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Abstract: Ecologic and climactic conditions in the regions utilized by contemporary circumpolar and circumboreal
hunter-gatherers are rapidly changing, affecting both the availability of important resources and hunter access.
Participatory landscape mapping is an effective method for documenting geospatially specific hunter-gatherer
knowledge of changing environmental conditions as well as hunter access requirements. Results from a recent
project focused on mapping Dena’ina Athabascan and Yup’ik Eskimo knowledge of caribou behavior dynamics and
the ability for hunters to access caribou, in relation to ecological change informs that the primary adaptive
considerations of subsistence large land mammal hunters facing changing environmental conditions are access and
prey-switching. Shifting caribou population and movement patterns have always meant that some hunters have
been forced to travel further and further to access caribou at times. However, the effects of climate change on
habitat and ice conditions have presented enhanced difficulty for hunters to access caribou. Conversely, habitat
change has led to an increasing ability for some hunters to access moose. Comparative analysis of this data with
what is known of hunter-gatherer responses to climate change during the Pleistocene/Holocene transition informs
that human-large-land-mammal-subsistence-system resilience depends on hunters being flexible in regards to
both mobility and targeted prey species. Nevertheless, modern sedentary living arrangements and concomitant
dependence on motorized transport for mobility presents adaptive challenges unlike any faced by past hunter-
gatherers. Continued analysis of these shifting conditions for contemporary hunter-gatherers will be an important
21% century research task.
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Introduction

Barren ground caribou Rangifer tarandus have for generations been an important component of
subsistence ecology for both the Dena’ina Athabascan and Yup’ik Eskimo people who reside in
the Bristol Bay and Kuskokwim River regions of southwestern Alaska. Archaeological studies in
the Lake Clark National park area have revealed evidence of caribou hunting dating to back to
11,000 years ago (Ackerman 1996; Gaul 2007). The region was likely first inhabited during that
time by proto- Athabascan paelohunters, some of whose ancestors would later become the
Upper Stony River and Lake Clark Dena’ina people who continue to reside there (Boraas 2004).
The southern and western portions of the region are home to Yup’ik peoples who also have a
history of caribou hunting there for multiple millennia (Ackerman 1979; Fienup-Riordan 2007,
Simon 2016). During historical times, caribou have been documented to be widely used as a
subsistence resource by these communities (Charnley 1984; Fall et al. 2006; Holen et al. 2005;
Kari 1983, 1985; Simon 2016).



Caribou inhabiting the region are identified as the Mulchatna Caribou Herd (MCH) and are
named for their traditional calving grounds: the upper Mulchatna River basin. The larger range
of the MCH is bordered by the Alaska mountain range in the east, the Kuskokwim River in the
west, the North Forks and Swift Forks of the Kuskokwim River in the north, and the city of
Dillingham in the south (Figure 1). The entire range contains extensive tundra and sedge
meadow vegetation and has long been considered excellent caribou habitat (Skoog 1968). As a

large-game cervid, the MCH are joined in the region by moose Alces alces.
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Figure 1: Project study area and range of the

Mulchatna Caribou Herd

Herd population size, seasonal distribution, and hunter ability to access animals are the factors
which allow caribou harvest (Ingold 1988; Burch 1972; Brinkman et al. 2013). The opportunities
for hunters to access the MCH have shifted over the decades in relation to caribou abundance,
movement patterns, habitat conditions, and the geographic positioning of human communities.
During the early nineteenth century Russian explorers noted abundant caribou in the region
(Petroff 1884) but by the late 1800s caribou had become sparse (Skoog 1968). Caribou
abundance remained low until the latter half of the 20th century when the MCH population
began to grow substantially, becoming an easily obtained resource for hunters residing in the
eastern areas of the MCH range. In the mid-1990s the caribou population peaked at about
200,000 and then the herd began simultaneously declining and expanding its range north and
west. During the 1970s the MCH range was approximately 32,200 km sq, by the 2000s its range
had expanded to more than 100,000 km sq. Through this movement, a substantial portion of the



herd became available to residents of the western side of the range and communities in the
western portion of the range have taken most of the harvest, since the range expansion event.
Notwithstanding, during the current decade the population reached a low of approximately
18,000 caribou, though in 2015 it had shown an increase to over 30,000. During the late 1990’s
reported annual harvests peaked at over 5,000 caribou. During the 2010’s the reported harvest
has not exceeded 466 caribou per year (Perry 2011, Woolington 2011, ADF&G nd) (Figure 2).

250,000 6000
- 5000
200,000
3
¥
2 - 4000
T 150,000 E
= =
2 2
s 3000
|
2 | 2
£ 100000 :
z - 2000 é
I || &
50,000 X 1000
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 0

COHEANN DL EL RN TSN LELEL L0
FELPFFEFFFEF ST PSP S E S S0

mmmm MCH population estimate === All harvest permit returns

Figure 2: MCH population estimates and the number of reported harvests, 1974-2016

It is normal for barren ground caribou populations to experience large fluctuations between
abundance and scarcity over the scale of decades (Gunn 2003; Hinkes et al. 2005). Within this
dynamic, major range and migratory pattern shifts are continuous features (Bergerud 1980;
Kelsall 1968; Skoog 1968). Quality of available forage, winter severity, predation, and hunting
are all important mechanisms that limit and regulate caribou abundance and movement patterns
over long time scales, and even annually (Hinkes et al. 2005). Importantly, 21st century,
environmental change is intensifying the dynamics of caribou fluctuations across Alaska and
simultaneously impacting hunter access (Brinkman et al. 2013, 2016). The Arctic and Subarctic
are experiencing, and predicted to experience, rapid ecological alterations in relation to global
climate change (Beck et al. 2011; Chapin et al. 2010; Gonzalez et al. 2010; Hinzman et al.
2005). Mean annual temperatures in Alaska have increased by 3° F over recent decades—and
annual mean winter temperatures by 6° F (Chapin Il et al. 2014), more than twice as fast as the
United States as a whole. Temperatures are expected to rise 2—4° F higher by 2050 (Chapin Il
et al. 2014). It is projected that the changes to Alaska’s forests expected to occur this century
due to warming will create a level of both functional and structural change in the dominant



landscape-scale processes of that has not occurred for at least 6,000 years (Chapin et al. 2010;
McGuire et al. 2016).

The linked components of boreal and Arctic ecosystems that will be affected by climate change
include: changes in vegetation structure and composition and related effects on tree line
dynamics, including the expansion of boreal forest into tundra, the drying of lakes and wetlands,
trends towards earlier snowmelt and later freeze-up timing, and increased frequency of ice
storms and rain-on-snow events (Chapin et al. 2010; McGuire et al. 2016). It is likely that these
ecological drivers will create severe effects on the habitats of boreal land mammals, and
thereby alter the abundance and distribution of large land mammals important to Alaskan
hunter-gatherers for subsistence (Chapin et al. 2010; Joly et al. 2012; Lawler et al. 2009).
Particularly, changes in boreal plant community composition, including increases in plant
productivity and increased positive recruitment of deciduous trees in both tundra and forest
ecotones, are projected to increase greatly during the current century (Euskirchen et al. 2009;
Forbes et al. 2010; Ju and Masek 2016). Increases in woody plant cover and conversion of
tundra to deciduous shrublands will have differential effects on caribou and moose populations
(Mallory and Boyce 2017; Tape et al. 2016).

Lichens Cladonia spp. represent a large portion of the biomass and biodiversity in Alaska’s
treeless tussock tundra biome and are the primary source of winter carbohydrates for most
caribou (Joly et al. 2007). As a result of disturbance induced deciduous shrubification in tundra
habitats inhibiting lichen regeneration, the effects of climate change will likely reduce lichen
abundance in tundra ecosystems and this will have detrimental effects on caribou populations
(Chapin et al. 2010; Joly et al. 2012). Studies predict large scale loss of optimal caribou habitat
across many regions of the North during the course of the current century (Joly et al. 2012;
Mallory and Boyce 2017; Nicolson et al. 2013; Yannic et al. 2013). Meanwhile, shrub expansion
resulting from the climatic factors listed above can be directly correlated to increases in moose
populations (Chapin et al. 2010; Tape et al. 2016).

The effects of environmental change also present access challenges for hunters (Brinkman et
al. 2013, 2016). Mobility is a critical component in the stability of hunting-based food systems
(Nilsson et al. 2016). Because large portions of the harvest of both moose and caribou occur
during the winter months, snow cover and cold temperatures often determine access for
northern subsistence hunters (Chapin et al. 2010; McNeil et al. 2005). Past research with
residents in the study area has noted local observations of environmental changes occurring in
the region including warmer winters and early spring thawing which negatively affects the ability
to engage in hunting (Fall et al. 2006; Holen et al. 2005). Reported caribou harvests have
increased and declined in tandem with adequate snow cover being available (Perry 2011;
Woolington 2011). The MCH are abundant enough to provide for a higher harvest than is
occurring but low snow years prevent hunter access. These trends represent severe threats to
hunting mobility (Hastrup and Olwig 2012; Sorenson 2010).

In combination, this suite of dynamics denote central components for analyzing the future
sustainability of circumpolar coupled human—Ilarge-land-mammal social-ecological-systems
(Bali and Kofinas 2014; Carson and Peterson 2016; Kofinas et al. 2000). While caribou hunters



have experienced and adapted to shifts in the size and distribution of herds for millennia, the
above-described regime shifts resulting from the effects of climate change represent novel
threats to future system resilience (Kofinas et al. 2000; Peterson and Rocha 2016). In this
regard, it is critical to understand the response of hunters to the impacts of environmental
change as well as their potential biophysical, institutional, and socio-economic adaptations.

Here | attempt to present some of these social and ecological processes as they are viewed
across the landscape by local residents as gleaned from the results of a study conducted over
the period from May 1, 2016—March 31, 2018 which was undertaken to document traditional
ecological knowledge (TEK) of the MCH’s distribution, movements, and habitat. The study area
encompasses the current annual range of the MCH and includes Alaska Game Management
Units (GMU) 9B, a portion of 9C, 17, the eastern portion of 18, 19 A and B, and portions of 19 C
and D (Woolington 2011) (Figure 1).

Research Goals and Methods

Research goals were to document TEK of caribou distribution over the previous 55 years, with
particular attention to environmental change, to document shifts in subsistence uses of caribou
by local residents, particularly related to access and transportation methods, and to understand
local residents’ capacity to adapt to ecological change, particularly in regard to shifting caribou
distribution. The project’s primary objective was to: gather spatial information on MCH ecology
and subsistence uses in order to produce a detailed map series which visually displays TEK
observations.

The principal field method used was participatory landscape mapping, working with knowledge
holders to record geospatially specific local knowledge. Mapping was conducted in conjunction
with key respondent interviews. While information was recorded going as far back in time as
respondents could provide, 1960 was established as the most realistic starting point for the
geospatial inquiries. Paper maps were used for data collection, with scales ranging from
1:500,000-1:100,000. Geographic information was recorded by hand, using points, lines, and
polygons. Draft maps were digitized by drawing the data into ArcGIS. In order to cover the
established 5 72 decade study timeframe, all mapped data was recorded according to its
relevant decade. Once field maps were produced, all of the elements were entered and
categorized with an assigned code into ArcGIS. From this stage a suite of coded geospatial
data became available for analysis, which allows layering of individually coded elements of data
into topic specific maps which attempt to display patterns, relationships, and trends in the social
ecological system, from the perspective of TEK (Figure 3).

In addition to producing maps which layered the collected TEK data, this project had the goal to
integrate TEK data with existing data from the biological sciences. For the purposes of
comparison, layers containing Alaska Department of Fish and Game MCH radio collar data
were successfully integrated with TEK data. Furthermore, this project also had a goal to
integrate scientific environmental change data with local knowledge of environmental change.
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Figure 3: The methodological process employed for research and map production

Results

Fieldwork was conducted through multiple trips to 13 communities; Dillingham, Ekwok, New
Stuyahok, Igiugig, Koliganek, Nondalton, Lime Village, Stony River, Napaimute, Kwethluk,
Bethel, Eek, and Togiak (Figure 1). 32 mapping interviews were completed with knowledgeable
hunters and elders across the MCH range. A total of 105 field maps were produced from those
interviews™.

This paper aims to highlight the project’s prominent discoveries regarding hunter knowledge of
the overall distribution and abundance of the MCH, the MCH range expansion and population
decline, TEK observations of environmental change, and adaptive considerations regarding
hunter access challenges. The paper concludes with a discussion of the potential applications of
this data to the field of hunter-gatherer studies at large.

Mulchatna Caribou Herd Abundance and Distribution
A main line of inquiry was to understand hunter knowledge of caribou abundance over space
and time. Terms like “scattered,” “small-bunches,” “lots,” “hundreds,” or “thousands” were

! The comprehensive results can be viewed in this project’s final report (Van Lanen et al 2018).



descriptions often given by hunters in relation to specific scales of space and time. Two general
categories of TEK described caribou abundance were defined—Concentrated and Scattered.

Concentrated was defined as primary range or areas where large aggregations of caribou, or
an abundance of caribou, were observed or expected

Scattered was defined as areas where single or small groups of caribou were encountered, or
where the possibility of encountering caribou exists

Important to those categories, was an overall local knowledge assertion that the MCH should
not be viewed as a single unit; rather the MCH exists disparately across its range throughout
each year, with larger groups migrating and congregating together at times and smaller groups
always remaining scattered about. The frequent TEK descriptions of scattered caribou
suggested that hunter’s interpretation of the MCH is one of a larger population consisting of
several local populations, and this TEK interpretation corresponds impressively with scientific
interpretations of the MCH as a metapopulation (Hinkes et al. 2005).

Local knowledge of MCH locational abundance for the decades 1960-1979 described the area
of primary caribou concentration as the eastern portion of the range. During the 1980s, local
knowledge depicted a slight western, southern, and northern range expansion, which correlated
with population estimates from the decade that showed the MCH population rising from around
20,000 caribou to around 60,000 caribou. Figure 4 displays kernel density, locational
abundance data for radio-collared MCH caribou during the 1980s, overlaid by MCH abundance
for this period identified by local knowledge. The MCH population trend graph appears in the
upper, left-hand corner, with pertinent years highlighted in red.
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Figure 4: Density of Mulchatna caribou based on radio telemetry and local knowledge in the 1980s

As can be seen in Figure 5, both local and scientific knowledge depicted significant MCH
population growth and westerly range expansion during the 1990s. Both data sets also
displayed large concentrations of caribou remaining in the east. Similar alignment between local
and scientific knowledge was recorded for both the 2000s and 2010s, with the MCH distribution
spread out disparately across its range. Importantly, population estimates from the 1990s
showed the MCH population rising dramatically from around 80,000 caribou in the early part of
the decade to approximately 200,000 caribou in 1995, followed by a dramatic decline. By 2008
biologists estimated that there were only about 30,000 caribou. During the 2010s population
estimates ranged from around 18,000 caribou in 2013 to over 30,000 in 2015.
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Figure 5: Density of Mulchatna caribou based on radio telemetry data and local knowledge in the 1990s

The Dynamics of MCH Range Expansion and Population Decline

As viewed above, during the twentieth century up until the 1980s, the bulk of the MCH was
concentrated in the eastern areas of its range, where it adapted healthily and increased in its
numbers. Interviews revealed that TEK views the MCH’s major population and range shift as
resulting primarily from overgrazing and disease: the population’s success and subsequent
large-scale growth while inhabiting this eastern region meant that eventually the population
didn’t have enough food leading to an epidemic of hoof rot Sphaerophorus necrophorus.
Hunters also discussed associated observations of declines in calving abundance and
increasing predation by wolves Canis lupus. Liberalized hunting by nonlocal hunters during the
1980s and 1990s was also frequently mentioned as being a contributing factor.

From a Koliganek respondent:

For about ten years they were [abundant] and then all of a sudden they started
declining...I'd never seen that many caribou, there were too many. They got so big they
ate up all the lichen. They overgrazed and they got some kind of hoof disease...It was
[easy hunting]....We used to only have to go 30 miles, sometimes even 5 miles to get
caribou, but not anymore.



In contrast, hunters interviewed in the northern and western areas of the range described the
sudden appearance of a mass of caribou. For example, a Napaimute hunter said, “When they
poured into the country...it was like a dream.”

Local Knowledge of Environmental Change

Research in Alaska has recently documented indigenous knowledge of climatic and ecological
changes, including increasing erosion, sinking and melting permafrost, drying lakes, warmer
seasonal temperatures, late fall freeze-ups and early spring ice thawing, rain-on-snow events
during winter, heavy and wet snowfalls, declining snow and snow depths, thinner and less
extensive shorefast sea ice, vegetation growing earlier in the spring and expanding in space
and size (Fall et al. 2006; Fienup-Riordan and Rearden 2015). Correspondingly, our
respondents frequently discussed changing winter conditions. For example, an Igiugig elder
said:

[We are experiencing] warmer falls now, it never freezes as early as it used to...[and] it
has been...and very rainy [during winter], the snow will get soft and then freeze and it all
turns to ice.

And a Nondalton elder said:

Spring time for us is usually considered April to May, but the last four years March has
become the new spring. Snow is melting a lot faster in the spring now. All of the lakes
are opening up quicker and thawing faster. Normally it would not happen until May, but
now it's thawing in March.

Vegetation change in the study area was also a consistent theme in many of the interviews.
These observations were centered mostly on expanding and taller-growing deciduous shrubs,
and also early leaf-out in spring, and greening during winter. For example, a Koliganek hunter
said: ‘The last twenty years there is more brush... It has gotten warmer and the brushes grow
more,” a New Stuyahok elder said: ‘There are lots more brushes, the brushes are really tall
now...The leaves are bigger the last few years and the berries grew earlier,” and a Togiak elder
said: [The] grass and leaves are now staying green longer than normal [and] sometimes in
winter we've seen green....When it stays warm, all of sudden the grass grows back up.’ Figure 6
displays areas of significant deciduous vegetation change depicted by respondents. These were
mostly confined to riparian areas. The primary species mentioned were willow Salix spp.,
followed by dwarf birch Betula nana.
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Figure 6: Areas of significant change in deciduous vegetation in the study area, 1990-2015, identified by local knowledge

Our study utilized Western science data on environmental change to compare with the obtained
TEK data. Figure 7 is a view of southwest Alaska taken from the Greening of the Arctic trend
map produced by Ju and Masek (2016), which used Landsat data to depict the change in
Normalized Difference Vegetation Index (NDVI) from 1984—-2012. The NDVI data shown in the
figure depicted significant greening in the eastern portion of the study area (highlighted by the

red border) and aligns with the TEK observations.
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Figure 7: Vegetation greenness trend in Southwest Alaska from 1984-2012 Landsat data

Local Knowledge of Changing Caribou and Moose Habitats

TEK did not interpret a strong relationship between observed environmental changes and the
decline of the MCH, and vegetative changes were generally considered to have not significantly
altered open-tundra caribou habitat. For example, a Koliganek elder said, “I don’t think the new
brush had much anything to do with the caribou herd crash.” An Igiugig elder said:

We don’t really have so much brush that it is really changing the tundra much...the
sloughs and river sides have grown more and more large willows. The meadows have
only changed a little bit.

And a Dillingham elder said:

Down towards the coast you can definitely notice that the habitat has changed a lot, but
[upriver] tundra and moss have not changed, the country has stayed mostly open, the
brush has not encroached everywhere. There is still plenty of nice tundra around here.

According to TEK, rather than affecting caribou, the primary influence of vegetation change in
the large land mammal subsistence system is increased moose abundance and increased
moose harvest opportunity, especially in the southern portion of the study area. For example, a
Dillingham hunter said: ‘We’ve got lots of moose. Moose have become a lot more abundant.
Now you can probably get a moose...but it's much harder to get a caribou,” and an Eek hunter

12



said: [The] elders just used to talk about moose, [there was] not too much moose, but they used
to see a couple of moose. But nowadays there’s a million moose.’

Local knowledge viewed increasing moose abundance to be a result of climatically driven
habitat enhancement, centered on the expanding health and growth of moose’s favorite food:
willows. An Igiugig elder said: ‘Moose have been increasing because of the warm winters. There
is better willows for feeding. Moose like to eat willows,” and a Dillingham hunter said, ‘If willows
are growing bigger, then moose [populations] will also grow.’

The relationship between local observations of expanding deciduous vegetation and known
moose use areas became apparent when we combined the GIS layers for these two datasets.
For example, the Nushagak, Mulchatna, and Kvichak watersheds were considered prime moose
habitat by local residents at the time of this study, and this region was noted as simultaneously
experiencing expanding deciduous vegetation over approximately the last 25 years. In Figure 8,
the pink polygons represent known moose habitats and hunting areas according to TEK and the
green-bordered polygons represent areas of expanding deciduous shrubs.
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Figure 8: Moose habitat, areas of significant change in deciduous vegetation, and moose hunting areas in the Nushagak,
Mulchatna, and Kvichak river watersheds, 1990-2015, identified by local knowledge

Significantly, moose harvest trends correlate strongly with TEK observed trends in
environmental change which favor increasingly healthy moose habitats, and an increasing
reliance on moose as a subsistence resource. As figures 9 and 10 show, since the late 1990s
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moose harvests by local residents have increased significantly in the southern portion of our
study area (GMUs 9B, 9C, and 17) and during the current decade, in the western portion (GMU
18). “There are more moose in the last decade then there ever used to be,” explained a
Dillingham hunter. According to region-wide reporting, in 2010, annual moose harvests by study
area residents reached 425, a number unprecedented throughout the previous 27 years of
reporting. In 2016, reported annual moose harvests by local residents reached 520, the highest
number ever recorded (ADF&G nd). Scientific knowledge corroborates our TEK and harvest
data. For example, a recent paper by Tape et al. (2016) linked increasing range expansion of
moose in Alaska’s tundra areas to warming, and increased deciduous shrub habitat.
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Figure 9: Alaska local and Alaska nonlocal residents' moose harvests in GMUs 9 and 17, based on permit returns, 1983-2015
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Figure 10: Alaska local and Alaska nonlocal residents' moose harvests in GMU 18, based on permit returns, 1983-2015
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Environmental Change and Hunter Access to Large Land Mammals

The introduction of motorized transportation in rural Alaska, especially snowmachines, has
heavily facilitated the ability for hunters living in permanent villages to access caribou (Berman
2013; Nicolson et al. 2013). However, by the early years of the current century, as a
consequence of the northern and western MCH range expansion, the ability for hunters residing
in the central and eastern MCH range to reliably access caribou was hindered due to long and
sometimes nearly impossible distances required to hunt them (Fall et al. 2006; Holen et al.
2005). Today these hunters may need to travel upwards of 80 km by snowmachine in a single
direction in order to reliably access caribou. For example, during March of 2017 | traveled with
Igiugig hunters approximately 177 km round trip by snowmachine to harvest a total of two
caribou and Nondalton hunters also reported the need to travel in the range of 80 km, each way,
to access caribou. “It's hard getting up there, [it] could take two days to get there if you are
setting trail,” reported a Nondalton hunter.

Hunting caribou by motorboat also normally requires long travel distances. For example, during
the fall hunting season, Koliganek hunters might travel well over 97 km by motorboat up the
Nushagak River before they encounter caribou. Ekwok and New Stuyahok hunters might travel
over 160 km by motorboat up the Mulchatna River to seek caribou. However, because the
chances of encountering caribou are typically slight, these river trips are normally centered on
moose hunting with caribou hunting being based on opportunistic encounters. Fuel costs for
hunting transport are also a constant concern. “For the price of boat gas, $5 a gallon, it's
cheaper to buy meat, [than it is to go caribou hunting in the upper Nushagak River area],”
explained a Dillingham elder.

The need to overcome distance is complicated by the enhanced access challenges for northern
subsistence hunters initiated by the effects of climate change (Brinkman et al. 2013, 2016;
Fleming et al. 2012; Hastrup and Olwig 2012; McNeeley and Shulski 2011). Whether, as in the
past, by foot and dogsled, or by snowmachine, which is the normal practice today, due to its
practicality in accessing frozen surfaces, caribou and moose hunting during the winter months is
an important traditional practice for hunters. However, because access for winter hunting is
determined by adequate snow cover and cold temperatures, mid-winter and early spring
thawing has recently become a severe threat to hunter access in Alaska, Canada, and
Greenland (McNeil et al. 2005; Fleming et al. 2012; Brinkman et al. 2013, 2016; Chapin et al.
2010; Ikuta et al. 2014). Hunters interviewed during this research consistently discussed what
they see as a rapidly developing inability to rely on winter snow and ice conditions adequate for
hunting travel. The MCH are currently abundant enough to provide for a higher harvest than has
recently occurred, but low snow years often prevent hunter access. Moose can more reliably be
encountered in closer proximity to many of the study communities than can caribou, and winter
moose hunting is an important activity because locating moose is much more practical when
hunters can travel by snowmachine as opposed to searching for them on the rivers and creeks
by boat or wandering on foot in difficult terrain. However, erratic and abnormally warm winter
conditions have meant that snow and ice travel dependent winter moose hunting faces the
same access constraints as does caribou hunting.
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Figure 11 displays traditional winter caribou and moose hunting areas within the MCH range
that were documented during this study, in combination with areas experiencing unreliable
winter travel conditions over the previous decade and a half, as documented by TEK. Notably,
areas of windswept, shallow or non-dense snow are known caribou wintering areas and thus
also important traditional winter caribou hunting areas. The figure clearly displays the potential
difficulty caribou and moose hunters face in accessing these populations when winter travel
conditions are inadequate.
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Figure 11: Traditional winter hunting locations with areas of shallow or non-dense snow and late or inconsistent freeze-up,
early breakup, rain and ground icing, and sea ice change

It is worthwhile to provide respondents’ comments on this topic at length here:

Today we can'’t travel in winter like we used to, there is always open water in creeks and
lakes; it's not freezing up. It used to be that by October you could travel anywhere but
not anymore.

Nondalton elder

For the last four years we didn’t go winter hunting because the weather is too warm, too
dangerous to cross rivers. We could not get to the caribou because there was not
enough show.

Kolignaek elder
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We do most of our travelling in the winter time when there is snow to travel on, but lately
we can'’t travel anymore because there is no snow during winter. The snow has been too
low, often too low to travel, and then we can’t really get moose or caribou.

Togiak elder

The ice conditions are so bad that we can’t get anywhere...not many people are getting
around so much anymore...but we used to go back [in the mountains to hunt] when we
had abundant snow.

Eek hunter

Another important logistic issue winter hunters face is that sleds for hauling harvested meat are
a necessary component of winter snowmachine hunts, with hunters towing large plastic sleds
hitched to their snowmachines (Figure 12). Using these sleds is the only practical way to
transport meat back to communities. A single harvested caribou carcass can weigh up to 136 kg
and a moose carcass up to 454 kg. The constraints of driving snowmachines when snow and
ice conditions are inadequate are heavily intensified when hauling loaded sleds.

Figure 12: Caribou meat being loaded into a sled by an Igiugig hunter, March 2017
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Environmental Change and Large Land Mammal Hunter Adaptation and Resilience
Dependence on itinerant and sometimes transient wild resources requires frequent adaptation
to change. In the case presented here, we witness a two-fold paradigm in adaptive
considerations for hunters responding to environmental change: access and prey-switching.

Prey-switching as a coping response to encountering adverse conditions related to ecological
change has been employed by hunter-gatherers globally for millennia (Hansen et al. 2013; Kelly
2013; Winterhalder and Smith 1981). The extensive history of circumpolar rangifer (caribou and
reindeer) hunters is replete with temporal episodes of stable and large-scale reliance on rangifer
as well as fluctuations in the size and distribution of rangifer populations which required hunters
to switch prey as an adaptive response for the maintenance of their livelihoods (Berman 2013;
Gordon 2003; Grayson and Delpech 2005; Ingold 1988; Yesner 1989). Longtime MCH hunters
have shaped their perceptions of the role of caribou in their lives around uncertainty,
consistently recalling years of both abundance and scarcity, and developing a general
acceptance of the reality that caribou are a resource which cannot be relied upon with full
confidence. Correspondingly, an important dynamic for historical southwest Alaskan hunter-
gatherers has been the interchangeability between caribou and moose as meat resources. For
many hunters, when caribou are not present, moose become the target (Krieg et al. 1996). Yet
when viewed through deeper time, caribou have been the primary large game resource in the
region for far longer than have been moose (Charnley 1984; Fall et al. 2006; Kari 1983;
Zagoskin 1967). While there exists at least 3,000 years of evidence for the existence of moose
in certain parts of Alaska, it was only in the early 20th century that moose began to appear in
Alaska’s tundra regions, largely as result of a trend towards increased growth in the deciduous
shrub vegetation habitats, which moose prefer and depend upon (Tape et al. 2016; Yesner
1989). “Moose are relatively new to this area. When they lived at Kijik [a Dena’ina site occupied
into the early twentieth-century], Dena’ina people lived primarily on bear, sheep, and caribou
hunting,” explained a Nondalton elder. This phenomenon meant that for many communities it
was only during the mid-20th century that moose became a primary subsistence resource, or
even in some cases a species that replaced caribou as the top harvested cervid species
(Charnley 1984; Fall et al. 2006; Holen et al. 2005; Kari 1983).

Incidences of switching hunting focus from caribou to moose have been influenced both by the
dynamic behaviors of the MCH in regard to their distribution across their range and by a general
escalation in the availability of moose. Many hunters reported that caribou hunting often
requires traveling too far to make it worth it and that moose are closer and more easily
accessible than are caribou. Especially for hunters residing in the southern and eastern areas of
the MCH range, moose rather than caribou have become the primary large land mammal
species hunted, and caribou meat has become more of a supplement to what can be obtained
from moose. As a Dillingham hunter explained, “Its way easier to get a moose than a caribou
now.” Yet, as an effective adaptive response to changing game population and distribution
patterns, prey-switching remains access dependent; to be successful hunters still need to be
able to travel the land in order to locate their query.

Managers currently maintain legal winter hunts in the study area for both caribou and moose.
When hunters were asked about current hunting regulations, most emphasized the importance
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of these winter hunts for access to caribou and moose. Hunters also made clear, however, that
the existence of regulated winter hunts is irrelevant if there is not adequate snow and ice for
snowmachine transport. A Dillingham hunter said, “The existing [hunting regulations] are fine,
unless you could make it snow and freeze.” One adaptive response has been to focus hunting
efforts on the fall season rather than the winter season. For example, the Dillingham hunter
said: “With the lack of snow, we’ve been relegated to only hunting caribou with skiffs in the fall.”
Yet hunters reported that success rates for fall caribou hunting are much less than are success
rates for winter hunting.

In this respect, maintaining sufficient hunting mobility presents the more challenging set of
circumstances than does readily switching to whatever resource becomes most available.
Capacity for mobility is a key factor in food security and the overall stability of subsistence
hunting systems and has played a critical role in the long history of successful adaptations to
changing conditions by northern hunter-gatherers (Nicolson et al. 2013; Nilsson et al. 2016;
Hastrup and Olwig 2012; Peterson and Rocha 2016; Sorenson 2010). Whereas prior to
settlement, caribou dependent hunter-gatherers would often move their locations of residence to
better position themselves for access to their quarry, permanent settlements in combination with
changing environmental conditions have complicated the ability for hunters to successfully
adapt to change. This situation is also complicated by the fact that mobility not only requires
suitable environmental conditions for land or water travel, it also requires cash to purchase
mechanized equipment and fuel (Brinkman et al. 2014, Van Lanen 2018). An Eek hunter
explained the dual constraints to caribou hunting presented by both climatic and economic
factors:

Today we're confined largely by the amount of snow that is out there or by the amount of
money there is in the account to buy fuel, given the fact that not everything is cheap
anymore, and motor travel is pretty hard when you don’t have snow.

Hunters consistently discussed the high cost of purchasing fuel for hunting trips as well as their
limitations in affording the purchases of snowmachines and motorboats. “Some people got no
skiff, so they can’t go out hunting,” said a New Stuyahok elder. A Nondalton hunter said, “It
takes lots of gas to make these [hunting] trips; it makes them hard to do.”

These socio-economic conditions affect adaptive responses to change. If the costs of potential
hunting success are deemed to outweigh the potential benefits, hunters might choose to rely
more for their livelihoods on employment opportunities and store-bought food and less on
hunting. For example, Hansen et al. (2013) found that the availability of cash income and
commercial goods likely de-incentivized prey-switching as an adaptive measure by some
subsistence hunting communities.

Overall, shifting ability to access moose and caribou described by respondents represent
foundational changes in longstanding reliable hunting tactics and transport. While hunter-
gatherers have experienced and adapted to shifts in the abundance and distribution of game for
millennia, the environmental and techno-economic regime shifts described in our findings
illuminate considerable threats to the future resilience of circumpolar and circumboreal large
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land mammal dependent hunter-gatherer social-ecological systems (Peterson and Rocha
2016).

Applications to Hunter Gatherer Research at Large: Past Climate Change

Responses as 21st Century Analog

One interesting application of studying environmental change being experienced by
contemporary hunter—gatherers is the potential for providing insights into past hunter-gatherer
responses to climate change. Equally, archaeological knowledge of past hunter-gatherer
responses to climate change can assist with helping to understand better the ethnographic
present.

Perhaps the most analogous and well documented account comes from what is known of the
shifting subsistence responses by European hunter-gatherers to the environmental changes
presented by the transition from cold Pleistocene environments to warmer Holocene ones,
beginning approximately 12,000 bp. For European hunter-gatherers, the late glacial early
Holocene period marked the end of the Paleolithic and the initiation of the Mesolithic (10,000-
6,000 bp), represented by dynamic environmental change and cultural adaptations to newly
emerging temperate conditions (Warren 2017a, Zvelebil 1986). To a large degree, these
changes can be marked by adaptations toward either the northward movement of hunting
peoples in tandem with rangifer’s shifting habitat, or the transitioning from a rangifer and tundra
environ oriented subsistence economy to one based on the resources appearing in increasingly
forested environs (Bang-Andersen 2012, Sorensen et al. 2013, Zvelebil 1986). As demonstrated
by rangifer dominated faunal archaeological assemblages, throughout the Paleolithic, from the
Mousterian to the Magdalenian (60,000 — 12,000 bp) rangifer were a primary game species and
a primary component of human diets throughout ice-free Europe (Gordon 2003, Grayson et al
2001, Grayson and Delpech 2005, Zvelebil 1986). After tens of thousands of years of extensive
hunter-gatherer reliance on rangifer, the species was extirpated from its former southern and
middle European range during the Pleistocene-Holocene boundary as a once rangifer friendly
ice-age climate and habitat rapidly transitioned to a temperate and forested one (Grayson et al
2001, Grayson and Delpech 2005).

Zeroing in on analysis of hunter responses to how climate-driven habitat change reshaped the
distribution of rangifer and changed the composition of ungulate communities on the landscape
in Europe is particularly useful for providing insights into the Alaskan present. In northern
Europe, the retreat of the Scandinavian ice sheet (circa 10,300 bp) is simultaneously marked by
vegetative transition from preboreal to boreal conditions (10,900- 10,500 bp) (Bang-Andersen
2012, Sorensen et al 2013). With emerging Holocene conditions in southern and middle Europe,
rangifer populations responded by moving north from their former late Pleistocene habitats.
Moreover, increasing average air temperatures and mean annual precipitation levels meant that

2 During this 50,000 year period the abundance of rangifer on the landscape and within archaeological faunal
assemblages fluctuated in correspondence with changing climatic conditions. As Grayson et al (2001) and Grayson
and Delpech (2003, 2005) have shown, throughout the Paleolithic increases in rangifer populations, and their
harvests by hunters, are associated with cooling climatic conditions while decreases in rangifer, and hunter
dependence on other ungulate species, are clearly associated with warming.
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northern coastal and lowland areas also rapidly transformed. Changing marine conditions and
warmer coastal air led to increasing coastal deciduous vegetation, further shifting formerly
coastal rangifer habitat towards the interior. As the ice sheet retreated rangifer colonized
emerging tundra in interior and mountainous areas but largely disappeared from coastal and
lowland areas in southern Scandianvia (Bang-Andersen 2012).

These climatic events initiated the movement of some long-time tundra and rangifer adapted
hunting peoples northwards as they followed the ecology they were familiar with. The
colonization of Scandinavia by hunter-gatherers during the Mesolithic period is associated with
both the maintenance of rangifer oriented subsistence strategies and also an emerging
exploitation of a warming induced resource enrichment of marine environments (Zvelebil 1986,
Fuglestvedt 2011, 2012, Bang-Andersen 2012, Warren 2017a). As evolving Holocene
conditions led to increasing shrubification at coastal and lower elevations, continued rangifer
hunting required that the peoples who colonized the coastal areas of northern Europe travel to
remote and higher elevation mountain areas in order to maintain access to rangifer (Bang-
Andersen 2012). In this situation, the longstanding largely rangifer focused hunting cultures of
the Paleolithic either adopted these migratory responses or they stayed put and adapted to
orientations centered around the exploitation of a newly emerging ecology (Bang-Andersen
2012).

These differing adaptive responses by Mesolithic hunters, where on the one hand mobility is
employed, and on the other new behaviors in a new environment are learned, are relevant to
the twenty-first century Alaska situation presented in this paper. In regard to the migratory
option, as the European record shows, even the northern most regions are not exempt from the
requirement that hunters shift prey species focus in relation to what becomes available as a
result of emerging environmental conditions. Similar to contemporary Alaska, it is likely that as
increasingly boreal and more deciduous environments emerged in northern Europe, Mesolithic
Scandinavian hunters also prey-switched from rangifer to increasingly emerging moose as an
important large cervid (Koztowski and Koztowski 1986, Bang-Andersen 2012, Sorensen et al.
2013). As the Pleistocene gave way to the Holocene the pre-boreal to boreal transition which
occurred reveals similarities with the northwards shifting of cervid distribution in relation to
climate change induced habitat change currently occurring in North America (Permesan and
Yohe 2003, Dawe and Boutin 2016, Tape et al. 2016). According to Tape et al (2016:9):

The range expansion of moose into the Alaskan tundra during this recent ecological shift
characterized by warmer temperatures and increased plant production resembles shifts
that occurred during the Pleistocene-Holocene transition. Pleistocene steppe tundra with
long cold winters and sporadic snow cover was altered by a warmer, wetter Holocene
that stimulated widespread shrub expansion...

Also relevant to the 21st century Alaska, are the new opportunities provided by climate change
in the increasingly forested habitats of southern and middle Europe during the Mesolithic, where
a large-scale subsistence regime shift has been thoroughly documented, including a prey-
switching response (Zvelebil 1986). Depending on elevation, red deer Cervus elaphus, roe deer
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Capreolus capreolus, boar Sus scrofa, ibex Capra ibex, and chamois Rupicapra rupicapra
became the dominant faunal staples for temperate Mesolithic hunter-gatherers. Meanwhile
coastal northern peoples increased their use of marine resources (Zvelebil 1986, Warren
2017hb). Additionally there was an adaptive shift away from larger game towards use of
emerging small game and an intensifying use of vegetation; including rabbits Oryctolagus
cuniculus, birds, and hazelnuts Corylus avellana (Zvelebil 1986, Warren 2017b).

Scholars studying changing hunter-gatherer subsistence strategies resulting from climate
change during the Mesolithic have noted that mobile strategies in response to the movement of
large ungulates likely became less adaptive in increasingly forested environments where herds
of ungulates, particularly rangifer, became scarcer (Zvelebil 1986, Warren 2017b). Resources
became more evenly spread out in an increasingly temperate environment and mobility became
less of a requirement.

Beyond the Old World, past episodes of environmental change have also driven shifts in
subsistence strategies by Alaskan hunter-gatherers over the course of millennia. The Northern
Dene’ ancestors of the Dena’ina peoples of the ethnographic present who participated in our
study were likely adapted primarily to mobile caribou hunting for at least 10,000 years (Boraas
2004). Around 6,000 bp these ancestral Dena’ina began permanently occupying the Mulchatna
country, likely due to an abundance of caribou. Oral tradition relays a Dena’ina origin story
focused on the upper Mulchatna River. The “Telagwana Mountain story” as relayed by Boraas
(2004) goes as follows:

...a hungry, starving people from the northwest move to the mountains
where a spiritually powerful person, perhaps a dghili dnayi or mountain
spirit that has taken the form of an old man, magically opens a mountain
using a stick endowed with beggesha (positive spiritual powers) allowing
the people to enter the mountain where they find great quantities of game
animals and become prosperous. The mountain is Telaguana Mountain
or Nduk’eyux Dghil'u ‘Mountain Which Game Enters’....Symbolically,
starvation indicates some problem—perhaps literally starvation or
perhaps something else—which caused a movement south and
east...and the solution to the problem is found in the abundance of game
in the mountains...

Since recorded history, salmon Oncorhynchus have been as important to the Dena’ina as have
caribou and moose. But Boraas (2004) suggests that the history of salmon as a stable Dena’ina
resource has much less antiquity than do large land mammals. Boraas (2004) posits that the
medieval warm period (circa 1,000 ad) initiated a salmon boom in the North Pacific which led
the Dena’ina to become both more seasonally sedentary and to adopt surplus food storage. The
evolution of a similarly adapted neighboring Yup’ik culture likely also began at this time.

Although these analogies drawn from archaeology and long-range climate science present
hunter-gatherer responses to environmental change at times scales that are not commensurate
to those which can be observed in the ethnographic present, they nonetheless provide insight
that can improve our understanding of how warming might drive changes in hunter-gatherer
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subsistence strategies during the current century and beyond. In relation to contemporary
conditions in this paper’s study area, the range of mobility required for successful moose
hunting is generally far less than required for caribou hunting. Contemporary hunter-gatherer’s
experiencing climate change thus find themselves following similar prey-switching responses as
flexible and adaptive hunter-gatherers generally have for tens of thousands of years (Grayson
2002, Grayson & Delpech 2003, Bang-Andersen 2012, Zvelebil 1986).

An important logistical comparison where past hunter-gatherers and modern ones do not
correspond is the twenty-first century hunter-gatherer’s contrasting degree of sedentism and
near complete dependence on motorized technology for subsistence mobility. Whereas, some
early Holocene peoples maintained access to the ecologies and species which they had long
been adapted to by moving northwards in-tune with the occurring climatic shifts, today, due to
total dependence on village life, motorized equipment and cash, modern boreal hunters
maintain very little capacity for significant changes in their mobility. Thus, as climate change
provides new opportunities in the habitats which they have permanently settled, prey-switching
becomes the most likely adaptive pathway. Rather than pursuing caribou further and further
afield, hunters take advantage of burgeoning and now more localized moose populations. In this
scenario we have a rough analog for European Mesolithic hunter-gatherers adapting to more
forested environments. However, hunting and gathering from permanent settlements always
requires some level of mobility and changing winter travel conditions alongside the economic
difficulties for many hunters to maintain consistent motorized transport, make adaptive
responses to evolving mobility constraints a requirement (Van Lanen 2018). Compared to the
prey-switching response, due to a now deeply embedded physical and psychological reliance
on motorized transport we should expect a large delay in adaptive response in regards to
hunter-gatherer dependence on industrialized mobility systems. While in an earlier paper |
explored hunters showing movements towards the praxis of alternative methods of mobility (Van
Lanen 2018), because both the logistical and ontological challenges of shifting to non—fossil fuel
driven methods of mobility are significant, we should expect that hunters will bank mostly on
whatever improved foraging conditions occur resulting from the effects of climate change at the
most localized scales.

Conclusion: Understanding Hunter Gatherers and 21st Century Change

By successfully compiling a substantial suite of TEK data on both the spatial and temporal
dynamics of two large cervidae within the ecology of a mostly wild landscape inhabited by
subsistence hunting communities, this study has improved our understanding of the adaptive
considerations circumpolar hunter-gatherers face in relation to the effects of environmental and
socioeconomic change.

Perhaps the most urgent message is that TEK observations of environmental change, in
combination with current scientific knowledge of these topics, raise concerns for issues of
resilience and adaptation faced by circumpolar subsistence hunters. While normal caribou
movement behaviors often mean that during certain times of the year, or during periods of low
abundance, caribou are inaccessible or not easily available to hunters, unreliable variability in
both winter travel conditions and caribou movements related to a changing environment and
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changing snow and ice phenology are factors that deserve increasing attention from a variety of
stakeholders (Brinkman et al. 2013, 2016; Carson and Peterson 2016).

Monitoring the vulnerabilities and adaptive responses to climate change impacts by both
subsistence hunters and their prey will be critical future research efforts. Assessing the future
dynamics of both prey-switching responses and responses to hunting access constraints by
hunter-gatherers in relationship to food security issues will be important topics for ongoing
research (Folke et al 2010; Kofinas et al 2016; Nicolson et al. 2013; Van Lanen 2018).
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