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Abstract Traditional and local ecological knowledge
(TEK/LEK) are important sources of information for wild-
life conservation. However, there are often limitations
and biases in the TEK/LEK methods used. In this study,
we examined and implemented strategies to address the
limitations and biases we identified while analyzing the
mapped observations collected from 27 interviews as part
of a larger project on walruses in Nunavik (Canadian Arc-
tic). Our main objectives were to: (1) examine the impor-
tance of recording participants’ temporal and spatial lim-
its of observations; (2) identify the factors influencing the
quantity and diversity of mapped observations; (3) study
the importance of documenting approximate numbers of
animals observed; (4) examine the importance of gathering
and presenting data at consistent and standardized spatial
scales. We found that by adding to maps the geographic
limits of participants’ common areas of observations, we
were able to distinguish areas that hunters typically vis-
ited and did not see walruses, from areas that hunters never
visited. Furthermore, we showed that the variability in
the quantity of mapped observations was explained by the
community of residence and average number of hunting
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trips per participant, but not by participant age. Finally,
although careful adjustments and standardization would be
needed, we showed that by having an estimate of the num-
ber of walruses observed per area drawn, it would be pos-
sible to estimate mean local abundances of walruses. We
hope this careful examination of TEK/LEK methods will
help to increase confidence in these datasets as a valuable
source of knowledge for wildlife conservation.
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Introduction

Due to rapid environmental changes, there is a pressing
need to create reliable long-term datasets on wildlife ecol-
ogy. Traditional and local ecological knowledge (TEK/
LEK, defined in methods), gathered through interviews
with harvesters living in close relationship with wildlife,
is a key source of information (Huntington 2011; Pardo-
de-Santayana and Macia 2015). The resulting TEK/LEK
qualitative database can provide information on aspects
of wildlife ecology, which are not always targeted by the
scientific community, or which are beyond the reach of
traditional scientific observations, particularly for wide
ranging species living in remote environments (Mal-
lory et al. 2003; Huntington 2011; Service et al. 2014).
For example, initial population estimates of 2000-3000
bowhead whales (Balaena mysticetus) obtained from
visual coastal counts, increased to 6000-8000 after
native Alaskans pointed out the inaccuracy of the census
method, which did not take into account diving whales
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and changes in whale migratory routes due to movement
of the ice pack (Huntington 2000). Further, local knowl-
edge from residents of three high Arctic communities
in eastern Canada reported broad population declines of
the ivory gull (Pagophila eburnea), an issue previously
not fully recognized by the scientific community (Mal-
lory et al. 2003). It has become increasingly appreciated
by the scientific community that TEK/LEK has enhanced
our understanding of the ecology of species, and is valu-
able for their future management (Service et al. 2014;
Pardo-de-Santayana and Macia 2015). However, it is
important to note that there are often limitations and
biases in the methods commonly used to gather, analyze
and represent TEK/LEK that can not only jeopardize the
reliability and validity of the data collected, but poten-
tially result in negative impacts for wildlife populations
(Nadasdy 2003; Gilchrist et al. 2005).

Numerous studies have examined the reliability of the
data gathered through TEK/LEK research methods. For
example, several studies have reported that the benefits of
LEK differed from one species to the other. For example,
Gilchrist et al. (2005) demonstrated that the benefits of LEK
were highest for marine bird species with which local peo-
ples had greater familiarity through harvest or year-round
contact. Another study showed that while the incorporation
of TEK on Arctic fox (Vulpes lagopus) increased the spa-
tial and temporal observational scales of current scientific
datasets, this did not occur for snow geese (Chen caerules-
cens atlantica) (Gagnon and Berteaux 2009). Furthermore,
most studies have reported that the quantity, diversity and
accuracy of LEK data provided vary among interviewees
(Davis and Wagner 2003; Gilchrist et al. 2005). Although
approaches to limit the reported inter-individual variation
in LEK accuracy have been proposed (e.g., careful selec-
tion of the participating communities and interviewees)
(Davis and Wagner 2003; Gilchrist et al. 2005; Gadamus
and Raymond-Yakoubian 2015), this has not been formally
studied. Additionally, although attention has been given to
the critical examination of the mapping methods often used
in TEK/LEK research (Gagnon and Berteaux 2009; Tobias
2009; Kowalchuk and Kuhn 2012), it is recognized that
the impacts of some TEK/LEK mapping methods on the
resulting data continue to produce biases (e.g., bias toward
coastal observations) (Hartwig 2009; Kowalchuk and Kuhn
2012). For example, Lewis et al. (2009) showed that while
76% of telemetry data for 30 belugas (Delphinapterus leu-
cas) were located 15 km offshore, only 17% of TEK data
indicated offshore locations. Although limitations and
biases in TEK/LEK data and methods have been reported
in several studies, we have not found any previous studies
presenting analyses that statistically demonstrate the biases
created by some TEK/LEK methods, and, in general, clear
solutions have rarely been provided.
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In this study, we examined and implemented strategies
to address the limitations and biases we identified while
analyzing the mapped observations collected from 27
interviews as part of a larger project on Atlantic walruses,
Odobenus rosmarus rosmarus, in Nunavik (Canadian Arc-
tic). Our objectives were to: (1) examine the importance of
recording participants’ temporal and spatial limits of obser-
vations; (2) identify the factors influencing the quantity and
diversity of mapped observations; (3) study the importance
of documenting approximate numbers of animals observed;
(4) examine the importance of gathering and presenting
data at consistent and standardized spatial scales.

Methods

This study is part of a larger project, “Walruses and popula-
tion health in Nunavik, drawing upon both scientific meth-
ods and local ecological knowledge”, which was approved
by the four participating Inuit communities and their local
Hunting Fishing and Trapping Associations, Northern
Villages and Landholding Corporations (March—Septem-
ber 2013), the Nunavik Marine Region Wildlife Board
(December 2012) and by Trent University Research Ethics
Board (December 2012) and the Trent Aboriginal Educa-
tion Council (February 2013). The corresponding methods
used, including the selection of participants, the develop-
ment of the questionnaire and interview support guides, as
well as the interviews and internal validation workshops,
followed the standards of the social research methods
used to document local and traditional knowledge (Hun-
tington 2000; Seidman 2006; Creswell 2009; Furgal and
Laing 2012). Some results of the larger project have been
published in April 2016 (Martinez-Levasseur et al. 2016).
Limitations and biases discussed in the current study were
identified while analyzing the mapped observations col-
lected as part of the larger project.

Defining local ecological knowledge

Although local ecological knowledge held by Indigenous
peoples is often referred as traditional ecological knowl-
edge, or TEK (Berkes et al. 2000; Huntington 2011), we
concur with previous authors (Davis and Wagner 2003;
Gilchrist et al. 2005; Furgal and Laing 2012) that TEK may
not be the most appropriate term to describe the informa-
tion presented in studies that report solely observational
data acquired over the lifetime of participants. Furthermore,
detailed ecological information has been reported to be held
by non-Indigenous groups around the world (Anadén et al.
2008; Azzurro et al. 2011; Turvey et al. 2013). As we were
reporting observations of participants during their life-
time and included one non-Inuk hunter recognized for his
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knowledge and activity in walrus hunts, we used the term
local ecological knowledge, or LEK, as used elsewhere in
the literature (Gilchrist et al. 2005; Azzurro et al. 2011), to
describe the knowledge documented in our study. However,
when referring to other studies, we used the term reported
by the authors of those articles. Finally, it is important to
acknowledge that although putting a term on the knowledge
we documented is useful as general reference, any such
label is a non-Indigenous term created to identify another
group’s knowledge (Laidler 2006).

LEK data collection and validation: larger project
Area of study and participant selection

The communities of Inukjuak, Ivujivik, Quaqtaq and
Kangiqsualujjuaq in Nunavik (Northern Quebec, Canada;
Fig. 1) were selected due to their active participation in
walrus hunting (Larrat et al. 2012), their wide geographic
distribution representing the entire range of walruses in
Nunavik (Stewart 2008) and their interest in Inuit knowl-
edge-science research as evidenced by active participation
in previous projects (Chris Furgal, unpublished informa-
tion). Ten to 15 walrus hunters, recognized for their knowl-
edge and activity in walrus hunts by the communities and
the local Hunters Fishers and Trappers Associations, were
identified in each community and invited to participate in
the study during our first visit to communities (March and
June 2013). Because women are generally involved in wal-
rus hunting and meat preparation, they were also invited to
participate. Note that although the communities selected
are based in Nunavik, participants provided information
on observations of walruses in both Nunavik and Nunavut
(as many islands around Nunavik are technically part of the
territory of Nunavut).

Interviews and spatial data collection

Semi-directive interviews were conducted during a second
trip (June and September 2013) with the help of English-
Inuktitut interpreters/translators. The interviews aimed to
document knowledge and observed changes in walrus ecol-
ogy and distribution as well as changes in walrus health
(a copy of the interview guide is available from the cor-
responding author). The themes of the interview were: (1)
walrus hunting methods; (2) walrus distribution and move-
ment; (3) walrus health, including the potential effect of
solar radiation on walruses; (4) walrus feeding and repro-
duction, and (5) walruses as country food. To gather spatial
data of walruses during the interviews (e.g., where walruses
have been observed, which migration routes walruses have
been observed taking), we created ten base maps in both
English and Inuktitut of the areas surrounding participating
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Fig.1 Map of Nunavik (Northern Quebec, Canada), showing the
four communities involved in the project (Inukjuak, Ivujivik, Quaqtaq
and Kangiqsualujjuaq). The guadrat shows the limits of the base
maps used to document local knowledge on Atlantic walruses (Odo-
benus rosmarus rosmarus) during interviews. The two quadrats
drawn with thicker lines, corresponding to the area of Nottingham &
Salisbury Islands (north of Ivujivik) and the area of Quagqtaq, corre-
spond to areas used in the case studies presented in this paper (objec-
tives 1 and 4). Map created using the geographic information system
software ArcMap 10.1 (Digital vector datasets: RNCan-National Top-
ographic Database)

communities using the geographic information system
software ArcMap 10.1 (Digital vector datasets: RNCan-
National Topographic Database; Fig. 1). The scale of the
maps varied between 1:100,000 and 1:450,000, depend-
ing on the extent of walrus hunting areas provided by the
local Hunters Fishers and Trappers Associations during
our first visit. A regional map (scale: 1:2,000,000) was
also created. Note that participants could provide informa-
tion on maps of different scales and on maps correspond-
ing to different areas within Nunavik. The mapping process
of the interviews followed guidelines previously described
(Tobias 2009). Briefly, participants drew points (e.g., wal-
rus kill sites), lines (e.g., walrus migration routes) or poly-
gons (e.g., areas where walruses had been observed) onto
transparent plastic overlays that covered base maps. Each
point, line or polygon (map features) drawn was attributed
an alphanumeric code, which facilitated the reconnection
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of audio-recorded information (i.e., details on each feature)
with maps (Tobias 2009). In addition to the data gathered
for each participant (e.g., age, gender, residence commu-
nity, estimated number of hunting trips corresponding to
a proxy of the expertise of the participant), for each map
feature drawn, attribute data were gathered (e.g., source of
observation; date and estimated frequency of observation;
details on the walrus observation, such as approximate
number of walruses and their activity: feeding, resting, or
travelling). Note that each map feature corresponded to a
geographic location where walruses had been observed one
or more times (e.g., every year for the last 5 years). The
date (or period) and the estimated frequency of each obser-
vation were recorded as follows: once =only one observa-
tion of walruses had been made at that geographic location
during the hunter’s life; rare =observations made two or
three times; sometimes = observations made irregularly but
at least three times; frequent=observations made almost
every time the location was visited; always = observations
made every time the location was visited. Before the inter-
view, the interview guide, as well as the participant consent
form and letter of information (summary of the project),
were provided to each participant in English or Inuktitut (at
the participant’s preference).

Qualitative data analysis and internal validation

The audio-recorded interviews were transcribed, entered
into the qualitative analytical software program NVivol0
(Version 10, 2012), and analyzed using thematic con-
tent analyses (core results of interview data will be pre-
sented in future manuscripts) (Creswell 2009). The 58
maps created during the interviews were scanned, digi-
tized and analyzed using ArcMap 10.1. The maps cre-
ated (by season and/or time period) (Gadamus and Ray-
mond-Yakoubian 2015) for internal validation workshops
combined the personal knowledge of all participants. To
verify and validate the preliminary results, participants
were invited to two workshops (one on the qualitative/
quantitative data and one on the mapped observations),
which were organized during a third visit to communi-
ties (Huntington 2000) in July 2014. At this time the idea
of adding participants’ common areas of observations to
maps was also presented and discussed. The workshops
lasted between 2 and 3 h. When a participant disagreed
with any information presented corrections were made,
but only when the data corresponded to their personal
observation and not that of another participant. During
the workshop, participants were asked to explain vari-
ation in the spatial location and area covered by their
data as compared to other participants. The approximate
number of walruses observed per area drawn (less than
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5, between 5 and 15, between 15 and 50, and more than
50) were also confirmed during validation workshops.
For this, we used photographs of walrus groups of dif-
ferent sizes to discuss approximate numbers. Some hunt-
ers showed us, for some specific observations, photo-
graphs of their own on which we could count together
the number of walruses they saw at these specific sites.
Only those areas and data (e.g., number of walruses) that
could be validated during workshops were included in the
analyses of the current study. These workshops not only
allowed the validation or correction of our interpretation
of the data, but also kept participants informed about the
progress of the study. Finally, following further analyses,
results were presented to each community during a final
trip (Huntington 2000) in March 2015. This final trip was
used to share final results and distribute corresponding
reports with the participants and their communities.

Dataset

In total, 33 local walrus hunters and Elders participated
in the study, corresponding to 55% of the potential par-
ticipants identified by the local Hunters Fishers and Trap-
pers Associations during the first visit. In each commu-
nity, we interviewed between 7 and 10 participants (10,
8, 8 and 7 participants in, respectively, Quaqtaq, Ivuji-
vik, Kangiqgsualujjuaq and Inukjuak), ranging from 35 to
85 years of age. Among the 33 interviewees four women
were included. Of the participants interviewed, 69% sub-
sequently participated in the validation workshops. In the
analyses, only direct personal knowledge/observations
were included. The seasons were defined and confirmed
by participants as: fall (September-mid-December), win-
ter (end December—April), spring (May—mid-June) and
summer (end June—August). Two time periods in the his-
tory of walrus observations and hunting in Nunavik were
demarcated in the analyses and presentations of results:
1940s—-1990s and 2000s-2010s. For the current study,
but not for the larger study, women were excluded from
the statistical analyses due to their low number (n=4), as
well as two Elders for whom involvement in walrus hunt-
ing was unclear. For the analyses of the current study,
participants (n=27; only men with experience in wal-
rus hunting; Table 1) were divided into four age groups
as follows: 35-55, 5665, 66-75, and 76-85 years old
(35-45 and 46-55 years old were combined in one group
to balance sample sizes for analyses). Participants were
also divided in two groups according to the number of
hunting trips they performed during their life (less than
10 trips at the moment of the interview, more than 10
trips; Table 1).
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Age group Number of hunt-
ing trips

35-55 56-65 66-75 76-85 <10 >10
Quaqtaq (n=7) 4 0 1 2 2 5
Ivujivik (n=28) 2 3 2 1 1 7
Inukjuak (n=5) 1 0 4 0 2 3
Kangiqgsualujjuaq (n=7) 0 4 2 1 5 2
Total (n=27) 7 7 9 4 10 17

For the analyses of the current study, participants (n=27; only men with experience in walrus hunting)
were divided into four age groups as follows: 35-55, 56-65, 6675, and 7685 years old (3545 and 46-55
years old were combined in one group to balance sample sizes for analysis). Participants were also divided
in two groups according to the number of hunting trips they performed during their life (less than 10 trips
at the moment of the interview, more than 10 trips)

Objective 1: examine the importance of recording
participants’ temporal and spatial limits
of observations

By not initially documenting the geographic limits of par-
ticipants’ regular activities at sea during the interviews
(e.g., how far from the coast hunters generally travel),
we noticed that a potential spatial bias towards the coast
of the mapped walrus observations had been created,
as previously reported for other species (Hartwig 2009;
Lewis et al. 2009; Kowalchuk and Kuhn 2012). Further-
more, we realized that the mapped areas corresponding
to walrus observations excluded the areas where hunt-
ers typically go but do not see walruses, as well as the
areas where hunters reported never going. In an attempt
to address this bias toward coastal observations, and the
bias that walruses are absent from certain areas, we asked
participants present at the group validation workshops to
draw the areas they were familiar with and for which they
had direct observational knowledge and experience. We
called these areas “participants’ common areas of obser-
vations”. Briefly, the geographic limits of participants’
common areas of observations were: (1) community
specific (generally drawn as a group; if participants pro-
vided their personal geographic limits, the furthest limit
that includes all the limits drawn by participants was
kept); (2) season specific, particularly as hunter activ-
ity at sea changes throughout the year; (3) time-period
specific (e.g., 1940s—1990s) unless there was no change
in observations of the species over time. It is important
to note that participants’ common areas of observations
did not always correspond to the hunting areas of the tar-
geted species (e.g., although walruses were not hunted in
winter, they could be observed by local hunters harvest-
ing seals in winter, thus common areas of observations
for winter generally corresponded to winter seal hunting
areas). Two case studies were used to examine the impor-
tance of recording the geographic limits of participants’

common areas of observations when mapping local eco-
logical knowledge of walruses in Nunavik.

Case study 1: local knowledge from eight Ivujivik par-
ticipants was documented on walrus observations for the
area of Nottingham & Salisbury Islands (Hudson Strait,
Nunavut, Canada; Fig. 1). Following the interviews, maps
including the observations of the eight participants were
created by time period (1940s—1990s and 2000s—2010s).

Case study 2: local knowledge from seven Quaqtaq
participants was documented on walrus migration routes
around their community (Fig. 1). During the interviews,
participants explained that walruses use the same migra-
tion routes in the fall (specifically between November and
beginning of December) as in the summer (end June to
mid-July). However, participants also explained that boat-
ing activities were rare after September due to bad weather
conditions. In order to explore this contradiction (i.e., how
participants could provide observations on walrus migra-
tion routes in the fall if fall hunting expeditions were rare),
two maps were created, one for the summer and one for the
fall. Both were presented and discussed during the Quaqtaq
group validation workshop.

Objective 2: identify the factors influencing the quantity
and diversity of mapped observations

We explored which variables, defined as factors, amongst
age group (35-55, 56-65, 66-75, 76-85 years old), total
number of hunting trips performed (less than 10 trips at
the moment of the interview, more than 10 trips), and
community of residence (Inukjuak, Ivujivik, Quagqtaq,
Kangiqsualujjuaq), best explained the variability in the
quantity and diversity of mapped observations. The quan-
tity of mapped observations corresponded to the total
number of walrus observations drawn on maps (sum of
points and polygons). The diversity of mapped observa-
tions corresponded to the total number of walrus obser-
vations provided with detailed information (e.g., walrus
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activity such as feeding, resting, or travelling). The quan-
tity and diversity of mapped observations were calculated
for each participant (n=27; only men with experience in
walrus hunting).

Objective 3: study the importance of documenting
approximate numbers of animals observed

During interviews participants drew on maps areas where
they have observed walruses (hereafter called walrus area).
They also reported the approximate number of walruses
observed in those locations. Walrus areas drawn varied in
size (from less than 1 km? to over 100 km?). The variation
can create a perception by readers and those interacting
with LEK generated maps that larger walrus areas include
a greater number of walruses. To explore the relationship
between the sizes of walrus areas drawn and walrus num-
bers observed, we first measured the size of 117 walrus
areas (in km?) drawn that could be validated during the
workshops. We then used ArcGIS tools to compare the size
of walrus areas with the approximate number of walruses
observed and reported by participants (<5, 5-15, 15-50,
>50). Only validated features that were drawn on local
maps (between 1:100,000 and 1:280,000) were included in
the analyses.

Objective 4: examine the importance of gathering
and presenting data at consistent and standardized
spatial scales

Hunters were asked to draw the routes animals follow
when travelling through or near their community (Mymrin
et al. 1999; Lewis et al. 2009) on maps of different scales.
Large-scale maps (covering a small geographic area, but
with greater detail) provide participants the opportunity to
be more precise with their lines and thus can give a more
accurate estimate of how far offshore animals are found.
To examine the potential bias when creating digital maps
from data collected on maps at different scales (e.g., when
documenting migration routes), we first selected a region
where walrus migration routes were drawn at both local
and regional scales (area of Quaqtaq with scale maps at
1:170,000 and 1:2,000,000; Figs. 1, 5a). We then selected
a single location (Nuvuk point; Fig. 5a) and drew a vertical
line from that point across all drawn walrus migration lines
and used ArcGIS tools to calculate distances between the
coast (Nuvuk point) and migration routes drawn (in total 17
distances were measured in km). We predicted that migra-
tion routes drawn on the regional map (1:2,000,000) would
be significantly further from the coast than those drawn on
the local map (1:170,000).

@ Springer

Statistical analyses

All statistical analyses were performed in the free software
R 3.0.1 (Ihaka and Gentleman 1996; R Development Core
Team 2015). To identify the factors influencing the quan-
tity and diversity of mapped observations (objective 2),
we created linear models and used a top down strategy to
define the minimal adequate model. Briefly, a variable was
retained in the model only if it caused a significant increase
in deviance when removed from the current model, which
was assessed using backwards step-wise elimination tests
(Fisher-tests) (Crawley 2007). To explore the relation-
ship between the size of walrus areas drawn and walrus
numbers (objective 3), we ran an ANOVA by using lin-
ear regression analysis (Im), which allowed us to control
for potential variation amongst participants and amongst
maps of different scales (Crawley 2007; R Development
Core Team 2015). The distances from the coast of walrus
migrations routes drawn at different map scales (objective
4) were compared using a non-parametric Wilcoxon test.
The package gvlma (global validation of the linear model
assumptions) was used to confirm that the models’ assump-
tions were respected (Pena and Slate 2006). For each
explanatory variable (also called independent variable) the
degree of freedom (df), the Fisher value (F) and p value (p)
were reported. The results provided for the model are the
adjusted R? and the p value. p values were considered sig-
nificant when <0.05.

Results

Objective 1: examine the importance of recording
participants’ temporal and spatial limits
of observations

Case study 1: defining participants’ common areas
of observations reduces geographical and temporal biases

Comparisons of maps, with and without participants’
common areas of observations explicitly identified,
resulted in different perceived patterns of walrus distribu-
tion. Figure 2a (without common areas of observations)
showed that between 1940s and 1990s walruses were
mostly concentrated within 5 km of the coast and that
walruses were absent from the north and east of Salisbury
Island. Figure 2b (with common areas of observations for
the same time period) revealed that in fact hunters mostly
travelled within 5 km of the coast and that the north and
east of Salisbury Island were not visited by hunters (i.e.,
absence of data). Figure 2a, ¢ (without common areas
of observations) showed that walruses have changed
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Fig.2 The importance of recording and mapping participants’
common areas of observations. Local knowledge and observations
(from eight Ivujivik participants interviewed in 2013) on Atlantic
walruses, Odobenus rosmarus rosmarus, around Nottingham and
Salisbury Islands (North of Nunavik, Quebec, Canada) for the fall
in 1940s—1990s (upper figures) and in 2000s—-2010s (lower figures).

locations between the 1940s—1990s and the 2000s—-2010s.
Figure 2b, d (with common areas of observations)
revealed that hunters have in fact changed their common
areas of observations (in this case walrus hunting loca-
tions). Finally, few observations of walruses were made
outside the participants’ common areas of observations
(e.g., mapped observations between Salisbury and Not-
tingham Islands on Fig. 2c, d). When participants were
asked about walruses observed outside their common
areas of observations, they explained that they sometimes
saw one or two walruses swimming between the islands
while crossing by boat, but they reported those positions
as inexacts.
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Areas with striped lines correspond to the area where walruses have
been observed and reported. Points correspond to walrus observation
sites. a Maps without the participants’ common areas of observations
explicitly identified. b Maps with the participants’ common areas of
observations identified (black thick line)

Case study 2: mapping participants’ common areas
of observations reduces potential seasonal bias

During internal validation workshops it was clarified that
observations of walruses in the fall were rare, and mostly
occurred around the community of Quaqtaq (Fig. 3). At
the end of the validation discussion, participants asked
to have the information they provided during interviews
on fall migration routes removed from the maps, as these
routes fell outside of their common areas of observations.
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Fig. 3 Defining areas of knowl- 70°00°W
edge reduces potential seasonal
bias. The figure shows the
migration routes (dotted line) -~
of Atlantic walruses, Odobenus
rosmarus rosmarus, drawn for
the fall by seven participants Y
interviewed in Quaqtaq (Nuna- R,
vik, Northern Quebec, Canada)
in 2013. These routes were
subsequently removed from the
data after putting the geographic
limits of participants’ common
areas of observations (thick
black line) on the map (which
was restricted to Quaqtaq in the
fall due to inclement weather)

Hudson Strait
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Objective 2: identify the factors influencing the quantity
and diversity of mapped observations

We found that while the community and the number of
hunting trips explained the variability in the quantity and
diversity of mapped observations (Table 2), age did not
(backward step-wise deletion: F=1.19, p=0.35 for the
model on quantity and F=26, p=0.85 for the model on
diversity). Participants with more experience in walrus
hunting (corresponding to those who have been walrus
hunting more than ten times during their life) provided
greater quantity and diversity of mapped observations
(Fig. 4b). Participants from Ivujivik provided greater quan-
tity and diversity of mapped observations (number of wal-
rus observations provided with detailed information; e.g.,
walrus activity such as feeding, resting, or travelling) com-
pared to participants from other communities (Fig. 4a).

69°20'0"W

%% walrus observation area /-

(removed after validation)

68°40'0"W 68°0'0"W

N

-+

60°30'0"N

Akpatok
Island

Kilometers
0 20

68°40'0"W

Ungava Bay

69°20'0"W

Objective 3: study the importance of documenting
approximate numbers of animals observed

Larger geographic areas did not contain larger numbers
of walruses (p=0.32, Table 3). The model highlighted
the importance of participant identity in the sizes of the
walrus areas drawn (i.e., inter-participant variability;
p <0.0001, Table 3). Variation among participants in the
sizes of the walrus areas drawn was also observed for
participants using the same hunting areas (n=90 walrus
areas drawn at 1:150,000 by six participants from Ivuji-
vik; Kruskal-Wallis: y* = 14.57, df=5, p=0.01). During
the internal validation workshops, when presenting the
maps showing different features drawn by all participants,
there were no comments related to the differences in area
sizes drawn by different participants. When directly ask-
ing participants who drew disproportionately larger areas

Table 2 Factors influencing

. . . Response variable
the quantity and diversity of

Explanatory variable df F p

mapped observations of Atlantic  Quantity Community identity 3 26.96 <0.0001
:Z}il:n L;sf:;?r‘iori’egﬁ gsis]:f’“’“s Number of hunting trips 1 32.77 <0.0001
Northern Quebec, Canada Interaction (community and hunt trips number) 3 5.45 0.008
(n=27 participants; men only Diversity Community identity 3 29.38 <0.0001
and those with experience in Number of hunting trips 1 20.23 0.0002
walrus hunting) Interaction (community and hunt trips number) 3 3.67 0.03

The table presents the results of the minimal adequate model fitting the data on quantity and diversity of
mapped observations. Explanatory variables were defined as factors and retained in the minimal model:
community of residence (Inukjuak, Ivujivik, Quaqtaq, Kangiqsualujjuaq), number of hunting trips partici-
pated in (<10 trips at the moment of the interview, >10 trips), and the interaction between both factors.
Models’ assumptions were considered acceptable (global stat of gvlma: p>0.05) after removing one out-
lier, which corresponded to a participant for which the number of hunting trips was not properly recorded
(n=26). The adjusted R2 for the models were 0.83 and 0.82, respectively, for the model on quantity (upper
part) and diversity (lower part). The table provides the results of the ANOVA (model) including degree of
freedom (df), Fisher value (F) and p value (p)
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Fig. 4 Variation in the quantity and diversity of mapped observa-
tions by community and participants’ level of expertise on Atlan-
tic walruses, Odobenus rosmarus rosmarus (n=27 participants,
men only with experience in walrus hunting). a Number of mapped
observations per community (n=5, 7, 7 and 8 participants, respec-

Table 3 Results from a model testing whether the sizes of the areas
where Atlantic walruses (Odobenus rosmarus rosmarus) from Nuna-
vik (Northern Quebec, Canada), have been observed are proportional
to the approximate numbers of walruses observed (n=117 polygons)

Explanatory variable df F P
Walrus number 3 1.20 0.32
Participant identity 19 3.51 <0.0001
Map scale 4 2.32 0.06

The response variable (area size) was log-transformed. Explana-
tory variables were defined as factors: approximate number of wal-
ruses with four levels (<5, 5-15, 15-50, >50); participant (with 20
levels; the lower number of participants is due to the fact that not all
participants provided walrus number approximates; only men with
experience in walrus hunting were included); map scale with five lev-
els (100, 150, 170, 250, 280 K). The adjusted R’ for the model was
0.32. The table provides the results of the ANOVA (model) including
degree of freedom (df), FISHER value (F) and p value (p)

compared to others, they explained: (1) it was an error
(and in that case the participant re-drew the area); (2) the
area was drawn that large because it enclosed all the areas
where walruses have been observed (and in that case the
participant was asked to draw each area where walruses
have been observed and an annotation was added to the
limit of the large area drawn); or (3) it was not an error
(in that case we verified that it was within the geographic
limits of the participant common areas of observations).
Note that the statistical analyses presented above only
used validated mapped observations (i.e., validated wal-
rus areas).

1-10 >10
Number of hunting trips

T
Ivujivik

tively, for Inukjuak, Kangiqsualujjuaq, Quaqtaq, Ivujivik). b Num-
ber of mapped observations by number of hunting trips participated
in (n=10 and 17 participants, respectively, for those who have
been walrus hunting less and more than 10 times during their life).
Bars +SE

Objective 4: examine the importance of gathering
and presenting data at consistent and standardized
spatial scales

The distances from the coast of walrus migration routes
in summer drawn by participants differed significantly
between local and regional maps (means=0.92 and
4.77 km, respectively, for regional and local maps; Wil-
coxon test: W=7, p=0.02; Fig. 5). When discussing the
variations in the distances from the coast of the walruses
migration routes drawn on regional maps compared with
those drawn on local maps, participants explained that,
although the lines drawn in regional maps are not precise,
they provide the general direction taken by walruses during
their migration.

Discussion

Knowing that local ecological knowledge (LEK) studies
with a mapping component are increasing in frequency,
and are now often required when proposing and assessing
the potential impacts of new development projects (e.g.,
mining) (Wiles et al. 1999; Ellis 2005), there is a press-
ing need to increase rigor in the methods used to document
and map LEK. In this study, we explored potential biases
and limitations and examined strategies to address them
in mapped observations collected from 27 interviews with
local walrus hunters as part of a larger project on walruses
and population health in Nunavik (Northern Quebec, Can-
ada). The limitations and biases detected were: (a) spatial
bias towards the coast of the mapped walrus observations;
(b) bias that areas free of mapped observations could either
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Fig. 5 The importance of map scale when documenting the migra-
tion routes of Atlantic walruses, Odobenus rosmarus rosmarus.
a Map showing the walrus migration routes in summer drawn on
regional map (1:2,000,000; grey full lines) and drawn on local map
(1:170,000; dotted black lines) near Quaqtaq (Nunavik, Northern
Quebec, Canada). A vertical line (drawn from Nuvuk point) was

correspond to absence of walruses (areas visited by hunt-
ers) or absence of data (areas not visited by hunters); (c)
inter-participant variation in the quantity and diversity of
mapped walrus observations; (d) limitations created by not
recording the approximate number of walruses for each
areas drawn, and (e) bias of creating maps with features
drawn at different map scales. Although some limitations
and biases have been partially reported in previous studies
(Gilchrist et al. 2005; Gagnon and Berteaux 2009), no pre-
vious study has presented analyses that statistically dem-
onstrate the biases created by common LEK methods, or
rarely proposed solutions to address them.

First, we showed that by defining and adding to maps the
geographic limits of participants’ common areas of obser-
vations, defined for each time period and season, the fol-
lowing biases were identified and could be avoided: (a) the
observation that over time walruses have changed location,
when in fact it was the hunting locations that have changed
over time; (b) that walruses used the same migration routes
in the fall as those in the summer, when in fact hunter
observations in the fall were scarce or non-existent; and (c)
that walruses were concentrated along the coast, when in
fact it was the observations of hunters that were concen-
trated along the coast. Thus, it is important to acknowledge
that LEK on walrus migration can represent the path taken
by only a portion of the population, specifically those wal-
ruses travelling within participants’ common areas and
months/years of observations, and not all animals. Lewis
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used to calculate the distances between the coast and each migration
route drawn (n= 17 distances measured). b Differences between local
and regional maps in the estimated distances from the coast of wal-
rus migration routes. The means are 0.92 and 4.77 km, respectively,
for regional (n=12) and local maps (n=5) (Wilcoxon test: W=7,
p=0.02). Bars+SE

et al. (2009) showed that while 76% of telemetry data for
30 belugas (Delphinapterus leucas) were located within
15 km offshore, only 17% of TEK data indicated offshore
locations. To gather knowledge on walrus movement and
distribution outside of participants’ common areas and
months/years of observations, other techniques such as sat-
ellite telemetry or a combination of aerial and acoustic sur-
veys can be used (Fernandez-Gimenez et al. 2006; Lewis
et al. 2009). Additionally, by defining and adding to maps
the geographic limits of participants’ common areas of
observations, we were able to distinguish areas that hunt-
ers typically visited and did not see walruses (absence of
walruses) from areas that hunters never or rarely visited
(absence of data). The risk of maps, which does not include
the limits of participants’ common areas of observations, is
that areas without mapped observations may be interpreted
as being free of wildlife, which in turn could be considered
as prospective areas for development or areas of unimpor-
tant habitat for a particular species. The internal validation
conducted through group workshops in each community
highlighted the desire of participants to include these limits
on maps and in analyses and increase the accuracy of the
data they shared. The inclusion of these limits in the data-
set was not imposed by the researchers, but rather requested
by the participants themselves. Furthermore, at the end of
the validation workshops, participants requested to make it
clear in the reports/papers that the maps created represent
the knowledge of a subset of all local hunters from four
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communities in Nunavik, and not all local knowledge for
the region. In this sense, this study highlights the desire
of participants to report only what is within the bounds of
their observations, rather than provide speculative informa-
tion from areas with which they are less familiar. We argue
that in combination with identifying and employing spe-
cific criteria for the recruitment of study participants (Davis
and Wagner 2003), it is essential to record these limits
when mapping LEK. To this end, we propose the following
guidelines: (1) record the geographic limits of participants’
common areas of observations at the end of the interviews
or focus groups, and validate those during subsequent inter-
nal validation workshops; (2) record the geographic limits
of participants’ common areas of observations for each
season; (3) record the geographic limits of participants’
common areas of observations for each time period (e.g.,
1940s—1990s) unless there is no change in observations
over time.

Second, we observed that the age of participant did not
influence the number and diversity of mapped observations
they provided. Instead, participants with greater experience
in walrus hunting (corresponding to those who had been
walrus hunting more than ten times during their life) pro-
vided a higher quantity and diversity of information related
to walruses on the maps. These results highlight the impor-
tance of including the number of hunting trips or some
measure of experience in the criteria used to select par-
ticipants. Our results also showed that although Elders are
often preferred participants for these studies, it is important
to identify and use criteria focused on experience and fre-
quency of observations in selecting participants. These cri-
teria can act as proxy measures of individuals’ expertise.
Additionally, we observed that compared to other commu-
nities, participants from Ivujivik provided greater quantity
and diversity of mapped observations, suggesting a greater
expertise in walrus hunting of this community. It is also
possible that on Nottingham and Salisbury Islands, where
Ivujivik hunters hunt walrus, there was a higher number of
groups of walruses concentrating at different locations and
performing different behaviors. In general, it is assumed
that the quantity of the information provided by partici-
pants depends on the expertise of the participant and his/
her community (Davis and Wagner 2003; Gilchrist et al.
2005).

Third, we showed that the size of the walrus areas drawn
were not proportional to the approximate number of wal-
ruses reported in those locations, as could be incorrectly
interpreted by readers and those interacting with LEK-gen-
erated maps. We showed that this bias could be reduced by
documenting the approximate number of animals observed
in a given area. At this point it is difficult to explain the
inter-participant variability in the sizes of the walrus
areas drawn (those drawn during interviews and validated

during workshops). This requires further exploration in
future work. However one could hypothesize that inter-
participant variability in the sizes of walrus areas drawn
are the result of: (1) an overestimation or underestimation
by some participants of the extent of the areas where wal-
ruses have been observed; (2) inter-participant variability
in the geographic limits of their common areas of obser-
vations; or (3) inter-participant variability in the precision
of the locations provided (e.g., points vs large areas for the
same observation). Lastly, although careful adjustments
and standardization would be needed to obtain more accu-
rate estimates of both area sizes and number of walruses
(e.g., obtain an interval of confidence for the approximate
numbers provided), by having an estimate of the number
of walruses observed in each walrus area drawn, as well as
an estimate of the sampling effort of each hunter or hunt-
ing expedition, it might be possible to estimate mean local
abundances of walruses. A similar approach was developed
and applied to estimate mean local abundance of the Greek
tortoise (Testudo graeca) in Spain, which represented a
more economical approach to population monitoring than
more standard line-survey techniques (Anadén et al. 2008).
Note that while estimated mean local abundances might
be possible to obtain for walruses in Nunavik, which were
generally reported in groups of less than 50, it might not be
the case for large aggregations of walruses (e.g., hundreds
of stranded walruses observed in other regions). Finally,
calculating mean local abundances might support the argu-
ment for greater inclusion of LEK in wildlife management
(Gilchrist et al. 2005; Mauro and Hardison 2011).

Fourth, we provided further evidence of the impor-
tance of map scale when mapping LEK by highlight-
ing the differences in distances from the coast in walrus
migration routes drawn for the same region on different
scale maps. As predicted, the migration routes drawn
on regional maps (1:2,000,000) were significantly fur-
ther from the coast than those drawn on local maps
(1:170,000). In reality, all migration routes drawn on
the regional map were situated outside of the geographic
limit of participants’ common areas of observations,
highlighting the overestimation, rather than underes-
timation, of the distances from the coast when drawing
on the regional map compared with the local map. When
discussing with participants during the internal valida-
tion, the variations in the distances from the coast of
the walruses’ migration routes drawn on regional maps
compared with those drawn on local maps, participants
explained that, although the lines drawn on the regional
map provided information on the general directions taken
by walruses during their migration, those lines were
less precise than those drawn on local maps. Although
one can argue that the unfamiliarity with certain map
scales could be a potential confounder for participants to
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evaluate distances (i.e., maps printed by the government
are generally 1:250,000 and 1:50,000), this is unlikely
the case here as the participating communities have been
involved in several LEK projects (e.g., belugas, bowhead
whales) that have used similar map scales in their data
collection (Chris Furgal, unpublished information).

To conclude, by being critical of the methods we used,
and by identifying and exploring the biases they poten-
tially introduced, we were better able to examine and
implement strategies to address them. We argue that
these strategies will help to create more reliable data-
sets that more accurately reflect hunters’ knowledge
and observations of species in the future and help such
studies meet the standards of good qualitative research
methods that exist (Huntington 2000; Davis and Wagner
2003; Furgal and Laing 2012). We hope that this critical
examination of methods will also help to increase wide-
spread trust and confidence in these datasets as a valu-
able source of knowledge for wildlife management and
decision-making.
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