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ABSTRACT ARTICLE HISTORY
Traditional ecological knowledge (TEK) garners increasing attention in science-based wildlife Received 11 July 2016
management. We used the TEK of 16 First Nation hunters from the Eagle Village Algonquin  Accepted 20 November 2016
community (Quebec, Canada) to evaluate moose (Alces americanus) habitat suitability in tempe-
rate deciduous forests, compared with a habitat sgitability in,dex (HSI) model. We found moqlerate moose: Alces americanus;
to strong agreement between TEK and the HSI using Cohen'’s kappa (k = 0.46-0.63). According to indigenous knowledge;
the Algonquin hunters, wetlands and lakes are frequented by moose to feed and to avoid habitat suitability index;

KEYWORDS

temperature stress during warm summer days, something not taken into account by the HSI. Cohen’s kappa
Algonquin hunters also mentioned that unproductive areas are actively frequented by moose in .
the summer and during the rutting period, although they have a low weight in the HSI calcula- ~ MOTS CLES

tion. Also according to Algonquin hunters, mature coniferous stands and large-size regenerating ~ °fignal; Alces americanus;
savoirs autochtones; indice

areas are rarely used by moose. While the moose HSI model was developed in boreal mixed and S
X . . R de qualité d’'habitat; kappa
coniferous forests, we have shown that it could also be used in temperate deciduous forests. It de Cohen
could be improved, however, to better correspond to TEK, notably by including wetlands and
lakes, increasing the weight of unproductive stands and reducing weights of mature coniferous
and regenerating stands.

RESUME

Les savoirs écologiques traditionnels (SET) sont de plus en plus utilisés en gestion de la faune.
Nous avons utilisé les SET de 16 chasseurs autochtones de la communauté algonquine de Eagle
Village (Québec, Canada) pour évaluer la qualité de I'habitat de l'orignal (Alces americanus) en
forét tempérée feuillue, comparativement a un indice de qualité d’habitat (IQH). Nous avons
mesuré un accord modéré a fort entre les SET et I'lQH a I'aide du Kappa de Cohen (k = 0,46-0,63).
Selon les chasseurs algonquins, 'orignal fréquente les milieux humides et les lacs pour s'alimenter
et éviter le stress thermique durant les chaudes journées d'été, ce qui n'est pas pris en compte
par I'lQH. Les chasseurs algonquins ont aussi mentionné que les peuplements improductifs sont
fréquentés activement par l'orignal durant I'été et en période de rut, mais ont un faible poids
dans le calcul de I'lQH. Toujours selon les chasseurs algonquins, les peuplements résineux
matures et les grandes superficies en régénération sont peu utilisés par l'orignal. Bien que le
modeéle d’IQH de l'orignal ait été développé en foréts boréales mixtes et résineuses, nous avons
montré qu'il est aussi approprié pour la forét tempérée feuillue. Il pourrait toutefois étre bonifié
pour étre plus en phase avec les SET, notamment en tenant compte des milieux humides et
aquatiques, en augmentant le poids attribué aux milieux improductifs, et en diminuant les poids
attribués aux peuplements résineux matures et aux grandes aires en régénération.

Introduction management in various ways, including through popu-
lation monitoring and by providing information on
habitat use (e.g., Jacqmain et al. 2005; Wandel et al.
2011; Danielsen et al. 2014; Herrmann et al. 2014;
Polfus et al. 2014). TEK represents “a cumulative
body of knowledge, practice and belief evolving by
adaptive processes and handed down through genera-
tions by cultural transmission, about the relationship of
living beings (including humans) with one another and

Indigenous knowledge contributes to the understand-
ing of wildlife habitat use and is gaining international
recognition in science-based natural resource manage-
ment (e.g., Moller et al. 2004; Kendrick & Manseau
2008; Service et al. 2014; Voorhees et al. 2014).
Aboriginal people possess traditional ecological knowl-
edge (TEK) that can inform science-based wildlife
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with their environment” (Berkes 2012, p. 7). TEK is
cumulative and dynamic, because it is based on the
experience of previous generations and is adapted to
ongoing technical and socio-economic changes
(Menzies & Butler 2006). Documenting TEK and enga-
ging indigenous communities in the planning and
implementation of forest management is a promising
way to develop more socially acceptable forestry prac-
tices in indigenous contexts (Cheveau et al. 2008;
Uprety et al. 2012; Asselin 2015).

Moose (Alces americanus, formerly Alces alces) is a
large ungulate species that is valued in Canada for its
socio-economic and cultural roles (Reeves & McCabe
2007). Moreover, moose is an important species in
many aboriginal cultures (Jacqmain et al. 2005;
Reeves & McCabe 2007). Traditional activities such as
moose hunting are the backbone of the sustainability of
Algonquin (Anishnaabeg) communities, and provide
occasions to share traditional knowledge (Saint-
Arnaud et al. 2009; LeBlanc et al. 2011).

Habitat suitability index (HSI) models have been
developed to evaluate the capacity of wildlife habitat
to fulfill species’ needs (Roloff & Kernohan 1999). The
first HSI models were developed in the United States in
the early 1980s to evaluate the consequences on wildlife
of human-induced ecosystem modifications (Allen
et al. 1987). Inspired by these early studies, the
Government of Quebec developed and improved HSI
models for a number of wildlife species, including
moose (Courtois 1993; Dussault et al. 2002). The
moose HSI model predicts habitat suitability as a func-
tion of the potential for food and cover. It has been
developed in boreal mixed and coniferous forests based
on habitat use data obtained from a telemetry study
and validated using similar, but independent, data
(Dussault et al. 2006). Although it is also used in
temperate deciduous forests, the validity of the moose
HSI model in this biome was only assessed in a single
study (Joanisse et al. 2013). Further validation exercises
are thus required to warrant using the moose HSI
model in temperate deciduous forests.

This study was prompted by questions raised by the
Land Management Office of the Eagle Village First
Nation (western Quebec, Canada). The community
was concerned that wildlife managers measure moose
habitat suitability using an HSI model developed and
validated in boreal mixed and coniferous forests, which
markedly differ from the temperate deciduous forests
typical of their traditional family hunting grounds. Our
objective was thus to compare moose habitat suitability
on the traditional territory of the Eagle Village First
Nation as assessed from the TEK of Alonquin hunters
and from the HSI model. Differences would indicate
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possible improvements to the HSI model for increased
validity in temperate deciduous forests.

Methods
Study area

This study took place in the temperate deciduous forest
of western Quebec, specifically in the sugar maple-
yellow birch bioclimatic domain. The study area
includes two forest management units covering a total
area of 12,246 km? (Figure 1). Climate is of the con-
tinental subpolar type, with cold winters and warm
summers. Mean annual temperature varies between
2.5 and 5.0°C. Mean annual precipitation is between
800 and 1000 mm, of which about 25% falls as snow
(Environment Canada 2013). The mean elevation is
300 m above sea level and the area is dominated by
rolling hills and numerous lakes and rivers.

The sugar maple-yellow birch bioclimatic domain
lies in the northernmost part of the temperate decid-
uous forest. On mesic sites, yellow birch (Betula alle-
ghaniensis Britt.) is one of the main companion species
to the dominant sugar maple (Acer saccharum Marsh.)
in deciduous stands. Black spruce (Picea mariana
[Mill.] BSP), eastern white cedar (Thuja occidentalis
L.), white pine (Pinus strobus L.) and eastern hemlock
(Tsuga canadensis L.) dominate coniferous stands.
Balsam fir (Abies balsamea [L.] Mill.) is mostly present
in mixed stands.

The natural disturbance regime in the sugar maple-
yellow birch bioclimatic domain is dominated by
small-scale canopy gaps (Després et al, in press).
Large-scale windthrows and wildfires are infrequent
(Drever et al. 2009; Roy et al. 2010). Spruce budworm
outbreaks (Choristoneura fumiferana [Clem.]) periodi-
cally affect coniferous species, mostly balsam fir
(Bergeron et al. 1995). Outbreaks of the forest tent
caterpillar (Malacosoma disstria [Hiubner]) affect
deciduous species, mostly trembling aspen (Populus
tremuloides Michx.; Cooke & Lorenzetti 2006). Forest
exploitation started in the area in 1866 (Moore 1982),
and increased in intensity during the twentieth century.
Partial cutting is currently the dominant management
technique, favouring sugar maple dominance (Drever
et al. 2006).

The study area includes part of the traditional terri-
tory of the Eagle Village Algonquin community (973
members;  Aboriginal =~ Affairs and  Northern
Development Canada 2015). The forest is at the heart
of the Algonquin way of life and constitutes a cultural
heritage (Saint-Arnaud et al. 2009). The traditional
territory is subdivided into family hunting grounds,
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Figure 1. Study area (forest management units 8151 and 8152) within the balsam fir-yellow birch and sugar maple—yellow birch

bioclimatic domains in Abitibi-Temiscamingue, Quebec, Canada.

which are considered integral ecosystems that must be
sustainably managed (Leroux et al. 2004). Aboriginal
people have an in-depth knowledge of wildlife habitat
use. In addition to moose, other mammal species that
are harvested in the study area include snowshoe hare
(Lepus americanus), black bear (Ursus americanus) and
various fur bearers (e.g., beaver Castor canadensis,
marten Martes americana and fisher Pekania pen-
nanti). Eagle Village’s ancestral territory is on public
land and the Quebec government is responsible for
forest and wildlife management. The community
must, however, be consulted during the development
of management plans.
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Traditional knowledge of moose habitat suitability

During winter and spring 2013, we collaborated with
the Eagle Village First Nation Land Management Office
to conduct semi-directed interviews with 16 hunters
(15 men, one woman) from the community. The 16
family hunting grounds represent 22% of the total
study area. Our goal was to assess hunters’ perceptions
of moose habitat suitability across their entire hunting
grounds. We used semi-directed interviews because
they resemble a conversation, which is well suited to
the manner in which people like to share their knowl-
edge and allows for unexpected subjects to emerge,
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thereby enriching the results (Huntington 2000). Nine
hunters were older than 60 years of age (all of whom
had more than 50 years of hunting experience) and
seven were between 35 and 59 years old (with 20-45
years of hunting experience).

We obtained consent from the participating hun-
ters. We prepared an interview guide in collaboration
with the Eagle Village Land Management Office so
that it would reflect the community’s knowledge and
needs (Asselin & Basile 2012). We obtained a certifi-
cate from the Human Ethics Review Board of
Université du Québec en Abitibi-Témiscamingue.
The interviews were structured along three main
themes: areas used (or not) by moose in different
seasons; characteristics of sites used for food, cover,
rest and reproduction; and moose habitat manage-
ment techniques. All interviews were conducted in
the presence of a community facilitator appointed by
the Eagle Village Land Management Office, who
helped identify participants and translated from
Anishnaabemowin (the Algonquin language) to
French/English and vice versa, when needed. We
asked each participant to draw contour lines on a
map that depicted sites where moose habitat suitabil-
ity was high, good, low or null. We used the NVivo
software (QSR International, Melbourne, Australia) to
perform content analysis on the interview transcripts
to separate the data into themes and to establish links
between themes (May 2002). We shared and dis-
cussed all results several times with the Eagle Village
Land Management Office to make sure the themes
revealed by content analysis accurately reflected the
views of the community (Asselin & Basile 2012).

Moose habitat suitability index

We used data from the decennial forest inventories of the
Quebec Ministry of Forests, Wildlife and Parks that are
available on ecoforestry maps to evaluate moose habitat

suitability using the HSI model developed by Dussault
et al. (2006). Data from the fourth decennial forest inven-
tory (ca. 2012) were updated using annual reports of
forest interventions.

The moose HSI model is a combination of two suit-
ability indices that are based on food (forage) and the
interspersion of food and cover in different stand types
(Dussault et al. 2006). Specifically, the study area is sub-
divided into 5 km? cells, a scale that reveals the greatest
correspondence between habitat preference and suitabil-
ity indices (Dussault et al. 2006). The food suitability
index (Slgoq) is based on the percentage of different
habitat types within each cell (Equation (1)); each habitat
is weighted to represent the potential for feeding based on
field inventories (Dussault et al. 2006):

Sltooa=[(%Mil0 + %Dt50 + Mt50) x 1.00]
+ [(%Di50 4+ %Mi30) x 0.50]
+ [%Mi50 x 0.40] (1)
+ [%C10 x 0.3] + [%CS30 x 0.15]
+ [%IMP x 0.10] + [%CF30 x 0.05]

For example, mixed forests with intolerant hardwood
species (Mi50) are given a higher weight (0.40) than
conifer forests with fir or spruce (CF30; 0.05).
Abbreviations of habitat types are explained in Table 1.

The edge index (Sl.gg) represents the amount of
edge between food habitat and cover habitat in a cell
(Equation (2)); it integrates edges within and between
stands (Dussault et al. 2006):

Slegge = % M50 + [(1 — %Mi50)
x (edge density between food and cover

stands/70th percentile of food—cover

density across all cells)]
2)

The edges within stands are calculated as the propor-
tion of mixed stands with intolerant deciduous species

Table 1. Current proportions of each habitat type within the 16 family hunting grounds of the Eagle Village Algonquin community

(Abitibi-Temiscamingue, Quebec).

Habitat type Age class (years) Habitat code Food suitability Cover type Proportion (%)
Intolerant hardwoods >50 Di50 Moderate Summer 4
Mixed with intolerant hardwoods 30 Mi30 Moderate Summer 6
Mixed with intolerant hardwoods >50 Mi50 Moderate Summer/winter 12
Tolerant hardwoods =50 Dt50 High Summer 13
Mixed with tolerant hardwoods >50 Mt50 High Summer 25
Mixed (regeneration) 10 Mi10 High - 6
Conifers (regeneration) 10 c10 High - 3
Conifers with fir or spruce =30 CF30 Low Summer/winter 3
Conifers without fir or spruce =30 CS30 Low Summer/winter 7
Unproductive areas® - IMP Low - 3
Other habitat types - OTH N/A N/A 18

Note: N/A, not available.

®Unproductive areas can be covered by herbs and shrubs. When trees are present, the density is too low to permit industrial logging.
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older than 50 years (Mi50), because these stands offer
the best interspersion of food and cover (Dussault et al.
2006). The edges between stands represent the contact
of stands offering high food suitability (Dt50, Mt50,
Mil0) and stands providing good cover (CF30, CS30,
Mi50, C30). This proportion is calculated in all stands
except Mi50 stands, which are already used in the
within-stand edge portion of the equation. Stands in
the 70th percentile of cover-food edge density (calcu-
lated in m/ha) are considered to offer optimal edge
between stands (Dussault et al. 2006), so the edge
suitability index for a given cell is computed as the
ratio of edge density in the cell to edge density in the
70th percentile across the study area (maximum
= 1.00).

Finally, the global HSI for each 5 km? cell is deter-
mined as follows:

HSIglobal = Slfy0q X 0.45 + SIedge x 0.55 (3)

A slightly higher weight is given to Slqg., because it
explains a higher proportion of the variation in moose
density (Dussault et al. 2006). The HSI model includes
values between zero and one, and is represented on
maps using four categories: null (<0.20), low (0.20-
0.40), good (0.41-0.60) and high (0.60). We used
ArcGIS 10.0 (ESRI, Redlands, CA, USA) and version
1.2.5 of the HSI model to map moose habitat suitability
(Massé et al. 2013).

We calculated the moose HSI for 16 Algonquin
family hunting grounds, which covered a total area of
2650 km? (mean + standard deviation = 120 + 56 km?),
to facilitate comparisons with interview data (see later).
We computed four iterations of the HSI, each time
slightly moving the centre of the 5 km?* cells, following
the recommandation of Labbé et al. (2012) to reduce
edge effects.

Agreement between TEK and HIS

We numerized the contour lines drawn by Algonquin
hunters using ArcGIS 10.0 to produce a map of moose
habitat suitability according to TEK. We superposed a
5 km® grid onto the TEK maps to attribute a TEK
habitat suitability value (high, good, low, null) to each
5 km? cell for direct comparison with HSI data. If a cell
included more than two TEK suitability index values
(because a contour line ran through it), it was given the
value covering the highest proportion.

We used Cohen’s kappa (k) to evaluate agreement
between TEK and HSI models (Cohen 1960).
Calculation of the kappa value is based on the differ-
ence between observed and expected agreements for
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each of the 16 family hunting grounds separately, and
for all family hunting grounds taken together. Kappa
values range between 1 (perfect agreement) and -1
(perfect disagreement) (Cohen 1960). Some disagree-
ments are more problematic than others because they
oppose more dissimilar categories. For example, a dis-
agreement between high and null is more problematic
than a disagreement between high and good.
Therefore, Cohen (1968) suggested a weighted version
of the kappa coefficient where a different weight is
attributed to each cell of the contingency table to
reflect the importance given to disagreements. Also,
the weighted version is recommended when the cate-
gories can be ordered, as was the case in our study. We
used linear weighting (Vanbelle & Albert 2009) and
determined the weight of each cell in the contingency
table as follows:

i — |

Wi =1~ p— (4)
where Wj; is the weight attributed to cell #j, i is the ith
column, j is the jth line and r is the number of cate-
gories. Maximum weight (W;; = 1) was given to the
diagonal cells (perfect agreement). We used the Z sta-
tistic to verify the statistical significance of the kappa
values; that is, if they significantly differed from zero
(Ben-David 2008).

Results
Algonquin hunters’ knowledge

Most of the hunters mentioned that mixed and decid-
uous stands were preferentially selected by moose.
Some hunters specified that moose habitat use varied
from season to season. During the winter, moose ben-
efit from the protection of low-lying branches in con-
iferous stands (e.g. eastern white cedar). However, food
availability is low during that period. Moose also use
riparian strips as travel corridors during the winter. In
spring and summer, moose use sites that are rich in
forage, such as sites regenerating from recent distur-
bances, wetlands, lakes, islands and hilltops, where they
are less vulnerable to predation. Hunters also noted
that moose used “dense and healthy” stands to hide
from predators and to benefit from the shade during
warm periods. In the autumn, moose are more mobile
in open areas that have been recently disturbed by
wildfire, windthrow or logging, which offer abundant
food resources.

According to Algonquin hunters, good moose habi-
tat must include regenerating deciduous stands as well
as mature mixed and deciduous stands, lakes and
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wetlands. Regenerating stands are important food
sources, but the hunters insisted that residual forest
should be left in logged areas to provide cover and
escape corridors. Furthermore, hunters mentioned
that moose abandon large cut blocks or large burns
for several years, until regeneration occurs in sufficient
amount. Some hunters also said that large regenerating
areas offer poor habitat for other species of high cul-
tural value, such as marten.

Moose habitat suitability was judged “good” by nine of
the 16 hunters, while the seven other hunters judged it to
be “low” because of disturbance due to forestry, mining,
road building or windthrows. Areas with low habitat

suitability accounted for 19% of the area covered by the
16 family hunting grounds, whereas good and high suit-
ability habitats accounted for 48% and 33% respectively
(Figure 2a). None of the hunters interviewed used the null
suitability class. One hunter stated: “If moose does not
use an area, it does not mean the suitability is null.”

Habitat suitability index

The mean HSI value calculated for the 16 family hunt-
ing grounds was 0.64, which corresponds to high habi-
tat suitability. Cells with good and high habitat
suitability accounted for 43% and 35% of all cells
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Figure 2. (a) Moose habitat suitability as determined by Algonquin hunters within the 16 family hunting grounds. (b) Moose HSI

model calculated for the 16 family hunting grounds.
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respectively, whereas cells with null or low habitat
suitability accounted for 4% and 19% respectively.
Family hunting grounds located in the northern part
of the study area had more cells with high habitat
suitability (Figure 2b).

The different habitat types varied in abundance
within the 16 family hunting grounds (Table 1). The
most abundant habitat types offering cover during the
summer - Mt50 and Dt50 - covered 38% of the area,
also offering high feeding potential. The most abun-
dant habitat types offering cover during the winter -
Mi50 and CS30 - were half as abundant (19%) and
offered a low feeding potential. A total of 21% of the
area that was covered by the 16 family hunting grounds
was classified as unproductive or non-forest.

Agreement between TEK and HSI

We found moderate agreement between TEK and HSI
(k = 0.46) using four habitat suitability classes (data not
shown). However, Algonquin hunters did not use the
null suitability class (Figure 3). Agreement was strong
(k = 0.63) when recalculated using only three suitability
classes (high, good, low) by combining values of the
null and low classes (Table 2).

700 -
600
500
400

300 4

Number of cells

200 A

100

High Good Low Null

Habitat suitability

Figure 3. Distribution (number of 5 km? cells) of habitat suit-
ability classes according to TEK (black bars) and HSI (grey bars).

Table 2. Contingency table between HSI and TEK for the total
area covered by the 16 family hunting grounds, using three
suitability categories (high, good, low).

HSI
TEK High Good Low Total
High 335 233 82 650
Good 126 309 82 517
Low 12 37 22 71
Total 473 579 186 1238

Note: observed agreement Po(,,) = 0.74; expected agreement Pe(,,) = 0.45;
weighted kappa K(,) = 0.63; Z, = 25.98, P < 0.001.
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Sources of disagreement between TEK and HSI

Cells for which moose habitat suitability was judged
good or high by TEK but low by HSI often coincided
with lakes, islands, rivers, unproductive sites or wet-
lands. The TEK model attributed good or high suit-
ability to deciduous and mixed stands with low density
(<40%) and height (<17 m), whereas HSI values for
such stands were low. Cells for which suitability was
considered lower by TEK than by HSI coincided with
areas that were severely disturbed over the last 30 years
(clearcut, large-scale windthrow, severe insect out-
break) and mature coniferous stands (height > 22 m
and 60-80% density).

Discussion
Agreement between TEK and HSI

Our results are in line with a limited but growing
number of studies that have shown agreement between
TEK models and animal behaviour or between TEK
and HSI models. For example, in the Swiss Alps,
Doswald et al. (2007) found that HSI models based
on local and expert knowledge were strongly correlated
with lynx (Lynx lynx) habitat selection. Another study
comparing TEK and HSI models based on resource
selection functions for caribou habitat in the territory
of the Taku River Tlingit First Nation (northern British
Columbia, Canada) found strong agreement (x = 0.65)
for summer habitat, but lower agreement (x = 0.34) for
winter habitat (Polfus et al. 2014). In our study of 16
family hunting grounds we found strong agreement (x
= 0.63) between the TEK and HSI models when we
used three habitat suitability classes (high, good, low).

According to Algonquin hunters, moose prefer
mixed and deciduous stands with abundant regenera-
tion. A similar result was obtained by Germain (2012)
from TEK gathered from the Pikogan Algonquin com-
munity in boreal mixed and coniferous forests of
Quebec. The abundance of mixed (49%) and deciduous
stands (17%) in our study area could explain why most
Algonquin hunters judged moose habitat suitability to
be good or high. Similarly, tolerant hardwood or mixed
stands with tolerant hardwoods were also given max-
imum weight in the HSI model we used (Dussault et al.
2006). Biologists indeed consider mixed stands as the
best habitat for moose because they offer abundant
food and shelter (Courtois 1993). The similar impor-
tance given to mixed and deciduous stands in both the
TEK and HSI models probably explains a large part of
the high level of agreement. Hunters also mentioned
that moose use hilltops to minimize predation risk.
Interestingly, in a telemetry study, Leblond et al.
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(2010) found that females moved to hilltops during
spring in search of suitable calving sites.

Objective comparison of the disagreements between
the TEK and HSI models can yield useful insights into
both methodological approaches. Sources of disagree-
ment were generally about wetlands, lakes, unproduc-
tive areas, mature coniferous stands and regenerating
stands. According to Algonquin hunters, moose habitat
suitability is good to high around lakes and wetlands,
something that was not taken into account in the HSI
calculation. Morris (2014) provides a review on prefer-
ential use of aquatic and wetland habitats by moose.
Cree hunters from Waswanipi (northern Quebec) also
mentioned that wetlands were sought after by moose in
the boreal coniferous forest, for the ground softness
and cool environment they provide (Jacqmain et al.
2008). Algonquin hunters from Pikogan mentioned
that moose actively frequent wetlands and lakes in the
summer to eat aquatic plants and to avoid heat stress
(Germain 2012). Aquatic plants are preferred by moose
in summer, as observed in other areas (Morris 2014).
Wetlands also allow moose a better view of the sur-
rounding environment (Bowyer et al. 1999), thereby
reducing predation risk. The HSI model does not take
wetlands and lakes into account, because they are not
considered a limiting factor in mixed and coniferous
boreal forests (Massé et al. 2013). The situation, how-
ever, is different in temperate deciduous forests, espe-
cially in southeastern Quebec, where wetlands and
lakes are not as abundant (Ménard et al. 2013).

Algonquin hunters mentioned that unproductive
areas were frequently used by moose. Although unpro-
ductive from an industrial forestry perspective, such
areas are often dominated by deciduous shrubs,
which are a preferred moose food (Renecker &
Schwartz 2007). However, unproductive areas have a
low weight in the HSI model.

According to Algonquin hunters, mature coniferous
stands are rare in the study area and seldom juxtaposed
with deciduous or mixed stands for feeding.
Consequently, the habitat suitability of mature conifer-
ous stands was judged low in the study area, where
moose prefer mixed and deciduous stands during all
seasons. Mature coniferous stands (height > 17 m;
density > 40%) had a relatively low weight in the HSI
model; although they offer good shelter from sun, snow
and predators (Peek et al. 1976), they have low food
potential (Dussault et al. 2005). The weight of mature
coniferous stands is low in the HSI model, but it is
higher than that of unproductive areas, which were
shown to be frequented by moose. Hence, reducing
the weight of mature coniferous stands could better
reflect habitat use in temperate deciduous forests.
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Algonquin hunters attributed low suitability to
recently disturbed areas. According to them, moose
avoid large disturbed areas where they are more vulner-
able to predation. Hunters nevertheless acknowledged
that small regenerating stands are highly suitable moose
habitat as food sources. Algonquin hunters from Pikogan
mentioned that clearcuts are generally too large and are
thus avoided by wildlife (Germain 2012); a finding also
reported by wildlife biologists (Courtois et al. 2002).
However, regenerating stands that have experienced a
severe disturbance have a high weight in the HSI model
regardless of their size, because they offer abundant food.

The high road density within the family hunting
grounds has also been criticized by Algonquin hunters,
who mentioned that roads increase access to hunting
grounds for non-aboriginal hunters, thereby engendering
conflict with aboriginal hunters. Roads were also said to
facilitate movements of natural moose predators such as
wolf and black bear. Similar findings were reported in the
wildlife management literature (James & Stuart-Smith
2000; Houle et al. 2010; Laurian et al. 2012) and in a
review of the ecological and social impacts of forest roads
on First Nations (Kneeshaw et al. 2010). Limiting factors
that act on moose density, such as hunting and preda-
tion, were thus taken into account by hunters, but are not
included in the HSI model (Dussault et al. 2006), which
probably explains part of the observed disagreement.

Conclusion

This study adds to a growing body of work demon-
strating that traditional and scientific knowledge can be
used jointly in wildlife management. While the moose
HSI model was developed and validated in boreal
mixed and coniferous forests, we have shown that it
could be used in temperate deciduous forests because a
comparison with the TEK held by Algonquin aborigi-
nal hunters yielded moderate to strong agreement.
Modifications could be made to the moose HSI for it
to better reflect TEK in temperate deciduous forests,
notably by integrating wetland and aquatic habitats, by
increasing the weight of unproductive stands and by
reducing the weights of mature coniferous stands and
regenerating stands. Telemetry studies on actual moose
habitat use in temperate deciduous forests would allow
specifying the magnitude of the necessary changes to
the HSI model.

Acknowledgements

The authors are grateful to the members of the Eagle Village
First Nation, particularly Larry Paul and Madeleine Paul,
who were respectively the director of the Land



Management Office and Chief of the community when this
study was conducted. The authors also thank all of the
hunters who trusted them, responded to their questions
and were very collaborative throughout. They also thank
Nathalie Bonin for sharing data, Marianne Cheveau and
Sophie Massé for fruitful discussions on the HSI model,
Mélanie Desrochers for helping with mapping, Marcel Paré
for sharing documents and advice, and Osvaldo Valeria for
helping with modelling.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This project was funded by the National Sciences and
Engineering Research Council of Canada (NSERC); Tembec
and EACOM forestry companies.

ORCID

Benoit Tendeng
Hugo Asselin

http://orcid.org/0000-0002-3041-7590
http://orcid.org/0000-0002-9542-4994

References

Aboriginal Affairs and Northern Development Canada. 2015.
Eagle Village First Nation - Kipawa. [cited 2015 July 16].
Available from: http://www.aadnc-aandc.gc.ca/Mobile/
Nations/profile_eaglevillagekipawa-eng.html

Allen AW, Jordan PA, Terrell JW. 1987. Habitat suitability
index models: Moose.Washington (DC): Lake Superior
Region. U.S. Fish and Wildlife Service, National Ecology
Research Center (FWS/OBS 82/10.155); 47 pp.

Asselin H. 2015. Indigenous forest knowledge. In: Peh K,
Corlett R, Bergeron Y, editors. Routledge handbook of
forest ecology. New York: Earthscan, Routledge; p. 586-
596.

Asselin H, Basile S. 2012. Ethique de la recherche avec les
Peuples autochtones: qu'en pensent les principaux
intéressés? [Ethics of research with Aboriginal People:
what is the viewpoint of those directly concerned?].
Ethique publique. 14:333-345.

Ben-David A. 2008. Comparison of classification accuracy
using Cohen’s weighted kappa. Expert Syst Appl. 34:825-
832.

Bergeron Y, Leduc A, Joyal C, Morin H. 1995. Balsam fir
mortality following the last spruce budworm outbreak in
northwestern Quebec. Can ] Forest Res. 25:1375-1384.

Berkes F. 2012. Sacred ecology. 3rd ed. New York: Routledge.

Bowyer RT, Van Ballenberghe V, Kie JG, Maier JA. 1999.
Birth-site selection by Alaskan moose: maternal strategies
for coping with a risky environment. ] Mammal. 80:1070-
1083.

Cheveau M, Imbeau L, Drapeau P, Bélanger L. 2008. Current
status and future directions of traditional ecological
knowledge in forest management: a review. For Chron.
84:231-243.

Downloaded From: https://bioone.org/journals/Ecoscience on 02 May 2024
Terms of Use: https://bioone.org/terms-of-use

ECOSCIENCE (&) 85

Cohen J. 1960. A coefficient of agreement for nominal scales.
Educ Psychol Meas. 20:27-46.

Cohen J. 1968. Weighted kappa: nominal scale agreement
provision for scaled disagreement or partial credit. Psychol
B. 70:213-220.

Cooke BJ, Lorenzetti F. 2006. The dynamics of forest tent
caterpillar outbreaks in Quebec, Canada. Forest Ecol
Manag. 226:110-121.

Courtois R. 1993. Description d’'un indice de qualité d’habitat
pour lorignal (Alces alces) au Québec [Description of the
moose (Alces alces) habitat suitability index in Quebec].
Quebec City (Quebec): Ministére du Loisir, de la Chasse et
de la Péche, Direction générale de la ressource faunique,
Gestion intégrée des ressources (Document technique 93/1).

Courtois R, Dussault C, Potvin F, Daigle G. 2002. Habitat
selection by moose (Alces alces) in clear-cut landscapes.
Alces. 38:177-192.

Danielsen F, Topp-Jorgensen E, Levermann N, Levstrem P,
Schiotz M, Enghoft M, Jakobsen P. 2014. Counting what
counts: using local knowledge to improve Arctic resource
management. Polar Geogr. 37:69-91.

Després T., Asselin H., Doyon F., Drobyshev I, Bergeron Y.
(In press). Gap dynamics of late-successional sugar maple-
yellow birch forests at their northern range limit. J. Veg.
Sci. DOI:10.1111/jvs.12480.

Doswald N, Zimmermann F, Breitenmoser U. 2007. Testing
expert groups for a habitat suitability model for the lynx
Lynx lynx in the Swiss Alps. Wildlife Biol. 13: 430-446.

Drever CR, Bergeron Y, Drever MC, Flannigan M, Logan T,
Messier C. 2009. Effects of climate on occurrence and size
of large fires in a northern hardwood landscape: historical
trends, forecasts, and implications for climate change in
Témiscamingue, Québec. Appl Veg Sci. 12:261-272.

Drever CR, Messier C, Bergeron Y, Doyon F. 2006. Fire and
canopy species composition in the Great Lakes - St.
Lawrence forest of Témiscamingue, Québec. Forest Ecol
Manag. 231:27-37.

Dussault C, Courtois R, Ouellet J-P. 2002. Indice de qualité
d’habitat pour l'orignal (Alces alces) adapté au sud de la
forét boréale du Québec [Moose (Alces alces) habitat suit-
ability index adapted for the southern boreal forest of
Quebec]. Quebec City (Quebec): Gouvernement du
Québec, Société de la faune et des parcs du Québec,
Direction de la recherche sur la faune; 44 p.

Dussault C, Courtois R, Ouellet J-P. 2006. A habitat suit-
ability index model to assess moose habitat selection at
multiple spatial scales. Can J Forest Res. 36:1097-1107.

Dussault C, Ouellet J-P, Courtois R, Huot J, Breton L,
Jolicoeur H. 2005. Linking moose habitat selection to
limiting factors. Ecography. 28:619-628.

Environment Canada. 2013. 1981-2010 Climate normals &
averages. [cited 2015 July 17]. Available from: http://cli
mate.weather.gc.ca/climate_normals/index_e.html]

Germain R. 2012. Acceptabilité sociale de 'aménagement
forestier écosystémique: le point de vue des Algonquins
de Pikogan [Social acceptability of ecosystem-based forest
management: the viewpoint of the Pikogan Algonquin]
[MSc thesis]. Rouyn-Noranda (QC): Université du
Québec en Abitibi-Témiscamingue. Available from:
http://depositum.uqat.ca/581

Herrmann TM, Sandstrom P, Granqvist K, D’Astous N,
Vannar J, Asselin H, Saganash N, Mameamskum ]J,


http://www.aadnc-aandc.gc.ca/Mobile/Nations/profile_eaglevillagekipawa-eng.html
http://www.aadnc-aandc.gc.ca/Mobile/Nations/profile_eaglevillagekipawa-eng.html
http://dx.doi.org/10.1111/jvs.12480
http://climate.weather.gc.ca/climate_normals/index_e.html
http://climate.weather.gc.ca/climate_normals/index_e.html
http://depositum.uqat.ca/581

86 (=) B.TENDENG ET AL.

Guanish G, Loon J-B, Cuciurean R. 2014. Effects of mining
on reindeer/caribou populations and indigenous livelihoods:
community-based monitoring by Sami reindeer herders in
Sweden and First Nations in Canada. Polar J. 4:28-51.

Houle M, Fortin D, Dussault C, Courtois R, Ouellet J-P.
2010. Cumulative effects of forestry on habitat use by
gray wolf (Canis lupus) in the boreal forest. Landscape
Ecol. 25:419-433.

Huntington HP. 2000. Using traditional ecological knowl-
edge in science: methods and applications. Ecol Appl.
10:1270-1274.

Jacqmain H, Bélanger L, Courtois R, Beckley T, Nadeau S,
Dussault C, Bouthillier L. 2005. Proposal to combine cree
and scientific knowledge for improved moose habitat
management on Waswanipi Eeyou Astchee, northern
Québec. Alces. 41:147-160.

Jacqmain H, Dussault C, Courtois R, Bélanger L. 2008.
Moose-habitat relationships: integrating local Cree native
knowledge and scientific findings in northern Quebec.
Can ] Forest Res. 38:3120-3132.

James AR, Stuart-Smith AK. 2000. Distribution of caribou
and wolves in relation to linear corridors. ] Wildlife
Manage. 64:154-159.

Joanisse G, Blouin D, Duclos I, Fink J, Vachon L, Lessard G.
2013. Adaptation et validation de I'indice de qualité d’ha-
bitat (IQH) de l'orignal (Alces alces) pour le domaine de
I'érabliere a bouleau jaune dans le sud-ouest du Québec
[Adaptation and validation of the moose (Alces alces)
habitat suitability index (HSI) for the sugar maple-yellow
birch domain of south-western Quebec]. Sainte-Foy
(Quebec): Centre d’enseignement et de recherche en for-
esterie de Sainte-Foy (CERFO) (Report 2013-09).

Kendrick A, Manseau M. 2008. Representing traditional
knowledge: resource management and Inuit knowledge
of barren-grond caribou. Soc Natur Resour. 21:404-418.

Kneeshaw DD, Larouche M, Asselin H, Adam M-C, Saint-
Arnaud M, Reyes G. 2010. Road rash: ecological and social
impacts of road networks on First Nations. In: Stevenson
MG, Natcher DC, editors. Planning co-existence:
Aboriginal considerations and approaches in land use
planning. Edmonton (AB): Canadian Circumpolar
Institute Press; p. 169-184.

Labbé ], Langlois C, Dussault C. 2012. Méthode performante
d’évaluation de la qualité de 'habitat de I'orignal dans les zecs
du Québec [An efficient method to evaluate moose habitat
suitability in Quebec’s controlled harvesting zones]. Rapport
de projet. Zecs Québec, Quebec City (QC).

Laurian C, Dussault C, Ouellet J-P, Courtois R, Poulin M.
2012. Interactions between a large herbivore and a road
network. Ecoscience. 19:69-79.

LeBlanc JW, McLaren BE, Pereira C, Bell M, Atlookan S.
2011. First Nations moosehunt in Ontario: a community’s
perspectives and reflections. Alces. 47:163-174.

Leblond M, Dussault C, Ouellet J-P. 2010. What drives fine-
scale movements of large herbivores? A case study using
moose. Ecography. 33:1102-1112.

Leroux J, Chamberland R, Brazeau E, Dubé C. 2004. Au pays
des peaux de chagrin. Occupation et exploitation territor-
iales a Kitcisakik (Grand-Lac-Victoria) au XX° siécle
[Shagreen land. Land occupation and exploitation in
Kitcisakik (Great-Lake-Victoria) in the 20% century].
Quebec City (QC): Presses de 'Université Laval.

Downloaded From: https://bioone.org/journals/Ecoscience on 02 May 2024
Terms of Use: https://bioone.org/terms-of-use

Massé S, Cheveau M, Dussault C, Blanchette P. 2013. Guide
de [lutilisateur-Extension MRNF-MQH pour ArcGIS:
modeles de la qualité de T'habitat pour la faune [User
guide-Extension MRNF-MQH for ArcGIS: habitat suitabil-
ity models for wildlife]. Quebec City (QC): Gouvernement
du Québec, Ministére des Ressources naturelles et de la
Faune, Direction générale de I'expertise sur la faune et ses
habitats, Direction de la faune terrestre et de 'avifaune.

May T, editor. 2002. Qualitative research in action. Thousand
Oaks (CA): Sage Publications.

Ménard S, Darveau M., Imbeau L. 2013. The importance of
geology, climate and anthropogenic disturbances in shap-
ing boreal wetland and aquatic landscape types.
Ecoscience. 20:399-410.

Menzies CR, Butler C. 2006. Introduction: understanding
ecological knowledge. In: Menzies CR, editor. Traditional
ecological knowledge and natural resource management.
Lincoln (NE): University of Nebraska Press; p. 1-17.

Moller H, Berkes F, Lyver PO, Kislalioglu M. 2004.
Combining science and traditional ecological knowledge:
monitoring populations for co-management. Ecol Soc. 9:2.

Moore KA. 1982. Kipawa: portrait of a people. Cobalt (ON):
Highway Book Shop.

Morris DM. 2014. Aquatic habitat use by North American
moose (Alces alces) and associated richness and biomass of
submersed and floating-leaved aquatic vegetation in
North-central Minnesota. [MSc thesis]. Thunder Bay
(ON): Lakehead University.

Peek J-M, Urich DL, Mackie R]. 1976. Moose habitat selec-
tion and relationships to forest management in northeast-
ern Minnesota. Wildlife Monogr. 48:3-65.

Polfus JL, Heinemeyer K, Hebblewhite M. 2014. Comparing
traditional ecological knowledge and western science
woodland caribou habitat models. J Wildlife Manage.
78:112-121.

Reeves HM, McCabe RE. 2007. Of moose and man. In:
Franzmann AW, Schwartz CC, editors. Ecology and man-
agement of the North American moose. 2nd ed. Boulder
(CO): University Press of Colorado; p. 1-75.

Renecker LA, Schwartz CC. 2007. Food habits and feeding
behavior. In: Franzmann AW, Schwartz CC, editors.
Ecology and management of the North American moose.
2nd ed. Boulder (CO): University Press of Colorado; p.
403-439.

Roloff G, Kernohan BJ. 1999. Evaluating reliability of habitat
suitability index models. Wildlife Soc B. 27:973-985.

Roy M-E, Doyon F, Nolet P, Bouffard D. 2010. Historique
des perturbations et réponse de la végétation forestiere
dans Dérabliere a bouleau jaune de louest au
Témiscamingue au cours du 20°™ siécle [Disturbance
history and response of forest vegetation in the sugar
maple - yellow birch forest of western Temiscamingue in
the 20™ century]. Ripon (QC): Rapport technique, Institut
québécois d’aménagement de la forét feuillue.

Saint-Arnaud M, Asselin H, Dubé C, Croteau Y, Papatie C.
2009. Developing criteria and indicators for aboriginal
forestry: mutual learning through collaborative research.
In: Stevenson MG, Natcher DC, editors. Changing the
culture of forestry in Canada: building effective institu-
tions for Aboriginal engagement in sustainable forest
management. Edmonton (AB): Canadian Circumpolar
Institute Press; p. 85-105.



ECOSCIENCE (&) 87

Service CN, Adams MS, Artelle KA, Paquet P, Grant LV, Voorhees H, Sparks R, Huntington HP, Rode KD. 2014.

Darimont CT. 2014. Indigenous knowledge and science unite Traditional knowledge about polar bears (Ursus mariti-

to reveal spatial and temporal dimensions of distributional mus) in Northwestern Alaska. Arctic. 67:523-536.

shift in wildlife of conservation concern. PLoS One. 9:¢101595. Wandel J, Smit B, Pearce T, Ford J. 2011. Science and
Uprety Y, Asselin H, Bergeron Y, Doyon F, Boucher J-F. 2012. indigenous knowledge in resource management in the

Contribution of traditional knowledge to ecological restora- Canadian Arctic. In: Kasperson RE, Berberian M, editors.

tion: practices and applications. Ecoscience. 19:225-237. Integrating science and policy: vulnerability and resilience
Vanbelle S, Albert A. 2009. A note on the linearly weighted in global environmental change. London: Earthscan; p.

Kappa coefficient for ordinal scales. Stat Method. 6:157-163. 291-306.

Downloaded From: https://bioone.org/journals/Ecoscience on 02 May 2024
Terms of Use: https://bioone.org/terms-of-use



	Abstract
	Abstract
	Introduction
	Methods
	Study area
	Traditional knowledge of moose habitat suitability
	Moose habitat suitability index
	Agreement between TEK and HIS

	Results
	Algonquin hunters’ knowledge
	Habitat suitability index
	Agreement between TEK and HSI
	Sources of disagreement between TEK and HSI

	Discussion
	Agreement between TEK and HSI

	Conclusion
	Acknowledgements
	Disclosure statement
	Funding
	References



