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Abstract
The traditional subsistence activities of Indigenous communities in Canada’s subarctic are being affected by the impacts of
climate change, compounding the effects of social, economic and political changes. Most research has focused on hunting and
fishing activities, overlooking berry picking as an important socio-cultural activity and contributor to the diversity of food
systems. We examined the vulnerability of cloudberry (referred to as ‘bakeapple’ consistent with local terminology) picking to
environmental changes in the community of Cartwright, Labrador using semi-structured interviews (n = 18), field surveys, and
satellite imagery. We identified the components of vulnerability including: the environmental changes affecting the abundance,
quality, and ripening time of bakeapples (i.e., exposure), the characteristics of the community that affect how these changes have
local impacts (i.e., sensitivity), and the ways in which the community is responding to environmental changes (i.e., adaptive
capacity). Our results confirm that environmental changes related to permafrost, vegetation, and water have occurred at the
bakeapple picking grounds with observed impacts on bakeapples. It is becoming increasingly difficult for bakeapple pickers to
respond to variable growth as in the past because of changes in summer settlement patterns that place families farther from their
bakeapple patches. We conclude that harvesters in Cartwright have high adaptive capacity to respond to environmental changes
due to their knowledge of their bakeapple patches, and at present, socioeconomic changes have had a greater impact than
environmental changes on their harvesting capacity.

Keywords Climate change . Vulnerability . Cloudberry (bakeapple) picking . Indigenous peoples . Subarctic . Southeastern
Labrador . Canada

Introduction

Global temperatures are increasing at unprecedented rates
with increases amplified in the Arctic (IPCC 2013;
AMAP 2017). According to Environment Canada, air temper-
atures have increased by 1.7 °C and by 3.1 °C in the western

Canadian Arctic. Indigenous communities in the Arctic and
Subarctic, in particular, are highly sensitive to climate changes
(Serreze and Barry 2011) because of their close relationship
with the land for livelihoods and associated food systems,
colonial legacies, and concurrent socioeconomic changes
(Anisimov et al. 2007; Ford et al. 2015).

Scholarship examining the human dimensions of climate
change in the Arctic and Subarctic, particularly in Canada and
with a focus on Indigenous peoples is well established (Ford
et al. 2018). Much of this work describes hunting and fishing
livelihoods and associated food systems, but comparable work
on berry picking is largely absent (Ford et al. 2012b; Bunce
et al. 2016). There are also geographic disparities in research,
with most scholarship focusing on communities and the re-
gion above 60°N (Ford et al. 2012a) rather than the Subarctic
(Downing and Cuerrier 2011; Cuerrier et al. 2015).

Wild berry picking is an important part of the food subsis-
tence for Indigenous communities in southern Labrador, for
both nutritional and cultural reasons (Fitzhugh 1999).
Individuals consider wild berries, including bakeapples, to
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be healthier than store bought foods and berry picking tradi-
tions have been passed down for generations. There is a two-
to-three week window, typically in August, when families go
bakeapple picking. Bakeapples often grow in peatlands on or
around palsa features (a peat mound with a permafrost core)
and many factors including precipitation, temperature, soil
moisture, and the surrounding vegetation impact their growth
(Korpelainen 1994; Kellogg et al. 2010; Seppälä 2011).
Models predict that most peatland permafrost in southeastern
Labrador will thaw by the end of the twenty-first century (Way
et al. 2018). Thawing of peatland permafrost can cause
ground subsidence, hydrological changes, thermokarst devel-
opment, and fragmentation of the palsa dependent vegeta-
tion—forbs, shrubs, lichens— and a transition to wet
graminoids and Sphagnum moss spp. (Camill 1999; Camill
et al. 2001; Christensen et al. 2004; Johansson et al. 2006).
While the importance of palsas for bakeapple growth is un-
clear, previous research suggests impacts of climate related
changes on the ripening time, quality, and abundance of
berries (Cuerrier et al. 2015).

We identify and characterize the vulnerability of bakeapple
(Rubus chamaemorus and Appik in Inuttitut) picking to climate
change, combining qualitative and quantitative methods includ-
ing interviews, field surveys, and satellite imagery analysis.
Focusing on the community of Cartwright, Labrador, we utilize
a ‘contextual approach’ to vulnerability assessment, focusing on
both climatic and non-climatic factors affecting berry picking.

Methodology

Conceptual Approach

We structured this research using a vulnerability approach.
Vulnerability can be defined as the Bsusceptibility to be
harmed^ (Adger 2006:269) with vulnerability research seeking
to identify and characterize who is vulnerable, to what stresses,
and why (Ford and Smit 2004). Contextual vulnerability con-
siders the political, biophysical, social, and economic factors
that interact to shape vulnerability and defines vulnerability as
a function of exposure, sensitivity, and adaptive capacity
(O’Brien et al. 2007; Wang et al. 2014; Archer et al. 2017);
exposure captures the environmental changes affecting the rip-
ening time, abundance and quality of berries; sensitivity reflects
the livelihoods and other social, economic, and political char-
acteristics of the community, and shapes the impacts of expo-
sure, e.g., if there is a landslide caused by permafrost degrada-
tion (exposure), the effect on a community will be dependent on
components of sensitivity such as the location of settlements,
infrastructure, land use, and technology (Smit and Wandel
2006); adaptive capacity reflects the potential ability of the
community to plan for, address, or cope with exposure (Ford
and Smit 2004; Smit and Wandel 2006; O’Brien et al. 2007;

Bennett et al. 2016), e.g., berry pickers may bring extra gaso-
line anticipating the need to visit multiple bakeapple picking
grounds by boat. The response to these drivers of vulnerability
in turn shapes and changes the initial conditions of vulnerabil-
ity, and as a result, vulnerability is dynamic (Smit and Wandel
2006; Ford et al. 2013; Archer et al. 2017; Fawcett et al. 2017).
Case studies are particularly important for identfiying the vari-
ous factors affecting vulnerability and understanding how they
interact together in particular places (Ford et al. 2010).

Case Study Location

Cartwright is located in southern Labrador on Sandwich Bay
on the Atlantic coast (Fig. 1) in the mid Boreal Forest
ecoregion (Roberts et al. 2006). According to Environment
and Natural Resources Canada (1981–2010 climate normal),
Cartwright had an average annual temperature of 0 °C, expe-
rienced average annual rainfall of 616.8 mm and average an-
nual snowfall of 462 cm. The permafrost is classified as iso-
lated patches and is limited to palsa features in peatlands,
which are between 0.3–1.3 m high and covered by lichens
and exposed peat (Way et al. 2018). In the surrounding wetter
depressions with no permafrost shrubs and mosses predomi-
nate. Three important salmon spawning rivers feed into
Sandwich Bay. The regional flora and fauna are ecologically
diverse including seals, whale, black bear, polar bear, caribou,
wolf, fox, small mammals, waterfowl, marine and freshwater
fish, blueberries, crowberries, bakeapples, lichen, white and
black spruce, Eastern larch, and birch (Roberts et al. 2006).

According to the Canadian 2016 census, Cartwright has a
population just under 500 individuals, the majority with
Indigenous ancestry and recognized as the people of
NunatuKavut. Due to the Government of Newfoundland and
Labrador’s centralization program in the 1960s, Cartwright was
provided with a school, a grocery store, postal service, telephone
lines, and a road (Lethbridge and Chesley 2007), causing many
families in nearby communities without these services to move
to Cartwright. Presently, many individuals are employed at the
Labrador Fishermen’s Union Shrimp Company Limited where
crab is processed from the offshore crab fishery. Historically,
there was a cod fishery but stocks declined noticeably in the
second half of the twentieth century and the Canadian govern-
ment placed an official moratorium on the commercial cod fish-
ery throughout Southern Labrador in 1992. The inland commer-
cial salmon fishery closed a few years later.

Data Collection and Analysis

Mixed methods — field surveys, satellite imagery analysis,
interviews —were used to characterize the environmental
changes affecting the ripening time, abundance, and quality
of bakeapples (exposure). Interviews were also used to charac-
terize sensitivity and adaptive capacity, drawing upon the
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traditional ecological knolwedge (TEK) of informants.
Traditional knowledge (TK) is the Bcumulative body of knowl-
edge, practice, and values acquired through experience and
observations on the land or from spiritual teachings and handed
down from generation to generation^ (Pearce et al. 2015: 235).

TEK is a subset of TK that specifically encompasses knowl-
edge about the environment and human’s relationship with it
(Riedlinger and Berkes 2001). TEK is an integral part of the
ability of Indigenous communities to safely and effectively live
off the land, continues to be a component of adaptive capacity

Fig. 1 A map of Canada and a zoomed in version of Labrador with
Cartwright and Happy-Valley Goose Bay labeled. The purple (Main
Tickle Point), orange (Hare Harbor), pink (Grady), and blue (The Big
Marsh) mark field survey sites. Data source: Statistics Canada

(https://www12.statcan.gc.ca/census-recensement/2011/geo/bound-limit/
bound-limit-ieng.cfm?year=18) for Cartographic Boundary File of
Canada and Elections Newfoundland and Labrador (2015) for Labrador
shape file

Hum Ecol (2018) 46:849–863 851

https://doi.org/10.1016/j.gloenvcha.2006.02.006
https://doi.org/10.1016/j.gloenvcha.2006.02.006


to climate change, and is increasingly valued by researchers
seeking to understand how climate change interacts with soci-
ety (Huntington 2011; Pearce et al. 2015).

Interviews

We conducted semi-structured interviews with 18 individuals
(Longhurst 2003) with an interview guide (Valentine 1997)—
structured by the components of vulnerability (Table 1). The
interviews lasted between 30 min to an hour. A purposive
sampling strategy (Baxter and Eyles 1997) was used to select
participants with rich knowledge and experience of bakeapple
picking and was implemented with the help of a respected and
active community member and then via a snowballing strate-
gy, in which interviewees suggested other potential partici-
pants. Interviews were conducted until a saturation of relevant
information was reached.

Interviews were coded to identify the key components of the
vulnerability of bakeapple picking to changes in the physical and
social landscape. The 14 recorded interviews were transcribed
(Bedford and Burgess 2001). For the four unrecorded interviews,
annotations and memos related to the method or context were
made on the transcriptions and on the interview notes (Dunn
2000; Cope 2003; Corbin and Strauss 2014). Based on the
emerging patterns, initial codes were created, and based on
how they connected to the components of vulnerability second-
ary codes were generated (Cope 2010). Finally, we identified the
emerging key themes based on the secondary codes and our
knowledge of the literature (Saldaña 2013).

Field Surveys

The relevé method was used to determine the importance of
permafrost conditions on the presence of bakeapples to describe

the exposure. A relevé is, at minimum, a list of present species
within the plot (Causton 1988). Plots spanned four permafrost-
associated peatlands (Fig. 1) and surveying occurred over four
consecutive days (August 7–10, 2017). The plots were 1m2,
based on recommendations for lichen and moss communities
(Ellenberg and Mueller-Dombois 1974). Plots were stratified
between palsa sites with an active layer overlying permafrost,
and sites with no detectable permafrost within 120 cm of the
peat surface. In total, 31 plots were randomly selected on both
palsa and no permafrost sites by throwing the quadrat in areas
of the peatland with palsa features. Seven palsa and seven no
permafrost plots were selected at Hare Harbor; eight palsa and
eight no permafrost plots at Grady; five palsa and five no per-
mafrost plots at Main Tickle Point; 11 palsa and 11 no perma-
frost plots at The Big Marsh in Cartwright. Per plot, species
frequency was measured with the Daubenmire scale (Ellenberg
and Mueller-Dombois 1974; Thomas et al. 2003). Elevation
was measured with a hand-held Garmin GPS with a resolution
of less than 10 m, and active layer depth (ALD) was measured
with a 120 cm permafrost probe.

R [1.0.143] was used to analyze the field data. To deter-
mine if bakeapples are significantly different across palsas
and no permafrost sites, a Fisher’s exact chi squared test
was used with the stats package (Causton 1988). With the
Vegan package, non-metric multidimensional scaling
(NMDS), using the Bray-Curtis dissimilarity index, was
performed to determine if distinct vegetation communities
are associated with the palsa and no permafrost plots
(Šmilauer and Lepš 2014); ANOSIM analysis was done
to test whether the dissimilarity between the vegetation of
the palsa and no permafrost plots is significantly greater
than the dissimilarity within each group; SIMPER analysis
was done to determine which species are contributing most
to dissimilarity between groups (Clarke 2006). Spearman

Table 1 Themes with corresponding component of vulnerability and sample questions from interview guide

Themes Example questions

Duration of time an individual has picked for About how many years have you been bakeapple picking?

Observations of environmental changes at the
bakeapple picking grounds (exposure)

Have you noticed changes in the plant species where you pick bakeapples?

Have you noticed a change in the amount of surface water in the landscape?

How much variability is there from year to year in the abundance and quality of bakeapples?

What things have affected how good the bakeapples are in a particular year?

Has the timing of when pick bakeapples changed from your youth?

Observations of social change related to
bakeapple picking (sensitivity)

What importance does bakeapple picking have to you currently as an adult and previously as a child?

What does an average day of bakeapple picking look like now and as a child?

Observations of economic change related to
bakeapple picking (sensitivity)

Do you sell the bakeapples that you pick?

Have job opportunities impacted your ability to go bakeapple picking?

Technology advances and impact on
bakeapple picking (sensitivity)

How do you get to the spots that you bakeapples pick now and is this different from your youth?

The main barriers and reasons for bakeapple
picking (adaptive capacity)

What are your greatest barriers to go bakeapple picking? How do you deal with these barrier(s)?

What are the main reasons that you go bakeapple picking?
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rank correlation coefficients were calculated with the stats
package to determine if elevation and/or ALD are signifi-
cantly correlated with the NMDS coordination axes; eleva-
tion and ALD were then fitted via regression to the ordi-
nation axes using the Vegan package (Causton 1988).

Remote Sensing

Using ENVI 5.4 software, area changes for palsas, vege-
tation, and surface water were assessed at The Big Marsh
—all of which contributed to the characterization of the
exposure. This specific peatland was evaluated because it
was frequented by community members for berry picking,
palsas were present in the bog, and it overlapped with
readily accessible satellite imagery. Courtesy of the
DigitalGlobe Foundation, a 2004 Quickbird image and a
2016 World View 2 image were acquired — both of
which have fine enough spatial resolution to detect palsas.
Pre-proccessing of images included radiometric and atmo-
spheric correction with the FLAASH algorithm via tools
available through ENVI 5.4. The 2004 and 2016 images
were co-registered following the approach of Andresen
and Lougheed (2015). For this study, there were a limited
number of identifiable tie points due to a coarser resolu-
tion in the 2004 image and little built infrastructure sur-
rounding the peatland, so 11 tie points were used with a
final RMSE of 1.90 m.

For palsas, the manual target detection approach used
by Beck et al. (2015) and Bouchard et al. (2014) was
applied. Additionally, following the approach of Sannel
and Kuhry (2011), we used the panchromatic bands with
the aid of the multispectral bands to identify palsas.
Automatic target detection, with the matched Filtering
(MF) algorithm, was used to identify any green vegetation
and surface water in the 2004 and 2016 images. To assess
the target detection, the separability between vegetation,
water, and the unclassified areas was computed with
Jeffries-Matusita separability measures. All combinations
of features had Jeffries-Matusita separability measures
greater than 1 indicating good spectral separability
(Richards and Jia 2006). Following Richards and Jia
(2006), we calculated the following classification accura-
cy metrics: overall accuracy, producer accuracy, and user
accuracy. The user accuracy, which is the chance that a
pixel labeled vegetation or water is actually vegetation or
water, was 81.82 and 87.50% for the surface water class
in 2004 and 2016 respectively, and 100% for the vegeta-
tion class in both 2004 and 2016. The producer accuracy
and the overall accuracy were lower for both classes
meaning that not all vegetation or water reference pixels
were classified as vegetation or surface water pixels dur-
ing the automatic target detection.

Results

We first describe the activity of bakeapple picking and the eco-
logical conditions at the picking grounds before characterizing
the components of vulnerability drawing upon interviews and
quantitative data. Note that interviewees agreed to the use of
their quotes and some requested that their names be cited.

Bakeapple Picking

In 17 of the 18 interviews, participants said that bakeapple
picking is a family activity.

BWe did it with our two children from the time we had
them till they left and then the grandkids came along and
we are still doing it. 46 years of doing that.^ Judy Pardy

Half of the interviewees explained that in the past if the men
were fishing only the women and children would bakeapple
pick.

Every family has their favorite spots to go bakeapple pick-
ing, some of which go back generations and other new ones
are discovered by word of mouth. Often, a family keeps the
exact location of their favorite picking grounds a secret to
protect their supply. There is consensus among all inter-
viewees that the best bakeapple picking areas are on the outer
islands, and during the harvest, usually in August, families
travel by boat to their summer homes or islands nearby.

Bakeapples are used for special dishes like pies, cheese-
cakes, and muffins during the holidays. For some individuals,
bakeapples are a part of their daily diet, although this was
more common in the past when local grocery stores did not
sell fruit during the winter.

BWell, my father, he was 97 when he died, he had
bakeapples every day. Every day for breakfast he had
bakeapples.^ Dwane Burdett

Families will generally go for day trips or a holiday to the
bakeapple grounds from the end of July through September,
depending on when the bakeapples ripen. Largely, inter-
viewees consider this variability to be normal.

BTiming changes almost every year. You might be able
to pick bakeapples in the middle of July and most times
it is not until the first week in August and then from that
on the bakeapples ripen.^ Leslie Hamel

Almost half of the participants describe how the temperatures
in both the spring (April and May) and the summer (June,
July, and August) determine the ripening time. With a shorter
spring and earlier summer the bakeapples will ripen sooner.
Also, about a third of participants explain that the time when
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bakeapples ripen depends on location, and can be as late as
early September if the berries are in a sheltered spot where
they receive less sun or on an island farther from the mainland.

The quantity that a family picks depends on their uses of
the bakeapples. Generally, if a family is picking solely for its
own use, they will pick between five to 15 gal per season. If
the family is picking with the intention of selling, they might
pick anywhere from 20 to 50 gal depending on the abundance
of bakeapples in a given year. Participants expect the growth
of bakeapples to be variable from year to year and largely
attribute this to weather.

BSome years there’s none nowhere! I’ve been up there
and sometimes you can literally see that the land has an
orange glow to it. Like an orange… a big orange
carpet.^ Dwane Burdett

About a third of participants emphasized that the weather dur-
ing the spring and summer of the year is a key factor in the
abundance of that season. Interviewees explained that in the
spring if there are strong winds (between 40 to 60 km/h) or a
downpour of rain then the bakeapple blossom can be
destroyed because it is particularly sensitive until the shuck
has closed in. Interviewees also explain that the weather dur-
ing the summer is very important. Extreme warm tempera-
tures (above 25° Celsius) can destroy the fruit.

BIf it’s too hot they’ll kind of burn up… and if it’s cold
and damp for a while they just won’t grow like they
should. You’ll get a few but they’ll be small or spaced
apart.^ Tracy Martin

In addition to the importance of weather, ecological con-
straints on bakeapple growthwere identified and characterized
by interviewees and through field surveys. Interviewees de-
scribed the optimal ecological conditions for bakeapple
growth. Almost all explained that bakeapples are found in
the boggy but not overly wet areas.

BA lot of the places you pick bakeapples are pretty much
wet spots anyways. Not right wet as such but damp…
the best areas.^ Leslie Hamel

Additionally, more than half (n = 11) explained that bakeapples
will likely be larger and more abundant in spots sheltered by the
(micro)topography of the landscape and/or surrounding plants.

We conducted field surveys to determine whether the pres-
ence or absence of permafrost in palsa bogs constrained the
presence or absence of bakeapples. A chi-squared test showed
that the presence/absence of bakeapples is not significantly
different between palsa and no permafrost plots. However,
ANOSIM analysis of a NMDS plot of the vegetation data
revealed that the vegetation types between palsa and no

permafrost plots are significantly different with an ANOSIM
test statistics equal to 0.226 and a significance value of 0.001
(Fig. 2). Additionally, SIMPER analysis showed that sphag-
num moss spp., sedge spp. Empetrum nigrum, Lichen spp.,
bakeapple (Rubus chamaemorus), Vaccinium ulginosum,
and Ledum groelandiculum contributed to 70% of the dissim-
ilarity between palsa and no permafrost plots. Spearman rank
correlation coefficients revealed that ALD was significantly
correlated with the first ordination axes and elevation was
significantly correlated with the second ordination axes and
therefore, both ALD and elevation explain differences in the
vegetation types between the palsa and no permafrost plots
(Fig. 2). While permafrost presence in palsa bogs does not
significantly impact the presence/absence of bakeapples, it
does have a significant impact on vegetation species and the
ecosystem as a whole (Photograph 1).

Exposure

Participants discussed ecological changes that are beyond past
experiences and related to the growth of bakeapples, noting
that knowledge on change varied by individual for some ob-
servations. While this reflects lack of consensus in some ob-
servations (e.g., for weather, hydrological conditions, abun-
dance of bakeapples), it also reflects differential engagement
of individuals with bakeapple picking and different locations
regularly visited.

A few interviewees consider the recent variability in
weather, including wind and temperature, to be beyond
normal (Fig. 3).

BThe berry picking for the bakeapples has changed be-
cause the weather has changed. The weather has
changed, because it is more windy. A lot of wind. And
more stormy. A lot of storms…. Extreme weather con-
ditions are changing the bakeapples.^ Rosetta Howell

While these participants consider spring temperatures to be
warmer in the last decade they also noted that the 2017 spring
was an exception, being colder than usual.

Almost half the participants observed that bakeapples have
been ripening earlier than normal in recent years (Fig. 3), and
explained that this is because of changes in the timing of the
seasons and earlier warmer temperatures.

BThe springs are coming earlier each year and because
of that your blossoms are coming out earlier and they are
ripening earlier because of that.^ Dave Hamel

A few participants independently attributed changes in the
growth of bakeapples to climate change.

Ten participants noted changes in the landscape at the
bakeappple picking grounds, and many observed increases
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in larger shrubs surrounding bakeapple grounds and felt this
vegetation is competing with the bakeapples (Fig. 3).

BSome of the other shrubs seem to be overtaking some
of the… places where bakeapples grow.^ Dave Hamel

Analysis of satellite images from 2004 to 2016 indicates
an increase in total green vegetation in The Big Marsh
by 21.5% (Fig. 4).

Some participants, in response to a question about chang-
ing water conditions at bakeapple picking grounds reported
that the landscape is drier (Fig. 3) as could be observed
through small bodies of water in the landscape, ponds and
rivers, or by the kinds of shoes needed to go picking.
Several participants described how a small pond near a popu-
lar bakeapple picking ground completely dried up one year
after large cracks formed in the landscape. Satellite imagery
showed that the surface water increased at The Big Marsh
from 2004 to 2016 by 66.4%, consistent with the development
of thermokarst (Fig. 4). It is possible that this discrepancy is

because bakeapple pickers would tend to avoid the grounds
that are becoming wetter because they became less accessible.

A third of participants observed that the bakeapple fruits
are changing and that they grow differently, but did not know
why (Fig. 3). A few observed that the way the bakeapples are
ripening is more fragmented in space and time.

BBut I know that the bakeapples don’t grow anymore
like they used to years ago. Years ago, when they ripe,
you go out into a spot of bakeapples and you just pick,
pick, pick. But now when you go you pick a few that’s
ripe and then you go back a bit later and pick a fewmore
when they are ripe. Why? I don’t know. But I do know
there is a lot of vegetation growing up that wasn’t in
some places anyhow.^ Donnie Howell

Fragmentation of bakeapple patches may be related to changes
in palsas., palsas are estimated to have decreased in area from
2004 to 2016 by 64.5% at The Big Marsh (Fig. 4). From relevé
analysis, it is evident the vegetation is different on palsa features

Fig. 2 NMDS showing the relative position of the vegetation plots in a
two-dimensional space via comparison of the species surface cover per
plot. Palsa (P) plots are in green and no permafrost (NP) plots are in blue.
Proximity of plots implies less species composition dissimilarity.

Environmental vectors (Elev = elevation, ALD = active layer depth) are
overlaid on the NMDS. The direction of the vector indicates whether the
correlation is positive or negative and the magnitude of the vector is
proportional to the strength of the correlation

Hum Ecol (2018) 46:849–863 855



compared to the surrounding areas with no permafrost, and is
significantly correlated with changes in elevation and ALD.
The decrease in palsa features in The Big Marsh has likely
contributed to i) changes in vegetation communities resembling
the differences, at present, between the palsa and no permafrost
sites, and ii) fragmentation of the previous permafrost palsa
vegetation communities, including bakeapple patches.

In addition to these biophysical stressors, socioeconomic
changes are impactingwhere andwhen families pick bakeapples.

Sensitivity

Sensitivity to the changes in exposure documented needs to be
understood in regard to long-term changes in human-
environment interaction. Before the 1960s, families moved
between summer homes, conveniently located for fishing
and bakeapple picking, and winter homes for trapping and
hunting. Resettlement to Cartwright in the 1960s moved com-
munity members farther from their summer homes and

Palsa No Permafrost

Photograph 1 Examples of palsa (left) and no permafrost (right) vegetation types
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picking grounds making it harder to cope with variability in
the growth of bakeapples.

However, before the moratorium on cod and salmon fish-
ing in the 1990s, many families went to their summer homes
out on the islands around June and returned to Cartwright
around September. The salmon fishery in July ended just be-
fore the bakeapple harvest in August, when the cod fishery
also started. After the moratorium, families remain in
Cartwright during the summer and thus have farther to travel
to the bakeapple picking grounds (Fig. 3).

BI was a young teenager when the cod fishery was over
so life began to change then. So life began to change and
peoples’ way of life began to change from that day to
this. Less and less and less people could make a liveli-
hood from in shore fishing. Taking their families to
summer fishing places.^ Rosetta Howell

Few families can take a holiday to return to their summer homes,
which can be hours away by boat, for bakeapple picking. More
commonly, they will take day trips to nearby bakeapple picking
grounds, less than a half hour away by boat.

BThat’s the way we pick bakeapples. We run off for a
few hours and go out for a day or two and come back.^
Leslie Hamel

Community members explained that when not all the
bakeapples are ripe they have to make multiple day trips

back to the same berry patch over the course of the two
weeks or so it takes all the bakeapples to ripen. It is more
challenging for community members, in terms of finances
and time, to deal with temporal and spatial variability in the
ripening of bakeapples living farther from the bakeapple
picking grounds.

Many families have increasing difficulty in finding the time
to go bakeapple picking together. It is difficult to cope with
variability in weather and harvest timing with rigid work
schedules and increasingly, single men will go to the
bakeapple grounds for a couple of hours.

Adaptive Capacity

The adaptive capacity of the community informs how
bakeapple pickers respond to the identified exposures and
sensitivities. The speedboat, an upgrade from row-boats and
then motor-boats, is a part of the community’s adaptive capac-
ity because it enables families to travel more quickly and to
continue frequenting their bakeapple picking grounds (Fig. 3).

BYou jump on your boat and go on and you’re there in
half the time you were there in a motor boat.^ Rosetta
Sainsbury

Because the speedboat reduces travel time, individuals can
more easily get to a nearby bakeapple picking spot before or
after work. The speedboat has -also encouraged families to
explore new bakeapple picking spots.
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BYou can now go so much faster and so many different
places.^ Cookie Lethbridge In fact, some participants explain
that the slower speed of motor-boats kept people from
bakeapple picking at the best spots. Most families with a
speedboat are better able to deal with the temporal and spatial
variability of the bakeapple harvest.

Despite the advantages of the speedboat, challenges re-
main, including the difficulty of traveling long distances by
boat, particularly for elders, high winds, the cost of gasoline,
and access to a suitable boat.

BGetting ashore is always a problem if there is a sea on.
Even if there is no wind sometimes you try and land and

there’s too much sea. So you had to pick your days.^
Leslie Hamel

Two participants considered the cost of gasoline to be a barrier
to bakeapple picking. Awoman, a picker for almost 70 years,
said that she and her husband spend $40 per trip on gasoline
making bakeapple picking too expensive compared to when
she was growing up and could just walk to the bakeapple
grounds. Also, two noted the difficulties arising from either
not owning a boat or having rented out the boat for work.

The market for bakeapples is a part of the community’s
adaptive capacity because it helps some individuals to offset
the costs of gas. Individuals sell as much as 30 gal of

2004 Image 2016 Image

Fig. 4 The Big Marsh in 2004 (left) and 2016 (right). Palsa, vegetation, and surface water delineated in 2004 and 2016. The unclassified areas are bare
ground. Satellite Imagery courtesy of the DigitalGlobe Foundation
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bakeapples to supply the high demand in Happy Valley-Goose
Bay (central Labrador) and on the island of Newfoundland
where they are not abundant and as a result sell for ~$80 a
gallon, as well as in Cartwright as a source of supplemental
income. The market for bakeapples also caters to individuals in
Cartwright who are unable to go out and pick bakeapples due to
age, lack of resources, time, and/or interest (Fig. 3). In addition
to the market for bakeapples, more than half of the interviewees
said that they share their surplus bakeapples with family and
friends, as well as others who are unable to pick for whatever
reason.

BIf I was going to get rid of any, I would give them
away.^ Donnie Howell

The TEK of generations of bakeapple pickers is a part of
the community’s adaptive capacity because it captures when
and where bakeapples are available and ripe. Pickers can start
to predict the impact of weather on the ripening of bakeapples
in the spring and communication among community members
will identify the best harvesting grounds.

BWe know not to go to certain places if we are looking
for bakeapples because chances are slim you are going
to get them… and a lot of that is local knowledge.^ Judy
Pardy

The value placed on bakeapples by individuals is also a part of
the community’s adaptive capacity because it provides moti-
vation to identify and adapt to ecological and social changes
(Fig. 3). Almost all participants explained that the bakeapples
are still a valuable part of the diet.

BBakeapple picking has always been a big part of our
lives for food. It’s been very important.^Donnie Howell

Also, interviewees prefer bakeapples to other fruits available
at the grocery store and recognize their nutritional value.

BWhatever is in the grocery stores doesn’t matter. We
are still going to get bakeapples if we can get them
because they were something that we really liked to
have, right?^ (Anonymous male)

Participants also enjoy bakeapple picking because they get to
be out on the land.

BFor me, I love picking berries. I’d just go out and crawl
around on the land all day long, you know?^ Judy Pardy

Participants also pointed out that bakeapple picking is hard
work and can be increasingly difficult with age. Some inter-
viewees value the social aspect of bakeapple picking. After a

long day of bakeapple picking, the family will meet up for a
‘boil up,’ which is a picnic with some hot tea. A third of
participants continue to bakeapple pick because it is a tradi-
tion, but fewer brought up their Inuit ancestry as a reason for
bakeapple picking since most largely associated bakeapple
picking with their Labradorian culture.

BThat’s how our ancestors survived and it just got
passed down from generation to generation.^ Dwane
Burdett

A minority of participants observed that families, especially
the younger generation, are less engaged in bakeapple
picking.

BLike I said it is [bakeapple picking] getting done less
and less. There are less and less people out on the land.^
Dwane Burdett
BWe still try and pick bakeapples every year. But even
that families don’t do that anymore with their children or
grandchildren. You know some do but very few.^
Rosetta Howell

Because an increasing number of the younger generation
places less value on family bakeapple picking and bakeapples
as a food source, the cultural and nutritional value that families
currently place on bakeapples may not be a source of adaptive
capacity in the future.

Discussion

The exposures, described by Cartwright community
members, parallel observations in other arctic and sub-
arctic communities. Bakeapple pickers explained that
variability in the timing and abundance of bakeapples is
to be expected. Some bakeapple pickers observed that
the timing of picking has been earlier in the past decade
largely due to earlier warming temperatures in the spring
and summer (see also Downing and Cuerrier 2011).
Some interviewees described how tree and larger shrub
growth has encroached on bakeapple patches. First
Nation communities in the Yukon and Northwest
Territories, Inuit communities in Nunavik, and Gwich’in
communities have also observed new shrub and tree spe-
cies at berry picking spots (Parlee et al. 2005; Guyot
et al. 2006; Cuerrier et al. 2015). Participants also ob-
served that the berries ripen in a more fragmented way,
are less abundant and smaller compared to when they
were younger. A couple of participants attributed these
changes to climate change. Climate change and vegeta-
tion growth have likely contributed to the decrease in
palsas at The Big Marsh, consistent with trends seen in
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other permafrost-associated peatlands (Christensen et al.
2004; Johansson et al. 2006; Bouchard et al. 2014). The
observed fragmentation of bakeapple patches may also
be related to changing permafrost conditions in bogs.
From field surveys showing that vegetation types are
significantly different across palsa and no permafrost
plots, and from satellite imagery revealing a decrease in
palsas, we can infer that with continued palsa degrada-
tion, the vegetation will change and eventually resemble
the present vegetation of the surrounding no permafrost
areas. One bakeapple picker from Cartwright attributed
the fragmentation of bakeapple patches and less abundant
bakeapples to more extremes in the weather, including
precipitation. Other Indigenous communities note chang-
es in the bakeapples themselves. First Nation communi-
ties have described precipitation that is resulting in
smaller berries and less snow bringing fewer berries
(Guyot et al. 2006). In a Gitga’at community in British
Colombia, residents explained that in recent years wild
berries are scarce and attributed this to heavy rains
(Turner and Clifton 2009).

In Cartwright, bakeapple picking is tied to other har-
vesting activities, specifically fishing. Similarly, in
Gwich’in First Nation communities the harvest of berries
and fish occur at the same time (Parlee et al. 2005).
Other First Nation communities in British Colombia also
harvest important plants, specifically edible seaweed,
while fishing for salmon and halibut. As a result, any
changes in the fishery have an impact on the harvesting
of edible plants. In Cartwright resettlement impacted
families’ land based livelihoods because it became more
difficult for them to travel between their summer homes
for fishing and berry picking and their winter homes.
Similarly, resettlement programs also moved Inuit in
Nunavut into permanent communities and ended their
semi-nomadic way of living, which limited individuals’
ability to access hunting areas (Wenzel 2009) and re-
duced the extent of harvesting areas and the availability
of country food (Ford and Beaumier 2011). Resettlement,
with subsequent sociocultural transformations, is an ex-
ample of a slow variable that has resulted in a change in
culture and livelihoods over the past half century in
Indigenous northern communities (Chapin et al. 2004;
Ford et al. 2013).

New technology has enabled Indigenous communities
to continue living off the land despite social and envi-
ronmental change. In Cartwright, owning a speedboat
allows families to continue visiting bakeapple picking
grounds. Similarly, the snowmobile allows individuals
in Inuit communities in Nunavut to continue hunting
despite living farther away from traditional hunting
grounds (Wenzel 2009). In Arctic Bay, Inuit use GPS
and online sea ice reports to navigate changes in sea

ice conditions (Archer et al. 2017). Members of a
Gitga’at community in British Columbia created technol-
ogy to dry their seaweed and fish despite increased pre-
cipitation (Turner and Clifton 2009).

The market for bakeapples in Cartwright is a part of
the adaptive capacity of the community in that it pro-
vides supplemental incomes and makes it more afford-
able for many families to continue bakeapple picking.
Community members did not indicate that the market
for bakeapples has threatened traditional sharing net-
works with family and friends. Similarly, Inuit commu-
nities in Greenland have had widespread positive experi-
ences selling country food for 150 years (Ford et al.
2016). In contrast, other Indigenous communities are
concerned about the commercialization of traditional
foods. For instance, in the Gwich’in settlement region,
communities are concerned that commercializing wild
berries will complicate traditional sharing networks
(Murray et al. 2005; Parlee et al. 2005). Similarly, some
Inuit communities in Nunavut have expressed concerns
about the commoditization of country food in terms of
traditional sharing networks (Ford et al. 2016; Searles
2016; see also MacDonald et al. 2013).

The cultural and nutrit ional value placed on
bakeapple picking in Cartwright is also a key compo-
nent of adaptive capacity. Other studies have document-
ed the nutritional value that an Indigenous community
in Alaska and an Inuit community in Nunavut also
place on bakeapples (Downing and Cuerrier 2011;
Kellogg et al. 2010). However, there is concern in
Cartwright that younger families spend less time or no
time bakeapple picking. Other studies document similar
concerns within Indigenous communities that traditional
knowledge is not being passed to younger generations
(Turner and Turner 2008; Beaumier et al. 2015; Archer
et al. 2017).

Conclusion

Our results highlight social and physical changes that
impact bakeapple picking from the perspective of the
Indigenous community in Cartwright, Labrador.
Interviewees described changes in temperatures, vegeta-
tion, and the consequent impacts on bakeapples. The
impacts of these environmental changes on families’
abilities to harvest bakeapples are magnified by socio-
economic impacts, including the closures of the inland
fisheries and the resettlement program of the 1960s.
However, the advent of the speedboat, the commercial
market for bakeapples, the cultural and nutritional value
families continue to place on bakeapples, and concerns
with maintaining traditional cultural and ecological
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knowledge seem to reinforce families’ continued engage-
ment in bakeapple picking.

Contextual vulnerability to climate change encom-
passes not only the environmental impacts associated
with climate change but the concurrent social, political,
and economic processes that determine how a given
community experiences climate change (Ford and Smit
2004; Smit and Wandel 2006; O’Brien et al. 2007;
Bennett et al. 2016). Previous studies have described
the contextual vulnerability of the land-based livelihoods
of Indigenous communities in the Arctic (Ford et al.
2012a, b, 2015 Archer et al. 2017), and our study also
illustrates that social and physical constraints to ease of
access to traditional bakeapple picking grounds can im-
pact harvesting capacity as much as the actual ecological
impacts of climate change on the resource.

Acknowledgements A big thank you to all the participants and the com-
munity of Cartwright, Labrador, particularly, Judy Pardy and Leslie
Hamel. The research would not have been possible without the guidance
of Luise Hermanutz and support of the NunatuKavut Community
Council. This research was supported by ArcticNet, SSHRC, and CIHR.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Approval Ethics approval was received from McGill and the
NunatuKavut Community Council.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

Publisher’s Note Springer Nature remains neutral with regard to jurisdiction-
al claims in published maps and institutional affiliations.?

References

Adger, W. N. (2006). Vulnerability. Global Environmental Change 16:
268–281. https://doi.org/10.1016/j.gloenvcha.2006.02.006.

Andresen, C. G., and Lougheed, V. L. (2015). Disappearing Arctic
Tundra Ponds: Fine-Scale Analysis of Surface Hydrology in
Drained Thaw Lake Basins Over a 65 Year Period (1948–2013).
Journal of Geophysical Research: Biogeosciences 120: 466–479.
https://doi.org/10.1002/2014JG002778.

Anisimov, O. A., Vaughan, D. G., Callaghan, T. V., Furgal, C., Marchant,
H., Prowse, T. D., Vilhjálmsson, H., and Walsh, J. E. (2007). Polar
regions (Arctic and Antarctic). In Parry, M. L., Canziani, O. F.,
Palutikof, J. P., van der Linden, P. J., and Hanson, C. E. (eds.),
Climate Change 2007: Impacts, Adaptation and Vulnerability.
Contribution of Working Group II to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change,
Cambridge University Press, Cambridge, pp. 653–685.

Archer, L., Ford, J. D., Pearce, T., Kowal, S., Gough, W. A., and Allurut,
M. (2017). Longitudinal Assessment of Climate Vulnerability: A
Case Study from the Canadian Arctic. Sustainability Science 12:
15–29. https://doi.org/10.1007/s11625-016-0401-5.

Arctic Monitoring and Assessment Programme (AMAP) (2017). Snow,
Water, Ice and Permafrost in the Arctic, AMAP, Oslo.

Baxter, J., and Eyles, J. (1997). Evaluating Qualitative Research in Social
Geography: Establishing ‘Rigour’ in Interview Analysis.
Transactions of the Institute of British Geographers 22: 505–525.

Beaumier, M. C., Ford, J. D., and Tagalik, S. (2015). The Food Security
of Inuit Women in Arviat, Nunavut: The Role of Socio-Economic
Factors and Climate Change. Polar Record 51: 550–559. https://doi.
org/10.1017/S0032247414000618.

Beck, I., Ludwig, R., Bernier, M., Lévesque, E., and Boike, J. (2015).
Assessing Permafrost Degradation and Land Cover Changes (1986–
2009) Using Remote Sensing Data Over Umiujaq, Sub-Arctic
Québec. Permafrost and Periglacial Processes 26: 129–141. https://
doi.org/10.1002/ppp.1839.

Bedford, T., and Burgess, J. (2001). The focus-group experience. In
Limb, M., and Dwyer, C. (eds.), Qualitative Methodologies for
Geographers: Issues and Debates, Arnold, London, pp. 121–135.

Bennett, N. J., Blythe, J., Tyler, S., and Ban, N. C. (2016). Communities
and Change in the Anthropocene: Understanding Social-Ecological
Vulnerability and Planning Adaptations to Multiple Interacting
Exposures. Regional Environmental Change 16: 907–926. https://
doi.org/10.1007/s10113-015-0839-5.

Bouchard, F., Francus, P., Pienitz, R., Laurion, I., and Feyte, S. (2014).
Subarctic Thermokarst Ponds: Investigating Recent Landscape
Evolution and Sediment Dynamics in Thawed Permafrost of
Northern Québec (Canada). Arctic, Antarctic, and Alpine Research
46: 251–271. https://doi.org/10.1657/1938-4246-46.1.251.

Bunce, A., Ford, J. D., Harper, S., Edge, V., and IHACC Research Team
(2016). Vulnerability andAdaptive Capacity of InuitWomen to Climate
Change: A Case Study from Iqaluit, Nunavut. Natural Hazards 83:
1419–1441. https://doi.org/10.1007/s11069-016-2398-6.

Camill, P. (1999). Patterns of Boreal Permafrost Peatland Vegetation Across
Environmental Gradients Sensitive to Climate Warming. Canadian
Journal of Botany 77: 721–733. https://doi.org/10.1139/b99-008.

Camill, P., Lynch, J. A., Clark, J. S., Adams, J. B., and Jordan, B. (2001).
Changes in Biomass, Aboveground Net Primary Production, and Peat
Accumulation Following Permafrost Thaw in the Boreal Peatlands of
Manitoba, Canada. Ecosystems 4: 461–478. https://doi.org/10.1007/
s10021-001-0022-3.

Causton, D. R. (1988). An Introduction to Vegetation Analysis, Springer,
Dordrecht.

Chapin, F. S., Peterson, G., Berkes, F., Callaghan, T. V., Angelstam, P.,
Apps, M., Beier, C., Bergeron, Y., Crépin, A. S., Danell, K.,
Elmqvist, T., Folke, C., Forbes, B., Fresco, N., Juday, G., Niemelä,
J., Shvidenko, A., and Whiteman, G. (2004). Resilience and
Vulnerability of Northern Regions to Social and Environmental
Change. A Journal of the Human Environment 33: 344–349.
https://doi.org/10.1579/0044-7447-33.6.344.

Christensen, T. R., Johansson, T., Åkerman, H. J., Mastepanov, M.,
Malmer, N., Friborg, T., Crill, P., and Svensson, B. H. (2004).
Thawing Sub-Arctic Permafrost: Effects on Vegetation and
Methane Emissions. Geophysical Research Letters 31. https://doi.
org/10.1029/2003GL018680.

Clarke, K. R. (2006). Non-Parametric Multivariate Analyses of Changes
in Community Structure. Australian Journal of Ecology 18: 117–
143. https://doi.org/10.1111/j.1442-9993.1993.tb00438.x.

Cope, M. (2003). Coding transcripts and diaries. In Clifford, N., and
Valentine, G. (eds.), Key Methods in Geography (2nd), SAGE,
Thousand Oaks, pp. 440–452.

Cope, M. (2010). A history of qualitative research in geography. In
Delyser, D. (ed.), The SAGE Handbook of Qualitative Geography,
SAGE, Los Angeles London, pp. 25–45.

Hum Ecol (2018) 46:849–863 861

https://doi.org/10.1016/j.gloenvcha.2006.02.006
https://doi.org/10.1002/2014JG002778
https://doi.org/10.1007/s11625-016-0401-5
https://doi.org/10.1017/S0032247414000618
https://doi.org/10.1017/S0032247414000618
https://doi.org/10.1002/ppp.1839
https://doi.org/10.1002/ppp.1839
https://doi.org/10.1007/s10113-015-0839-5
https://doi.org/10.1007/s10113-015-0839-5
https://doi.org/10.1657/1938-4246-46.1.251
https://doi.org/10.1007/s11069-016-2398-6
https://doi.org/10.1139/b99-008
https://doi.org/10.1007/s10021-001-0022-3
https://doi.org/10.1007/s10021-001-0022-3
https://doi.org/10.1579/0044-7447-33.6.344
https://doi.org/10.1029/2003GL018680
https://doi.org/10.1029/2003GL018680
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x


Corbin, J. M., and Strauss, A. L. (2014). Basics of Qualitative Research:
Techniques and Procedures for Developing Grounded Theory,
SAGE, Los Angeles.

Cuerrier, A., Brunet, N. D., Gérin-Lajoie, J., Downing, A., and Lévesque,
E. (2015). The Study of Inuit Knowledge of Climate Change in
Nunavik, Quebec: A Mixed Methods Approach. Human Ecology
43: 379–394. https://doi.org/10.1007/s10745-015-9750-4.

Downing, A., and Cuerrier, A. (2011). A Synthesis of the Impacts of
Climate Change on the First Nations and Inuit of Canada. Indian
Journal of Traditional Knowledge 10: 57–70.

Dunn, K. (2000). Interviewing. In Hay, I. (ed.), Qualitative Research
Methods in Human Geography, Oxford University Press, South
Melbourne Victoria, pp. 51–82.

Ellenberg, D., and Mueller-Dombois, D. (1974). Aims and Methods of
Vegetation Ecology, Wiley, New York.

Fawcett, D., Pearce, T., Ford, J. D., and Archer, L. (2017). Operationalizing
Longitudinal Approaches to Climate Change Vulnerability Assessment.
Global Environmental Change 45: 79–88. https://doi.org/10.1016/j.
gloenvcha.2017.05.002.

Fitzhugh, L. (1999). The Labradorians: Voices from the Land of Cain,
Breakwater, St. John’s.

Ford, J. D., and Beaumier, M. (2011). Feeding the Family During Times
of Stress: Experience and Determinants of Food Insecurity in an
Inuit Community. The Geographical Journal 177: 44–61. https://
doi.org/10.1111/j.1475-4959.2010.00374.x.

Ford, J. D., and Smit, B. (2004). A Framework for Assessing the
Vulnerability of Communities in the Canadian Arctic to Risks
Associated with Climate Change. Arctic 57: 389–400.

Ford, J. D., Keskitalo, E. C. H., Smith, T., Pearce, T., Berrang-
Ford, L. B., Duerden, F., and Smit, B. (2010). Case Study and
Analogue Methodologies in Climate Change Vulnerability
Research. Wiley Interdisciplinary Reviews Climate Change
1: 374–392. https://doi.org/10.1002/wcc.48.

Ford, J. D., Bolton, K., Shirley, J., Pearce, T., Tremblay, M., and
Westlake, M. (2012a). Mapping Human Dimensions of Climate
Change Research in the Canadian Arctic. AMBIO 41: 808–822.
https://doi.org/10.1007/s13280-012-0336-8.

Ford, J. D., Bolton, K., Shirley, J., Pearce, T., Tremblay,M., andWestlake,M.
(2012b). Research on the Human Dimensions of Climate Change in
Nunavut, Nunavik, and Nunatsiavut: A Literature Review and Gap
Analysis. ARCTIC 65: 289–304. https://doi.org/10.14430/arctic4217.

Ford, J. D., McDowell, G., Shirley, J., Pitre, M., Siewierski, R.,
Gough, W., Duerden, F., Pearce, T., Adams, P., and Statham,
S. (2013). The Dynamic Multiscale Nature of Climate
Change Vulnerability: An Inuit Harvesting Example. Annals
of the Association of American Geographers 103: 1193–
1211. https://doi.org/10.1080/00045608.2013.776880.

Ford, J. D., McDowell, G., and Pearce, T. (2015). The Adaptation
Challenge in the Arctic. Nature Climate Change 5: 1046–1053.
https://doi.org/10.1038/nclimate2723.

Ford, J. D., Macdonald, J. P., Huet, C., Statham, S., and MacRury, A.
(2016). Food Policy in the Canadian North: Is there a Role for
Country Food Markets? Social Science & Medicine 152: 35–40.
https://doi.org/10.1016/j.socscimed.2016.01.034.

Ford, J. D., Couture, N., Bell, T., and Clark, D. G. (2018). Climate
Change and Canada’s North Coast: Research Trends, Progress,
and Future Directions. Environmental Reviews 26: 82–92. https://
doi.org/10.1139/er-2017-0027.

Guyot, M., Dickson, C., Paci, C., Furgal, C., and Chan, H. M. (2006).
Local Observations of Climate Change and Impacts on Traditional
Food Security in Two Northern Aboriginal Communities.
International Journal of Circumpolar Health 65: 403–415. https://
doi.org/10.3402/ijch.v65i5.18135.

Huntington, H. P. (2011). Arctic Science: The Local Perspective. Nature
478: 182–183. https://doi.org/10.1038/478182a.

IPCC (2013). In Stocker, T. F., Qin, D., Plattner, G. K., Tignor, M., Allen, S.
K., Boschung, J., Nauels, A., Xia, Y., Bex, V., andMidgley, P.M. (eds.),
Climate Change 2013: The Physical Science Basis. Contribution of
Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, Cambridge University
Press, Cambridge New York.

Johansson, T., Malmer, N., Crill, P. M., Friborgs, T., Åkerman, J. H.,
Mastepanov, M., and Christensen, T. R. (2006). Decadal
Vegetation Changes in a Northern Peatland, Greenhouse Gas
Fluxes and Net Radiative Forcing. Global Change Biology 12:
2352–2369. https://doi.org/10.1111/j.1365-2486.2006.01267.x.

Kellogg, J., Wang, J., Flint, C., Ribnicky, D., Kuhn, P., De Mejia, E. G.,
Raskin, I., and Lila, M. A. (2010). Alaskan Wild Berry Resources and
Human Health under the Cloud of Climate Change. Journal of
Agricultural and Food Chemistry 58: 3884–3900. https://doi.org/10.
1021/jf902693r.

Korpelainen, H. (1994). Sex Ratios and Resource Allocation among
Sexually Reproducing Plants of Rubus Chamaemorus. Annals of
Botany 74: 627–632. https://doi.org/10.1006/anbo.1994.1164.

Lethbridge, E., and Chesley, G. K. (2007). A Life of Challenge: One
Labradorian’s Experiences, Chesley E Lethbridge GK, St. John’s.

Longhurst, R. (2003). Semi-structured interviews and focus groups. In
Clifford, N. J., and Valentine, G. (eds.), KeyMethods in Geography,
SAGE, London Thousand Oaks, pp. 117–132.

MacDonald, J. P., Harper, S. L., Willox, A. C., Edge, V. L., and Rigolet
Inuit Community Government (2013). A Necessary Voice: Climate
Change and Lived Experiences of Youth in Rigolet, Nunatsiavut,
Canada. Global Environmental Change 23: 360–371. https://doi.
org/10.1016/j.gloenvcha.2012.07.010.

Murray, G., Boxall, P. C., and Wein, R. W. (2005). Distribution,
Abundance, and Utilization of Wild Berries by the Gwich’in
People in the Mackenzie River Delta Region. Economic Botany
59: 174–184. https://doi.org/10.1663/0013-0001(2005)059[0174:
DAAUOW]2.0.CO;2.

O’Brien, K., Eriksen, S., Nygaard, L. P., and Schjolden, A. (2007). Why
Different Interpretations of Vulnerability Matter in Climate Change
Discourses. Climate Policy 7: 73–88. https://doi.org/10.1080/
14693062.2007.9685639.

Parlee, B., Berkes, F., and Teetl’it Gwich’in Renewable Resources
Council (2005). Health of The Land, Health of the People: A Case
Study on Gwich’in Berry Harvesting in Northern Canada.
EcoHealth 2: 127–137. https://doi.org/10.1007/s10393-005-3870-z.

Pearce, T., Ford, J., Willox, A. C., and Smit, B. (2015). Inuit Traditional
Ecological Knowledge (TEK) Subsistence Hunting and Adaptation
to Climate Change in the Canadian Arctic. ARCTIC 68: 233–245.
https://doi.org/10.14430/arctic4475.

Richards, J., and Jia, X. (2006). Remote Sensing Digital Image Analysis,
Springer, Berlin.

Riedlinger, D., and Berkes, F. (2001). Contributions of Traditional
Knowledge to Understanding Climate Change in the Canadian
Arctic. Polar Record 37: 315–328.

Roberts, B. A., Simon, N. P. P., and Deering, K. W. (2006). The Forests
and Woodlands of Labrador, Canada: Ecology, Distribution and
Future Management. Ecological Research 21: 868–880. https://doi.
org/10.1007/s11284-006-0051-7.

Saldaña, J. (2013). The Coding Manual for Qualitative Researchers,
SAGE, Los Angeles.

Sannel, A. B. K., and Kuhry, P. (2011). Warming-Induced
Destabilization of Peat Plateau/Thermokarst Lake Complexes.
Journal of Geophysical Research 116. https://doi.org/10.1029/
2010JG001635.

Searles, E. (2016). To Sell or not to Sell: Country FoodMarkets and Inuit
Identity in Nunavut. Food and Foodways 24: 194–212. https://doi.
org/10.1080/07409710.2016.1210899.

Seppälä, M. (2011). Synthesis of Studies of Palsa Formation Underlining
the Importance of Local Environmental and Physical

862 Hum Ecol (2018) 46:849–863

https://doi.org/10.1007/s10745-015-9750-4
https://doi.org/10.1016/j.gloenvcha.2017.05.002
https://doi.org/10.1016/j.gloenvcha.2017.05.002
https://doi.org/10.1111/j.1475-4959.2010.00374.x
https://doi.org/10.1111/j.1475-4959.2010.00374.x
https://doi.org/10.1002/wcc.48
https://doi.org/10.1007/s13280-012-0336-8
https://doi.org/10.14430/arctic4217
https://doi.org/10.1080/00045608.2013.776880
https://doi.org/10.1038/nclimate2723
https://doi.org/10.1016/j.socscimed.2016.01.034
https://doi.org/10.1139/er-2017-0027
https://doi.org/10.1139/er-2017-0027
https://doi.org/10.3402/ijch.v65i5.18135
https://doi.org/10.3402/ijch.v65i5.18135
https://doi.org/10.1038/478182a
https://doi.org/10.1111/j.1365-2486.2006.01267.x
https://doi.org/10.1021/jf902693r
https://doi.org/10.1021/jf902693r
https://doi.org/10.1006/anbo.1994.1164
https://doi.org/10.1016/j.gloenvcha.2012.07.010
https://doi.org/10.1016/j.gloenvcha.2012.07.010
https://doi.org/10.1080/14693062.2007.9685639
https://doi.org/10.1080/14693062.2007.9685639
https://doi.org/10.1007/s10393-005-3870-z
https://doi.org/10.14430/arctic4475
https://doi.org/10.1007/s11284-006-0051-7
https://doi.org/10.1007/s11284-006-0051-7
https://doi.org/10.1029/2010JG001635
https://doi.org/10.1029/2010JG001635
https://doi.org/10.1080/07409710.2016.1210899
https://doi.org/10.1080/07409710.2016.1210899


Characteristics. Quaternary Research 75: 366–370. https://doi.org/
10.1016/j.yqres.2010.09.007.

Serreze, M. C., and Barry, R. G. (2011). Processes and Impacts of Arctic
Amplification: A Research Synthesis. Global and Planetary Change
77: 85–96. https://doi.org/10.1016/j.gloplacha.2011.03.004.

Šmilauer, P., and Lepš, J. (2014). Multivariate Analysis of Ecological
Data using CANOCO 5, Cambridge University Press, New York.

Smit, B., and Wandel, J. (2006). Adaptation, Adaptive Capacity and
Vulnerability. Global Environmental Change 16: 282–292. https://
doi.org/10.1016/j.gloenvcha.2006.03.008.

Thomas, V., Treitz, P., Jelinski, D., Miller, J., Lafleur, P., and McCaughey, J.
H. (2003). Image Classification of a Northern Peatland Complex using
Spectral and Plant Community Data. Remote Sensing of Environment
84: 83–99. https://doi.org/10.1016/S0034-4257(02)00099-8.

Turner, N. J., and Clifton, H. (2009). BIt’s so Different Today^: Climate
Change and Indigenous Lifeways in British Columbia, Canada.
Global Environmental Change 19: 180–190. https://doi.org/10.
1016/j.gloenvcha.2009.01.005.

Turner, N. J., and Turner, K. L. (2008). BWhere our Women used to get
the Food^: Cumulative Effects and Loss of Ethnobotanical

Knowledge and Practice; Case Study from Coastal British
Columbia. Botany 86: 103–115. https://doi.org/10.1139/B07-020.

Valentine, G. (1997). Tell me about: using interviews as a research meth-
odology. In Flowerdew, R., and Martin, D. (eds.), Methods in
Human Geography: A Guide for Students doing a Research
Project, Prentice Hall, Harlow New York, pp. 110–126.

Wang, B., Pan, S. Y., Ke, R. Y., Wang, K., and Wei, Y. M. (2014). An
Overview of Climate Change Vulnerability: A Bibliometric
Analysis Based on Web of Science Database. Natural Hazards
74(3): 1649–1666. https://doi.org/10.1007/s11069-014-1260-y.

Way, R. G., Lewkowicz, A. G., and Zhang, Y. (2018).
Characteristics and Fate of Isolated Permafrost Patches in
Coastal Labrador, Canada. The Cryosphere 12(8): 2667–
2688. https://doi.org/10.5194/tc-12-2667-2018.

Wenzel, G. W. (2009). Canadian Inuit Subsistence and Ecological
Instability— if the Climate Changes, must the Inuit? Polar
Research 28: 89–99. https://doi.org/10.1111/j.1751-8369.
2009.00098.x.

Hum Ecol (2018) 46:849–863 863

https://doi.org/10.1016/j.yqres.2010.09.007
https://doi.org/10.1016/j.yqres.2010.09.007
https://doi.org/10.1016/j.gloplacha.2011.03.004
https://doi.org/10.1016/j.gloenvcha.2006.03.008
https://doi.org/10.1016/j.gloenvcha.2006.03.008
https://doi.org/10.1016/S0034-4257(02)00099-8
https://doi.org/10.1016/j.gloenvcha.2009.01.005
https://doi.org/10.1016/j.gloenvcha.2009.01.005
https://doi.org/10.1139/B07-020
https://doi.org/10.1007/s11069-014-1260-y
https://doi.org/10.5194/tc-12-2667-2018
https://doi.org/10.1111/j.1751-8369.2009.00098.x
https://doi.org/10.1111/j.1751-8369.2009.00098.x

	The Impacts of Climate and Social Changes on Cloudberry (Bakeapple) Picking: a Case Study from Southeastern Labrador
	Abstract
	Introduction
	Methodology
	Conceptual Approach
	Case Study Location
	Data Collection and Analysis
	Interviews
	Field Surveys
	Remote Sensing

	Results
	Bakeapple Picking
	Exposure
	Sensitivity
	Adaptive Capacity

	Discussion
	Conclusion
	References


