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Genetic and linguistic evidence suggests that, after living in the Subarctic for thousands of years, Northern Athabascans began
migrating to the American Southwest around 1,000 years ago. Anthropologists have proposed that this partial out-migration
and several associated in situ behavioral changes were the result of a massive volcanic eruption that decimated regional cari-
bou herds. However, regional populations appear to increase around the time of these changes, a demographic shift that may
have led to increased territoriality, resource stress, and specialization. Building on existing syntheses of cultural dynamics in
the region, analyses of excavated materials, and landscape data from Alaska and Yukon, this research shows that the Athabas-
can transition represented a gradual shift toward resource specialization in both salmon and caribou with an overall increase
in diet breadth, indicating a behavioral transition that is more consistent with gradual demographic change. Further, this
behavioral shift was already in motion at the time of the volcanic eruption circa 1150 cal BP and suggests that the ultimate
migration from the area was the result of demographic pressures. In sum, this research elaborates on the complex dynamics
of resilience and adaptation in hunter-gatherer groups and provides a testable model for explaining past migrations.
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Después de vivir miles de años en el sub-árctico, evidencia lingüística y genética sugiere que hace aproximadamente 1.000
años, los Atabascanos del Norte migraban al sur oeste de los Estados Unidos. Antropólogos han surgido que esta migración,
y varias transiciones conductuales in situ asociadas, fueron causados por una erupción volcánica que diezmó manadas de
caribú. Sin embargo, después de esta erupción, parece que populaciones regionales se aumentó al mismo tiempo que esta
transición, un cambio demográfico que pudo haber llevado un aumento en la territorialidad, la demanda de recursos, y la
especialización económica. Basándose en las síntesis existentes de las dinámicas culturales en la región, analices de materi-
ales excavados, y los paisajes de Alaska y el Yukón, esta investigación muestra que la transición Atabascana representó un
cambio hacia una especialización en la recolección de salmón y la caza del caribú. Este cambio estaba asociado con un
aumento general en la amplitud de la dieta, indicando una transición conductual que está más coherente con un cambio demo-
gráfico gradual. Además, esta transición conductual ya hubiera comenzado antes que la erupción volcánica en 1150 cal BP, lo
cual sugiere que la inmigración al suroeste era causada por presión demográfica y no la erupción volcánica. En suma, esta
investigación elabora las dinámicas complejas de resiliencia y adaptación en grupos cazadores-recolectores y proporciona un
modelo comprobable para explicar otras migraciones prehistóricas.

Palabras clave: migración, arqueología norteamericana, Atabascanos, ecología del comportamiento humana, geoquímica,
análisis isotópicos, análisis lítico, análisis geoespacial, arqueología del paisaje, arqueología ambiental

Athabascan linguistic and human popula-
tion genetic evidence indicates that a
group of Northern Athabascans migrated

from the western Subarctic through the Great

Plains and into the western continental United
States approximately 1,000 years ago (Derry
1975; Dixon 1985; Ives 1990; Malhi et al. 2008;
Seymour 2012a, 2012b). This partial migration
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followed several thousand years of behavioral
consistency in central Alaska and Yukon (Dixon
1985; Esdale 2009; Potter 2008, 2016). Anthro-
pologists have proposed that a catastrophic
volcanic eruption around 1150 cal BP ultimately
led to several coincident in situ behavioral
changes and an associated migration (Derry
1975; Hare et al. 2012; Mullen 2012; Workman
1979). Conversely, an overall increase in the num-
ber of sites in the region (see below) suggests that
the population may have expanded around the
time of these changes, a demographic shift that
may have led to intensified territoriality and
resource stress. The research presented here repre-
sents one of the first attempts to evaluate both
potential causes of this migration—volcanism
versus demographic stress—with data spanning
Northern Athabascan territory on both sides of
the U.S.-Canada border (Mullen 2012:42).

Migrations are social processes that provide
critical insights into human decision making,
adaptation, and resilience (Cabana and Clark
2011). While past migration is now conceived
of as an inherently collective social process
resulting from a suite of push and pull factors
(Anthony 1990, 1997), explanations of the Atha-
bascan migration remain largely based in
environmental variables (Kristensen, Andrews
et al. 2019; Mullen 2012). Yet Athabascans
and Arctic peoples more generally are impres-
sively impervious to episodes of prolonged
ecological degradation due to their complex
social networks and flexible technological sys-
tems honed over millennia of survival in these
dynamic environments (Berkes and Jolly 2001;
Gordon 2012; Ives 1990). Moreover, scholars
have recently called into question the extent
and severity of ash-induced ecological failure
that archaeologists have linked to the Athabascan
migration (Gordon 2012; Letts et al. 2012),
demanding a reexamination of the migration
process and its potential cause(s).

The research presented here builds on existing
syntheses of cultural dynamics in the region,
excavated materials, and landscape data from
Alaska and Canada to evaluate whether this
migration and associated behavioral changes
were most likely caused by (1) a massive vol-
canic eruption and presumed ecological collapse
and/or (2) increased territoriality associated with

a gradual population increase. We evaluated this
multiscalar dataset, comprising excavated
remains from five components spanning circa
2000–500 cal BP and location and site size
data from 198 radiocarbon-dated components
recovered in both Alaska and Yukon spanning
6000–100 cal BP (Figure 1) within a theoretical
model drawn from predictions based in human
behavioral ecology and ethnographic analogy.

Background

According to linguistic data, Athabascan people
occupied the interior of Alaska and Yukon for at
least 2,000 years and perhaps longer than 5,000
years (Dumond 2010; Kari 2010; Vajda 2010)
before a significant number of Dene (Athabas-
cans) migrated hundreds of miles south toward
the Northwest Coast, the Great Plains region,
and the Southwest through the Rocky Mountains
and surrounding plains (Ives 1990, 2003;
Seymour 2012a). For thousands of years before
this migration, denizens of central Alaska and
Yukon maintained a highly mobile, caribou-
based subsistence system centered in the upland
ecological zones of the region (ca. 600 masl),
identified archaeologically as the Northern
Archaic Tradition (Anderson 1968; Esdale
2008; Potter 2008). Archaeologists have recov-
ered consistent evidence for atlatls and stone-
tipped darts, notched projectile points, caribou-
based subsistence, and residential mobility at
small upland hunting camps associated with the
Northern Archaic throughout this interior region,
spanning approximately 7000–2000 cal BP
(Blong 2016; Bowyer 2011; Dixon et al. 2005;
Esdale 2009; Graf and Bigelow 2011; Hare
et al. 2012; Potter 2008).

Archaeologists have identified material evi-
dence from between 1,000 and 2,000 years ago
for the Athabascan transition, which represented
a departure in subsistence, mobility, and technol-
ogy across central Alaska and Yukon (Dixon
1985; Hare et al. 2012; Holmes 2008; Potter
2008; Shinkwin 1979). Specifically, the Atha-
bascan transition is associated with increased
diet breadth, indicated both by increased use of
fish and small game represented in faunal assem-
blages and by increased use of lowland eco-
logical zones that have fewer caribou (Holmes
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2008; Perry 1983; Potter 2008; Shinkwin 1979).
Additionally, the first semisubterranean house
pits and ceramic materials are associated with
this period, which suggest decreased mobility
(Shinkwin 1979). Regarding technology, archae-
ologists have asserted that stone tools, particu-
larly microblades, were replaced by bone and
metal tools around 1000 cal BP (Carlson 2012;
Hare et al. 2012; Holmes 2008; Potter 2008),
and ice patch finds from Yukon provide limited
evidence for a transition to bow and arrow tech-
nology that may be related to increased diet
breadth (Angelbeck and Cameron 2014; Bettin-
ger 2013; Hare et al. 2012) and/or increased
territoriality (Maschner and Mason 2013). In
sum, archaeologists have argued that the Atha-
bascan transition comprised increased diet
breadth, reduced mobility, and use of bone and
metal tools.

Apachean and Navajo technological terms
and archaeological assemblages provide the
opportunity to link Subarctic behavioral changes

with the greater Dene (Athabascan) diaspora.
Southern Dene speakers show linguistic ties
with their Northern counterparts that indicate
that the use of bow and arrow technology, cop-
per, and ceramics preceded the Athabascan
migration south (Ives 2010; Wilson 2019).
Importantly, ancestral Apachean and Navajo
assemblages contain both ceramics and bow
and arrow technology as early as 750 cal BP
(Hill 2012; Ives et al. 2014; Seymour 2013)
and may also include microblade technology
(Dykeman and Roebuck 2012:154). Identifying
the timing of these technological developments
and the diaspora as a whole remains complicated
by the similarity of Dene (Athabascan) culture,
mobility, and subsistence to that of other groups
in the American Plains and Southwest as well as
the Dene (Athabascan) proclivity to accept
material culture and ceremonial life from neigh-
boring societies (Ives et al. 2014:619; Seymour
2012b). Nevertheless, these Southern Dene
linguistic and archaeological data provide greater

Figure 1. Study area depicting locations of sites, ecological zones, and distribution of White River Ash north and east.
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context for the Athabascan behavioral transition
and migration.

A number of anthropologists have linked
changed Athabascan behaviors and migration
to a large volcanic eruption circa 1150 cal BP
that deposited ash from southeast Alaska to
Greenland (Clague et al. 1995; Derry 1975;
Fast 2008; Kristensen, Andrews et al. 2019; Kris-
tensen, Hare et al. 2019; Mullen 2012; Workman
1979). Indeed, ecologists have associated this
event, referred to as the White River Ash east
event, with widespread paleoecological changes
in the regions’ lacustrine and terrestrial ecosys-
tems (Hughes et al. 2013; Kuhn et al. 2010;
Lacourse and Gajewski 2000). Notably, caribou
genetic data indicate a possible caribou popula-
tion replacement event in central Yukon at the
time of the White River Ash (Kuhn et al.
2010), and archaeologists have recently
employed evidence of shifting trade networks
to argue that decreased caribou populations led
to a temporary abandonment of the affected
region that ultimately resulted in migration as
displaced groups sought improved upland hunt-
ing venues (Kristensen, Andrews et al. 2019;
Kristensen, Hare et al. 2019).

Ecologists have linked this caribou population
decline to the ash event in part because mid- to
late Holocene (6000–100 cal BP) environmental
reconstructions show no evidence for other sig-
nificant environmental disruptors (Kaufman
et al. 2016), though the relationship between
the White River Ash east and regional caribou
populations remains equivocal (Letts et al.
2012). Alternatively, archaeologists have consid-
ered an earlier White River Ash event that
occurred circa 1625 cal BP (Lynch et al. 2018;
Reuther et al. 2019) as a possible cause for
migration from central Alaska and Yukon to
the Pacific Northwest (Ives 2003; Mullen
2012). However, this ashfall was considerably
smaller than the White River Ash east, was
patchily distributed, and has not been correlated
with any ecological changes in the region
(Reuther et al. 2019). Therefore, wewill consider
the pace of the Athabascan transition between
500 and 2,000 years ago to evaluate how this
earlier volcanic event may have contributed to
technological, subsistence, and mobility
changes, including migration, though the White

River Ash east is the primary focus of this
investigation.

The temporal correlation between an inferred
ecological decline and behavioral shifts has led
archaeologists to suggest a causal relationship.
Indeed, a regional decrease in caribou popula-
tions could have been catastrophic to the highly
mobile caribou hunters associated with the Nor-
thern Archaic Tradition. Oral historic evidence
suggests a link between volcanism and the first
use of copper tools in the region (Moodie et al.
1992), and radiocarbon-dated ice patch finds
show chronological links between the White
River Ash east and a rapid transition to bow
and arrow technology (Dixon et al. 2005; Hare
et al. 2012). However, additional genetic
research on neighboring caribou populations
has called into question a Yukon caribou popula-
tion replacement episode due to issues of sam-
pling and temporal scale (Letts et al. 2012).
Additionally, critics charge that this explanation
is largely circumstantial, does not address issues
of scale, and fails to accommodate the complex
adaptive social dynamics of Western Subarctic
peoples that have made them resilient to environ-
mental perturbations (Gordon 2012; Holmes
2008; Potter 2008), particularly caribou popula-
tion crashes (Burch 2012). Further, ecological
studies following recent volcanic eruptions in
similar ecosystems show that succession is
highly heterogeneous across large regions and
that salmonid, lichen, and mammal rehabilitation
can occur within two to three decades after a vol-
canic event (Blackman et al. 2018; Crisafulli
et al. 2018; Nelson et al. 2018), during which
time Athabascans could have temporarily
employed established fallback strategies, such
as increased diet breadth. Combined, these cri-
tiques have provoked recent reexaminations of
Athabascan behavior that argue that the eruption
had only subtle effects on trade in south-central
Yukon and did not provoke an adaptive behav-
ioral response throughout the broader Northern
Athabascan region (Kristensen, Andrews et al.
2019; Kristensen, Hare et al. 2019). Additional
research is needed to contextualize the broader
regional response to volcanic activity during
the late Holocene.

Archaeological data from the region show
another important change at this critical interval:
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the number of sites from circa 2000–100 cal BP
is nearly twice that of the total for the preceding
4,000 years (6000–2000 cal BP; Figure 2), and
average site size also increased significantly
(ADNR Office of History and Archaeology
2019; Martindale et al. 2016; Mullen 2012).
These concomitant increases suggest that an
important demographic shift took place between
3000 and 1000 cal BP. While such a late increase
in overall number of sites might be associated
with survey or taphonomic bias, research in this
region has been focused on occupations related
to the initial colonization of the Americas
(∼12,000 cal BP), and this research bias likely
negates taphonomic effects (Anderson et al.
2019; Surovell and Brantingham 2007). The
number of sites increased before the White
River Ash east event and remained consistent
after the event, suggesting an alternative explan-
ation for settlement patterning and other behav-
ioral changes: population growth. An increase
in the number of sites and site size (represented
here by diameter) could signify an overall
increase in population facilitated by stable cli-
matic conditions and/or endogamous local
group growth kinship systems (Ives 1990:113).
Alternatively, the Thule emergence across the
Northern Arctic may have displaced Athabas-
cans from the Northwest Coast of Alaska to the
interior, a potential explanation suggested by
archaeological and linguistic data (Esdale
2008:8; Krauss and Golla 1981). Therefore, it
appears that populations increased, either

through in situ growth, in-migration, or replace-
ment, and associated social shifts may have
contributed to the Athabascan migration.

Analytical Framework

Migrations represent the culmination of individ-
ual responses to adaptive pressures that ultim-
ately result in the permanent displacement of
entire communities. Slobodkin (1968) and Col-
son (1979) suggested that the key to explaining
adaptive decisions, such as migration, lies in
understanding and explaining the penultimate
responses to adaptive pressure(s). Here, we will
consider social and environmental catalysts of
the Athabascan transition as a way of inferring
how certain push and pull factors ultimately
contributed to the Athabascan migration.
The choices that Athabascans made circa
2000–500 cal BP can be evaluated within the
framework of human behavioral ecology to
reconstruct how individual decisions made in
response to social and/or environmental factors
culminated in a systemic change in Athabascan
behavior and, ultimately, migration (Winter-
halder 2001).

Human behavioral ecology draws on opti-
mization and game theoretic models to build
predictions about the fitness-related trade-offs
that individuals face in variable environmental
and social circumstances (Bird and Codding
2008; Winterhalder and Smith 1992). Within
this paradigm, optimal foraging theory offers

Figure 2. Radiocarbon-dated assemblages from central Alaska and Yukon.
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the diet breadth model to predict subsistence
decisions under shifting resource availability
(Bettinger et al. 2015). Specifically, the diet
breadth model provides a framework for predict-
ing the adaptive response of foragers to changed
resource availability. Frequently, foragers will
broaden their diet to include lower-ranked
resources that were previously ignored when
higher-ranked resources are no longer available
(Winterhalder et al. 1999). In the Subarctic, cari-
bou are a high-ranked resource, and salmonids
and other fish are considered lower-ranked unless
they are intensively pursued in larger quantities
due to the relationship between processing time
and biomass (Tremayne and Winterhalder
2017). Therefore, this framework offers the pos-
sibility to explain the documented increase in
diet breadth that occurred during the Athabascan
transition.

Economic and ecological models also offer
predictions for land use decisions based on
resource availability that can be used to explain
subsistence and mobility changes associated
with the Athabascan transition (Dyson-Hudson
and Smith 1978; Nonaka and Holme 2007).
Specifically, agent-based and ecological models
suggest that foragers pursue a strategy of high
mobility and generalized subsistence when
resources are sparse and unpredictable. Con-
versely, foragers pursue a territorial strategy of
specialized resource use when resources are
predictable, dense, and patchily distributed and
the cost of defending predictable resources is
outweighed by the benefits of controlling them.
It may be difficult to conceive of territoriality
occurring in such a vast landscape with a rela-
tively low population density. However, this
Subarctic ecosystem presents a unique resource
scheduling conflict in two top-ranked resources,
salmon and caribou, which are both available
for only a few weeks in the late summer and
early fall at predictable lowland and upland loca-
tions, respectively. Additionally, evidence for
territoriality in both the protohistoric period
and the ethnographic present supports territorial-
ity associated with this resource scheduling con-
flict in this region (Blong 2016; Burch 2012:39;
Sharp and Sharp 2015).

If a significant caribou population decrease
associated with volcanic activity disrupted the

Northern Archaic subsistence strategy, ethnohis-
toric data and predictions from ecological mod-
els suggest that Athabascans would pursue a
strategy of high mobility and generalized subsis-
tence that incorporated lower-ranked resources,
such as fish, or would potentially move to a
new region with more abundant terrestrial
resources (Nonaka and Holme 2007; Tremayne
and Winterhalder 2017; VanStone 1974:52).
Therefore, subsistence use at all sites should be
oriented around a wide range of available
resources, such as moose, sheep, fish, and
small game (i.e., furbearers and waterfowl),
reflecting increased diet breadth. In techno-
logical assemblages, this generalized and highly
mobile subsistence strategy would be associated
with a general lack of intersite variability and
homogeneous lithic tool reduction patterning
across sites (Binford 1980). Further, assem-
blages should contain traded exotic materials,
such as obsidian and copper, representing links
to the broader social network (Dyson-Hudson
and Smith 1978:26). At a landscape level, a tran-
sition to generalized diet breadth would result in
a decrease in the number of upland sites and an
increase in the number of lowland sites and low-
land site size as subsistence focus shifted from
caribou to lower-ranked resources. Finally, this
generalized subsistence and land use strategy
should be unified and only visible after the
White River Ash east event.

In contrast, if Athabascan behavioral changes
are linked to a population increase, the ecological
models presented above suggest internal pres-
sures on resource availability that would result
in a gradual shift to increased resource special-
ization and territoriality (Dyson-Hudson and
Smith 1978; Potter 2007). While overall diet
breadth would increase, territoriality would
necessitate the intensification of specific upland
and lowland resources to increase the utility of
lower-ranked resources, such as fish, and offset
the cost of defending these predictable and abun-
dant resources. Such specialization would yield
heterogeneous technological assemblages suited
to specific subsistence pursuits and faunal
assemblages that are dominated by ecologically
specific and potentially lower-ranked resources,
such as fish in lowland faunal assemblages.
Settlement patterning would reflect resource
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specialization and increased territoriality through
an overall increase in the number of sites in both
upland and lowland ecological settings, with an
overall increase in site size as occupations grow
longer, signifying increased territorial invest-
ment. Finally, gradual demographic change
would likely be associated with an equally grad-
ual change in behavior rather than a rapid, unified
behavioral response.

Methods

To evaluate the dynamic process of the Athabas-
can transition and subsequent migration, we car-
ried out a multiscalar evaluation of data collected
through archaeological investigations. This
approach unites data from regional and site scales
to effectively evaluate the environmental and
demographic factors that contributed to the
Athabascan transition and migration.

Technological Analysis

The analysis of tools and toolmaking debris, or
debitage, is standard in North American archae-
ology and critical to understanding the late Holo-
cene transition in Athabascan technology.
Indeed, the analysis of rawmaterial type and deb-
itage phase has the potential to show reduction
strategies and has larger implications for mobil-
ity and land use strategy (Andrefsky 1994,
2005; Surovell 2009). Further, comprehensive
debitage analyses of lithic assemblages have pro-
vided key information on subsistence and mobil-
ity across the Subarctic (Esdale 2009; Holmes
et al. 2018; Rasic and Andrefsky 2001). Charcoal
associated with archaeological occupations was
recovered from four Alaskan archaeological
sites with a total of five late Holocene compo-
nents and was radiocarbon dated at the National
Ocean Sciences Accelerator Mass Spectrometry
lab with accelerator mass spectrometry radiocar-
bon dating, unless otherwise noted. Resulting
dates were calibrated to 2σ using Calib 7.1 and
reported following standard conventions (Stuiver
and Polach 1977; Stuiver and Reimer 1993; Stui-
ver et al. 2019).

Associated excavated materials were analyzed
at the University of Michigan Museum of
Anthropological Archaeology following stand-
ard methods for morphological and functional

analysis of lithic remains (Andrefsky 2005;
Esdale 2009). First, all artifacts were weighed,
and material types were assessed through com-
parisons of tool stone types found in local drain-
ages. Second, tools and tool fragments were
distinguished from debitage, or lithic material
with an intact platform, identifiable bulb of per-
cussion, and terminating edge. Only complete
pieces of debitage, tools, and tool fragments are
considered here. Tools and tool fragments were
analyzed in comparison with established Nor-
thern Archaic and Athabascan tool types and dis-
tinguished into six broad technological
categories: uniface, biface, burin, blade, micro-
blade, and expedient tool. Debitage was assigned
a size class on a base 2 scale, beginning at 1 cm2.
Next, these pieces were assessed individually for
presence of cortex, heat treatment, and use-wear.
Finally, each piece was assigned one of 13 pro-
duction phase categories (Andrefsky 2001;
Odell 2000). General production phase catego-
ries distinguished between early reduction,
bifacial reduction, unifacial reduction, and
microblade reduction. Early reduction flakes
were further separated into primary decortication
(>50% cortex), secondary decortication (10%–

50% cortex), and interior flakes (0%–10% cor-
tex). Debitage related to bifacial reduction was
separated into early thinning, late thinning, alter-
nate, edge preparation, and bifacial pressure
flakes. Microblade reduction debitage was distin-
guished into core face rejuvenation flakes, plat-
form rejuvenation flakes, linear flakes, and core
tablets. This functional analysis of debitage in
combination for statistical tests allows for the
production strategy to be assessed as part of over-
all site use strategy.

Geochemical Analysis

Isotopic chemistry has revolutionized archaeolo-
gists’ ability to measure and track diet and mobil-
ity in the past. The compound-specific isotope
analysis of fatty acids in ceramic residue analysis
has recently been applied to Arctic hearth resi-
dues due to the excellent preservation of fatty
acids, particularly in acidic soils (Buonasera
et al. 2015; Choy et al. 2016). This approach
can successfully discriminate between a variety
of faunal sources through dietary mixing models
and gas chromatography mass spectrometry
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analysis (Buonasera et al. 2015; Choy et al. 2016;
Craig et al. 2011; Kedrowski et al. 2009).
Further, compound-specific isotope analysis
can correct for deposition/preservation bias and
provide a more accurate understanding of the
relative importance of dietary items, such as
fish, whose remains preserve poorly or are lost
using standard sampling methods (Colley 1990;
Grayson 1984).

Fatty acids from four hearths within three
archaeological contexts all dated to the late Holo-
cene were analyzed following standard methods
for compound-specific isotope analysis to recon-
struct the dietary items processed in these con-
texts. Approximately 1 g of soil was collected
from hearths with characteristic black and/or
greasy appearance associated with calcine and/
or burned bone fragments. Control soils from
nonhearth contexts at both sites were also col-
lected. Fatty acid methyl esters from hearth
soils were extracted with dichloromethane fol-
lowing a modified Bligh-Dyer technique stand-
ard in hearth residue analysis (Buonasera et al.
2015), with an appropriate amount of nonadeca-
noic acid serving as an internal standard (Supple-
mental Text 1). The resulting fatty acid methyl
esters were analyzed at the University of Mich-
igan on a Shimadzu GCMS-QP2010 with a gas
chromatograph that contains a 30 m long DB-5
column with a 0.25 mm ID and a quadrupole
mass spectrometer capable of unit mass reso-
lution. This analysis confirmed the presence of
C16:0 and C18:0 fatty acids and measured the
relative proportion of each within the sample.
Aliquots of each sample were then submitted to
the University of California, Davis, Stable Iso-
tope Facility for compound-specific isotope ana-
lysis via gas chromatography/combustion/
isotopic ratio mass spectrometry. Compounds
were analyzed on a TRACE 1310 Gas Chromato-
graph coupled to a Thermo Scientific MAT 253
isotopic ratio mass spectrometer through a GC
IsoLink II combustion interface. Samples were
injected, splitless, on a DB-5 ms column (60
m × 0.25 mm OD, 0.5 mm film thickness, con-
stant flow 1.4 mL/min). Once separated, fatty
acid methyl esters were quantitatively converted
to CO2 with a NiO/CuO catalyst at 1,000°C,
dried, and introduced to the isotopic ratio mass
spectrometer. Provisional isotopic ratio mass

spectrometer values were corrected both based
on working standards composed of fatty acid
methyl esters calibrated against National Institute
of Standards and Technology standard reference
materials and for isotopic contribution of
methanol, with a resulting standard deviation
of ± 0.11‰ or better. Fatty acid methyl ester
sample δ13C values are expressed in per mill
(‰) ratios of 13C to 12C relative to the ratio for
the standard reference, Vienna Pee Dee
Belemnite.

Previous research has shown that the isotopic
values of C16:0 and C18:0 in terrestrial and
aquatic fauna are significantly different and suit-
able for stable isotope mixing models (Choy
et al. 2016). Therefore, isotopic contributions
of various fauna were estimated via δ13C isotopic
values of C16:0 and C18:0 using background
compound-specific isotope data collected from
Subarctic fauna and corrected postindustrial car-
bon (Buonasera et al. 2015; Choy et al. 2016;
Taché and Craig 2015). SIAR version 4.2 (Par-
nell and Jackson 2013), an open-source package
in R, was used to estimate relative contributions
of potential dietary resources, and its Bayesian
statistical framework incorporates uncertainty in
modeling different food groups, making it ideal
for estimating relative contributions of dietary
items in hearth remains.

Landscape Analysis

Landscape approaches serve to unite disparate
data and explore larger patterns across regional
ecological use, integrating human experiences
with environmental data through spatial related-
ness. The complex record of Subarctic archaeo-
logical research conducted through academic,
tribal, and industrial interests, among others,
has resulted in varying levels of site assessment
that can be integrated at a landscape level, par-
ticularly when sites have not been excavated at
a large scale (Kintigh 2006). Moreover, a
landscape-level analysis provides an opportunity
to synthesize regional trends and better investi-
gate causal explanations premised on resource
availability, such as those presented here, and
Alaskan and Canadian archaeologists have suc-
cessfully used geospatial analyses to elaborate
mobility and subsistence dynamics at several
periods of Subarctic history including the
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Athabascan transition (Kristensen, Andrews
et al. 2019; Mullen 2012; Potter 2008).

Several difficulties and potential ethical issues
arise from the inclusion of geospatial databases,
including issues of analytical scale, the accuracy
of various dating techniques, and permissions.
Therefore, records and associated reports from
the Alaska Heritage Resource Survey database
(ADNR Office of History and Archaeology
2019) and the Canadian Archaeological Radio-
carbon Database (Martindale et al. 2016) were
carefully screened to mitigate research, discov-
ery, and taphonomic bias (Surovell and Branting-
ham 2007; complete references available in
Supplemental Table 1). Site location and asso-
ciated radiocarbon dates were recorded for all
occupations within the study area, defined by
ethnohistoric linguistic boundaries (Krauss
et al. 2011). The region considered is vast, but
archaeologists have aggressively surveyed and
radiocarbon dated sites across this region in
part because of their potential significance to
the colonization of the Americas. Radiocarbon
dates for each component at all occupations
were calibrated using Calib 7.1 (Stuiver and
Reimer 1993; Stuiver et al. 2019:1), and approxi-
mate site sizes were attributed based on field
notes and landform size using topographic
maps of the region (U.S. Geological Survey
2017). Ice patch finds and other ephemeral
occupation contexts were not considered in this
analysis, but occupations that were relatively
dated using tephras or stratigraphic position
were included if they were bracketed by
radiocarbon-dated contexts. Finally, hydrologic
features for the study area were aggregated from
the Alaska Department of Natural Resources
and Parks Canada at a resolution of 1:1,000,000
(ADNR Information Resource Management
1998; Natural Resources Canada 2019), and
upland and lowland zones were drawn based on
ecoregion data hosted by the Environmental Pro-
tection Agency (Commission for Environmental
Cooperation 1997; Gallant et al. 1995). Ecological
zones (e.g., upland and lowland) were defined
based on modern climate, vegetation, hydrology,
terrain, and elevation (Gallant et al. 1995) and
are consistent with definitions used in previous
studies of settlement patterning in the region
(Blong 2016; Potter 2008; Wygal 2010).

Occupations were grouped into three time
periods approximately corresponding to recon-
structed culture-historic periods: 6000–2000 cal
BP, 2000–1150 cal BP (pre–White River Ash
east), and 1150–100 cal BP (post–White River
Ash east; Esdale 2008; Holmes 2008; Potter
2008). These periods are of varying lengths but
have comparable numbers of radiocarbon-dated
occupations and reflect relatively consistent cul-
tural intervals. For each site, the ecological
zone was recorded along with the distance to
the nearest lake and the nearest river. Data from
each of these periods were compared on counts
of sites in different ecological zones, average
distance to rivers and lakes, and average site
size to identify and evaluate any significant
shifts in site size and placement during the
Athabascan transition. Several statistical tests
were applied to the resulting dataset. A two-
tailed Student’s t-test was applied to understand
differences in site size and distances throughout
the period of interest. When appropriate, these
data were corrected for right-hand skew through
log normalization. A two-tailed Fisher’s exact
test was applied to overall counts of sites to
determine whether significant differences
existed in site number and distribution at differ-
ent periods. The results of this analysis will be
considered below.

Results

Artifactual Analysis

Tools, tool fragments, and tool debris recovered
from five components at four sites in two differ-
ent ecological settings were compared to assess
patterns in technology use, specialization, and
production between 2000 and 500 cal BP
(Table 1; Figure 3). All five components are
associated with summer or early fall use, and
they span the period before (Caribou Knob,
Clearview, Delta Creek, Klein site Upper
Locus) and after (Klein site Lower Locus) the
White River Ash east event. Further, these sites
were selected for analysis because they are out-
side the White River Ash east deposit but prox-
imal to the affected area and, thus, should show
how this event led to behavioral changes in the
immediate vicinity of the ashfall extent.
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Technological Assemblages and Radiocar-
bon Chronology. Two components from sites
located in upland ecological zones were evalu-
ated here: Clearview (XMH-1303) and Delta
Creek (XBD-110). A technological analysis of
Clearview, dated to 1540 ± 30 BP (NOSAMS
OS-130785; wood charcoal) and calibrated to
1370–1520 cal BP, yielded 1,477 diagnostic
lithic artifacts, including 55 tools, tool

fragments, and cores, made of at least 13 raw
material types. Delta Creek, dated to 1560 ± 60
BP (NOSAMS OS-140923; wood charcoal)
and calibrated to 1400–1530 cal BP, yielded 27
diagnostic lithic artifacts made of at least four
raw material types. Calibrated radiocarbon
dates indicate that both of the sites predate the
White River Ash east event. Faunal remains
were limited from these sites, potentially due to

Table 1. Debitage Phase and Raw Material Counts by Site and Ecological Setting.

Site/Locus
Ecological
Setting

Core
Preparation

Early
Bifacial

Late
Bifacial

Microblade
Reduction

Unifacial
Reduction

Exotic
Material

Local
Material Total

Caribou Nob Lowland 45 161 355 2 3 16 434 566
Klein site, Lower Lowland 15 8 16 3 2 5 33 44
Klein site, Upper Lowland 34 44 109 16 0 7 192 203
Clearview Upland 144 520 662 85 11 8 1,312 1,422
Delta Creek Upland 2 12 13 0 0 1 24 27

Figure 3. Representative tools recovered during excavations of the Clearview (*) and Klein sites (**): (a–e*) bifacial
technology; (f–g**) copper scrap and awl; (h**, i–k*, l**) unifacial scrapers; (m*, n**, o*) microblade cores; (p*)
microblades; (q–r**) expedient tools. (Clearview artifact photos courtesy of Whitney McLaren.)
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poor preservation associated with boreal soils
(Ping et al. 2008), and no bone technology was
recovered during excavations.

Three components from two sites located in
lowland ecological zones were also evaluated:
Caribou Knob (XMH-917) and both the Upper
and Lower Loci at the Klein site (XBD-362).
Caribou Knob, dated to 1,420 ± 40 BP
(Beta-271226; wood charcoal) and calibrated to
1280–1390 cal BP, yielded 568 diagnostic lithic
artifacts made of at least seven raw materials,
including one expedient scraper and one
unifacial scraper fragment. The Upper Locus of
the Klein site was dated to 1256 ± 38 BP
(AA88629; wood charcoal; δ13C =−23.1‰;
Reuther 2013:21), has a calibrated age of
1080–1160 cal BP ( p = 0.22) and 1170–1280
cal BP ( p = 0.78), and yielded 209 diagnostic
artifacts, including a copper awl, three expedient
tools, two unifacial scraper fragments, and at
least 11 raw materials. The Lower Locus of the
Klein site was dated to 560 ± 20 BP
(Beta-40143; wood charcoal; δ13C =−24.0‰),
calibrated to 520–560 cal BP ( p = 0.52) and
600–630 cal BP ( p = 0.48), and yielded 44 diag-
nostic artifacts, including one microblade core
fragment, one unifacial scraper, one expedient
flake knife, and at least six raw materials.
According to the calibrated radiocarbon dates
presented above, Caribou Knob and likely the
Klein site Upper Locus predate the White River
Ash east event, while the Klein site Lower
Locus postdates this event. Though faunal mate-
rial was present in all three assemblages, no evi-
dence for osseous technology was recovered,
contrasting results of previous excavations at
lowland sites (e.g., Dixthada) that recovered
osseous technology (Shinkwin 1979).

Production Strategies and Ecological Set-
ting. A detailed investigation of raw material
use and reduction strategies from artifacts from
these five components revealed significant differ-
ences between upland and lowland ecological
zones during the Athabascan transition. Results
of a Fisher’s exact test show that exotic rawmate-
rials, such as obsidian and copper, were signifi-
cantly more frequent in lowland ecological
zones ( p < 0.01). Further, exotic materials were
twice as abundant in overall count at lowland
sites and four times as abundant by weight.

Three copper artifacts were recovered during
excavations at the Klein site Upper Locus,
including one awl and two pieces of scrap, and
the delamination cracks on each of these are con-
sistent with cold hammering (Cooper 2007:123;
Franklin et al. 1981). Though exotic materials,
obsidian specifically, were found in all assem-
blages, they were more abundant in components
found in the lowland ecological zone.

All assemblages showed evidence for initial
core reduction and bifacial tool production.
Moreover, unifacial, microblade, and expedient
technologies were recovered from all assem-
blages except for Delta Creek. A Fisher’s exact
test on the overall count of artifacts related to
microblade and bifacial reduction showed that
microblade reduction was significantly more
common in upland ecological zones ( p < 0.01).
Additionally, upland sites had significantly
higher quantities of debris related to early
bifacial reduction according to a Fisher’s exact
test ( p < 0.01), while lowland sites had more
expedient tools and debris related to initial core
reduction ( p < 0.01). These results indicate that
tool production strategies were distinct in upland
and lowland ecological settings during the Atha-
bascan transition.

Compound-Specific Isotope Analysis of Hearth
Fatty Acids

Hearths were identified based on soil discolor-
ation, abundance of charcoal or charcoal fleck-
ing, and presence of fragmentary and calcined
bone. Further, carbon isotope ratios showed
that hearth soils were significantly different
from control soils at all occupations (Table 2).
The results of an unpaired Student’s t-test
showed that Caribou Knob control and hearth
δ13C values of C16:0 and C18:0 were signifi-
cantly different (t = 4.55, p = 0.01; and t = 1.78,
p = 0.01, respectively). Similarly, control and
hearth δ13C values from the Klein site also varied
significantly in C16:0 (t = 2.97; p = 0.02) and
C18:0 (t = 14.67; p < 0.01).

Hearth soils at Caribou Knob and both loci at
the Klein site contained a significant quantity of
extractable fatty acids (FAs), identifiable by their
FA methyl ester mass spectra (Figure 4). Long-
chain saturated FAs (C14:0–C26:0) were the
most abundant constituents, with hexadecenoic
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acid (C16:0) more abundant than octadecanoic
acid (C18:0). Unsaturated FAs were also
identified, including C16:1, C18:1, and C18:2.
We did not identify any FAs used as marine
biomarkers, such as isoprenoid FAs (4,8,12-
trimethyltridecanoic, pristanic, or phytanic
acid), long-chain ω-(o-alkylphenyl)alkanoic
acids, or dihydroxy FAs (Buonasera et al.
2015; Choy et al. 2016; Heron et al. 2010;
Taché and Craig 2015).

The results of a Bayesian analysis of faunal
contribution to hearth isotopic data show that a
mix of faunal resources were used at Caribou
Knob and both loci of the Klein site (Figure 5),
occupations that span circa 1300 cal BP to
around 500 cal BP. A mixing model estimated
the relative probability of terrestrial, freshwater,
and marine resources within hearth soils (Fig-
ure 6; Choy et al. 2016; Taché and Craig
2015). This model showed that the majority
(>50%) of fats found in hearth materials could
be attributed to freshwater resources in all three
contexts and that lacustrine resources were sup-
plemented by terrestrial and marine resources.
This indicates that freshwater fish were of central
importance in these three occupations spanning
the late Holocene.

Landscape Analysis

A total of 79 archaeological components were
occupied before 2000 cal BP, and a total of 119

components were occupied after 2000 cal BP
(Table 3; Supplemental Table 1). Of these, 61
occupations predate the White River Ash east
event, and 58 postdate this event, according to
the median probabilities of calibrated radiocar-
bon dates. Occupation size and ecological infor-
mation reveal significant differences in spatial
patterning across these periods of Subarctic his-
tory that will be considered in detail below.

Pre- and Post-2000 cal BP. The results of a
two-tailed Student’s t-test show that no sig-
nificant difference exists in overall site size
during the pre- and post-2000 cal BP periods
(t =−0.21; p = 0.84). Additionally, no significant
differences exist between these periods in
average site size in either the uplands (t = 0.28;
p = 0.78) or the lowlands (t =−1.17; p = 0.25).
However, upland sites are significantly larger in
diameter than lowland sites during both the
pre-2000 cal BP period (t =−2.66; p = 0.01)
and the post-2000 cal BP period (t = 2.16; p =
0.03). Pre-2000 cal BP upland site diameters
are 68 m larger than lowland sites, on average,
and post-2000 cal BP upland site diameters are
an average of 17 m larger than lowland sites.

Site patterning was also evaluated for differ-
ences in site placement relevant to lakes and riv-
ers and for overall number of sites in lowland and
upland locales to ascertain resource and land-
scape use at different periods in the past. The
results of two-tailed Student’s t-test show no

Table 2. Results of Compound-Specific Isotopic Analysis of Fatty Acid Methyl Esters Extracted from Hearth Remains.

Site/Locus Sample ID Feature Lipid Concentration (μg/mg) δ13C16:0 (‰) δ13C18:0 (‰)

Caribou Knob 2019-2-ck261 Control 0.11 −32.03 −31.13
Caribou Knob 2019-5-ck261 Control 0.19 −31.63 −31.48
Caribou Knob 2019-2-ck9 CK F1 0.36 −32.99 −31.92
Caribou Knob 2019-4-ck10 CK F1 0.47 −32.74 −31.49
Caribou Knob 2019-5-ck10 CK F1 0.13 −32.58 −31.53
Caribou Knob 2019-6-ck9 CK F1 0.18 −32.55 −31.58
Klein site 2019-5-AEHOZ Control 0.11 −29.64 −29.95
Klein site 2019-6-AEHOZ Control 0.05 −29.53 −29.67
Klein site, Lower 2019-4-ks315 KS F2014-1 0.10 −32.19 −31.13
Klein site, Lower 2019-4-ks354 KS F2014-1 0.09 −31.32 −31.11
Klein site, Lower 2019-5-ks315 KS F2014-1 0.29 −32.39 −31.11
Klein site, Upper 2019-4-ks624 KS F2018-3 0.10 −31.08 −31.02
Klein site, Upper 2019-6-ks624 KS F2018-3 0.05 −31.12 −31.06
Klein site, Upper 2019-4-ks656 KS F2018-5 0.13 −30.52 −31.04
Klein site, Upper 2019-5-ks656 KS F2018-5 0.11 −30.61 −30.88
Klein site, Upper 2019-6-ks656 KS F2018-5 0.04 −30.46 −30.96
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significant difference in proximity to rivers dur-
ing the pre- and post-2000 cal BP periods (t =
0.5; p = 0.61). Contrastingly, the results of a
t-test show that post-2000 cal BP occupations
were significantly closer to lakes than pre-2000
cal BP sites (t = 2.04; p = 0.04). On average,
pre-2000 cal BP occupations were 2.4 km closer
to lakes than post-2000 cal BP sites. Finally, the
results of a Fisher’s exact test show that the
distribution of sites was significantly different
during the pre- and post-2000 cal BP periods
( p < 0.01), with significantly more upland sites
than lowland sites during the pre-2000 cal BP
period and an even distribution during the
post-2000 cal BP period.

Pre– versus Post–White River Ash East.
Results were further divided into pre– and
post–White River Ash east to ascertain landscape
use patterns during the last 2,000 years

of Northern Athabascan history. A two-tailed
Student’s t-test showed no significant difference
in overall site diameter before and after theWhite
River Ash east event (t =−0.85; p = 0.4), nor was
there a significant difference between site dia-
meters in either upland (t = 1.5; p = 0.12) or low-
land (t = 0.07; p = 0.95) occupations before and
after the White River Ash east event. However,
the same test showed that upland site diameters
were significantly larger than lowland site
diameters before the White River Ash east
event (t = 2.16; p = 0.03) but not after the event
(t = 0.95; p = 0.48). During the pre–White River
Ash east period, upland site diameters were
43 m larger on average.

Patterns in site placement relative to rivers and
lakes as well as overall sites present in upland and
lowland locations were assessed to document
landscape patterning before and after the White

Figure 4. Representative chromatogram derived from Klein site Upper Locus hearth fatty acid methyl esters.
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River Ash east event. The results of a two-tailed
Student’s t-test showed that post–White River
Ash east occupations were significantly closer

to rivers than pre–White River Ash east sites
(t =−2.67; p < 0.01), at 1.4 km closer on average.
In contrast, no significant difference was found

Figure 5. δ13C16:0 and δ13C18:0 values of lipids from Caribou Knob and Klein site hearth residues.

Figure 6. Relative abundance of terrestrial, freshwater, and marine (anadromous) fauna in hearth remains.
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in lake proximity pre– and post–White River Ash
east (t =−0.49; p = 0.63). Finally, a Fisher’s
exact test showed no significant difference in
upland and lowland site distribution between
these two periods ( p = 1.0).

Discussion

The results have several implications for the
Athabascan transition, associated behavioral
changes, and the ultimate migration south. Spe-
cifically, these results indicate that behavior
gradually changed to become more specialized
between 1800 and 1200 cal BP, reflecting predic-
tions associated with a pronounced demographic
change rather than rapid ecological deterioration.
Moreover, the results suggest that the timing of
this change is inconsistent with an adaptive
response to either White River Ash event, further
indicating that the Athabascan migration resulted
from gradual demographic shifts.

Transition to a Specialized Subsistence Economy

Generally, the results from subsistence and
technological analyses show greater specializa-
tion based on ecological zone and are consistent
with an overall increase in diet breadth associated
with the broader Athabascan transition. Artifacts
recovered from five components located in both
upland and lowland ecological contexts reveal
several significant, location-specific uses of tech-
nology and strategies for technological produc-
tion. First, lowland sites yielded much higher
quantities of exotic material such as obsidian
and copper. Further, expedient tools were

recovered in significantly higher quantities
from occupations in lowland ecological zones,
as was debitage associated with late-stage
bifacial reduction. In contrast, sites located in
upland ecological zones exhibited significantly
more microblades and early bifacial reduction
than lowland occupations. These results indicate
that technology was structured around resource
availability and associated with specific upland
and lowland subsistence pursuits, suggesting
that bifacial reduction began in the uplands and
reduced bifaces were transported for further
reduction, use, and modification in the lowlands,
where expedient tools, exotic materials, and,
potentially, osseous tools were curated (Shink-
win 1979). Previous research has shown limited
ecological specialization within Northern
Archaic assemblages, with bifacial reduction in
the uplands and microblade reduction in the low-
lands (Potter 2008; Wygal 2010). The techno-
logical data presented here illustrate greater
ecological specialization in raw material, reduc-
tion strategy, and use among Athabascan assem-
blages, indicating a technological transition
between 1800 and 1200 cal BP. Additional
research focused on reduction sequence, chron-
ology, and location from occupations spanning
the period and region of interest could further
articulate the nature and timing of this techno-
logical change and would likely reveal greater
nuance in Northern Archaic technological organ-
ization. In sum, these technological results sug-
gest an increase in specialization relative to
current understandings of the Northern Archaic
that is consistent with increased populations

Table 3. Relationship between Overall Number of Occupations, Site Size, and Placement of Mid- to Late Holocene Sites in
Central Alaska and Yukon.

Mid-Holocene Late Holocene Pre-1000 cal BP Post-1000 cal BP

# of occupations 79 119 61 58
Ecological Zone
# in uplands 56 56 29 27
# in lowlands 23 63 32 31
Proximity to Water Features
Mean site distance to nearest lake (km) 11.9 9.3 7.3 9.5
Mean site distance to nearest river (km) 1.3 1.9 2.5 1.2
Average Site Size
Mean site diameter (m) 163 159 163 157
Mean diameter of sites in uplands (m) 182 168 186 158
Mean diameter of sites in lowlands (m) 114 151 143 156
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and territoriality suggested by the diet breadth
and economic defensibility models.

Results from a compound-specific isotope
analysis of fatty acid methyl esters from hearth
contexts also suggest that diet breadth increased
during the Athabascan transition, consistent
with previous research (Holmes 2008; Potter
2008), but with subsistence use specialized
based on ecological context. Specifically, the
dietary mixing model presented here showed
that freshwater resources likely predominated in
all three lowland occupations. Probability distri-
butions indicate a specialized use of freshwater
resources in these lowland settings, indicating
that this lower-ranked resource was intensified
even though higher-ranked resources, such as
caribou, were locally available (Broughton
1994). Future geochemical research on upland
hearth remains could elaborate on these findings.

The analysis of landscape data is also consis-
tent with the results from hearth remains and
previous research that suggests increased use of
lowland ecological zones circa 2000–1000 cal
BP (Potter 2008). Starting circa 2,000 years
ago, the overall number of sites as well as the
number of lowland sites significantly increased,
reflecting changes in subsistence suggested by
archaeological and ethnohistoric data. Addition-
ally, upland site size remained the same, while
lowland site size increased significantly relative
to upland site size. Both the increase in lowland
sites and the increase in lowland site size indicate
the greater importance of this ecological zone
after 2,000 years ago. Upland site size and
count remain consistent throughout this period,
indicating that these sites maintained their
importance within a subsistence system increas-
ingly specialized to upland and lowland resources.
This suggests that late summer and early fall
resource scheduling conflicts and increased
population size were resolved by committing to
an increasingly specialized subsistence system.

A Gradual Change

Evidence from technology, subsistence, and
landscape use presented above indicates that
the behavioral changes associated with the Atha-
bascan transition were gradual, occurred between
1800 and 1200 cal BP, and were unrelated to
volcanic-induced environmental degradation.

The results of the technological analysis above
suggest that assemblages vary morewith location
than with age. Evidence for microblade produc-
tion was recovered both from Clearview, one of
the earliest occupations considered here, and
from the Lower Locus at the Klein site, which
was occupied around 1,000 years later and well
after the White River Ash east event. Archaeolo-
gists have previously suggested that microblade
use ended around the time of this event and atlatl
and dart technology was replaced by bow and
arrow technology based on data from Yukon
ice patches (Hare et al. 2012; Holmes 2008; Pot-
ter 2008). Yet, the excavation evidence presented
here demonstrates that microblade production
continued for at least 600 more years in central
Alaska and shows no indication of bow and
arrow technology. The introduction of copper
technology in this region has also been asso-
ciated with the White River Ash east (Cooper
2007; Hare et al. 2012; Moodie et al. 1992).
However, results from the Upper Locus of the
Klein site suggest that copper technology was
already present in the region circa 1250 cal BP,
well before the White River Ash east, though
the copper materials recovered show evidence
of cold hammering, indicating that hot working,
characteristic of Athabascan copper work,
occurred later in the region (Franklin et al.
1981). These results indicate that technological
transitions were gradual and well under way by
the time of theWhite River Ash east event, a con-
clusion supported by recent research in the
region (Grund and Huzurbazar 2018; Kristensen,
Hare et al. 2019).

The geochemical results presented above also
point toward a transition in behavior that spanned
the late Holocene. Hearths from occupations
spanning 1300 cal BP to 500 cal BP all showed
similar patterns in subsistence use according to
the isotopic composition of fatty acids extracted
from those soils. This indicates that fish were
an important resource from at least 1300 cal
BP. Additionally, the lack of definitive bow and
arrow technology in assemblages through 500
cal BP indicates that overall increases in diet
breadth were unrelated to a transition to bow
and arrow technology and is consistent with pre-
vious research showing that increased diet
breadth preceded the introduction of bow and
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arrow technology to the region (Kristensen,
Andrews et al. 2019:787). These results suggest
that geoarchaeologists could apply an analysis
of fatty acid methyl esters to identify dietary
trends during the Northern Archaic, which
remain poorly understood due to poor preserva-
tion environments. Such results may reveal a
wide diet breadth at even earlier periods in
Subarctic history (Holmes 1975:101).

Results of the landscape analysis show evi-
dence for gradual changes during the Athabascan
period from 2,000 years BP to the protohistoric
period circa 100 years BP and a significant
departure from the previous period, suggesting
a prolonged interval of behavioral change and a
broad window for the timing of the Athabascan
migration. Before and after the White River
Ash east circa 1150 cal BP, we observe no sig-
nificant changes in number of sites and no
changes in upland site size. This indicates that
upland resources were pursued similarly during
the last 2,000 years of Athabascan history. How-
ever, after 1,000 years ago, lowland sites were
significantly larger, and occupations were sig-
nificantly closer to rivers, suggesting that com-
mitment to lowland resources and particularly
riverine resources such as fish had increased by
this time. These changes in landscape use may
be related to a general lowland expansion and
increased specialization that spanned the late
Holocene or may simply represent preservation
bias associated with meandering braided rivers
common to the region (Anderson et al. 2019).

Recent research has reemphasized the impor-
tance of understanding the complex Northern
Athabascan social landscape, with a network of
traded exotic raw materials that collectively
spans northwest Alaska to southern Alberta and
beyond (Kristensen, Andrews et al. 2019; Kris-
tensen, Hare et al. 2019). This research con-
cludes that neighboring Athabascan and
non-Athabascan groups shared their territories
with southern Yukon Athabascans for a brief
time following the White River Ash east before
these affected Athabascans either returned or
moved farther south, toward Alberta and the
Great Plains, and adopted bow and arrow tech-
nology from coastal, non-Athabascan groups.
However, the results presented here suggest that

Northern Athabascans adapted to increased
population pressure with increased territoriality,
which provides a more parsimonious explanation
for a gradual decrease in interactions among
Northern Athabascans and increased interactions
between Yukon Athabascans and neighboring
groups represented by obsidian and clinker
sourcing studies (Dyson-Hudson and Smith 1978;
Kristensen, Andrews et al. 2019; Kristensen,
Hare et al. 2019). Further, the sudden adoption
of bow and arrow technology is frequently asso-
ciated with increased territoriality and likelihood
of interpersonal conflict, providing a tangible
trigger for the adoption of this technology repre-
sented in Yukon ice patch assemblages (Masch-
ner and Mason 2013). Together, the data from
this multiscalar analysis indicate that trade net-
work dynamics in Yukon reflect broader changes
to the social landscape related to increased terri-
toriality and population size.

Athabascan Behavior and Migration

Combined, this multiscalar dataset suggests that
a gradual increase in population that began in
the region around 2,000 years BP led to the
behavioral changes that constitute the Athabas-
can transition and are intimately linked to the
Athabascan migration. Consistency within
Dene (Athabascan) terminology for ceramic,
copper, and bow and arrow technology indicates
that this technological transition was inherent to
the process of the Athabascan migration (Colson
1979; Ives 2010; Wilson 2019). Results from a
multiscalar dataset comprising subsistence,
mobility, and technology point to a gradual
change that resulted from regional resource stress
caused by population pressure, not by a rapid
environmental change.

Population pressure may have resulted from
an in situ population increase, facilitated
by endogamous local group growth kinship
systems documented in northern Canadian
Dene (Ives 1990) and/or stable climatic condi-
tions (Kaufman et al. 2016). Alternatively, this
regional population increase may have been
triggered by coastal in-migration. Research
that targets the margins of Northern Athabas-
can geography can speak to the broader Atha-
bascan interaction sphere and chart the timing
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and homogeneity of cultural and behavioral
shifts, as recent Yukon raw material sourcing
studies have shown (Kristensen, Andrews
et al. 2019; Kristensen, Hare et al. 2019).
Linguistic data also suggest that western
Alaska may represent the origin of the Atha-
bascan diaspora, rather than central Yukon
(Wilson 2019). Together, these recent efforts
show that the Athabascan migration was a com-
plex social process related to important behav-
ioral changes in the region that culminated
around 1,000 years ago.

Conclusion

This multiscalar approach suggests that the Atha-
bascan transition and subsequent migration were
gradual and socially mediated, with important
consequences for our understanding of Subarctic
cultural systems and hunter-gatherer behavior
more generally. The synthesized data presented
above suggest that social and demographic fac-
tors, possibly augmented by environmental
stress, caused the Athabascan migration and
associated behavioral changes. Site use, as indi-
cated by location, technology, and subsistence
evidence, and broader patterns in landscape use
suggest that resource use was broader overall
after 2000 cal BP. However, comparisons of
artifactual, landscape, and geochemical data
between upland and lowland sites show spe-
cialization by ecological zone, with large
upland camps focused on caribou and large
lowland camps targeting fish, contrasting
expectations for environmental stress based in
human behavioral ecology and ethnographic
analysis. Additionally, variations in site and
land use also suggest that this change was rela-
tively slow, indicating that prolonged demo-
graphic shifts ultimately resulted in adaptation
and migration, rather than the rapid ecological
fallout associated with volcanic activity in the
region.

The results of this analysis contribute to our
understanding of late Holocene hunter-gatherer
behavior in several dimensions. First, data from
excavations showed the prolonged use of micro-
blade technology through the White River Ash
east event and document some of the earliest

copper artifact use and manufacture in this
region. Second, these results emphasize the
feasibility of residue analysis of hearths from
late Holocene occupations in the region, particu-
larly where remains are too fragmentary or
poorly preserved for a traditional faunal analysis.
Third, the landscape analysis presented here
highlights the utility of uniting results from
diverse field research endeavors collected at dif-
ferent scales, such as cultural resource manage-
ment, academic, and government projects, in
the interest of explicating regional behavioral
trends. Finally, this research highlights the poten-
tial of evaluating past episodes of hunter-gatherer
behavior change and migration in social and
environmental terms using predictions drawn
from human behavioral ecology. Future research
on central Alaskan and Yukon occupations span-
ning the Holocene can expand on these findings
to further refine our understanding of Subarctic
culture, migration, and hunter-gatherer behavior
at many periods in the past.
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