4 -141.4 m3 Jaw bone | this study
16523 26466 sample LGM

EL156 CMNFV UoC- Bison sp. Beringia | Pre- Grazer Polygastric Old Crow 68.4 -141.4 m3 Jaw bone | this study
15241 26468 sample | LGM

EL157 CMNFV UoOC- Bison sp. Beringia | Pre- Grazer Polygastric Dawson 64.0 -139.2 m3 Jaw bone | this study
35552 26467 sample LGM

EL158 CMNFV UoOC- Bison sp. Beringia | Pre- Grazer Polygastric Dawson 63.7 -138.5 m3 Jaw bone | this study
34651 26465 sample | LGM

EL159 CMNFV N/A Canis lupus Beringia | Pre- Carnivore | Monogastric | Old Crow 68.4 -141.4 p4 N/A Landry et al.
48454 sample LGM (2021)

EL160 CMNFV N/A Canis lupus Beringia | Pre- Carnivore | Monogastric | Old Crow 68.4 -141.4 ml N/A Landry et al.
48432 sample LGM (2021)

EL161 CMNFV N/A Canis lupus Beringia | Pre- Carnivore | Monogastric | Old Crow 68.4 -141.4 ml N/A Landry et al.
28866 sample LGM (2021)

EL162 CMNFV N/A Canis lupus Beringia | Pre- Carnivore | Monogastric | Dawson 64.0 -139.2 ml N/A Landry et al.
25954 sample LGM (2021)

EL163 CMNFV N/A Canis lupus Beringia | Pre- Carnivore | Monogastric | Old Crow 68.4 -141.4 ml N/A Landry et al.
48614 sample LGM (2021)

EL164 CMNFV UoC- Canis lupus Beringia | Pre- Carnivore | Monogastric | Old Crow 68.4 -141.4 p4 Jaw bone | this study
18716 26476 sample | LGM
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Sample | Specimen 14C ID Species Sample | Age Feeding Gut Region Latitude | Longitude | Enamel Bone 013C,015N,
ID ID type subset behaviour | physiology substrate | substrate | 14C
Reference

EL165 CMNFV UoC- Canis lupus Beringia | Post- Carnivore | Monogastric | Old Crow 68.4 -141.4 p4 Jaw bone | this study
27197 26477 sample LGM

EL166 CMNFV UOC- Canis lupus Beringia | Pre- Carnivore | Monogastric | Old Crow 68.4 -141.4 p4 Jaw bone | this study
24902 26475 sample LGM

EL176 CMNFV UOC- Ovibos sp. Beringia | Pre- Grazer Polygastric Old Crow 68.4 -141.4 m3 Jaw bone | this study
22509 26467 sample LGM

EL177 CMNFV UOC- Ovis dalli Beringia | Pre- Grazer Polygastric Dawson 64.0 -139.2 m3 Jaw bone | this study
35265 26464 sample LGM

EL178 CMNFV UOC- Ovis dalli Beringia | Pre- Grazer Polygastric Dawson 64.0 -139.2 m3 Jaw bone | this study
33762 26466 sample LGM

EL179 CMNFV UOC- Ovis dalli Beringia | Pre- Grazer Polygastric Dawson 65.6 -138.3 m3 Jaw bone | this study
17703 26468 sample LGM

EL180 CMNMA N/A Lepus Modern | Modern | Grazer Monogastric | Dawson 64.5 -138.2 Bone, Vertabrae | this study
29419 americanus sample vertabrae

EL183 CMNMA N/A Lepus Modern | Modern | Grazer Monogastric | Old Crow 67.8 -139.7 Bone, Vertabrae | this study
33702 americanus sample vertabrae

EL185 CMNMA3 | N/A Urocitellus Modern | Modern | Mixed Monogastric | Old Crow 67.8 -139.8 Bone, Femer this study
3732 parryii sample femer

EL187 CMNMA3 | N/A Urocitellus Modern | Modern | Mixed Monogastric | Whitehorse | 64.6 -138.3 Bone, Femer this study
3746 parryii sample femer

EL190 CMNMA2 | N/A Ovis dalli Modern | Modern | Grazer Polygastric Dawson 64.6 -138.2 m3 Jaw bone | this study
9841 sample

EL191 CMNMA3 | N/A Ovis dalli Modern | Modern | Grazer Polygastric Y.T.-B.C. 67.6 -136.4 m3 Jaw bone | this study
0626 sample

EL192 CMNMA N/A Alces alces Modern | Modern | Browser Polygastric NWT 67.6 -135.3 m3 Jaw bone | this study
26303 sample

EL195 CMNMA N/A Alces alces Modern | Modern | Browser Polygastric Dawson 64.6 -138.4 m3 Jaw bone | this study
29838 sample

EL196 CMNMA N/A Alces alces Modern | Modern | Browser Polygastric Dawson 64.8 -138.3 m3 Jaw bone | this study
29839 sample

EL200 CMNMA N/A Alces alces Modern | Modern | Browser Polygastric Dawson 64.6 -138.4 m3 Jaw bone | this study
29837 sample

EL201 CMNMA N/A Alces alces Modern | Modern | Browser Polygastric Ivvaik 68.8 -140.2 m3 Jaw bone | this study
30623 sample National

Park (North
Y.T)

EL202 CMNFV UOoC- Mammuthus | Beringia | Pre- Grazer Monogastric | Dawson 64.1 -139.4 M3 Dentin, this study
34743 26465 primigenius sample LGM M3

EL205 CMNFV UoC- Mammuthus | Beringia | Pre- Grazer Monogastric | Old Crow 68.4 -141.4 M3 Dentin, this study
57180 26484 primigenius sample LGM M3

EL207 CMNFV UOoC- Mammuthus | Beringia | Pre- Grazer Monogastric | Old Crow 68.4 -141.4 M3 Dentin, this study
49389 26485 primigenius sample LGM M3
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Sample | Specimen 14C ID Species Sample | Age Feeding Gut Region Latitude | Longitude | Enamel Bone 013C,015N,
ID ID type subset behaviour | physiology substrate | substrate | 14C
Reference
EL208 CMNFV UoC- Mammuthus | Beringia | Pre- Grazer Monogastric | Dawson 64.1 -139.4 M3 Dentin, this study
34742 26483 primigenius sample LGM M3
EL210 CMNFV UOC- Mammuthus | Beringia | Pre- Grazer Monogastric | Old Crow 68.4 -141.4 M3 Dentin, this study
43088 26472 primigenius sample LGM M3
EL220 CMNFV N/A Canis lupus Beringia | Pre- Carnivore | Monogastric | Dawson 64.0 -139.2 ml N/A Landry et al.
35964 sample LGM (2021)
EL223 CMNFV N/A Canis lupus Beringia | Pre- Carnivore | Monogastric | Old Crow 68.4 -141.4 P4 N/A Landry et al.
43051 sample LGM (2021)
EL224 CMNFV N/A Canis lupus Beringia | LGM Carnivore | Monogastric | Dawson 64.0 -139.2 P4 N/A Landry et al.
9929 sample (2021)
EL226 CMNFV N/A Canis lupus Beringia | Pre- Carnivore | Monogastric | Old Crow 68.4 -141.4 Ml N/A Landry et al.
24939 sample LGM (2021)
EL228 CMNFV18 | UOC- Lepus Beringia | Modern | Grazer Monogastric | Old Crow 68.4 -141.4 Bone Bone this study
597 26486 americanus sample
EL229 CMNFV N/A Equus sp. Beringia | Pre- Grazer Monogastric | Dawson 64.1 -139.4 P4 N/A Landry et al.
44469 sample LGM (in prep)
EL230 CMNFV N/A Equus sp. Beringia | LGM Grazer Monogastric | Dawson 64.1 -139.4 P4 N/A Landry et al.
7748 sample (in prep)
EL231 CMNFV N/A Equus sp. Beringia | LGM Grazer Monogastric | Dawson 64.1 -139.4 P4 N/A Landry et al.
46520 sample (in prep)
EL232 CMNFV N/A Equus sp. Beringia | Pre- Grazer Monogastric | Old Crow 68.4 -141.4 P4 N/A Landry et al.
23670 sample LGM (in prep)
EL233 CMNFV N/A Equus sp. Beringia | Pre- Grazer Monogastric | Old Crow 68.4 -141.4 P4 N/A Landry et al.
20139 sample LGM (in prep)
EL234 CMNFV UoOC- Urocitellus Beringia | Pre- Mixed Monogastric | Old Crow 68.4 -141.4 Bone Bone this study
31317 26487 parryii sample LGM
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Table 2. Radiocarbon, stable isotope and elemental data compiling including sample ID, CMN specimen ID, 14C ID, C:N, 14C age (radiocarbon age [BP]), 14C age uncertainty (radiocarbon

age uncertainty [BP]), Cal (Calibrated radiocarbon age [BP]), Median cal [Median calibrated radiocarbon age [BP]), 83C (%0)*, 8'*N (%o), 5****Caaipha (%o0), Analytical precision for calcium

isotopes (2SE d*/*2Caaipha [%o]), St/Ca, Ba/Ca, and Ca/P.

*Note: 0°°C values have undergone atmospheric CO; correction following the protocols in Long et al., 2005

Sample ID | Specimen C:N 14C 14C age Cal Median 613C 015N 044/42Ca 2SE Sr/Ca Ba/Ca Ca/P

ID uncertainty cal (BP) (%o0)* (%o) Alpha (%) 044/42Ca
age (BP) (BP) Alpha
(BP)

EL110 CMNMA N/A N/A N/A N/A N/A -21.8 23 -1.282 0.049 6.78E-04 | 1.38E-03 | 1.620
36094

EL112 CMNMA N/A N/A N/A N/A N/A -20.2 2.8 -1.303 0.035 6.22E-04 | 1.15E-03 | 1.649
36095

ELI115 CMNMA N/A N/A N/A N/A N/A -21.0 43 -1.371 0.050 4.78E-04 | 4.15E-04 | 1.661
33487

EL118 CMNMA N/A N/A N/A N/A N/A -20.1 43 -1.388 0.087 1.12E-03 | 1.05E-03 | 1.642
31747

EL122 CMNMA N/A N/A N/A N/A N/A -19.9 2.9 -1.255 0.064 1.31E-03 | 1.44E-03 | 1.613
36278

EL125 CMNFV 3.33 >42400 N/A N/A N/A -18.4 2.2 -1.462 0.128 8.96E-04 | 7.13E-04 | 1.417
33764

EL127L CMNFV 3.33 6490 25 7458- 7391.5 -17.8 2.04 -1.406 0.072 6.52E-04 | 1.88E-03 | 1.466
51488 7325

EL130 CMNFV 3.37 690 20 673-572 622.5 -19.1 2.47 -1.390 0.058 6.45E-04 | 1.34E-03 | 1.429
51492

EL133L CMNFV 3.38 1040 20 958-924 941 -18.9 2.31 -1.446 0.063 9.62E-04 | 2.21E-03 | 1.661
51480

EL136 CMNMA N/A N/A N/A N/A N/A -22.1 6.5 -1.461 0.071 7.41E-04 | 2.11E-04 | 1.686
31759

EL137 CMNMA N/A N/A N/A N/A N/A -22.6 5.8 -1.360 0.093 6.23E-04 | 2.08E-04 | 1.641
33453
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Sample ID | Specimen C:N 14C 14C age Cal Median 013C 015N 044/42Ca 2SE Sr/Ca Ba/Ca Ca/P
ID uncertainty cal (BP) (%o)* (%) Alpha (%o) 044/42Ca
age (BP) (BP) Alpha
(BP)
EL138 CMNMA N/A N/A N/A N/A N/A -22.6 5.6 -1.451 0.079 6.03E-04 | 1.57E-04 | 1.609
33455
EL139 CMNMA N/A N/A N/A N/A N/A 211 6.4 -1.526 0.075 8.37E-04 | 1.81E-04 | 1.588
31760
EL140 CMNMA N/A N/A N/A N/A N/A -22.5 5.7 -1.576 0.045 5.45E-04 | 1.57E-04 | 1.629
33456
EL141 CMNMA N/A N/A N/A N/A N/A -19.6 7.5 -1.579 0.024 4.43E-04 | 2.12E-04 | 1.627
36162
EL142 CMNMA N/A N/A N/A N/A N/A -22.3 5.7 -1.490 0.055 5.60E-04 | 1.48E-04 | 1.689
33454
EL143 CMNMA N/A N/A N/A N/A N/A -22.3 7.2 -1.489 0.059 8.96E-04 | 3.38E-04 | 1.669
30923
EL144 CMNMA N/A N/A N/A N/A N/A -19.1 7.7 -1.416 0.093 8.62E-04 | 3.10E-04 | 1.644
30924
EL145 CMNMA N/A N/A N/A N/A N/A -21.0 6.4 -1.337 0.045 8.01E-04 | 1.99E-04 | 1.622
30925
EL146 CMNFV N/A see see Landry et | see 39190 -19.0 10.3 -1.464 0.074 7.06E-04 | 1.40E-03 | 1.302
48450 Landry et | al. (2021) Landry et
al. (2021) al. (2021)
EL147 CMNFV N/A see see Landry et | see 39190 N/A N/A -1.473 0.059 8.02E-04 | 2.46E-03 | 1.277
48020 Landry et | al. (2021) Landry et
al. (2021) al. (2021)
EL148 CMNFV 3.48 >42400 N/A N/A N/A -19.2 3.1 -1.383 0.039 1.06E-03 | 1.54E-03 | 1.592
29050
EL149 CMNMA N/A N/A N/A N/A N/A -25.3 5.8 -1.565 0.067 9.99E-04 | 4.79E-04 | 1.637
31751
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Sample ID | Specimen C:N 14C 14C age Cal Median 013C 015N 044/42Ca 2SE Sr/Ca Ba/Ca Ca/P
ID uncertainty cal (BP) (%0)* (%o) Alpha (%o) 044/42Ca
age (BP) 018 Alpha
(BP)
EL150 CMNMA N/A N/A N/A N/A N/A -22.2 6.6 -1.446 0.043 1.11E-03 | 1.95E-04 | 1.652
34691
ELI151 CMNMA N/A N/A N/A N/A N/A -22.6 5.5 -1.485 0.053 6.53E-04 | 1.36E-04 | 1.657
33457
EL152 CMNMA N/A N/A N/A N/A N/A -20.2 8.1 -1.608 0.050 6.51E-04 | 1.94E-04 | 1.613
14106
EL153 CMNMA N/A N/A N/A N/A N/A -22.4 7 -1.533 4.63E-04 | 2.97E-04 | 1.644
18133
EL154 CMNFV 3.26 >42400 N/A N/A N/A -19.3 5.9 -1.000 0.088 1.09E-03 | 8.75E-04 | 1.655
13524
EL155 CMNFV 3.30 12500 45 14987- 14662.5 -20.6 2.52 -1.101 0.107 8.30E-04 | 2.43E-03 | 1.408
16523 14338
EL156 CMNFV 3.31 >42400 N/A N/A N/A -20.4 5.27 -1.114 0.059 7.32E-04 | 2.60E-03 | 2.348
15241
EL157 CMNFV 3.31 >42400 N/A N/A N/A -20.2 4.23 -1.139 0.061 6.82E-04 | 1.25E-03 | 1.520
35552
EL158 CMNFV 3.28 >42400 N/A N/A N/A -19.6 5.45 -1.132 0.031 9.42E-04 | 1.36E-03 | 1.504
34651
EL159 CMNFV N/A see see Landry et | see 44500 -21.1 5.8 -1.619 0.044 8.83E-04 | 2.21E-03 | 1.325
48454 Landry et | al. (2021) Landry et
al. (2021) al. (2021)
EL160 CMNFV N/A see see Landry et | see 39190 -22.4 9.8 -1.286 0.047 9.68E-04 | 1.27E-03 | 1.509
48432 Landry et | al. (2021) Landry et
al. (2021) al. (2021)
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Sample ID | Specimen C:N 14C 14C age Cal Median 013C 015N 044/42Ca 2SE Sr/Ca Ba/Ca Ca/P
ID uncertainty cal (BP) (%0)* (%o) Alpha (%o) 044/42Ca
age (BP) 018 Alpha
(BP)
EL161 CMNFV N/A see see Landry et see 44500 -21.6 9.9 -1.513 0.038 7.82E-04 | 1.48E-03 | 1.445
28866 Landry et | al. (2021) Landry et
al. (2021) al. (2021)
EL162 CMNFV N/A >49 900 N/A N/A N/A -20.6 9.7 -1.281 0.097 1.82E-03 | 8.88E-04 | 1.337
25954
EL163 CMNFV N/A see see Landry et | see 39190 -21.8 7.4 -1.543 0.089 1.11E-03 | 1.43E-03 | 1.376
48614 Landry et | al. (2021) Landry et
al. (2021) al. (2021)
EL164 CMNFV 3.35 40600 1200 45669- 44057 -20.6 10.97 -1.486 0.072 7.81E-04 | 8.48E-04 | 1.499
18716 42445
EL165 CMNFV 3.30 12000 40 14025- 13819 -19.9 6.47 -1.381 0.080 7.13E-04 | 6.70E-04 | 1.469
27197 13613
EL166 CMNFV 3.43 37900 820 43020- 42112.5 -20.6 10.42 -1.404 0.076 9.75E-04 | 1.12E-03 | 1.384
24902 41205
EL176 CMNFV 3.32 >42400 N/A N/A -20.5 4.13 -1.405 0.048 7.23E-04 | 1.35E-03 | 1.512
22509
EL177 CMNFV 3.29 26900 210 31279- 30861 -19.2 5.42 -1.151 0.079 1.48E-03 | 1.60E-03 | 1.334
35265 30443
EL178 CMNFV 3.29 >42400 N/A N/A N/A -19.0 6.87 -0.977 0.068 1.67E-03 | 2.00E-03 | 1.634
33762
EL179 CMNFV 3.36 >42400 N/A N/A N/A -20.1 3.43 -1.029 0.080 1.99E-03 | 1.42E-03 | 1.347
17703
EL180 CMNMA N/A N/A N/A N/A N/A N/A N/A -1.113 0.085 2.50E-03 | 1.87E-03 | 1.630
29419
EL183 CMNMA 3.16 N/A N/A N/A N/A -23.6 -0.17 -1.046 0.050 1.03E-03 | 1.18E-03 | 1.814
33702
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Sample ID | Specimen C:N 14C 14C age Cal Median 013C 015N 044/42Ca 2SE Sr/Ca Ba/Ca Ca/P

ID uncertainty cal (BP) (%o0)* (%o) Alpha (%) 044/42Ca
age (BP) 018 Alpha
(BP)

EL185 CMNMA 3.23 N/A N/A N/A N/A -22.8 6.79 -0.856 0.048 5.78E-04 | 1.77E-04 | 1.728
33732

EL187 CMNMA 3.24 N/A N/A N/A N/A -21.9 1.28 -0.913 0.095 9.44E-04 | 2.47E-04 | 1.683
33746

EL190 CMNMA 3.15 N/A N/A N/A N/A -20.1 1.55 -1.209 0.036 1.11E-03 | 8.72E-04 | 1.688
29841

EL191 CMNMA 3.12 N/A N/A N/A N/A -20.2 2.02 -1.537 0.017 1.11E-03 | 1.71E-03 | 1.667
30626

EL192 CMNMA 3.12 N/A N/A N/A N/A 214 1.49 -1.189 0.094 1.21E-03 | 5.60E-04 | 1.724
26303

EL195 CMNMA 3.11 N/A N/A N/A N/A -21.3 0.41 -1.148 0.062 7.13E-04 | 1.62E-04 | 1.642
29838

EL196 CMNMA 3.11 N/A N/A N/A N/A -20.4 1.36 -1.069 0.006 3.21E-04 | 3.05E-04 | 1.626
29839

EL200 CMNMA 3.18 N/A N/A N/A N/A -21.2 1.51 -1.215 0.061 9.50E-04 | 4.57E-04 | 1.637
29837

EL201 CMNMA 3.15 N/A N/A N/A N/A -21.2 1.13 -1.061 0.058 5.57E-04 | 5.74E-05 | 1.685
30623

EL202 CMNFV 3.31 >42400 N/A N/A N/A -21.2 8.49 -1.078 0.096 8.89E-04 | 3.07E-04 | 1.342
34743

EL205 CMNFV 3.36 >42400 N/A N/A N/A 21.1 9.99 -1.014 0.082 1.17E-03 | 6.60E-04 | 1.279
57180

EL207 CMNFV 3.32 28400 260 33271- 32518.5 -21.4 10.28 -1.083 0.073 8.83E-04 | 3.07E-04 | 1.409
49389 31766
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Sample ID | Specimen C:N 14C 14C age Cal Median 013C 015N 044/42Ca 2SE Sr/Ca Ba/Ca Ca/P
ID uncertainty cal (BP) (%o)* (%) Alpha (%o) 644/42Ca
age (BP) 018 Alpha
(BP)
EL208 CMNFV 3.31 >42400 N/A N/A N/A -20.9 8.08 -1.287 0.076 1.69E-03 | 1.61E-03 | 1.214
34742
EL210 CMNFV 3.31 >42400 N/A N/A N/A -22.3 9.99 -1.208 0.092 1.53E-03 | 2.94E-03 | 1.493
43088
EL220 CMNFV N/A >49 900 N/A N/A N/A -21.2 9.5 -1.240 0.106 9.45E-04 | 1.25E-03 | 1.997
35964
EL223 CMNFV N/A see see Landry et | see 45400 -21.8 9.4 -1.271 0.101 1.32E-03 | 2.86E-03 | 1.631
43051 Landry et | al. (2021) Landry et
al. (2021) al. (2021)
EL224 CMNFV N/A see see Landry et | see 20910 -21.7 12.5 -1.025 0.040 1.74E-03 | 5.29E-04 | 1.506
9929 Landry et | al. (2021) Landry et
al. (2021) al. (2021)
EL226 CMNFV N/A see see Landry et | see 39190 -20.3 6.7 -1.371 0.090 9.95E-04 | 1.35E-03 | 1.481
24939 Landry et | al. (2021) Landry et
al. (2021) al. (2021)
EL228 CMNFV 3.41 4940 25 5718- 5657.5 -23.0 1.77 -0.969 0.094 4.67E-03 | 1.96E-02 | 1.571
5597
18597
EL229 CMNFV N/A 28800 see Landry et | 32976 32976 -20.2 5.1 -0.862 0.063 1.45E-03 | 6.35E-04 | 1.484
44469 al. (in prep)
EL230 CMNFV N/A 18228 see Landry et | 22188 22188 -21.0 6 -0.648 0.057 1.43E-03 | 1.02E-04 | 1.385
7748 al. (in prep)
EL231 CMNFV N/A 20201 see Landry et | 24288 24288 -21.4 6.5 -0.701 0.067 1.18E-03 | 1.01E-03 | 1.441
46520 al. (in prep)
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Sample ID | Specimen C:N 14C 14C age Cal Median 013C 015N 044/42Ca 2SE Sr/Ca Ba/Ca Ca/P
ID uncertainty cal (BP) (%0)* (%o) Alpha (%o) 044/42Ca
age (BP) 018 Alpha
(BP)
EL232 CMNFV N/A 37904 see Landry et | 42170 42170 -21.7 6.7 -0.929 0.027 1.55E-03 | 3.44E-03 | 1.399
23670 al. (in prep)
EL233 CMNFV N/A 40425 see Landry et | 43792 43792 -21.1 5.5 -1.033 0.126 9.97E-04 | 1.11E-03 | 1.696
20139 al. (in prep)
EL234 CMNFV 3.41 >42400 1400 N/A N/A -21.2 2.5 -0.957 0.023 4.76E-03 | 2.63E-02 | 1.070
31317
Table 3. REE data compiling including sample ID, CMN specimen ID, REE NASC normalized concentrations*, La/Sm, LA/Yb, and Europium concentration (ppm).
Sam | Specime | Sample | Regio | La* Ce* Pr* Nd* Sm* Eu* Gd* Th* Dy* Ho* Er* Tm* | Yb* Lu* La/S | La/Y | Eu
ple n ID type n m b (pp
ID m)
EL11 | CMNMA | Modern | Old 5.77E | 3.42E | 6.74E | 3.67E | 2.11E | 6.58E | 4.03E | 6.27E | 4.05E | 4.71E | 3.20E | 5.80E | 3.81E | 1.99E | 2.73E | 1.51E | 8.16
0 36094 sample | Crow | -03 -03 -02 -02 -03 -03 -03 -03 -03 -03 -03 -02 -01 +00 E-
02
EL11 | CMNMA | Modern | Old 2.19E | 9.74E | 1.29E | 1.74E | 1.92E | 5.46E | 2.23E | 3.04E | 8.67E | 1.06E | 2.29E | 2.47E | 0.00E | 1.12E | 1.14E | N/A 6.77
2 36095 sample | Crow | -03 -03 -02 -02 -03 -03 -04 -03 -03 -03 +00 -02 -01 E-
02
EL11 | CMNMA | Modern | Old 1.99E | 7.72E | 1.86E | 1.34E | 1.01E | 2.51E | 1.46E | 2.09E | 1.36E | 2.87E | 1.13E | 1.67E | 7.37E | 8.23E | 1.97E | 2.70E | 3.12
5 33487 sample | Crow | -03 -03 -02 -02 -03 -03 -03 -03 -03 -03 -04 -03 -01 +00 E-
02
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Sam | Specime | Sample | Regio | La* | Ce* Pr* Nd* Sm* | Eu* Gd* Tb* Dy* Ho* Er* Tm* | Yb* Lu* La/S | La/Y | Eu
ple n ID type n m b (pp
ID m)
EL11 | CMNMA | Modern | Old 1.70E | 7.82E | 7.90E | 2.35E | 2.34E | 7.67E | 2.66E | 2.37E | 5.07E | 1.35E | 1.12E | 1.95E | 1.10E | 5.44E | 7.26E | 1.55E | 9.51
8 31747 sample | Crow | -03 -04 -04 -03 -02 -02 -03 -03 -04 -03 -03 -03 -03 -03 -02 +00 E-
02
EL1 | CMNMA | Modern | Old 7.31E | 3.05E | 8.27E | 1.96E | 3.11E | 9.35E | 9.32E | 2.19E | 1.63E | 2.45E | 8.08E | 2.90E | 0.00E | 5.26E | 2.35E | N/A 1.16
22 36278 sample | Crow | -04 -04 -04 -03 -02 -02 -04 -03 -04 -03 -04 -03 +00 -03 -02 E-
01
EL1 | CMNFV | Beringi | Daws | 2.06E | 9.47E | 2.11E | 9.20E | 2.25E | 3.18E | 3.16E | 3.02E | 2.22E | 2.68E | 1.76E | 1.54E | 1.62E | 1.78E | 9.17E | 1.27E | 3.95
25 33764 a on -02 -03 -02 -03 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -01 +00 E-
sample 02
EL1 | CMNFV | Beringi | Old 9.04E | 470E | 1.05E | 4.50E | 1.20E | 1.44E | 1.70E | 1.67E | 1.07E | 1.41E | 9.24E | 8.51E | 7.09E | 6.90E | 7.55E | 1.28E | 1.79
27L | 51488 a Crow | -02 -02 -01 -02 -01 -01 -01 -01 -01 -01 -02 -02 -02 -02 -01 +00 E-
sample 01
EL1 | CMNFV | Beringi | Old 9.58E | 6.18E | 1.19E | 6.60E | 1.74E | 2.11E | 2.48E | 2.25E | 1.62E | 1.86E | 1.32E | 1.18E | 1.05E | 1.09E | 5.52E | 9.16E | 2.62
30 51492 a Crow | -02 -02 -01 -02 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 E-
sample 01
EL1 | CMNFV | Beringi | Old 8.12E | 421E | 9.36E | 4.20E | 1.02E | 1.33E | 1.61E | 1.48E | 9.80E | 1.29E | 8.13E | 7.42E | 8.02E | 6.99E | 7.94E | 1.01E | 1.65
33L | 51480 a Crow | -02 -02 -02 -02 -01 -01 -01 -01 -02 -01 -02 -02 -02 -02 -01 +00 E-
sample 01
EL1 | CMNMA | Modern | Daws | 9.56E | 3.87E | 5.11E | 5.46E | 5.21E | 0.00E | 3.31E | 1.29E | 6.55E | 1.30E | 1.35E | 8.74E | 2.48E | 5.28E | 1.84E | 3.86E | 0.00
36 31759 sample | on -04 -04 -04 -04 -03 +00 -03 -02 -04 -03 -03 -04 -03 -03 -01 -01 E+0
0
EL1 | CMNMA | Modern | Daws | 9.72E | 3.04E | 1.84E | 5.61E | 5.53E | 1.34E | 1.39E | 6.45E | 1.46E | 495E | 8.06E | 1.07E | 3.52E | 5.24E | 1.76E | 2.76E | 1.66
37 33453 sample | on -04 -04 -03 -04 -03 -02 -03 -03 -03 -03 -04 -02 -04 -03 -01 +00 E-
02
EL1 | CMNMA | Modern | Daws | 7.54E | 4.85E | 4.95E | 4.53E | 4.15E | 1.19E | 2.72E | 4.63E | 4.76E | 4.02E | 5.24E | 6.21E | 6.86E | 0.00E | 1.82E | 1.10E | 1.47
38 33455 sample | on -04 -04 -04 -04 -03 -02 -03 -03 -04 -03 -04 -03 -04 +00 -01 +00 E-
02
EL1 | CMNMA | Modern | Daws | 6.64E | 5.13E | 8.25E | 7.75E | 5.23E | 2.20E | 4.65E | 3.23E | 0.00E | 1.68E | 2.69E | 1.45E | 0.00E | 0.00E | 1.27E | N/A 2.72
39 31760 sample | on -04 -04 -04 -04 -03 -02 -04 -03 +00 -03 -04 -03 +00 +00 -01 E-
02

135



Sam | Specime | Sample | Regio | La* | Ce* Pr* Nd* Sm* | Eu* Gd* Tb* Dy* Ho* Er* Tm* | Yb* Lu* La/S | La/Y | Eu
ple n ID type n m b (pp
ID m)
EL1 | CMNMA | Modern | Daws | 1.47E | 7.96E | 1.61E | 7.44E | 499E | 1.09E | 1.96E | 3.74E | 7.62E | 2.57E | 2.52E | 2.85E | 6.60E | 0.00E | 2.95E | 2.23E | 1.35
40 33456 sample | on -03 -04 -03 -04 -03 -02 -03 -03 -04 -03 -04 -03 -04 +00 -01 +00 E-
02
EL1 | CMNMA | Modern | Old 5.36E | 2.02E | 3.08E | 4.32E | 4.72E | 1.34E | 451E | 2.30E | 0.00E | 8.88E | 2.61E | 2.39E | 0.00E | 2.54E | 1.14E | N/A 1.66
41 36162 sample | Crow | -04 -04 -04 -04 -03 -02 -04 -03 +00 -04 -04 -03 +00 -03 -01 E-
02
EL1 | CMNMA | Modern | Daws | 3.13E | 1.06E | 1.81E | 1.03E | 4.69E | 1.29E | 1.14E | 2.61E | 9.60E | 2.18E | 2.64E | 2.85E | 3.46E | 2.58E | 6.68E | 9.04E | 1.61
42 33454 sample | on -03 -03 -03 -03 -03 -02 -03 -03 -04 -03 -04 -04 -04 -03 -01 +00 E-
02
EL1 | CMNMA | Modern | Daws | 1.07E | 4.67E | 1.23E | 4.89E | 6.22E | 2.20E | 0.00E | 3.69E | 4.74E | 7.41E | 0.00E | 4.22E | 0.00E | 0.00E | 1.73E | N/A 2.73
43 30923 sample | on -04 -05 -04 -04 -03 -02 +00 -04 -04 -05 +00 -04 +00 +00 -02 E-
02
EL1 | CMNMA | Modern | Daws | 6.39E | 2.16E | 7.94E | 5.22E | 5.82E | 2.18E | 6.72E | 1.19E | 3.13E | 1.10E | 0.00E | 1.39E | 0.00E | 7.58E | 1.10E | N/A 2.71
44 30924 sample | on -04 -04 -04 -04 -03 -02 -04 -03 -04 -03 +00 -04 +00 -03 -01 E-
02
EL1 | CMNMA | Modern | Daws | 6.36E | 2.61E | 4.26E | 3.53E | 5.65E | 1.42E | 1.12E | 4.55E | 0.00E | 2.93E | 5.16E | 0.00E | 0.00E | 2.52E | 1.13E | N/A 1.75
45 30925 sample | on -04 -04 -04 -04 -03 -02 -03 -04 +00 -04 -04 +00 +00 -03 -01 E-
02
EL1 | CMNFV | Beringi | Old 1.07E | 6.62E | 1.30E | 7.82E | 1.97E | 2.38E | 2.95E | 2.58E | 2.01E | 2.29E | 1.66E | 1.51E | 1.31E | 1.31E | 5.43E | 8.16E | 2.95
46 48450 a Crow | -01 -02 -01 -02 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 E-
sample 01
EL1 | CMNFV | Beringi | Old 1.20E | 6.95E | 1.41E | 7.57E | 1.82E | 2.33E | 2.54E | 2.08E | 1.44E | 1.63E | 1.09E | 1.07E | 8.54E | 9.28E | 6.57E | 1.40E | 2.89
47 48020 a Crow | -01 -02 -01 -02 -01 -01 -01 -01 -01 -01 -01 -01 -02 -02 -01 +00 E-
sample 01
EL1 | CMNFV | Beringi | Daws | 2.69E | 1.43E | 2.54E | 1.19E | 3.03E | 5.66E | 3.97E | 2.75E | 2.03E | 2.38E | 1.75E | 1.51E | 1.45E | 1.68E | 8.88E | 1.86E | 7.02
48 29050 a on -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -01 +00 E-
sample 02
EL1 | CMNMA | Modern | Daws | 2.83E | 1.64E | 2.92E | 1.62E | 4.96E | 7.06E | 5.53E | 5.22E | 4.16E | 4.73E | 4.29E | 3.62E | 2.14E | 1.87E | 5.72E | 1.32E | 8.75
49 31751 sample | on -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -01 -01 +00 E-
02
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Sam | Specime | Sample | Regio | La* | Ce* Pr* Nd* Sm* | Eu* Gd* Tb* Dy* Ho* Er* Tm* | Yb* Lu* La/S | La/Y | Eu

ple n ID type n m b (pp
ID m)

EL1 | CMNMA | Modern | Y.T.- | 6.81E | 2.98E | 1.20E | 2.68E | 1.12E | 2.20E | 2.02E | 1.46E | 1.51E | 9.57E | 2.31E | 1.59E | 2.02E | 1.04E | 6.06E | 3.38E | 2.73
50 34691 sample | B.C. | -03 -03 -02 -03 -02 -02 -02 -02 -02 -03 -02 -02 -02 -01 -01 -01 E-
02

EL1 | CMNMA | Modern | Daws | 8.81E | 2.96E | 1.48E | 7.53E | 3.44E | 1.15E | 1.81E | 4.52E | 1.58E | 3.56E | 2.61E | 4.22E | 1.03E | 1.27E | 2.56E | 8.58E | 1.43
51 33457 sample | on -04 -04 -03 -04 -03 -02 -03 -03 -03 -03 -04 -03 -03 -02 -01 -01 E-
02

EL1 | CMNMA | Modern | Daws | 6.99E | 449E | 6.42E | 4.21E | 1.18E | 2.07E | 1.09E | 1.02E | 5.03E | 9.36E | 5.54E | 9.08E | 6.92E | 3.68E | 5.95E | 1.01E | 2.56
52 14106 sample | on -03 -03 -03 -03 -02 -02 -02 -02 -03 -03 -03 -03 -03 -02 -01 +00 E-
02

EL1 | CMNMA | Modern | Ross | 1.18E | 8.52E | 1.58E | 1.11E | 3.01E | 5.15E | 2.98E | 3.44E | 2.26E | 3.03E | 1.83E | 2.34E | 2.79E | 1.71E | 3.93E | 4.23E | 6.39
53 18133 sample | River | -02 -03 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -01 -01 -01 E-
02

EL1 | CMNFV | Beringi | Daws | 5.88E | 2.96E | 5.56E | 2.73E | 6.32E | 7.26E | 1.01E | 7.46E | 6.11E | 8.05E | 6.11E | 5.86E | 6.71E | 6.60E | 9.29E | 8.76E | 9.00
54 13524 a on -02 -02 -02 -02 -02 -02 -01 -02 -02 -02 -02 -02 -02 -02 -01 -01 E-
sample 02

EL1 | CMNFV | Beringi | Old 1.62E | 9.20E | 1.88E | 9.51E | 2.62E | 3.20E | 3.29E | 2.64E | 1.94E | 2.17E | 1.26E | 1.46E | 1.30E | 2.48E | 6.19E | 1.24E | 3.97
55 16523 a Crow | -02 -03 -02 -03 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -01 +00 E-
sample 02

EL1 | CMNFV | Beringi | Old 1.93E | 1.21E | 2.54E | 1.30E | 3.40E | 3.76E | 4.70E | 4.23E | 3.03E | 3.56E | 2.38E | 2.13E | 1.98E | 1.87E | 5.68E | 9.72E | 4.66
56 15241 a Crow | -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 E-
sample 01

EL1 | CMNFV | Beringi | Daws | 1.30E | 5.38E | 1.16E | 4.61E | 1.01E | 9.38E | 1.43E | 1.04E | 6.96E | 7.95E | 5.72E | 4.56E | 4.78E | 4.08E | 1.29E | 2.72E | 1.16
57 35552 a on -01 -02 -01 -02 -01 -02 -01 -01 -02 -02 -02 -02 -02 -02 +00 +00 E-
sample 01

EL1 | CMNFV | Beringi | Daws | 2.35E | 9.79E | 2.25E | 8.92E | 2.00E | 2.54E | 2.98E | 2.37E | 1.70E | 2.16E | 1.67E | 2.26E | 2.13E | 2.80E | 1.17E | 1.10E | 3.15
58 34651 a on -02 -03 -02 -03 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 +00 +00 E-
sample 02

EL1 | CMNFV | Beringi | Old 5.04E | 2.82E | 6.14E | 3.13E | 7.66E | 1.18E | 1.05E | 8.88E | 6.19E | 7.59E | 4.89E | 4.70E | 4.19E | 3.29E | 6.58E | 1.20E | 1.46
59 48454 a Crow | -02 -02 -02 -02 -02 -01 -01 -02 -02 -02 -02 -02 -02 -02 -01 +00 E-
sample 01
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Sam | Specime | Sample | Regio | La* | Ce* Pr* Nd* Sm* | Eu* Gd* Tb* Dy* Ho* Er* Tm* | Yb* Lu* La/S | La/Y | Eu
ple n ID type n m b (pp
ID m)
EL1 | CMNFV | Beringi | Old 1.06E | 5S.40E | 1.17E | 5.46E | 1.32E | 1.58E | 1.96E | 1.69E | 1.13E | 1.43E | 9.27E | 8.85E | 7.79E | 7.46E | 8.06E | 1.36E | 1.96
60 48432 a Crow | -01 -02 -01 -02 -01 -01 -01 -01 -01 -01 -02 -02 -02 -02 -01 +00 E-
sample 01
EL1 | CMNFV | Beringi | Old 5.68E | 3.15E | 6.73E | 3.40E | 8.67E | 1.04E | 1.12E | 1.05E | 6.88E | 9.46E | 6.10E | 5.79E | 4.92E | 5.53E | 6.55E | 1.15E | 1.28
61 28866 a Crow | -02 -02 -02 -02 -02 -01 -01 -01 -02 -02 -02 -02 -02 -02 -01 +00 E-
sample 01
EL1 | CMNFV | Beringi | Daws | 7.79E | 4.11E | 8.05E | 3.62E | 8.58E | 1.03E | 1.20E | 1.07E | 7.38E | 9.97E | 6.28E | 5.67E | 6.36E | 5.34E | 9.08E | 1.22E | 1.28
62 25954 a on -02 -02 -02 -02 -02 -01 -01 -01 -02 -02 -02 -02 -02 -02 -01 +00 E-
sample 01
EL1 | CMNFV | Beringi | Old 3.76E | 1.84E | 4.02E | 1.82E | 5.19E | 7.79E | 6.94E | 6.18E | 4.01E | 5.57E | 3.64E | 2.94E | 2.61E | 2.65E | 7.24E | 1.44E | 9.66
63 48614 a Crow | -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -01 +00 E-
sample 02
EL1 | CMNFV | Beringi | Old 1.35E | 7.20E | 1.58E | 7.46E | 1.85E | 1.93E | 2.59E | 2.27E | 1.43E | 1.79E | 1.05E | 1.04E | 9.46E | 7.92E | 7.29E | 1.42E | 2.40
64 18716 a Crow | -01 -02 -01 -02 -01 -01 -01 -01 -01 -01 -01 -01 -02 -02 -01 +00 E-
sample 01
EL1 | CMNFV | Beringi | Old 4.15E | 2.06E | 4.46E | 2.13E | 7.28E | 1.96E | 7.05E | 5.47E | 3.74E | 6.56E | 4.25E | 4.40E | 3.11E | 4.22E | 5.70E | 1.33E | 2.43
65 27197 a Crow | -03 -03 -03 -03 -03 -02 -03 -03 -03 -03 -03 -03 -03 -03 -01 +00 E-
sample 02
EL1 | CMNFV | Beringi | Old 1.10E | 6.25E | 1.40E | 6.86E | 1.67E | 1.91E | 2.37E | 2.25E | 1.48E | 1.90E | 1.21E | 9.79E | 9.88E | 8.39E | 6.54E | 1.11E | 2.37
66 24902 a Crow | -01 -02 -01 -02 -01 -01 -01 -01 -01 -01 -01 -02 -02 -02 -01 +00 E-
sample 01
EL1 | CMNFV | Beringi | Old 1.02E | 5.02E | 1.11E | 491E | 1.22E | 1.44E | 1.75E | 1.46E | 9.70E | 1.25E | 8.25E | 6.59E | 6.92E | 6.67E | 8.35E | 1.47E | 1.78
76 22509 a Crow | -01 -02 -01 -02 -01 -01 -01 -01 -02 -01 -02 -02 -02 -02 -01 +00 E-
sample 01
EL1 | CMNFV | Beringi | Daws | 2.24E | 9.57E | 2.04E | 9.74E | 2.57E | 442E | 2.36E | 2.03E | 1.26E | 1.89E | 1.07E | 1.22E | 6.94E | 6.96E | 8.73E | 3.23E | 5.48
77 35265 a on -02 -03 -02 -03 -02 -02 -02 -02 -02 -02 -02 -02 -03 -03 -01 +00 E-
sample 02
EL1 | CMNFV | Beringi | Daws | 1.11E | 5.12E | 1.13E | 4.94E | 9.54E | 1.03E | 1.44E | 1.21E | 8.35E | 1.08E | 7.63E | 7.23E | 7.76E | 6.91E | 1.16E | 1.43E | 1.28
78 33762 a on -01 -02 -01 -02 -02 -01 -01 -01 -02 -01 -02 -02 -02 -02 +00 +00 E-
sample 01
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Sam | Specime | Sample | Regio | La* | Ce* Pr* Nd* Sm* | Eu* Gd* Tb* Dy* Ho* Er* Tm* | Yb* Lu* La/S | La/Y | Eu

ple n ID type n m b (pp
ID m)

EL1 | CMNFV | Beringi | Daws | 3.12E | 8.54E | 2.62E | 1.17E | 2.74E | 4.69E | 2.79E | 4.59E | 2.07E | 4.40E | 1.66E | 3.01E | 1.87E | 3.21E | 1.14E | 1.67E | 5.81
79 17703 a on -02 -03 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 +00 +00 E-
sample 02

EL1 | CMNMA | Modern | Daws | 1.68E | 5.81E | 1.45E | 1.72E | 2.61E | 8.10E | 1.87E | 1.40E | 7.65E | 1.02E | 7.22E | 2.72E | 0.00E | 5.28E | 6.42E | N/A 1.00
80 29419 sample | on -03 -04 -03 -03 -02 -02 -03 -03 -04 -03 -04 -03 +00 -03 -02 E-
01

EL1 | CMNMA | Modern | Old 336E | 1.79E | 3.95E | 2.55E | 1.57E | 4.11E | 431E | 2.95E | 1.61E | 1.67E | 2.31E | 1.92E | 2.79E | 1.39E | 2.14E | 1.20E | 5.10
83 33702 sample | Crow | -03 -03 -03 -03 -02 -02 -03 -03 -03 -03 -03 -03 -03 -02 -01 +00 E-
02

EL1 | CMNMA | Modern | Old 1.61E | 741E | 1.68E | 2.69E | 2.67E | 1.13E | 4.61E | 439E | 430E | 1.51E | 3.55E | 4.78E | 4.65E | 1.73E | 6.01E | 3.45E | 1.40
85 33732 sample | Crow | -04 -05 -04 -04 -03 -02 -04 -04 -04 -04 -04 -04 -04 -03 -02 -01 E-
02

EL1 | CMNMA | Modern | White | 2.23E | 2.70E | 3.41E | 2.35E | 3.48E | 1.31E | 0.00E | 3.19E | 4.38E | 2.05E | 0.00E | 3.90E | 0.00E | 0.00E | 6.41E | N/A 1.63
87 33746 sample | horse | -04 -04 -04 -04 -03 -02 +00 -04 -04 -04 +00 -04 +00 +00 -02 E-
02

EL1 | CMNMA | Modern | Daws | 4.01E | 1.22E | 2.42E | 1.57E | 2.13E | 6.61E | 4.44E | 2.72E | 0.00E | 5.09E | 0.00E | 4.14E | 0.00E | 0.00E | 1.88E | N/A 8.19
90 29841 sample | on -04 -04 -04 -03 -02 -02 -04 -04 +00 -04 +00 -04 +00 +00 -02 E-
02

EL1 | CMNMA | Modern | Y.T.- | 1.82E | 947E | 1.43E | 2.05E | 3.56E | 9.52E | 2.84E | 2.32E | 1.07E | 1.93E | 1.01E | 1.22E | 1.65E | 1.72E | 5.13E | 1.11E | 1.18
91 30626 sample | B.C. | -03 -04 -03 -03 -02 -02 -03 -03 -03 -03 -03 -03 -03 -02 -02 +00 E-
01

EL1 | CMNMA | Modern | NWT | 424E | 6.15E | 4.87E | 6.50E | 1.13E | 3.99E | 4.46E | 428E | 1.56E | 2.93E | 1.03E | 1.00E | 0.00E | 2.51E | 3.77E | N/A 4.94
92 26303 sample -05 -05 -04 -04 -02 -02 -04 -03 -04 -03 -03 -02 +00 -03 -03 E-
02

EL1 | CMNMA | Modern | Daws | 9.29E | 5.21E | 9.70E | 1.09E | 6.71E | 1.96E | 8.89E | 1.13E | 1.55E | 8.02E | 7.71E | 1.80E | 2.35E | 0.00E | 1.39E | 3.95E | 2.43
95 29838 sample | on -04 -04 -04 -03 -03 -02 -04 -02 -03 -03 -04 -02 -03 +00 -01 -01 E-
02

EL1 | CMNMA | Modern | Daws | 7.54E | 2.28E | 7.21E | 6.60E | 6.65E | 1.93E | 1.10E | 1.35E | 4.62E | 2.02E | 0.00E | 5.35E | 0.00E | 7.45E | 1.13E | N/A 2.39
96 29839 sample | on -04 -04 -04 -04 -03 -02 -03 -03 -04 -03 +00 -03 +00 -03 -01 E-
02
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Sam | Specime | Sample | Regio | La* | Ce* Pr* Nd* Sm* | Eu* Gd* Tb* Dy* Ho* Er* Tm* | Yb* Lu* La/S | La/Y | Eu
ple n ID type n m b (pp
ID m)
EL2 | CMNMA | Modern | Daws | 2.49E | 6.02E | 0.00E | 5.82E | 8.47E | 2.83E | 1.09E | 6.24E | 6.11E | 7.17E | 5.05E | 1.77E | 3.31E | 2.46E | 2.94E | 7.54E | 3.51
00 29837 sample | on -04 -05 +00 -04 -03 -02 -03 -04 -04 -04 -04 -03 -04 -03 -02 -01 E-
02
EL2 | CMNMA | Modern | Ivvai | 0.00E | 0.00E | 0.00E | 0.00E | 0.00E | 6.29E | 0.00E | 2.94E | 0.00E | 2.36E | 0.00E | 4.48E | 0.00E | 0.00E N/A 7.80
01 30623 sample | k +00 +00 +00 +00 +00 -01 +00 -01 +00 -01 +00 -01 +00 +00 E-
Natio 01
nal
Park
(Nort
h
Y.T.)
EL2 | CMNFV | Beringi | Daws | 1.76E | 7.80E | 1.68E | 7.63E | 1.50E | 1.96E | 2.34E | 2.36E | 1.06E | 1.96E | 1.18E | 1.11E | 9.59E | 1.14E | 1.17E | 1.83E | 2.43
02 34743 a on -02 -03 -02 -03 -02 -02 -02 -02 -02 -02 -02 -02 -03 -02 +00 +00 E-
sample 02
EL2 | CMNFV | Beringi | Old 8.01E | 4.25E | 9.37E | 492E | 1.11E | 1.60E | 1.55E | 1.71E | 7.06E | 1.36E | 6.53E | 8.54E | 6.75E | 7.81E | 7.24E | 1.19E | 1.98
05 57180 a Crow | -03 -03 -03 -03 -02 -02 -02 -02 -03 -02 -03 -03 -03 -03 -01 +00 E-
sample 02
EL2 | CMNFV | Beringi | Old 1.06E | 4.69E | 1.16E | 3.65E | 2.36E | 3.67E | 2.56E | 5.21E | 1.25E | 2.41E | 1.14E | 3.00E | 8.75E | 1.77E | 4.49E | 1.21E | 4.56
07 49389 a Crow | -03 -04 -03 -04 -03 -03 -03 -03 -03 -03 -03 -03 -04 -03 -01 +00 E-
sample 03
EL2 | CMNFV | Beringi | Daws | 1.03E | 4.63E | 1.07E | 5.34E | 1.06E | 1.20E | 1.54E | 1.66E | 9.04E | 1.25E | 8.80E | 8.63E | 5.98E | 6.90E | 9.78E | 1.73E | 1.49
08 34742 a on -02 -03 -02 -03 -02 -02 -02 -02 -03 -02 -03 -03 -03 -03 -01 +00 E-
sample 02
EL2 | CMNFV | Beringi | Old 8.03E | 4.44E | 9.66E | 481E | 1.13E | 1.37E | 1.70E | 1.52E | 1.02E | 1.32E | 8.73E | 7.76E | 6.38E | 7.21E | 7.09E | 1.26E | 1.70
10 43088 a Crow | -02 -02 -02 -02 -01 -01 -01 -01 -01 -01 -02 -02 -02 -02 -01 +00 E-
sample 01
EL2 | CMNFV | Beringi | Daws | 9.49E | 3.74E | 9.09E | 3.40E | 7.34E | 7.79E | 1.02E | 8.87E | 5.81E | 7.71E | 5.52E | 4.24E | 4.19E | 3.58E | 1.29E | 2.26E | 9.65
20 35964 a on -02 -02 -02 -02 -02 -02 -01 -02 -02 -02 -02 -02 -02 -02 +00 +00 E-
sample 02
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Sam | Specime | Sample | Regio | La* | Ce* Pr* Nd* Sm* | Eu* Gd* Tb* Dy* Ho* Er* Tm* | Yb* Lu* La/S | La/Y | Eu
ple n ID type n m b (pp
ID m)
EL2 | CMNFV | Beringi | Old 191E | 941E | 2.04E | 9.12E | 2.18E | 2.42E | 2.96E | 2.56E | 1.65E | 1.94E | 1.28E | 1.08E | 9.93E | 9.02E | 8.78E | 1.93E | 3.00
23 43051 a Crow | -01 -02 -01 -02 -01 -01 -01 -01 -01 -01 -01 -01 -02 -02 -01 +00 E-
sample 01
EL2 | CMNFV | Beringi | Daws | 4.00E | 1.54E | 3.74E | 1.75E | 3.66E | 4.60E | 4.96E | 4.64E | 3.12E | 3.92E | 2.46E | 2.09E | 2.00E | 2.17E | 1.09E | 1.99E | 5.70
24 9929 a on -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 +00 +00 E-
sample 02
EL2 | CMNFV | Beringi | Old 4.09E | 1.91E | 4.22E | 1.95E | 4.29E | 4.93E | 6.63E | 5.72E | 3.79E | 5.00E | 3.18E | 2.68E | 2.52E | 2.26E | 9.54E | 1.63E | 6.11
26 24939 a Crow | -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 +00 E-
sample 01
EL2 | CMNFV | Beringi | Old 3.19E | 1.57E | 3.52E | 1.70E | 4.69E | 6.64E | 6.69E | 6.60E | 4.35E | 6.07E | 3.88E | 3.68E | 3.37E | 3.14E | 6.80E | 9.47E | 8.24
28 18597 a Crow | -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 -01 E-
sample 01
EL2 | CMNFV | Beringi | Daws | 6.00E | 2.57E | 5.95E | 2.67E | 5.22E | 7.24E | 5.85E | 6.70E | 4.14E | 4.60E | 3.22E | 5.13E | 3.85E | 4.90E | 1.15E | 1.56E | 8.98
29 44469 a on -03 -03 -03 -03 -03 -03 -03 -03 -03 -03 -03 -03 -03 -03 +00 +00 E-
sample 03
EL2 | CMNFV | Beringi | Daws | 1.84E | 9.77E | 1.95E | 7.46E | 2.03E | 1.95E | 1.42E | 4.08E | 1.11E | 2.76E | 7.77E | 2.04E | 2.30E | 1.26E | 9.08E | 8.00E | 2.42
30 7748 a on -03 -04 -03 -04 -03 -03 -03 -03 -03 -03 -04 -03 -03 -03 -01 -01 E-
sample 03
EL2 | CMNFV | Beringi | Daws | 3.51E | 1.56E | 3.50E | 1.38E | 3.08E | 3.72E | 4.36E | 3.22E | 2.22E | 2.95E | 1.68E | 1.75E | 1.65E | 1.90E | 1.14E | 2.13E | 4.61
31 46520 a on -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 -02 +00 +00 E-
sample 02
EL2 | CMNFV | Beringi | Old 9.86E | 4.76E | 9.98E | 4.87E | 1.16E | 1.36E | 1.83E | 1.51E | 9.67E | 1.31E | 9.07E | 7.73E | 7.95E | 7.41E | 8.52E | 1.24E | 1.69
32 23670 a Crow | -02 -02 -02 -02 -01 -01 -01 -01 -02 -01 -02 -02 -02 -02 -01 +00 E-
sample 01
EL2 | CMNFV | Beringi | Old 8.84E | 4.05E | 8.21E | 4.03E | 8.04E | 1.04E | 1.60E | 1.18E | 8.21E | 1.10E | 7.47E | 6.09E | 5.65E | 6.11E | 1.10E | 1.57E | 1.28
33 20139 a Crow | -02 -02 -02 -02 -02 -01 -01 -01 -02 -01 -02 -02 -02 -02 +00 +00 E-
sample 01
EL2 | CMNFV | Beringi | Old 1.25E | 6.02E | 1.30E | 5.93E | 1.29E | 1.50E | 1.97E | 1.65E | 1.09E | 1.48E | 9.34E | 8.00E | 7.50E | 7.49E | 9.65E | 1.67E | 1.86
34 31317 a Crow | +00 -01 +00 -01 +00 +00 +00 +00 +00 +00 -01 -01 -01 -01 -01 +00 E+0
sample 0

141



Table 4. Compiled prey source database including specimen ID, Radiocarbon ID, Species, Age subset, Feeding behaviour, Gut physiology, Region, latitude and longitude, Substrate, 14C age
(radiocarbon age [BP]), 14C age uncertainty (radiocarbon age uncertainty [BP]), Cal (Calibrated radiocarbon age [BP]), Median cal [Median calibrated radiocarbon age [BP]), 6'3C (%0)*, 8'°N
(%o), carbon and nitrogen isotopes reference, and radiocarbon reference.

Refernces:

Debruyne, Regis, Genevieve Chu, Christine E. King, Kirsti Bos, Melanie Kuch, Carsten Schwarz, and others, ‘Out of America: Ancient DNA Evidence for a New World Origin of Late
Quaternary Woolly Mammoths’, Current Biology, 18.17 (2008), 1320—26 <https://doi.org/10.1016/j.cub.2008.07.061>

Fox-Dobbs, Kena, Jennifer A. Leonard, and Paul L. Koch, ‘Pleistocene Megafauna from Eastern Beringia: Paleoecological and Paleoenvironmental Interpretations of Stable Carbon and
Nitrogen Isotope and Radiocarbon Records’, Palacogeography, Palacoclimatology, Palacoecology, 261.1-2 (2008), 3046 <https://doi.org/10.1016/j.palaeo.2007.12.011>

Halffman, Carrin M., Ben A. Potter, Holly J. McKinney, Takumi Tsutaya, Bruce P. Finney, Brian M. Kemp, and others, ‘Ancient Beringian Paleodiets Revealed through Multiproxy Stable
Isotope Analyses’, Science Advances, 6.36 (2020), eabc1968 <https://doi.org/10.1126/sciadv.abc1968>

Kelly, A, 'Survival of the flexible? Niche breadth and persistence for bison and Equus sps of Beringia'. Thesis. University of Cincinnati, (2022)

Leonard, Jennifer A., Carles Vila, Kena Fox-Dobbs, Paul L. Koch, Robert K. Wayne, and Blaire Van Valkenburgh, ‘Megafaunal Extinctions and the Disappearance of a Specialized Wolf
Ecomorph’, Current Biology, 17.13 (2007), 114650 <https://doi.org/10.1016/j.cub.2007.05.072>

Metcalfe, Jessica Z, 'Late Pleistocene climate and proboscidean paleoecology in North America: Insights from stable isotope compositions of skeletal remains', Electronic Thesis and
Dissertation Repository. 194, (2011)

Rabanus-Wallace, M. Timothy, Matthew J. Wooller, Grant D. Zazula, Elen Shute, A. Hope Jahren, Pavel Kosintsev, and others, ‘Megafaunal Isotopes Reveal Role of Increased Moisture on
Rangeland during Late Pleistocene Extinctions’, Nature Ecology & Evolution, 1.5 (2017), 0125 <https://doi.org/10.1038/s41559-017-0125>

Raghavan, Maanasa, Gongalo Espregueira Themudo, Colin I. Smith, Grant Zazula, and Paula F. Campos, ‘Musk Ox (Ovibos Moschatus) of the Mammoth Steppe: Tracing Palaecodietary and
Palacoenvironmental Changes over the Last 50,000 Years Using Carbon and Nitrogen Isotopic Analysis’, Quaternary Science Reviews, 102 (2014), 192-201
<https://doi.org/10.1016/j.quascirev.2014.08.001>

Schwartz-Narbonne, R., F.J. Longstaffe, K.J. Kardynal, P. Druckenmiller, K.A. Hobson, C.N. Jass, and others, ‘Reframing the Mammoth Steppe: Insights from Analysis of Isotopic Niches’,
Quaternary Science Reviews, 215 (2019), 1-21 <https://doi.org/10.1016/j.quascirev.2019.04.025>

Schwartz-Narbonne, Rachel, Fred J. Longstaffe, Jessica Z. Metcalfe, and Grant Zazula, ‘Solving the Woolly Mammoth Conundrum: Amino Acid 15N-Enrichment Suggests a Distinct Forage or
Habitat’, Scientific Reports, 5.1 (2015), 9791 <https://doi.org/10.1038/srep09791>

Szpak, Paul, Darren R. Grocke, Regis Debruyne, Ross D.E. MacPhee, R. Dale Guthrie, Duane Froese, and others, ‘Regional Differences in Bone Collagen §13C and 615N of Pleistocene
Mammoths: Implications for Paleoecology of the Mammoth Steppe’, Palacogeography, Palaeoclimatology, Palacoecology, 286.1-2 (2010), 88—96 https://doi.org/10.1016/j.palae0.2009.12.009

*Note: 6°C values have undergone atmospheric CO; correction following the protocols in Long et al., 2005
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C

n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere

our inty )* ) nce nce

(BP)
YG UCIAMS | Bison LG Grazer | Polygast | Yuk | 63.83 -138.9 Mandible 17670 | 40 21382 21382 - 7.2 | Kelly Kelly
421.117 | -33039 sp. M ric on .00 20. (2022) | (2022)
(Rumin | Cana 1
ant) da

F:AM CAMSI1 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 18630 | 100 21927- 22259 - 3.5 | Leonar | Leonar
60044 9970 sp. M stric ka 895 141.899 .00 22591 21. detal. | detal.
USA 3638 5 (2007) | (2007)
F:AM CAMSI12 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 19000 | 100 22567- 22867 - 2.5 | Leonar | Leonar
60023 0058 sp. M stric ka 895 141.899 .00 23167 22. detal. | detal.
USA 3638 1 (2007) | (2007)
F:AM CAMSI12 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 19590 | 110 23031- 23381 - 3.6 | Leonar | Leonar
60027 0059 sp. M stric ka 895 141.899 .00 23731 21. detal. | detal.
USA 3638 4 (2007) | (2007)
F:AM CAMSI11 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 19870 | 110 23485- 23802.5 | - 5 Leonar | Leonar
142420 | 9973 sp. M stric ka 895 141.899 .00 24120 21. detal. | detal.
USA 3638 8 (2007) | (2007)
F:AM CAMSI11 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 19950 | 110 23553- 23879.5 | - 3.2 | Leonar | Leonar
142430 | 9983 sp. M stric ka 895 141.899 .00 24206 22. detal. | detal.
USA 3638 0 (2007) | (2007)
F:AM CAMSI12 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 19950 | 120 23550- 23880 - 4 Leonar | Leonar
60020 0062 sp. M stric ka 895 141.899 .00 24210 21. detal. | detal.
USA 3638 9 (2007) | (2007)
F:AM CAMSI11 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 19960 | 110 23562- 23889 - 4.7 | Leonar | Leonar
142427 | 9980 sp. M stric ka 895 141.899 .00 24216 21. detal. | detal.
USA 3638 7 (2007) | (2007)
F:AM CAMSI1 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 20300 | 120 23944- 24244 - 5.1 | Leonar | Leonar
142426 | 9979 sp. M stric ka 895 141.899 .00 24544 21. detal. | detal
USA 3638 8 (2007) | (2007)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
F:AM CAMSI1 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 20440 | 120 24063- 24380.5 | - 4.2 | Leonar | Leonar
142425 | 9978 sp. M stric ka 895 141.899 .00 24698 21. detal. | detal
USA 3638 4 (2007) | (2007)
F:AM CAMSI1 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 20520 | 120 24167- 24473 - 4.5 | Leonar | Leonar
142419 | 9971 sp. M stric ka 895 141.899 .00 24779 21. detal. | detal
USA 3638 7 (2007) | (2007)
F:AM CAMSI1 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 21280 | 130 25089- 25429.5 | - 3.7 | Leonar | Leonar
142428 | 9981 sp. M stric ka 895 141.899 .00 25770 21. detal. | detal.
USA 3638 6 (2007) | (2007)
F:AM CAMSI12 | Equus LG Grazer | Monoga | Alas | 64.1078 | - Bone 21310 | 140 25111- 254555 | - 4 Leonar | Leonar
60026 0060 sp. M stric ka 895 141.899 .00 25800 21. detal. | detal.
USA 3638 9 (2007) | (2007)
YG546. | UCIAMS | Equus LG Grazer | Monoga | Yuk | 63.82 -139.06 | mandible 17500 | 60 21121 21121 - 6.9 | Kelly | Kelly
1806 241534 sp. M stric on .00 21. (2022) | (2022)
Cana 2
da
YG268. | CAMS Equus LG Grazer | Monoga | Yuk | 63.82 -139.03 | mandible 17930 | 90 21815 21815 - 7.4 | Kelly Kelly
8 186979 sp. M stric on .00 21. |2 (2022) | (2022)
Cana 6
da
YG AA- Equus LG Grazer | Monoga | Yuk | 64.0517 | - Bone 18370 | 260 21615- 22001.5 | - 9.9 | Schwa | Schwa
236.235 | 103835 sp. M stric on 2864 139.424 .00 22388 21. rtz- rtz-
Cana 8928 3 Narbo | Narbo
da nne et | nne et
al. al.
(2015) | (2015)
YG355. | CAMS Equus LG Grazer | Monoga | Yuk | 63.83 -138.91 | mandible 21070 | 120 25429 25429 - 6.2 | Kelly Kelly
117 186981 sp. M stric on .00 20. |3 (2022) | (2022)
7
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
Cana
da
YG2.1 CAMS Equus LG Grazer | Monoga | Yuk | 63.97 -139.05 | mandible 21080 | 120 25437 25437 - 59 | Kelly | Kelly
186978 sp. M stric on .00 21. |5 (2022) | (2022)
Cana 1
da
AM AA- Mammu | LG Grazer | Monoga | Alas | 65.18 -147.5 Dentin/Root 18379 | 124 21690- 22018.5 | - 7 Szpak | Debru
8052 14935 thussp. | M stric ka dentin/Cementu | .00 22347 21. et al. yne et
USA m 6 (2010) | al.
(2008)
YG 6.51 | Beta- Mammu | LG Grazer | Monoga | Yuk | 63.6991 | - Bone 17950 | 120 21233- 216175 | - 10. | Mecalf | Report
YG 6.49 | 70099 thussp. | M stric on 4577 138.609 .00 22002 21. |5 e ed in
Cana 8038 3 (2011) | Metcal
da fe et
al.
(2016)
F:AM Unknown | Ovis LG Grazer | Polygast | Alas | 64.1078 | - Skull and 21660 | 380 25278- 25947 - 7.6 | Schwa | Schwa
143760 dalli M ric ka 895 141.899 | horncone .00 26616 20. rtz- rtz-
(Rumin | USA 3638 1 Narbo | Narbo
ant) nne et | nne et
al. al.
(2019) | (2019)
YG AA- Ovis LG Grazer | Polygast | Yuk | 64.0517 | - metatarsal 18120 | 240 21394- 218155 | - 7.5 | Schwa | Schwa
312.1 103830 dalli M ric on 2864 139.424 .00 22237 19. rtz- rtz-
(Rumin | Cana 8928 6 Narbo | Narbo
ant) da nne et | nneet
al. al.
(2019) | (2019)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
F:AM AA- Rangife | LG Mixed | Polygast | Alas | 64.1078 | - Bone 17300 | 222 20390- 20759.5 | - 5.4 | Leonar | Leonar
142441 | 48686 T M ric ka 895 141.899 .00 21129 20. detal. | detal
tarandus (Rumin | USA 3638 7 (2007) | (2007)
ant)
F:AM AA- Rangife | LG Mixed | Polygast | Alas | 64.1078 | - Bone 21000 | 361 24605- 251485 | - 3.6 | Leonar | Leonar
142438 | 48680 r M ric ka 895 141.899 .00 25692 20. detal. | detal.
tarandus (Rumin | USA 3638 7 (2007) | (2007)
ant)
G17174 | Unknown | Bison Mod | Grazer | Polygast | Alas | 63.356 -145.775 | rib 7630. | 30 8379- 8445.5 - 5.2 | Halffm | Halffm
5 sp. ern ric ka 00 8512 22. an et an et
(Rumin | USA 3 al. al.
ant) (2020) | (2020)
G- Unknown | Bison Mod | Grazer | Polygast | Alas | 63.356 -145.775 | Long bone 8634. | 27 9562- 9612 - 5 Halffm | Halffm
171742 sp. ern ric ka 00 9662 21. an et an et
(Rumin | USA 5 al. al.
ant) (2020) | (2020)
G- Unknown | Bison Mod | Grazer | Polygast | Alas | 63.356 -145.775 | mandible 8634. | 27 9562- 9612 - 5.2 | Halffm | Halffm
171741 sp. ern ric ka 00 9662 21. an et an et
(Rumin | USA 7 al. al.
ant) (2020) | (2020)
G- Unknown | Bison Mod | Grazer | Polygast | Alas | 63.965 -145.026 | metatarsal 8880. | 20 9910- 10035 - 2.4 | Halffm | Halffm
158405 sp. ern ric ka 00 10160 22. an et an et
(Rumin | USA 3 al. al.
ant) (2020) | (2020)
G- Unknown | Bison Mod | Grazer | Polygast | Alas | 63.965 -145.026 | humerus 8880. | 20 9910- 10035 - 3.5 | Halffm | Halffm
166796 sp. ern ric ka 00 10160 22. an et an et
(Rumin | USA 1 al. al.
ant) (2020) | (2020)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)

G- Unknown | Bison Mod | Grazer | Polygast | Alas | 63.965 -145.026 | innominate 8880. | 20 9910- 10035 - 5.7 | Halffm | Halffm
166797 sp. ern ric ka 00 10160 22. an et an et

(Rumin | USA 4 al. al.

ant) (2020) | (2020)
G- Unknown | Bison Mod | Grazer | Polygast | Alas | 63.965 -145.026 | metacarpal 8880. | 20 9910- 10035 - 6.2 | Halffm | Halffm
158484 sp. ern ric ka 00 10160 22. an et an et

(Rumin | USA 0 al. al.

ant) (2020) | (2020)
G- Unknown | Bison Mod | Grazer | Polygast | Alas | 63.965 -145.026 | metatarsal 9400. | 60 10430- 10735 - 5.5 | Halffm | Halffm
158483 sp. ern ric ka 00 11040 22. an et an et

(Rumin | USA 0 al. al.

ant) (2020) | (2020)
G- Unknown | Bison Mod | Grazer | Polygast | Alas | 63.965 -145.026 | metatarsal 9506. | 38 10659- 10865.5 | - 2.6 | Halffm | Halffm
158406 sp. ern ric ka 00 11072 23. an et an et

(Rumin | USA 1 al. al.

ant) (2020) | (2020)
G- Unknown | Ovis Mod | Grazer | Polygast | Alas | 63.807 -148.939 | tibia 622.0 | 31 551-659 | 605 - 1.5 | Halffm | Halffm
166790 dalli ern ric ka 0 20. an et an et

(Rumin | USA 9 al. al.

ant) (2020) | (2020)
G- Unknown | Ovis Mod | Grazer | Polygast | Alas | 63.807 -148.939 | ulna 622.0 | 31 551-659 | 605 - 1.5 | Halffm | Halffm
158463 dalli ern ric ka 0 20. an et an et

(Rumin | USA 7 al. al.

ant) (2020) | (2020)
G- Unknown | Ovis Mod | Grazer | Polygast | Alas | 63.807 -148.939 | patella 622.0 | 31 551-659 | 605 - 1.9 | Halffm | Halffm
158464 dalli ern ric ka 0 20. an et an et

(Rumin | USA 9 al. al.

ant) (2020) | (2020)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
G- Unknown | Ovis Mod | Grazer | Polygast | Alas | 63.807 -148.939 | astragalus 622.0 | 31 551-659 | 605 - 2.6 | Halffm | Halffm
158387 dalli ern ric ka 0 22. an et an et
(Rumin | USA 2 al. al.
ant) (2020) | (2020)
G- Unknown | Ovis Mod | Grazer | Polygast | Alas | 63.807 -148.939 | metapodial 622.0 | 31 551-659 | 605 - 3.7 | Halffm | Halffm
158389 dalli ern ric ka 0 22. an et an et
(Rumin | USA 3 al. al.
ant) (2020) | (2020)
G- Unknown | Rangife | Mod | Mixed | Polygast | Alas | 60.988 -141.937 | phalanx 622.0 | 31 154-505 | 329.5 - 5.3 | Halffm | Halffm
167351 r ern ric ka 0 20. an et an et
tarandus (Rumin | USA 4 al. al.
ant) (2020) | (2020)
G- Unknown | Rangife | Mod | Mixed | Polygast | Alas | 63.807 -148.939 | metatarsal 320.0 | 63 154-505 | 329.5 - 2 Halffm | Halffm
158379 r ern ric ka 0 18. an et an et
tarandus (Rumin | USA 7 al. al.
ant) (2020) | (2020)
G- Unknown | Rangife | Mod | Mixed | Polygast | Alas | 63.807 -148.939 | metacarpal 320.0 | 63 154-505 | 329.5 - 2.4 | Halffm | Halffm
158380 r ern ric ka 0 19. an et an et
tarandus (Rumin | USA 3 al. al.
ant) (2020) | (2020)
G- Unknown | Rangife | Mod | Mixed | Polygast | Alas | 63.807 -148.939 | radius 320.0 | 63 154-505 | 329.5 - 2.4 | Halffm | Halffm
158378 r ern ric ka 0 19. an et an et
tarandus (Rumin | USA 1 al. al.
ant) (2020) | (2020)
G- Unknown | Rangife | Mod | Mixed | Polygast | Alas | 63.807 -148.939 | metacarpal 320.0 | 63 154-505 | 329.5 - 2.4 | Halffm | Halffm
158456 r ern ric ka 0 19. an et an et
tarandus (Rumin | USA 1 al. al.
ant) (2020) | (2020)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
G- Unknown | Rangife | Mod | Mixed | Polygast | Alas | 63.807 -148.939 | tarsal 320.0 | 63 154-505 | 329.5 - 2.8 | Halffm | Halffm
158455 r ern ric ka 0 19. an et an et
tarandus (Rumin | USA 5 al. al.
ant) (2020) | (2020)
G- Unknown | Rangife | Mod | Mixed | Polygast | Alas | 63.807 -148.939 | metatarsal 320.0 | 63 154-505 | 329.5 - 2.9 | Halffm | Halffm
158454 r ern ric ka 0 19. an et an et
tarandus (Rumin | USA 0 al. al.
ant) (2020) | (2020)
G- Unknown | Rangife | Mod | Mixed | Polygast | Alas | 60.988 -141.937 | metatarsal 622.0 | 31 551-659 | 605 - 3.3 | Halffm | Halffm
158377 r ern ric ka 0 18. an et an et
tarandus (Rumin | USA 6 al. al.
ant) (2020) | (2020)
G- Unknown | Rangife | Mod | Mixed | Polygast | Alas | 63.356 -145.775 | radius 5980. | 30 6737- 6815.5 - 2 Halffm | Halffm
171748 r ern ric ka 00 6894 18. an et an et
tarandus (Rumin | USA 0 al. al.
ant) (2020) | (2020)
YG UCIAMS | Bison Post- | Grazer | Polygast | Yuk | 63.71 -138.68 | mandible 11960 | 30 13785 13785 - 2.2 | Kelly | Kelly
630.5 -33023 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 3
ant) da
YG UCIAMS | Bison Post- | Grazer | Polygast | Yuk | 63.69 -138.61 | mandible 11990 | 30 13823 13823 - 2.3 | Kelly Kelly
403.179 | -33036 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 3
ant) da
G- Unknown | Lepus Post- | Grazer | Monoga | Alas | 64.955 -150.52 | calcaneus 9990. | 30 11280- 11445 - 2.6 | Halffm | Halffm
167352 america | LG stric ka 00 11610 22. an et an et
nus M USA 9 al. al.
(2020) | (2020)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
G- Unknown | Lepus Post- | Grazer | Monoga | Alas | 64.243 - innominate 10270 | 20 11850- 11985 - 0 Halffm | Halffm
158470 america | LG stric ka 146.043 .00 12120 22. an et an et
nus M USA 6 5 al. al.
(2020) | (2020)
G- Unknown | Lepus Post- | Grazer | Monoga | Alas | 64.243 - scapula 10270 | 20 11850- 11985 - 0.1 | Halffm | Halffm
158430 america | LG stric ka 146.043 .00 12120 22. an et an et
nus M USA 6 5 al. al.
(2020) | (2020)
G- Unknown | Lepus Post- | Grazer | Monoga | Alas | 64.243 - scapula 10270 | 20 11850- 11985 - 1.2 | Halffm | Halffm
158506 america | LG stric ka 146.043 .00 12120 22. an et an et
nus M USA 6 9 al. al.
(2020) | (2020)
G- Unknown | Lepus Post- | Grazer | Monoga | Alas | 64.243 - vertebra 10270 | 20 11850- 11985 - 1.3 | Halffm | Halffm
158431 america | LG stric ka 146.043 .00 12120 22. an et an et
nus M USA 6 9 al. al.
(2020) | (2020)
G- Unknown | Ovis Post- | Grazer | Polygast | Alas | 63.538 -148.735 | phalanx 9866. | 55 11217- 11265.5 | - 1.2 | Halffm | Halffm
158462 dalli LG ric ka 00 11314 20. an et an et
M (Rumin | USA 4 al. al.
ant) (2020) | (2020)
G- Unknown | Rangife | Post- | Mixed | Polygast | Alas | 63.538 -148.735 | metacarpal 9866. | 55 11217- 11265.5 | - 0.9 | Halffm | Halffm
158452 r LG ric ka 00 11314 19. an et an et
tarandus | M (Rumin | USA 0 al. al.
ant) (2020) | (2020)
G- Unknown | Rangife | Post- | Mixed | Polygast | Alas | 63.538 -148.735 | phalanx 9866. | 55 11217- 11265.5 | - 1 Halffm | Halffm
158376 r LG ric ka 00 11314 18. an et an et
tarandus | M (Rumin | USA 8 al. al.
ant) (2020) | (2020)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
G- Unknown | Urocitel | Post- | Mixed | Monoga | Alas | 64.955 -150.52 | femur 9990. | 30 11280- 11445 - 1.8 | Halffm | Halffm
147962 lus LG stric ka 00 11610 21. an et an et
parryii M USA 4 al. al.
(2020) | (2020)
G- Unknown | Urocitel | Post- | Mixed | Monoga | Alas | 64.243 - femur 10270 | 20 11850- 11985 - 1.1 | Halffm | Halffm
162878 lus LG stric ka 146.043 .00 12120 23. an et an et
parryii M USA 6 4 al. al.
(2020) | (2020)
G- Unknown | Urocitel | Post- | Mixed | Monoga | Alas | 64.243 - femur 10270 | 20 11850- 11985 - 1.3 | Halffm | Halffm
158398 lus LG stric ka 146.043 .00 12120 20. an et an et
parryii M USA 6 2 al. al.
(2020) | (2020)
G- Unknown | Urocitel | Post- | Mixed | Monoga | Alas | 64.243 - femur 10270 | 20 11850- 11985 - 1.6 | Halffm | Halffm
162879 lus LG stric ka 146.043 .00 12120 23. an et an et
parryii M USA 6 2 al. al.
(2020) | (2020)
G- Unknown | Urocitel | Post- | Mixed | Monoga | Alas | 64.243 - femur 10270 | 20 11850- 11985 - 2 Halffm | Halffm
158397 lus LG stric ka 146.043 .00 12120 21. an et an et
parryii M USA 6 7 al. al.
(2020) | (2020)
G- Unknown | Urocitel | Post- | Mixed | Monoga | Alas | 64.243 - ulna 11080 | 20 12790- 12950 - 0.5 | Halffm | Halffm
158473 lus LG stric ka 146.043 .00 13110 22. an et an et
parryii M USA 6 6 al. al.
(2020) | (2020)
G- Unknown | Urocitel | Post- | Mixed | Monoga | Alas | 64.243 - humerus 11080 | 20 12790- 12950 - 1.5 | Halffm | Halffm
158474 lus LG stric ka 146.043 .00 13110 22. an et an et
parryii M USA 6 1 al. al.
(2020) | (2020)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
YTO03/2 | OxA2086 | Bison Pre- | Grazer | Polygast | Yuk | 63.7523 | - Unknown 36610 | 340 41079.7 | 41079.7 | - 5.4 | Raban | Raban
11 5 sp. LG ric on 9608 139.124 .00 6891 6891 19. | 55 | us- us-
A3266 M (Rumin | Cana 1407 3 Wallac | Wallac
ant) da eetal. | eetal
(2017) | (2017)
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.06 | mandible 22520 | 140 26837 26837 - 4.5 | Kelly Kelly
587.593 | -209142 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 7
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.98 -139.02 | mandible 24790 | 170 28827 28827 - 5.5 | Kelly Kelly
543.160 | -202189 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 4
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.51 -138.92 | mandible 25910 | 200 30147 30147 - 54 | Kelly | Kelly
573.124 | -202203 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 3
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.06 | mandible 26360 | 210 30646 30646 - 4.9 | Kelly Kelly
587.184 | -202208 | sp. LG ric on .00 20. (2022) | (2022)
6 M (Rumin | Cana 4
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.04 | maxilla 26600 | 210 30833 30833 - 4.7 | Kelly | Kelly
406.793 | -202211 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 3
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.99 -139.23 | maxilla 26710 | 210 30900 30900 - 4.6 | Kelly Kelly
300.51 -209150 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 8
ant) da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.91 -139.33 | mandible 27950 | 260 31759 31759 - 3.6 | Kelly Kelly
110.95 -202206 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 6
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.91 -139.33 | mandible 28500 | 270 32462 32462 - 4.6 | Kelly Kelly
110.41 -202215 | sp. LG ric on .00 19. (2022) | (2022)
M (Rumin | Cana 4
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.84 -139.1 mandible 28770 | 280 32879 32879 - 5 Kelly | Kelly
610.128 | -202209 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 4
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.91 -139.33 | mandible 28830 | 280 32965 32965 - 4.2 | Kelly Kelly
110.96 -209163 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 3
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.84 -139.1 mandible 28970 | 280 33140 33140 - 4.8 | Kelly | Kelly
610.64 -202191 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 0
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.92 -139.35 | mandible 29690 | 310 33832 33832 - 5.3 | Kelly Kelly
302.144 | -202213 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 5
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.92 -139.35 | mandible 30360 | 90 34355 34355 - 4.3 | Kelly Kelly
302.222 | -33035 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 3
ant) da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.72 -138.69 | maxilla 30370 | 340 34368 34368 - 4.7 | Kelly Kelly
190.15 -202210 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 6
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.97 -139.16 | mandible 30460 | 340 34435 34435 - 54 | Kelly | Kelly
161.7 -202227 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 6
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.96 -138.95 | mandible 30800 | 370 34730 34730 - 4.6 | Kelly | Kelly
550.24 -209149 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 6
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.92 -139.35 | mandible 31010 | 360 34932 34932 - 4.5 | Kelly Kelly
302.159 | -202213 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 2
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 64.03 -140.7 mandible 31090 | 370 35010 35010 - 4.6 | Kelly | Kelly
453.11 -209141 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 4
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.72 -138.69 | mandible 31130 | 370 35048 35048 - 4.6 | Kelly Kelly
267.18 -209161 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 3
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.98 -139.02 | mandible 32440 | 100 36319 36319 - 4.2 | Kelly Kelly
543.201 | -33021 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 0
ant) da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.06 | mandible 32510 | 110 36385 36385 - 4.4 | Kelly Kelly
587.406 | -33040 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 7
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.98 -139.02 | mandible 32730 | 110 36616 36616 - 44 | Kelly | Kelly
543.257 | -33032 sp. LG ric on .00 19. (2022) | (2022)
M (Rumin | Cana 8
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.92 -138.91 | mandible 32640 | 440 36696 36696 - 4.8 | Kelly | Kelly
377.58 -202218 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 5
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 64.03 -140.7 mandible 32650 | 440 36710 36710 - 4.3 | Kelly Kelly
453.6 -209139 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 3
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.92 -139.35 | mandible 32960 | 470 37133 37133 - 4.7 | Kelly | Kelly
302.221 | -209153 sp. LG ric on .00 19. (2022) | (2022)
M (Rumin | Cana 9
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 64.02 -139.16 | mandible 32970 | 460 37143 37143 - 4.3 | Kelly Kelly
404.656 | -209156 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 1
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.04 | mandible 33020 | 460 37203 37203 - 5.1 | Kelly Kelly
159.12 -202192 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 4
ant) da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.96 -138.95 | mandible 33070 | 470 37262 37262 - 4.5 | Kelly Kelly
550.25 -209162 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 4
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.04 | mandible 33600 | 500 37860 37860 - 4.7 | Kelly | Kelly
406.848 | -202202 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 2
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.04 | mandible 33870 | 520 38214 38214 - 4.9 | Kelly | Kelly
391.67 -202217 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 1
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | mandible 33990 | 520 38388 38388 - 3.6 | Kelly Kelly
578.38 -209145 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 1
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.92 -138.91 | mandible 34180 | 540 38640 38640 - 3.9 | Kelly | Kelly
377.40 -209160 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 5
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.06 | mandible 34420 | 550 38934 38934 - 54 | Kelly Kelly
587.411 | -202190 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 5
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.06 | mandible 34470 | 550 38991 38991 - 54 | Kelly Kelly
587.116 | -202193 sp. LG ric on .00 20. (2022) | (2022)
6 M (Rumin | Cana 4
ant) da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.06 | mandible 34930 | 590 39472 39472 - 4.9 | Kelly Kelly
587.161 | -202194 | sp. LG ric on .00 20. (2022) | (2022)
8 M (Rumin | Cana 5
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.96 -138.95 | mandible 35460 | 630 40037 40037 - 49 | Kelly | Kelly
384.11 -202221 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 5
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.04 | mandible 35480 | 630 40058 40058 - 5 Kelly | Kelly
406.633 | -202199 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 3
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.72 -138.69 | mandible 35630 | 650 40213 40213 - 5.3 | Kelly Kelly
190.13 -202204 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 3
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | mandible 36800 | 740 41276 41276 - 4.6 | Kelly | Kelly
512.80 -202198 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 0
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.06 | mandible 38020 | 160 42244 42244 - 3.8 | Kelly Kelly
587.161 | -33024 sp. LG ric on .00 20. (2022) | (2022)
7 M (Rumin | Cana 8
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | mandible 38580 | 930 42622 42622 - 5.2 | Kelly Kelly
578.39 -202195 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 6
ant) da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | mandible 38610 | 940 42645 42645 - 3.9 | Kelly Kelly
578.52 -209144 | sp. LG ric on .00 19. (2022) | (2022)
M (Rumin | Cana 7
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.9 -139.3 mandible 38830 | 950 42813 42813 - 5 Kelly | Kelly
303.109 | -202228 | sp. LG ric on .00 20. (2022) | (2022)
0 M (Rumin | Cana 1
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | mandible 39560 | 180 43220 43220 - 4.3 | Kelly | Kelly
578.34 -33027 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 4
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | mandible 39700 | 1100 43502 43502 - 4.6 | Kelly Kelly
578.41 -209146 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 2
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.04 | mandible 40200 | 1100 43874 43874 - 4.1 | Kelly | Kelly
406.432 | -209143 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 2
ant) da
"YG
587.104
2
" UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.06 | mandible 41400 | 1300 44856 44856 - 5.1 | Kelly Kelly
-202186 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 5
ant) da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal BP) | C N 015N age
et behavi | ogy (BP) uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | mandible 41600 | 1300 45032 45032 - 5.7 | Kelly Kelly
512.79 -202226 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 5
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.93 -139.33 | mandible 41880 | 250 45250 45250 - 3.7 | Kelly | Kelly
612.76 -33041 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 0
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.92 -138.91 | mandible 43400 | 1700 46761 46761 - 5.5 | Kelly | Kelly
377.113 | -202223 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 4
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.04 | mandible 43900 | 1800 47161 47161 - 5.5 | Kelly Kelly
579.105 | -202205 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 4
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | mandible 44500 | 1900 47561 47561 - 49 | Kelly | Kelly
578.20 -202214 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 1
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.06 | mandible 45580 | 2200 48011 48011 - 5.3 | Kelly Kelly
587.410 | -202212 | sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 5
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | mandible 45600 | 2200 48020 48020 - 4.5 | Kelly Kelly
512.77 -209148 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 1
ant) da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal BP) | C N 015N age
et behavi | ogy (BP) uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | mandible 45620 | 320 49091 49091 - 3.8 | Kelly Kelly
613.95 -33020 sp. LG ric on .00 19. (2022) | (2022)
M (Rumin | Cana 9
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.06 | mandible 46120 | 330 49530 49530 - 54 | Kelly | Kelly
587.161 | -33029 sp. LG ric on .00 20. (2022) | (2022)
6 M (Rumin | Cana 9
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | maxilla 46360 | 370 49640 49640 - 3.9 | Kelly | Kelly
578.27 -33026 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 0
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.71 -138.64 | mandible 46400 | 370 49658 49658 - 2.5 | Kelly Kelly
578.128 | -33033 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 0
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.04 | mandible 46380 | 350 49663 49663 - 3.6 | Kelly | Kelly
406.595 | -33025 sp. LG ric on .00 20. (2022) | (2022)
M (Rumin | Cana 0
ant) da
YG UCIAMS | Bison Pre- | Grazer | Polygast | Yuk | 63.82 -139.06 | mandible 48880 | 470 Infinite | 50000.0 | - 3.8 | Kelly Kelly
546.302 | -33037 sp. LG ric on .00 0 21. (2022) | (2022)
M (Rumin | Cana 0
ant) da
F:AM CAMSI1 | Equus Pre- | Grazer | Monoga | Alas | 64.1078 | - Bone 21840 | 140 25737- 26182 - 3.8 | Leonar | Leonar
142435 | 9989 sp. LG stric ka 895 141.899 .00 26627 22. detal. | detal.
M USA 3638 5 (2007) | (2007)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
F:AM CAMSI1 | Equus Pre- | Grazer | Monoga | Alas | 64.1078 | - Bone 22610 | 150 26927- 27328 - 3.8 | Leonar | Leonar
142434 | 9988 sp. LG stric ka 895 141.899 .00 27729 21. detal. | detal.
M USA 3638 6 (2007) | (2007)
F:AM CAMSI12 | Equus Pre- | Grazer | Monoga | Alas | 64.1078 | - Bone 24260 | 200 28587- 29026.5 | - 1.4 | Leonar | Leonar
60003 0077 sp. LG stric ka 895 141.899 .00 29466 21. detal. | detal.
M USA 3638 9 (2007) | (2007)
F:AM CAMSI1 | Equus Pre- | Grazer | Monoga | Alas | 64.1078 | - Bone 25710 | 230 30384- 307785 | - 3.9 | Leonar | Leonar
142431 | 9985 sp. LG stric ka 895 141.899 .00 31173 21. detal. | detal.
M USA 3638 7 (2007) | (2007)
F:AM CAMSI1 | Equus Pre- | Grazer | Monoga | Alas | 64.1078 | - Bone 25960 | 240 30573- 309445 | - 2.9 | Leonar | Leonar
142433 | 9987 sp. LG stric ka 895 141.899 .00 31316 21. detal. | detal.
M USA 3638 3 (2007) | (2007)
F:AM CAMSI12 | Equus Pre- | Grazer | Monoga | Alas | 64.1078 | - Bone 39910 | 1330 42781- 43826.5 | - 2.6 | Leonar | Leonar
60033 0069 sp. LG stric ka 895 141.899 .00 44872 21. detal. | detal.
M USA 3638 5 (2007) | (2007)
F:AM CAMSI11 | Equus Pre- | Grazer | Monoga | Alas | 64.1078 | - Bone 41000 | 1500 43302- 44687 - 3.6 | Leonar | Leonar
60017 9972 sp. LG stric ka 895 141.899 .00 46072 22. detal. | detal.
M USA 3638 2 (2007) | (2007)
F:AM CAMSI12 | Equus Pre- | Grazer | Monoga | Alas | 64.1078 | - Bone 43700 | 2000 45111- 47441 - 0.7 | Leonar | Leonar
60221 0067 sp. LG stric ka 895 141.899 .00 49771 22. detal. | detal.
M USA 3638 3 (2007) | (2007)
YGS573. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.51 -138.93 | mandible 22410 | 110 26734 26734 - 5.7 | Kelly | Kelly
72 241531 sp. LG stric on .00 21. (2022) | (2022)
M Cana 5
da
YG573. | CAMS Equus Pre- | Grazer | Monoga | Yuk | 63.51 -138.93 | mandible 22470 | 140 26777 26777 - 5.2 | Kelly Kelly
74 186982 sp. LG stric on .00 21. |3 (2022) | (2022)
M Cana 5
da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG417. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.62 -138.82 | mandible 22990 | 130 27289 27289 - 6.3 | Kelly Kelly
38 241569 sp. LG stric on .00 21. (2022) | (2022)
M Cana 2
da
YG610. | CAMS Equus Pre- | Grazer | Monoga | Yuk | 63.84 -139.1 mandible 23020 | 150 27319 27319 - 6.3 | Kelly | Kelly
1636 186984 sp. LG stric on .00 21. | 8 (2022) | (2022)
M Cana 5
da
YGS573. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.51 -138.93 | mandible 23160 | 120 27435 27435 - 6.6 | Kelly | Kelly
37 241562 sp. LG stric on .00 21. | 8 (2022) | (2022)
M Cana 3
da
YG102. | CAMS Equus Pre- | Grazer | Monoga | Yuk | 63.07 -139.31 | mandible 23930 | 170 28093 28093 - 5.5 | Kelly Kelly
1 186977 sp. LG stric on .00 21. |3 (2022) | (2022)
M Cana 0
da
YG466. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.78 -138.92 | mandible 25100 | 160 29410 29410 - 6 Kelly | Kelly
2 241536 sp. LG stric on .00 21. (2022) | (2022)
M Cana 0
da
YG302. | CAMS Equus Pre- | Grazer | Monoga | Yuk | 63.92 -139.35 | mandible 25190 | 200 29500 29500 - 8.0 | Kelly Kelly
82 186980 sp. LG stric on .00 21. | 4 (2022) | (2022)
M Cana 3
da
YG417. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.62 -138.82 | mandible 25410 | 160 29669 29669 - 4.9 | Kelly Kelly
31 241551 sp. LG stric on .00 21. 19 (2022) | (2022)
M Cana 4
da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG109. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.04 | mandible 25490 | 170 29751 29751 - 6.2 | Kelly Kelly
4 241558 sp. LG stric on .00 21. |3 (2022) | (2022)
M Cana 0
da
YG109. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.04 | mandible 25580 | 170 29871 29871 - 6.2 | Kelly | Kelly
3 241564 sp. LG stric on .00 21. | 7 (2022) | (2022)
M Cana 0
da
YG404. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 64.02 -139.16 | mandible 25690 | 170 29989 29989 - 5.3 | Kelly | Kelly
197 241524 sp. LG stric on .00 21. | 4 (2022) | (2022)
M Cana 3
da
YG417. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.62 -138.82 | mandible 26080 | 180 30333 30333 - 5.3 | Kelly Kelly
74 241557 sp. LG stric on .00 21. |3 (2022) | (2022)
M Cana 3
da
YG610. | CAMS Equus Pre- | Grazer | Monoga | Yuk | 63.84 -139.1 mandible 26070 | 220 30348 30348 - 5.8 | Kelly | Kelly
488 186985 sp. LG stric on .00 21. |5 (2022) | (2022)
M Cana 3
da
YG610. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.84 -139.1 mandible 26280 | 180 30554 30554 - 4.8 | Kelly Kelly
1875 241530 sp. LG stric on .00 21. |2 (2022) | (2022)
M Cana 0
da
YG404. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 64.02 -139.16 | mandible 27230 | 200 31276 31276 - 4.4 | Kelly Kelly
587 241571 sp. LG stric on .00 21. |3 (2022) | (2022)
M Cana 0
da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
YG489. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.03 | mandible 27620 | 210 31530 31530 - 4.0 | Kelly Kelly
277 241560 sp. LG stric on .00 21. 19 (2022) | (2022)
M Cana 0
da
YG650. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.84 -139.1 mandible 27810 | 220 31726 31726 - 5.6 | Kelly | Kelly
320 252668 sp. LG stric on .00 20. (2022) | (2022)
M Cana 9
da
YG587. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.06 | mandible 27850 | 220 31773 31773 - 3.2 | Kelly | Kelly
287 241546 sp. LG stric on .00 21. | 8 (2022) | (2022)
M Cana 0
da
YG AA- Equus Pre- | Grazer | Monoga | Yuk | 64.0517 | - Bone 27189 | 420 31560- 31893 - 7 Schwa | Schwa
178.9 103890 sp. LG stric on 2864 139.424 .00 32226 21. rtz- rtz-
M Cana 8928 4 Narbo | Narbo
da nne et | nne et
al. al.
(2015) | (2015)
YG648. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 64 -139.11 | mandible 28000 | 220 31967 31967 - 5 Kelly | Kelly
314 252669 sp. LG stric on .00 21. (2022) | (2022)
M Cana 0
da
YG404. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 64.02 -139.16 | mandible 28440 | 230 32588 32588 - 3.6 | Kelly Kelly
7 241527 sp. LG stric on .00 21. (2022) | (2022)
M Cana 2
da
YG650. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.84 -139.1 mandible 28470 | 240 32624 32624 - 54 | Kelly Kelly
768 241561 sp. LG stric on .00 21. (2022) | (2022)
M Cana 6
da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG394. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.99 -139.23 | mandible 28480 | 240 32636 32636 - 3.8 | Kelly Kelly
28 241528 sp. LG stric on .00 21. (2022) | (2022)
M Cana 4
da
YG648. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 64 -139.11 | mandible 28510 | 240 32675 32675 - 4.6 | Kelly | Kelly
316 241563 sp. LG stric on .00 21. | 7 (2022) | (2022)
M Cana 1
da
YG650. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.84 -139.1 mandible 28660 | 240 32942 32942 - 5.2 | Kelly | Kelly
588 241543 sp. LG stric on .00 21. |3 (2022) | (2022)
M Cana 6
da
YG415. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.92 -139.35 | mandible 28660 | 240 32942 32942 - 3.9 | Kelly Kelly
57 241565 sp. LG stric on .00 21. |5 (2022) | (2022)
M Cana 0
da
YG610. | CAMS Equus Pre- | Grazer | Monoga | Yuk | 63.84 -139.1 mandible 28750 | 300 33088 33088 - 5.1 | Kelly | Kelly
1128 186983 sp. LG stric on .00 21. (2022) | (2022)
M Cana 0
da
YG150. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.07 -139.31 | mandible 28890 | 250 33343 33343 - 5.8 | Kelly Kelly
105 241553 sp. LG stric on .00 21. | 6 (2022) | (2022)
M Cana 2
da
YG546. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.06 | mandible 29170 | 260 33700 33700 - 3.7 | Kelly Kelly
558 241646 sp. LG stric on .00 21. 19 (2022) | (2022)
M Cana 2
da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG404. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 64.02 -139.16 | mandible 29990 | 290 34459 34459 - 3.9 | Kelly Kelly
704 241644 sp. LG stric on .00 21. 19 (2022) | (2022)
M Cana 1
da
YG587. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.06 | mandible 32280 | 380 36641 36641 - 3.1 | Kelly | Kelly
1735 241541 sp. LG stric on .00 21. (2022) | (2022)
M Cana 1
da
YG546. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.06 | mandible 32390 | 380 36752 36752 - 2.1 | Kelly | Kelly
1730 241529 sp. LG stric on .00 21. | 8 (2022) | (2022)
M Cana 2
da
YG650. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.84 -139.1 mandible 32830 | 400 37344 37344 - 3.8 | Kelly Kelly
769 241555 sp. LG stric on .00 21. | 4 (2022) | (2022)
M Cana 2
da
YG610. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.84 -139.1 mandible 32940 | 410 37521 37521 - 3.7 | Kelly | Kelly
1445 241542 sp. LG stric on .00 21. | 8 (2022) | (2022)
M Cana 1
da
YG578. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.71 -138.64 | mandible 33040 | 410 37690 37690 - 2.3 | Kelly Kelly
40 241538 sp. LG stric on .00 21. | 6 (2022) | (2022)
M Cana 2
da
YG587. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.06 | mandible 34040 | 470 39017 39017 - 3.0 | Kelly Kelly
1128 241535 sp. LG stric on .00 21. |2 (2022) | (2022)
M Cana 3
da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
YG AA- Equus Pre- | Grazer | Monoga | Yuk | 64.0517 | - Bone 35800 | 2100 37748- 39916 - 4.9 | Schwa | Schwa
126.26 103821 sp. LG stric on 2864 139.424 .00 42084 21. rtz- rtz-
M Cana 8928 4 Narbo | Narbo
da nne et | nneet
al. al.
(2019) | (2019)
YG110. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.91 -139.33 | mandible 35560 | 560 40645 40645 - 2.0 | Kelly | Kelly
43 241645 sp. LG stric on .00 20. |8 (2022) | (2022)
M Cana 9
da
YG402. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.04 | mandible 35610 | 570 40688 40688 - 43 | Kelly | Kelly
291 241566 sp. LG stric on .00 20. |9 (2022) | (2022)
M Cana 8
da
YG488. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.04 | mandible 36540 | 640 41441 41441 - 3.3 | Kelly Kelly
268 241544 sp. LG stric on .00 21. |9 (2022) | (2022)
M Cana 0
da
YG406. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.04 | mandible 41200 | 1100 44097 44097 - 5.0 | Kelly | Kelly
439 241570 sp. LG stric on .00 21. | 4 (2022) | (2022)
M Cana 4
da
YG615. | CAMS Equus Pre- | Grazer | Monoga | Yuk | 63.92 -139.35 | mandible 41700 | 1500 44551 44551 - 6.1 | Kelly Kelly
125 186986 sp. LG stric on .00 21. |3 (2022) | (2022)
M Cana 0
da
YG650. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.84 -139.1 mandible 42300 | 1300 45005 45005 - 3.1 | Kelly Kelly
321 241567 sp. LG stric on .00 20. (2022) | (2022)
M Cana 8
da
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG103. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.91 -139.33 | mandible 43000 | 1400 45605 45605 - 1.9 | Kelly Kelly
5 241537 sp. LG stric on .00 21. |2 (2022) | (2022)
M Cana 0
da
YG587. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.06 | mandible 44500 | 1700 47024 47024 - 3.1 | Kelly | Kelly
252 241545 sp. LG stric on .00 21. |5 (2022) | (2022)
M Cana 2
da
YG215. | UCIAMS | Equus Pre- | Grazer | Monoga | Yuk | 63.82 -139.04 | mandible 45200 | 1900 47812 47812 - 4.0 | Kelly | Kelly
26 241568 sp. LG stric on .00 21. |2 (2022) | (2022)
M Cana 6
da
AM AA- Mammu | Pre- | Grazer | Monoga | Alas | 65 -148 Dentin/Root 26022 | 640 30303- 30888.5 | - 6.4 | Szpak | Debru
2446 14855 thus sp. | LG stric ka dentin/Cementu | .00 31474 21. et al. yne et
M USA m 4 (2010) | al.
(2008)
YG UCIAMS | Mammu | Pre- | Grazer | Monoga | Alas | 63.75 -139.1 Bone 36690 | 810 41113- 41653 - 6.6 | Szpak | Debru
130.2 -39891 thussp. | LG stric ka .00 42193 21. et al. yne et
M USA 1 (2010) | al.
(2008)
AM 523 | AA- Mammu | Pre- | Grazer | Monoga | Alas | 65.18 -147.5 Dentin/Root 43239 | 2219 44661- 47114 - 4.4 | Szpak | Debru
14904 thussp. | LG stric ka dentin/Cementu | .00 49567 21. et al. yne et
M USA m 4 (2010) | al.
(2008)
YG 546 | UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.9 -139.1 Bone 22430 | 140 26606- 27098 - 9.4 | Szpak | Debru
-414877 thussp. | LG stric on .00 27590 21. et al. yne et
M Cana 6 (2010) | al.
da (2008)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 613 | 615 | 613C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG 546 | UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.971 -138.988 | Bone 22430 | 140 26606- 27098 - 8.7 | Mecalf | Debru
-414877 | thussp. | LG stric on .00 27590 21. e yne et
M Cana 9 (2011) | al.
da (2008)
YG24 | AA- Mammu | Pre- | Grazer | Monoga | Yuk | 63.991 -139.043 | Bone 27380 | 730 31409- 32086 - 7 Mecalf | Mecalf
85000 thus sp. | LG stric on .00 32763 21. e e
M Cana 1 (2011) | (2011)
da
YG2.7 | UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.991 -139.043 | Bone 27540 | 270 31885- 321725 | - 6.5 | Mecalf | Debru
-41488 thus sp. | LG stric on .00 32460 21. e yne et
M Cana 2 (2011) | al.
da (2008)
YG UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.9 -138.25 | Bone 28960 | 310 33020- 33436 - 6.8 | Szpak | Debru
3.256 -39115 thus sp. | LG stric on .00 33852 21. et al. yne et
M Cana 2 (2010) | al.
da (2008)
YG UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.9 -138.25 | Bone 29030 | 310 33093- 334945 | - 7.2 | Szpak | Debru
3.133 -39112 thussp. | LG stric on .00 33896 21. et al. yne et
M Cana 1 (2010) | al.
da (2008)
YG UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.9 -138.25 | Bone 29170 | 320 33211- 335975 | - 7.1 | Szpak | Debru
3.136 -39114 thussp. | LG stric on .00 33984 21. et al. yne et
M Cana 5 (2010) | al.
da (2008)
NMC AA- Mammu | Pre- | Grazer | Monoga | Yuk | 64.85 -147.65 | Dentin/Root 30000 | 1000 33291- 34276 - 7.8 | Szpak | Debru
42135 17538 thussp. | LG stric on dentin/Cementu | .00 35261 21. et al. yne et
M Cana m 3 (2010) | al.
da (2008)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) | uncerta (%0 | (%o | Refere | Refere
our inty )* ) nce nce
(BP)
YG UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.74 -139.33 | Bone 30630 | 870 34126- 34944 - 6.4 | Szpak | Debru
52.36 -39890 thussp. | LG stric on .00 35762 21. et al. yne et
M Cana 5 (2010) | al.
da (2008)
YG UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.73 -138.6 Bone 32140 | 370 35777- 36536.5 | - 8.1 | Szpak | Debru
133.18 -38675 thus sp. | LG stric on .00 37296 21. et al. yne et
M Cana 3 (2010) | al.
da (2008)
YG UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.9 -139.1 Bone 32470 | 480 36117- 36989.5 | - 6.9 | Szpak | Debru
5.130 -39889 thus sp. | LG stric on .00 37862 21. et al. yne et
M Cana 2 (2010) | al.
da (2008)
YG UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.73 -138.6 Bone 34180 | 590 38503- 39510 - 6.8 | Mecalf | Debru
133.21 -41489 thus sp. | LG stric on .00 40517 21. e yne et
M Cana 3 (2011) | al.
da (2008)
YG2.14 | AA- Mammu | Pre- | Grazer | Monoga | Yuk | 63.991 -139.043 | Cementum 35500 | 2000 37551- 396725 | - 7.4 | Mecalf | Mecalf
84986 thussp. | LG stric on .00 41794 21. e e
M Cana 1 (2011) | (2011)
da
NMC AA- Mammu | Pre- | Grazer | Monoga | Yuk | 64.08 -138.4 Cementum/Dent | 37920 | 2700 39267- 41782 - 7.9 | Szpak | Debru
42292 17553 thussp. | LG stric on in/Root dentin .00 44297 21. et al. yne et
M Cana 2 (2010) | al.
da (2008)
YG UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.73 -138.6 Bone 39800 | 1200 42777- 437235 | - 7.3 | Szpak | Debru
137.3 -39892 thussp. | LG stric on .00 44670 21. et al. yne et
M Cana 1 (2010) | al.
da (2008)
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Specime | Radiocar | Species | Age | Feedin | Gut Regi | Latitud | Longitu | Substrate 14C 14C Cal Median | 013 | 615 | 013C, | 14C
n ID bon ID subs | g physiol | on e de age age (BP) cal(BP) | C N 015N age
et behavi | ogy (BP) uncerta (%o | (%0 | Refere | Refere
our inty )* ) nce nce
(BP)
YG UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.971 -138.988 | Bone 43500 | 1900 45000- 472445 | - 7 Mecalf | Debru
29.248 -41493 thussp. | LG stric on .00 49489 21. e yne et
M Cana 7 (2011) | al.
da (2008)
YG3.19 | UCIAMS | Mammu | Pre- | Grazer | Monoga | Yuk | 63.9 -138.25 | Bone 44700 | 200 45806- 48491 - 5.7 | Szpak | Debru
-39887 thus sp. | LG stric on .00 51176 21. et al. yne et
M Cana 2 (2010) | al.
da (2008)
F:AM CAMSI12 | Ovibos | Pre- | Grazer | Polygast | Alas | 64.8565 | - Unknown 41200 | 1500 43428- 44863 - 0.1 | Fox- Fox-
142458 | 0072 sp. LG ric ka 3271 147.502 .00 46298 20. Dobbs | Dobbs
M (Rumin | USA 8344 5 et al. et al.
ant) (2008) | (2008)
YG AAR- Ovibos | Pre- | Grazer | Polygast | Yuk | 64.0517 | - Bone 38350 | 900 42089- 42883.5 | - 6.8 | Ragha | Ragha
157.24 12023 sp. LG ric on 2864 139.424 .00 43678 20. venet | venet
M (Rumin | Cana 8928 3 al. al.
ant) da (2014) | (2014)
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