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ABSTRACT

The dominant management strategy in boreal forests—aggregated clearcuts (AC)—faces increased criticism by various
stakeholders, including Aboriginal people. Two alternative strategies have been proposed: dispersed clearcuts (DC) and
ecosystem-based management (EM). We modelled the long-term and landscape-scale effects of AC, DC, and EM on a set
of indicators of sustainable forest management relevant to an Aboriginal community’s values: (1) forest age structure; (2)
spatial configuration of forest stands; (3) road network density; and, (4) forest habitat loss to clearcuts. EM created a forest age structure closer to what would result from a natural disturbance regime, compared to AC and DC. Cut blocks were
more evenly distributed with EM and DC. The road network density was lower and increased slower with EM, thus
reducing the potential for conflicts between forest users. Under EM, a higher forest cover was maintained (and thus
potential wildlife habitat) than in AC or DC. The EM scenario provided the best outcome based on the four measured
indicators, partly because the constraints imposed on the modeling exercise led it to harvest less than the other scenarios.
Annual allowable cut should thus be a key factor to consider to ensuring better compliance with Aboriginal criteria of sustainable forest management.
Key words: modeling; landscape; Indigenous people; forest management; social acceptability
RÉSUMÉ

La principale stratégie d’aménagement en forêt boréale—les coupes agglomérées (CA)—est de plus en plus critiquée par
plusieurs parties prenantes, incluant les peuples autochtones. Deux stratégies alternatives ont été proposées : les coupes
dispersées (CD) et l’aménagement écosystémique (AE). Nous avons modélisé les effets à long terme et à l’échelle du paysage de CA, CD et AE sur un ensemble d’indicateurs d’aménagement forestier durable liés aux valeurs d’une communauté
autochtone : (1) la structure d’âge de la forêt; (2) la configuration spatiale des peuplements forestiers; (3) la densité du
réseau routier; et, (4) la perte d’habitat forestier due aux coupes totales. AE a créé une structure d’âge plus proche de celle
qui résulterait d’un régime naturel de perturbations, comparativement à CA et CD. Les blocs de coupe étaient répartis plus
uniformément sur le territoire avec AE et CD. Le réseau routier était moins étendu et se développait moins vite avec AE,
réduisant ainsi le potentiel de conflits entre usagers de la forêt. AE a aussi maintenu plus de couvert forestier (et donc plus
d’habitat faunique potentiel) que CA ou CD. Le scenario AE a obtenu de meilleurs scores pour les quatre indicateurs
mesurés, en partie parce que les contraintes imposées à l’exercice de modélisation ont résulté en moins de coupes que dans
les autres scénarios. La possibilité forestière annuelle devrait par conséquent être un facteur clé à considérer pour assurer
une meilleure conformité aux critères autochtones d’aménagement forestier durable.
Mots clés : modélisation; paysage; Autochtones; aménagement forestier; acceptabilité sociale

Introduction
Forest planners and managers are increasingly faced with the
challenge of reconciling the economic, social and ecological
values of multiple stakeholders (Côté and Bouthillier 1999,
Ananda and Herath 2003, Robson and Hunt 2010) including
Aboriginal people (Castro and Nielsen 2001, Wyatt 2008,
Dhital et al. 2013). Aboriginal cultures are closely linked to
the land and are thus particularly affected by forestry activities (Gladu and Watkinson 2004). Indeed, Aboriginal wellbeing relies on intricate historical, familial, cultural, and political connections to the land (Adelson 2000) and traditional
activities are rooted within a knowledge-practice-belief com-

plex (sensu Berkes 2012) centred on ethical and sustainable
use of the land and resources. Hence, Aboriginal people’s
knowledge, needs and views should be taken into account in
forest management strategies (Cheveau et al. 2008, Parrotta
and Trosper 2012, Uprety et al. 2012).
Until recently, the dominant management strategy in
North American boreal forests has been aggregated clearcuts
(Franklin et al. 2002). This approach faces increased criticism and is not deemed appropriate to meet all social and
environmental needs (Pâquet and Bélanger 1997, Bliss 2000,
Germain 2012). Extensive clearcuts have driven ecosystems
outside their natural range of variability in terms of age-class
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representation, with younger age classes being overrepresented compared to preindustrial figures (Cyr et al. 2009).
Aggregated clearcuts also cause habitat loss for forest-obligate species (e.g., Smith and Schaefer 2002). Two alternative
management strategies have been proposed to replace aggregated clearcuts: dispersed clearcuts (Booth et al. 1993,
Bélanger 2001), and ecosystem-based management (Seymour and Hunter 1992, Bergeron et al. 1999). The dispersed
clearcut strategy, in which cut blocks are more evenly distributed across the landscape, would affect Aboriginal family
hunting grounds more evenly than the agglomerated
clearcut strategy, and could thus be more acceptable. Ecosystem-based management, by emulating spatiotemporal patterns created by natural disturbances to which Aboriginal
people have adapted over centuries, could also be judged
more acceptable. However, these assumptions have not yet
been tested, in large part because dispersed clearcuts and
ecosystem-based management have been implemented too
recently to generate landscape level patterns to be evaluated
by entire communities.
The effects of forest management through time and across
large spatial scales (thousands of square kilometres) are difficult to envision. Decision support tools can be used to consider the long-term and large-scale effects of different management strategies on forest characteristics. To help take into
account the Aboriginal perspective, frameworks of criteria
and indicators of sustainable forest management have been
designed in collaboration with Aboriginal communities (e.g.,
Natcher and Hickey 2002, Karjala et al. 2004, Saint-Arnaud et
al. 2009). However, decision making too often focuses on
short spatiotemporal scales (stand scale; one lifetime),
whereas Aboriginal people generally consider long-term
effects and legacies (Menzies and Butler 2006). Effects of forest management at the landscape scale and over several generations are not commonly addressed by planners during
consultation processes, although they could help Aboriginal
people make more informed choices. Here, simulation modeling was used to compare the long-term and landscape-scale
effects of three forest management scenarios (aggregated
clearcuts, dispersed clearcuts, and ecosystem-based management) on a set of sustainable forest management indicators
relevant to the values of an Aboriginal community.

Methods
Study area

The study area corresponds to the ancestral territory of the
Kitcisakik Algonquin community (Fig. 1).The territory covers approximately 6000 km2, of which some 80% is forested,
and it is subdivided into 29 family hunting grounds. It is
located in the western balsam fir (Abies balsamea L.) –
yellow birch (Betula alleghaniensis Britton.) bioclimatic subdomain (south) and in the western balsam fir – paper birch
(Betula papyrifera Marsh.) sub-domain (north) (Saucier et
al. 1998). Spruce budworm (Choristoneura fumiferana
Clem.) and forest tent caterpillar (Malacosoma disstria
Hbn.) outbreaks are the main natural disturbances (Ndione
2014). The mean natural forest age in a broad region
encompassing the study area is 150 years (Grenier et al.
2005, Ndione 2014), which provides a sound estimate of the
historical fire cycle (Bergeron et al. 2001). Forest harvesting
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dates back to at least the 19th century, mostly consisting of
selective cuts until the 1970s, when clearcut logging became
the main disturbance shaping the landscape (Ndione 2014)
and reducing forest age and connectivity.
The approximately 460 members of the Kitcisakik Algonquin community maintained a semi-nomadic lifestyle until
the late 20th century, and their livelihood and culture are still
largely based on hunting, trapping, fishing and gathering
(Saint-Arnaud et al. 2009). The Kitcisakik territory is under
governmental jurisdiction and straddles five forest management units. More than 60% of the productive forests have
been logged over the last 50 years, largely without taking into
account Aboriginal knowledge, needs and views, and without
compensation for the lost potential to pursue traditional
activities. Community members are consulted before annual
management plans are implemented, but they are largely dissatisfied with the process and consider it occurs too late in the
planning agenda, and is conducted primarily to provide the
government and forest managers with a good conscience
(Ndione 2014). This has caused widespread resentment in the
community, and has led to conflicts with the forest industry
(Saint-Arnaud et al. 2009).
Forest management scenarios

Three forest management scenarios were modelled for the Kitcisakik territory using SELES (Spatially Explicit Landscape
Event Simulator; Fall and Fall 2001): aggregated clearcuts
(AC), dispersed clearcuts (DC) and ecosystem-based management (EM). The Vermillon Landscape Model (VLM) developed in SELES (Fall et al. 2004, Didion et al. 2007), was modified by Larouche (2008) to create the Kitcisakik Landscape
Model (KLM). Detailed parameters of the KLM are provided
in Appendix 1 and in Larouche (2008). Data on forest stand
characteristics (tree species, stand age, road network, and
hydrological network) were retrieved from the database of the
third decennial forest inventory of Quebec’s Ministry of
Forests, Wildlife and Parks and transformed into 0.25 ha per
pixel raster layers. The oldest age class combines all stands
older than 100 years. Consequently, as suggested by Fall et al.
(2004) and Didion et al. (2007), ages of stands currently > 100
years old (8%) were redistributed randomly between 100 and
300 years to produce a more realistic representation of the age
class structure of old forests in the landscape.
The time-step used in the model was five years. This is sufficient to observe patterns occurring over a rotation across the
landscape, but would be inappropriate for modeling processes
with a rapid turnover rate that typically occur at smaller
scales. The VLM includes four sub-models: logging, road
building, wildfire, and aging. The original wildfire and aging
sub-models used were based on disturbance and forest
species parameters specific to the Kitcisakik territory,
whereas the logging and road building sub-models were
modified. The logging sub-model of the VLM, which only
includes two types of logging (aggregated clearcuts and
ecosystem-based management) was modified to introduce
a dispersed clearcuts scenario (Larouche 2008). In the AC
scenario, mature forests (≥ 75 years) were harvested in blocks
separated by 50-m bands of residual forest, aiming for an
annual harvest rate of 1% of the total forested area. Cut blocks
could be aggregated, provided that at least a third of the man-
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Fig. 1. Location of the study area in western Quebec, corresponding to the ancestral territory of the Kitcisakik Algonquin community,
divided into 29 family hunting grounds.

agement sub-units consisted of forests ≥ 7 m high at all times
(based on forestry guidelines of the Quebec Ministry of
Forests, Wildlife and Parks). The same parameters were used
in the DC scenario, but at least half of each management subunit had to consist of residual forests (i.e., ≥ 3 m) at all times,
in addition to at least a third of each management sub-unit
consisting of forests ≥ 7 m high. The ecosystem-based management strategy of the VLM was modified so that instead of
lengthening forest rotation to reach a predetermined portion
of stands older than 100 years, the KLM ecosystem-based
strategy aimed at producing target proportions of three
“cohorts” (0–100 years, 100–200 years, and 200–300 years) by
varying logging techniques (Bergeron et al. 1999). Clearcuts
were used to create first cohort stands (i.e., early successional,
post-catastrophic disturbance stands). A first type of partial
cut (P1) was used to create second cohort stands by harvesting 25% of the basal area of the oldest stems. A second type of
partial cut (P2) was used to create third cohort stands by harvesting 25% of the basal area of mature stems, while leaving
25% of the oldest trees to age. From an ecological perspective,
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stand-replacing forest fires were simulated by clearcuts,
whereas spruce budworm outbreaks which transform the first
cohort even-aged stands into second cohort uneven-aged
stands were simulated by P1. Gap dynamics characterizing
the transition from mature to old-growth stands were simulated by P2.
Cut block area varied from one scenario to another. For
AC, 90% of the cut blocks were 70–100 ha in size and 10%
were 101–150 ha. For DC, 90% of the cut blocks were 50–70
ha and 10% were 71–150 ha. Cut block area for AC and DC
followed the forestry guidelines of the Quebec Ministry of
Forests, Wildlife and Parks. For EM, a wider range of cut
block areas was used to better emulate the variability of stand
size created by natural disturbances (Fall et al. 2004): 70% of
the cut blocks were 100–150 ha, 25% were 151–300 ha, and
5% were 301–400 ha.
The road building sub-model of the VLM was modified by
Larouche (2008) to distinguish primary from secondary roads.
Starting from the existing road network, primary roads were
added at each simulation step until saturation (approximately
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Table 1: Criteria and indicators used to compare the three forest management scenarios.
Criteria*

Indicators

Justification

Sites and zones
of aboriginal interest

Age structure, i.e., propor- Keeping the age structure inside the historic range of variability is essential to
tion (%) of stands in each maintain landscape heterogeneity and to support various traditional activities such
cohort
as hunting, gathering of medicinal plants, knowledge transmission, or sacred ceremonies (Berkes and Davidson-Hunt 2006, Owen et al. 2009, Saint-Arnaud et al.
2009, Uprety et al. 2013).

Aboriginal land tenure
and equity between
families

Spatial distribution of
The impacts of forestry activities, both positive and negative, must be spread
cohorts also indicative of evenly on the territory, so that all families have equal access to resources (Deutsch
fragmentation, number of and Davidson-Hunt 2010).
patches (NP), mean patch
size (MPS), and size of the
largest patch (LP)

Access to ancestral lands
and ecosystem integrity

Extent of the road network,
i.e., annual construction of
primary and secondary
roads (km)

Development of the road network reduces ecosystem integrity by causing habitat
fragmentation (Trombulak and Frissell 2000). It also gives access to territories that
were previously inaccessible to forest users, thus increasing the potential for
conflicts between Aboriginal people and other users (Kneeshaw et al. 2010,
Adam et al. 2012).

Ecosystem health,
biodiversity, animal health,
population densities, and
possibility to pursue
subsistence and other
cultural and spiritual
activities

Wildlife habitat availability,
measured negatively as
forest habitat loss, i.e., area
clearcut annually (ha)

Habitat loss following a clearcut considerably affects First Nations activities by
reducing or displacing local populations of plants and wildlife, especially forest
obligate species (Burgess et al. 2005, Larouche et al. 2007, Weir and Corbould
2010, Cheveau et al. 2013).

*Modified from Saint-Arnaud et al. (2009)

1 km/km2). At each simulation step, secondary roads were created to reach the cut blocks located < 2 km from an existing primary road. For cut blocks located < 500 m from an existing
road, neither primary nor secondary roads were created.
Aboriginal criteria and indicators of sustainable forest management

For each scenario, 25 simulations were carried out in order to
follow the spatiotemporal evolution of four indicators of sustainable forest management judged relevant to the Aboriginal perspective over a total simulation period of 300 years:
forest age structure, spatial configuration of forest stands,
road network density, and habitat loss to clearcuts (Table 1).
The indicators were related to four sets of criteria developed
for the Kitcisakik territory in consultation with the community (Saint-Arnaud et al. 2009). To be used in the modeling
exercise, indicators had to be measurable and trackable on
forest maps. The selected indicators thus do not fully encompass the complexity of Aboriginal worldviews and knowledge however they cover recurrent preoccupations expressed
by Aboriginal people with regards to forestry at the scale
being evaluated. As well as being able to be modeled, the
indicators were also chosen to cover a range of preoccupations such as changes in forest conditions and forest esthetics, habitat modifications, accessibility and fragmentation.
Table 1 describes the relationship between the original criteria developed with the community and the rationale for the
measurable indicators that were modeled. These indicators
were discussed and validated with the community (Asselin
and Basile 2012).
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Results
Age structure

The proportions of the three cohorts in the landscape
undergo large fluctuations over the first rotation in all three
scenarios and do not stabilize until after about 150 years of
simulation (Fig. 2). The proportion of the youngest first
cohort stands decreased quickly in all scenarios and reached
its lowest level after 40–50 years of simulation (62% for AC
and DC and 44% for EM; Fig. 2a). The proportion of first
cohort stands then increased at different rates depending on
the scenario considered, to stabilize at 90% (AC), 70% (DC),
and 50% (EM).
The proportion of 2nd cohort stands increased sharply in
all scenarios following the beginning of the simulation, reaching peak values after 40–50 years of simulation (Fig. 2b). The
peak was higher for EM (52%) than for AC and DC (36%).
The proportion of 2nd cohort stands then decreased in all scenarios to stabilize at 8%, 15% and 25% for AC, DC and EM,
respectively. The proportion of 3rd cohort stands remained
below 5% for all scenarios during the first 100 years of simulation (Fig. 2c). Between 100 and 150 years the proportion of
3rd cohort stands increased abruptly and stabilized at 15%
after 240 years in the DC scenario and at 25% after 210 years
in the EM scenario. The proportion of 3rd cohort stands in the
AC scenario remained below 4% throughout the entire simulation.
Spatial configuration of the cohorts

At simulation equilibrium, patches of 1st and 2nd cohort
stands were larger and less numerous for AC than for DC or
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EM (Fig. 3). For 3rd cohort stands, mean patch size was higher
for DC, although the size of the largest patch and the number
of patches were higher for EM (Fig. 3).
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Access to territory and landscape connectivity

The cumulative number of kilometres of primary and secondary roads was compiled for each scenario (Fig. 4). In all
scenarios, the landscape ended up being saturated with more
than one primary road per km2. However, saturation
occurred more quickly for the DC scenario (50 years) than for
either the EM or AC scenarios (both at 80 years). The DC scenario required approximately 30% more secondary roads at
the end of simulation time than the other two scenarios, and
this difference occurred rapidly after the simulations began.
Forest habitat availability

Fig. 2. Average proportion of (a) 1st cohort stands, (b) 2nd cohort
stands, and (c) 3rd cohort stands for 25 simulation runs with
three forest management scenarios: ecosystem-based management (dotted line), dispersed clearcuts (dashed line) and aggregated clearcuts (solid line).

Forest habitat availability was evaluated as being inversely
proportional to the loss of forest cover, estimated by the area
harvested annually by clearcut. Annual loss of forest cover
was around 2000 ha for EM, and twice as much (around
4000 ha) for AC (Fig. 5). The DC scenario showed great variability in the area harvested annually by clearcut. After the
first 35 years during which 1% of the forest cover was
removed annually (around 4000 ha), the simulation went
through a boom-bust cycle where every peak phase failed to
attain the 1% threshold initially parameterized for area harvested annually by clearcut.

Discussion

Maintaining a diversity of stand ages at the landscape scale,
including old-growth forests, provides habitat for a variety of
wildlife and plant species
on which traditional
activities rely (Berkes and
Davidson-Hunt 2006,
Owen et al. 2009, SaintArnaud et al. 2009,
Uprety et al. 2013). Of the
three forest management
scenarios analyzed in this
study, only EM succeeded
in preserving, at the landscape scale and for a long
period of time (> 300
years), a forest structure
comparable to the historic range of variability
resulting from the natural
fire cycle estimated at 150
years (Grenier et al.
2005), i.e., 50% of stands
over 100 years (Cyr et al.
2009). This analysis,
however, supposes that
the partial cutting techniques used in the 2nd
and 3rd cohort stands
effectively
emulate the
Fig. 3. Mean values for 25 simulation runs of mean patch size (MPS), size of the largest patch (LP) and
conditions found in natunumber of patches (NP), for the three cohorts and for each management scenario: ecosystem-based
management (dotted line), dispersed clearcuts (dashed line) and aggregated clearcuts (solid line). Note
ral forests (e.g., Bergeron
the varying y-axis scales.
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are inextricably related to the maintenance
of Aboriginal cultures (Booth 1994, Krcmar
et al. 2006). Values associated with old
forests include wildlife habitat, medicine,
heritage, and sacredness (Owen et al. 2009).
In the scenarios presented in this study,
recruitment of 2nd cohort stands started at
the beginning of the simulation, with little
difference between scenarios for the first 25
years and then peaking after 40–50 years of
simulation, the peak being higher for EM
and DC than for AC. The more than two and
a half decades required for differences to
occur could contribute to the negative perception of Aboriginal communities towards
all kinds of forest management (SaintArnaud et al. 2009). The DC scenario generated three times more 2nd and 3rd cohort
stands than AC, but only half as much as
EM. However, the fact that change could be
perceived in one person’s lifetime could lead
to eventual changes in perception. The even
slower change in the proportion of the oldest
Fig. 4. Cumulative number of kilometres of primary and secondary roads over 300
3rd cohort stands (> 100 years) would be
years of simulation (25 runs) for three management scenarios: ecosystem-based
unsatisfactory for decisions made only for
management (dotted line), dispersed clearcuts (dashed line) and aggregated
the current generation. The modeled
clearcuts (solid line).
changes may thus be useful in convincing
the community that choices for forest management can be made that will leave future
generations with a better forest, which is
important in the culture as the people see
themselves as stewards of the land (Davidson-Hunt and Berkes 2003, Saint-Arnaud et
al. 2009). Leaving better forests for future
generations may also provide economic
advantages (e.g., jobs) to some community
members.
Patch size was more variable in the EM
scenario, which could favour a greater variety
of wildlife species with varying interior and
edge habitat needs by creating greater landFig. 5. Area harvested annually by clearcut (ha) over 300 years of simulation (25
scape heterogeneity. Higher retention of
runs) for three management scenarios: ecosystem-based management (dotted
patches of 2nd and 3rd cohort stands in DC
line), dispersed clearcuts (dashed line) and aggregated clearcuts (solid line).
and EM can be explained by reduced harvest
rates compared to AC. Indeed, DC failed to
et al. 1999). Partial harvesting systems that remove the largest
reach the 1% targeted annual harvest rate, probably because of
trees may maintain continuous cover and minimise colonisaconstraints to cut block dispersal. In the EM scenario, only half
tion by invasive early successional weed species but may
of the area was clearcut, whereas the rest of the forest was manreduce habitat for wildlife species requiring large trees
aged with one of two types of partial cuts. These harvests may
(Nilson et al. 2001). In similar forests, partial cuts were found
in themselves disturb wildlife habitat with multiple entries
to maintain mature forest characteristics but not to accelerate
occurring in stands over a large portion of the landscape (Vanthe development of old-growth characteristics (Haeussler et
derwel et al. 2009, Le Blanc et al. 2010, Fenton et al. 2013).
al. 2007). This is thus a reminder that it is critical that approReduced harvest in the DC and EM scenarios will have
priate stand-level decisions be made to ensure that potentially
environmental and sociocultural advantages, but is an obvipositive results at the landscape scale are in fact manifest. In
ous drawback from a profitability point of view. EM mainthis sense it is worth noting that, across the managed landtained at least one patch of 3rd cohort stands of greater dimenscape, DC and AC only maintained 30% and < 10% of stands
sion than the other scenarios for the entire simulation.
older than 100 years, respectively.
Old-growth stands must have a sufficient dimension to mainSecond and third cohort stands are of considerable importain interior forest species and ecosystem integrity (Angertance because of their contribution to biodiversity (Spies and
meier and Karr 1994, Haeussler and Kneeshaw 2003).
Franklin 1996, Burton et al. 1999, Kneeshaw and Gauthier
Although the simulations started at time 0 with a territory
2003). In addition to their ecological significance, old forests
that had already been heavily disturbed (more than 60% of
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the Kitcisakik territory has been clearcut over the last 50 years
(Saint-Arnaud et al. 2009), over the long-term (> 100 years),
both EM and DC restored and maintained a certain proportion of old forests in every family hunting ground. A variety
of habitats in each family hunting ground could be expected
to have greater social acceptability, as equity in amount of disturbance between family hunting grounds would ensure that
all families have equal chances of practicing cultural activities
(Deutsch and Davidson-Hunt 2010). From a wildlife perspective, AC resulted in an aggregation of old forests which could
be important for some species such as caribou (Courtois et al.
2007) or marten (Cheveau et al. 2013).
EM and DC did not reduce the amount of primary roads,
compared to AC. Nevertheless, EM necessitated fewer secondary roads than either AC (8% more) or DC (36% more).
Moreover the territory was saturated with primary roads
faster for DC than for EM or AC. Although increased access
to territory might seem a positive outcome for Aboriginal
people (facilitating access to hunting grounds), road building
contributes to the deterioration of forest ecosystems (Trombulak and Frissell 2000) and has both positive and detrimental impacts on Aboriginal people (Kneeshaw et al. 2010,
Adam et al. 2012). For example, Adam et al. (2012) showed
that road networks created inter-community tensions as
knowledge and access to the land were no longer dependent
on traditional cultural norms. Furthermore, increased access
to the territory by non-aboriginal users can cause conflicts
with Aboriginal people (Kneeshaw et al. 2010). The slower
development of the road network in the EM scenario would
give more time to Aboriginal people to adopt measures to
mitigate impacts. However, EM would lose its advantage with
regards to road density if harvest levels were increased to be
the same levels as in AC, underlining the importance of harvest levels.
Because EM was parameterized so that the annual harvest
would be half by clearcut and the rest by partial cuts, it maintained more forest cover than the other two scenarios. Earlier
research has suggested that partial cuts maintain some of the
habitat requirements of wildlife species of high Aboriginal
importance, like marten (Martes americana) or fisher (Pekania pennanti), which avoid recent clearcuts (Weir and Corbould 2010, Cheveau et al. 2013). Moreover, partial cuts
could allow for the restoration or maintenance on the landscape of tree species of high value for Algonquin people, like
eastern white-cedar (Thuja occidentalis) (Larouche et al.
2007) or white pine (Pinus strobus) (Burgess et al. 2005).
Maintaining forest cover after harvesting is also more acceptable from an aesthetic point of view (Yelle et al. 2008),
thereby increasing social acceptability (Germain 2012). It
could thus reduce the resentment with regards to the deterioration of forest ecosystems (Saint-Arnaud et al. 2009). The
area lost to clearcut only reflects part of the habitat requirements of all wildlife species. Nevertheless, most species of
high cultural interest need forest cover for some or most of
their activities. Species such as moose (Alces alces) and deer
(Odocoileus virginianus) which benefit from patchy environments require coniferous forest for winter habitat whereas
forestry has greatly increased the abundance of early successional shade-intolerant hardwoods (Carleton and MacLellan
1994, Laquerre et al. 2009). Furthermore, clearcuts are a
major and recurrent issue in studies on the preoccupations
of aboriginal people with regard to forest management
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(e.g., Sapic et al. 2009, Germain 2012). The area lost to
clearcut is also an integrative index. Modeling habitat suitability indices (HSI) requires choosing target organisms one
at a time due to different habitat needs. It also requires a
thorough understanding of the biology of the organism in
question and the ability to model all the factors that influence
its fitness (Roloff and Kernohan 1999). This highlights the
complexity of our exercise and also the need to follow-up this
work with studies based on other indicators and other scenarios.

Conclusion
Among the three scenarios modelled in this study, the constraints imposed for ecosystem-based management led it to
harvest less and thus it scored best on the four measured indicators, pointing towards the fact that annual allowable cut
should be a key factor to put on the table to ensure better
compliance with Aboriginal criteria of sustainable forest
management. Using standard linear programming, Dhital et
al. (2013) showed that implementing ecosystem-based management and taking Aboriginal land-use into account
resulted in a 7%–21% reduction of the annual allowable cut,
compared to a “business as usual” scenario. Even after such a
reduction, the resulting annual allowable cut values were still
within the range of harvest levels in that area between 2000
and 2010. Using partial cuts to harvest some of the wood biomass while maintaining forest cover could allow for some traditional activities to continue (Owen et al. 2009, SaintArnaud et al. 2009, Uprety et al. 2013) while lowering the
pressure on the annual allowable cut (Ruel et al. 2013).
EM was the scenario that performed the best in the indicators tested, creating a more even distribution of stands from
the three cohorts across the landscape, in line with the Aboriginal land tenure system where each family should have
equal access to resources. It should however be stressed that
this study was conducted at the landscape scale and relied on
a limited number of indicators. Consequently, although the
results point towards higher acceptability of the ecosystembased management scenario, further studies are needed to
identify and test additional indicators and scenarios at different spatial and temporal scales. Participatory techniques
would be particularly appropriate in this regard (Fraser et al.
2006). Given the current state of the landscape, many of the
advantages of EM would not be expressed for generations
whereas the economic disadvantages may occur more rapidly.
As sagaciously expressed by a member of the Kitcisakik community when presented with the results of the simulations,
“ecosystem-based management is not the best scenario but
the least worst”.
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Appendix 1. Parameters of the simulations used to model the three management scenarios for the Kitcisakik territory (more
details in Larouche (2008)).
Parameters

Values

Target harvest rate (ha/year)

4055 (1% of total forested area)

Minimum stand age for harvesting (years)

75
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Proportion of each harvesting type (%)
AC
DC
EM
Time interval between partial cuts (years)

Clearcut

Partial cut 1

Partial cut 2

100
100
50

0
0
25

0
0
25

Small

Medium

Large

70–100
50–70
100–150

101–150
71–150
151–300

–
–
301–400

Small

Medium

Large

90
90
70

10
10
25

0
0
5

10

Size classes of harvested areas (ha)
AC
DC
EM
Proportion of each size class (%)
AC
DC
EM
Mean stand age at 7 m (years)

35

Minimum proportion of stands ≥ 7 m in a management sub-unit (%)

33

Minimum proportion of residual forest ≥ 3 m high in a cut block (%)

50 (only for dispersed clearcuts)

Maximum distance between a cut block and a primary road (km)

2

Distance between a cut block and a road not necessitating new road
construction (m)

500
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