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1 | INTRODUCTION
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| David Pothier

Abstract

Forest logging has contributed to the decline of several woodland caribou populations
by causing the fragmentation of mature coniferous stands. Such habitat alterations
could be worsened by spruce budworm (SBW) outbreaks. Using 6201 vegetation
plots from provincial inventories conducted after the last SBW outbreak (1968-1992)
in boreal forests of Québec (Canada), we investigated the influence of SBW-caused
tree defoliation and mortality on understory vegetation layers relevant to woodland
caribou and its main predators. We found a positive association between severe out-
breaks and the cover of most groups of understory plant species, especially in stands
that were dominated by balsam fir before the outbreak, where a high canopy open-
ness particularly benefited relatively fast-growing deciduous plants. Such increases
in early successional vegetation could provide high-quality forage for moose, which
is likely to promote higher wolf densities and increase predation pressure on caribou.
SBW outbreaks may thus negatively affect woodland caribou by increasing predation
risk, the main factor limiting caribou populations in managed forests. For the near
future, we recommend updating the criteria used to define critical caribou habitat to
consider the potential impacts of spruce budworm defoliation.
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TAXONOMY CLASSIFICATION
Conservation ecology

decline of woodland caribou populations was attributed to over-

Since the end of the 19th century, the geographic range and popula-
tion size of woodland caribou (Rangifer tarandus caribou Gmelin) have
gradually declined (Courtois et al., 2003) leading to its designation
as threatened with extinction in Canada in 2002 (COSEWIC, 2002)
and as vulnerable in Québec in 2005 (MFFP, 2005). While the early

hunting (Bergerud, 1974), the increased predation risk associated
with forest logging appears to be the main cause of some recent
population reductions across Canada (Wittmer et al., 2005; Wittmer
et al., 2007 in British Columbia; Bowman et al., 2010 in Ontario;
Courtois et al., 2007 in Québec). Even though caribou could benefit

up to a point from the increased abundance of forage (deciduous or
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coniferous; Table 3), it tends to prioritize predator avoidance (Hins
et al., 2009; McGreer et al., 2015) over forage availability when se-
lecting habitat, which generally restrains caribou to less productive
environments such as mature forests (Hins et al., 2009). By favoring
early successional vegetation, logging provides suitable habitat for
moose (Alces alces L.), which indirectly increases predation on cari-
bou by supporting higher predator densities, particularly wolf (Canis
lupus L.; Bowman et al., 2010 in Ontario; Mosnier, Boisjoly, et al.,
2008, Courbin et al., 2009, in Québec; James et al., 2004; Peters
et al., 2013 in Alberta; Rettie & Messier, 2000 in Saskatchewan).
Infrastructures left by logging such as cutlines, trails, and roads also
provide forage for moose and facilitate movement by wolf and are
thus considered to have a strong negative effect upon caribou hab-
itat (Dickie et al., 2016; Wittische et al., 2021). For these reasons,
caribou survival tends to be negatively correlated to the extent of
regenerating stands located within its home range (Courtois et al.,
2007; Wittmer et al., 2007).

The growing extent of areas affected by forest logging through-
out the 20th century has altered disturbance dynamics and increased
disturbance frequency within the boreal forest (Boucher & Grondin,
2012; Guindon et al., 2014). In this context, the interaction between
logging and natural disturbances could have critical implications for
woodland caribou habitat. Although fire is generally understood as
the main natural disturbance in the boreal forest (Stralberg et al.,
2018), spruce budworm (Choristoneura fumiferana Clemens; SBW)
outbreaks also represent a major natural disturbance in eastern
North America, affecting millions of hectares of forests (Bouchard
& Auger, 2014; Sturtevant et al., 2015). Outbreaks occur periodically
every 30-40 years (Jardon et al., 2003) and result in the defolia-
tion of its hosts, leading to important tree mortality. Tree mortality
levels vary according to stand composition, number of consecutive
years with severe defoliation, and stand age (Bouchard et al., 2005).
Balsam fir (Abies balsamea Mill.) tends to suffer greater SBW defolia-
tion than other hosts (Hennigar et al., 2008) and can be affected by
mortality levels reaching up to 90% of individuals (Bouchard et al.,
2005).

Tree defoliation and mortality induced by SBW outbreaks causes
changes in canopy openness (D’Aoust et al., 2004), which can alter
stand dynamics and understory composition (Kneeshaw & Bergeron,
1998; Sanchez-Pinillos et al., 2019). While balsam fir recruitment
tends to be abundant in stands that suffered heavy mortality (Virgin
& Maclean, 2017), increased canopy openness also benefits shade-
intolerant deciduous species present in the understory, which may
form an important component of the canopy in the decades follow-
ing the disturbance (D’Aoust et al., 2004; Sanchez-Pinillos et al.,
2019). These shifts in understory structure and composition due to
insect pests (Fourrier et al., 2015; Kemball et al., 2005) may be det-
rimental for animal species that are dependent on mature stands,
including woodland caribou.

Spruce budworm outbreaks have historically occurred mainly
within the southernmost part of woodland caribou's distributional
range, yet a northward shift in SBW outbreak distribution is expected
with climate warming (Navarro et al., 2018; Régniére et al., 2012),

potentially increasing the overlap between the ranges of the SBW and
woodland caribou. Moreover, because caribou habitat has been signifi-
cantly fragmented by forest logging over the last decades (Fryxell et al.,
2020), SBW outbreaks could affect the remaining mature coniferous
patches and negatively affect already fragile caribou populations. Still,
the potential effect of SBW outbreaks on the habitat of caribou, its
main predators, and moose (the main alternate prey of wolf) remains to
be investigated. This is of major importance, because the SBW could
potentially affect boreal forest understories synchronously across
1000’s of km?. In this study, we evaluated the influence of the last
SBW outbreak (1968-1992) on the understory of boreal stands in the
vicinity of woodland caribou distributional range within the province
of Québec. We investigated the effect of SBW defoliation on key un-
derstory plant species that are important for either caribou, moose,
or their predators, and the potential importance of these changes are
interpreted in the context of the SBW outbreak that is currently un-
folding in this territory.

2 | MATERIALS AND METHODS

2.1 | Plotselection and data compilation

We used a network of 28,425 ecological observation plots (EOPs)
that were established between 1986 and 2000 by the Ministére
des Foréts, de la Faune et des Parcs (MFFP) of the Government
of Québec. This wide-ranging inventory covered most of the con-
tinuous forest of Québec and characterized biological and physical
attributes of forest stands that had established in different topo-
graphical, geological, and geomorphological contexts. EOPs con-
sisted of 400 m? circular plots organized along transects comprising
of between five and seven plots so that one EOP was established
every 15 to 25 km? across the whole inventoried area (see Saucier
et al.,, 1994 for more details on EOPs). Vegetation cover (percent
cover for every species in the 400 m? plot) in the under- and over-
story strata was measured in each EOP, and the presence of signifi-
cant tree mortality (25%-75% and >75% of stand basal area) was
evaluated, together with the most likely cause of death, such as fire,
logging, or SBW outbreak.

We combined field observations of SBW-induced tree mortality
and annual aerial defoliation estimates from aerial surveys conducted
by the Government of Québec (1967-2000), which were conducted
on different spatial scales (i.e., 400 m? and 58 km?, respectively), to
create an outbreak severity classification at the EOP-scale using the
following four levels: null, low, moderate, and severe (see Appendix
S1 for detailed methodology). The null level corresponded to EOPs
with null aerial defoliation estimates and no field observations of
SBW-induced tree mortality. The low level comprised EOPs without
field observations of SBW-induced tree mortality, but with at least
one year of moderate to severe aerial defoliation. The moderate and
severe levels included plots in which SBW induced the mortality of
25%-75% and >75% of stand basal area, respectively, regardless of the
number of years of moderate to severe aerial defoliation (Figure S1).
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To investigate the effect of SBW outbreaks on woodland caribou
habitat, we selected all plots located within the balsam fir-white birch
(Betula papyrifera Marsh.) and the black spruce (Picea mariana Mill.
B.S.P.)-moss bioclimatic domains, which overlap the current wood-
land caribou distribution or are within its historical range (Courtois
et al., 2003). From these plots, we selected those that could be con-
sidered preferred woodland caribou habitat because they were as
follows: (1) within stands >40 years old (Bastille-Rousseau et al.,
2012); (2) dominated by coniferous trees (>75% of canopy trees;
Bastille-Rousseau et al., 2012; Hins et al., 2009); (3) dominated by
balsam fir or spruce (we removed seven and eleven plots dominated
by eastern white-cedar (Thuja occidentalis L.) and unknown species,
respectively); and (4) unaffected by recent (<40 years) disturbances
other than SBW outbreaks, such as fire or logging, which are avoided
by caribou (Bastille-Rousseau et al., 2012; Hins et al., 2009). To this
selection, we added all plots corresponding to moderate and severe
levels of our outbreak severity classification (>25% SBW-induced
tree mortality). Given that SBW-induced mortality is strongly cor-
related with the proportion of pre-outbreak host tree abundance
(Bouchard et al., 2005), it is likely that most of these plots were es-
tablished in mature stands dominated by conifers prior to the out-
break, thereby constituting potentially suitable habitat for caribou.
Our final dataset consisted of 6201 plots (Figure 1; Table 1).

For each plot in our final dataset, we extracted understory spe-
cies cover (as the proportion of the 400 m? plot) from the ground
layer to the upper shrub layer (<4 m in height) from the inventory
dataset. Species cover was set to the mid-point of each cover class,
for example, 90% for class 81%-100%, 70% for class 61%-80%,
and so on. Cover was summed for each of the following vegetation
groups: coniferous and deciduous tree seedlings and saplings (<4 m-
high, hereafter referred to as coniferous and deciduous tree regen-
eration); coniferous and deciduous shrubs; ferns; forbs; fruit-bearing
species; horsetails; terricolous lichens; lycopods and bryophytes
(see Table S1 for a detailed species classification). Given that a spe-
cies used for its fruits could also be used for its foliage, fruit-bearing
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species were included in two groups. We also extracted the eco-
logical type of each EOP from the MFFP forest inventory database,
which is based upon stand physical characteristics, disturbance
dynamics, and potential vegetation in late-seral conditions (MFFP,
2019). We used this variable as an indicator of pre-outbreak stand
composition and classified each EOP as either a pre-outbreak balsam
fir- or spruce-dominated stand. This allowed us to accurately assess
the SBW outbreak severity effect on the understory community
by controlling for the confounding effect of pre-outbreak canopy
composition, which may influence understory composition (Fourrier
etal., 2015).

2.2 | Statistical analyses

Using generalized linear models, we investigated the impact of an in-
creasing SBW outbreak severity on understory vegetation using the
understory groups described in the previous sections. Generalized
linear models were implemented for each of these understory
groups, using the level of outbreak severity as an ordinal predictor
and the percent cover as response variable. We constructed inde-
pendent models for each combination of bioclimatic subdomain and
ecological type. Indeed, the distribution of the EOPs correspond-
ing to the two ecological types was strongly uneven within each of
the outbreak severity levels (Table 1) and led to biased understory
responses to outbreak severity when used together in a full model.
Specifically, most of the plots characterized by a null or low level of
outbreak severity consisted of spruce-dominated stands, whereas
the plots affected by moderate and severe outbreaks mostly con-
sisted of fir-dominated stands. Therefore, the results of a full model
were more representative of a switch from spruce- to fir-dominated
stands, rather than associated with outbreak severity. Finally, the
vegetation and the climatic conditions underlying the definition of
each subdomain would be complex if impossible to integrate in a full
model, also justifying the implementation of independent models.
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FIGURE 1 Location of the 6201
plots used to study the effects of
spruce budworm (SBW) outbreaks on
understory composition in Québec,
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Generalized mixed models were constructed using the package
“glmmTMB” (Magnusson et al., 2017) in the R environment (R Core
Team, 2018). Models were fitted with either a negative binomial or
quasi-Poisson distribution (Table S2) depending on the distribution
that best suited our data. The addition of a zero-inflation term was
sometimes necessary, as some understory groups were sparsely dis-
tributed across the plots. Models’ residuals were carefully checked
to identify outliers and over- or under-dispersion using diagnostic
plots and corresponding tests generated by the package “DHARMa”
(Hartig, 2017). Spatial autocorrelation was checked using a permu-
tational test for the Moran's | statistic as implemented by the func-
tion “moran.mc” of the package “spdep” (Bivand & Wong, 2018).
Evidence of spatial autocorrelation was found in preliminary models
when using generalized linear models. This issue was addressed by
adding Transect ID as a random effect, as it was an efficient and
comprehensible way to account for spatial autocorrelation, whereas
the inclusion of spatial coordinates as correlation structure resulted
in nonconvergence issues.

We also evaluated the response of targeted species that are
recognized as forage for caribou, moose, and bear (Table 3) to an
increasing SBW outbreak severity. We investigated the impact
of SBW outbreak severity on terricolous lichens from the genus
Cladonia, upon which woodland caribou feeds throughout the
year, and graminoids and forbs species, which form a major part of
caribou diet during the snow-free period (Thompson et al., 2015;
see Table 3 for additional references). We also investigated the
response of multiple fruit-bearing species, which benefit moose
(Finnegan et al., 2017), black bear (Ursus americanus; Brodeur et al.,
2008) and coyote (Canis latrans; Boisjoly et al., 2010), and a range
of deciduous shrubs and tree seedlings species, which are recog-
nized as quality forage for moose (Dussault et al., 2005). For in-
vestigating the effect of an increasing SBW outbreak severity on
individual species, we used the same methodology as that used
for understory groups, but this time using a zero-inflated negative
binomial distribution, which better suited the distribution of indi-
vidual species.

3 | RESULTS

An increasing level of outbreak severity induced significant changes
in the abundance of most of the understory groups in the fir-
dominated stands (Figure 2; Table 2). In these stands, our results
revealed similar patterns across all four climatic subdomains. An in-
creasing outbreak severity generally benefitted coniferous and de-
ciduous regeneration, deciduous shrubs, fruit-bearing species, ferns,
and forbs. In comparison, the cover of lichens and ericaceous spe-
cies was negatively related to an increasing outbreak severity. Model
predictions indicated that the cover of coniferous regeneration in-
creased by 6 to 30% across all subdomains, with the greatest in-
creases found in the spruce-moss subdomains (Figure 2). The cover
of deciduous regeneration increased by 10%-40%, with a strong in-
crease in the western balsam fir-white birch subdomain. Models also
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indicated an increase in the cover of deciduous shrubs, fruit-bearing
species, and forbs of 6%-10%, 4%-12%, and 5%-10%, respectively,
with an increasing outbreak severity. The cover of ericaceous spe-
cies also decreased with an increasing outbreak severity, with de-
creases ranging between 6% and 27%, and peaking in the western
subdomains. A decline in lichen cover was observed and was also
more important in the west, but the magnitude of the change in
cover was lower than the changes observed for the other under-
story groups and ranged between 0.5% and 3% across the four sub-
domains. In contrast with the fir-dominated stands, the understory
of spruce-dominated stands showed a limited response to increases
in SBW outbreak severity. Most the changes in understory group
cover were found in the western spruce-moss subdomain, with lim-
ited changes in the other subdomains (Table 2). Changes observed
in the western spruce-moss subdomain were mostly similar to the
changes observed in the fir-dominated stands, except for conifer-
ous regeneration and fruit-bearing species, which showed opposite
trends (Table 2).

We also investigated the response of individual plant species
that were acknowledged as important for caribou, moose, and
their predators in the literature (Table 3). The response of these
species was coherent with the general response of the understory
groups described previously, particularly in fir-dominated stands.
In accordance with our previous results, models indicated that the
percent cover of balsam fir and white birch regeneration increased
with outbreak severity. In the fir-dominated stands, the cover of
balsam fir regeneration increased by 10%-30% in severely af-
fected plots. White birch was the species associated with the
more consistent increase in cover within the deciduous regenera-
tion group, with an increase in cover increase ranging between 4%
and 16% in severely affected plots. Deciduous shrubs and fruit-
bearing species such as mountain maple (Acer spicatum Lamarck),
raspberry (Rubus idaeus L.), pin cherry (Prunus pensylvanica L.), and
mountain-ash (Sorbus spp) also showed a consistent increase with
increasing outbreak severity (Table 3). Among these species, the
greatest responses were found for raspberry and mountain maple,
with increases in cover reaching up to 20% and 32%, respectively,
in the balsam fir-white birch subdomains. In accordance with the
general decline in lichen cover associated with more severe SBW
outbreaks, lichens form the genus Cladonia also consistently de-
creased with increasing outbreak severity across the study area.

4 | DISCUSSION

Understory development is important for woodland caribou popula-
tions, mostly because it benefits moose, which ultimately leads to an
increased risk of wolf predation (James et al., 2004; Nadeau Fortin
etal., 2016). SBW outbreaks tend to create canopy openings that are
more diffuse and less severe than other disturbances such as wildfire
or clearcutting (Bouchard et al., 2008). On the other hand, and even
if they are less severe locally, these outbreaks cover huge regions
and have the potential of generating major impacts on woodland



CHAGNON ET AL.

6of 14 WI LEY-ECOIOgy and Evolution

Open Access,

Fir-dominated stands
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caribou habitats at the regional level (Labadie et al., 2021). We re-
ported a substantial effect of SBW outbreak on the understory of
eastern boreal forests of North America, which magnitude increased
with outbreak severity. SBW outbreaks may thus reduce habitat
quality for animal species that depend on the presence of mature
coniferous stands, such as woodland caribou (Hins et al., 2009). In
a context where forest harvesting has already fragmented mature
coniferous forest habitats (Bastille-Rousseau et al., 2012; Courtois
et al., 2007), SBW disturbances might further decrease the value of
the residual patches and their contribution to the conservation of
woodland caribou populations. At the regional level, we showed that
vegetation response varied among the four climatic subdomains, to-
gether with variation in the relative proportion of severely affected
plots (Table 1). Variation in the proportion of severely affected plots
was likely influenced by differences in the relative abundance of fir,
the most vulnerable species, which tends to be higher in warmer

(southern) and more humid (eastern) subdomains. The biological per-
formance of the spruce budworm itself may also contribute to the
difference in the proportion of severely affected plots, as it tends
to cause less damage in colder climatic conditions (Régniére et al.,
2012).

4.1 | Influence of outbreak severity on understory

Not surprisingly, our results highlighted a greater influence of
outbreaks in balsam fir-dominated stands compared to spruce-
dominated stands, which was revealed through both a greater
number of severely affected plots and a more consistent response
of the understory. Given that balsam fir is more vulnerable to
SBW defoliation than spruce (Hennigar et al., 2008), fir-dominated
stands suffered greater tree mortality, which likely increased
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transmitted light availability (D'Aoust et al., 2004) and altered
competitive dynamics in the understory (Kneeshaw & Bergeron,
1998). Accordingly, even though spruce- and fir-dominated stands
experienced similar levels of defoliation, the lower mortality of
spruce following SBW defoliation resulted in a limited response of
the understory layers.

Our results indicated a general increase in deciduous shrubs
and tree regeneration cover with increasing outbreak severity in
firr-dominated stands. The relatively high abundance of the conif-
erous regeneration is coherent with previous findings showing
that even if the SBW generates an important mortality in mature
trees, seedlings, and saplings tend to persist through outbreaks
(Bouchard & Pothier, 2010). A positive response was also observed
for deciduous species, particularly in firrdominated stands, which
was likely promoted by the relatively common presence of sev-
eral deciduous species in this stand type in pre-outbreak condi-
tions (Kemball et al., 2005). Following a disturbance, these species
may rapidly take advantage of the increased light and proliferate
(Kemball et al., 2005; Kneeshaw & Bergeron, 1998; Kneeshaw &
Bergeron, 1998) and can lead in the long-term to a shift from conif-
erous to mixed or even deciduous stand compositions (Bouchard
et al.,, 2006; Sanchez-Pinillos et al.,, 2019). Change in overstory
composition from conifer to hardwood could exert a persistent in-
fluence on the understory since overstories dominated by decidu-
ous species tend to allow greater light transmission (Fourrier et al.,
2015; Messier et al., 1998).

We observed a general decline in Cladonia species cover with
increasing SBW outbreak severity that was likely caused by the
establishment of aggressive shade-intolerant species. Understory
deciduous may rapidly take advantage of canopy openings fol-
lowing disturbance (Kemball et al., 2005) and prevent light from
reaching the ground layer, which may be detrimental for lichens
(Chagnon & Boudreau, 2019). Similar dynamics have been reported
following a mountain pine beetle outbreak in British Columbia,
where lichen cover declined whereas vascular species expanded
(Cichowski et al., 2008). Moreover, insect outbreaks tend to in-
crease soil nutrient availability (reviewed by Maynard et al., 2014),
which promotes the growth of vascular plants that may outcom-
pete lichens (Haughian & Burton, 2015). Our results also indi-
cated a greater abundance of fruit-bearing species with increasing
outbreak severity, especially in firr-dominated stands, which was
mainly driven by Rubus idaeus. This species is considered a distur-
bance specialist that responds quickly to environmental changes
and was also associated with severe outbreaks in balsam fir-white
birch mixed stands (Fourrier et al., 2015). In addition to increased
cover, fruit production may benefit from the increased light avail-
ability following the outbreaks (Moola & Mallik, 1998). It is possible
that some fruit-bearing ericaceous shrubs that are present under
spruce canopies, such as Vaccinium spp., experience increased fruit
productions even if their abundance decreased with an increasing
SBW outbreak severity, a phenomenon that could not be assessed
with the data at hand.

4.2 | Implications for woodland caribou

By promoting the presence of early successional species in the
understory of mature boreal stands, SBW outbreaks could affect
woodland caribou populations by increasing the presence of preda-
tors and moose. The abundance of species such as mountain maple,
white birch, and balsam fir has increased in severely affected plots in
both fir- and spruce-dominated stands in all bioclimatic subdomains
and may enhance habitat quality for moose, for which they represent
key forage (Franklin & Harper, 2016; Smith et al., 2010). For example,
mountain maple was identified as one of the main food sources in
the diet of moose in western Québec where it represented >50% of
the food consumed (Créte & Jordan, 1981; Joyal, 1976). Moreover,
outbreaks promote complex stand structures that combine the char-
acteristics of both old-growth and regenerating stands (Martin et al.,
2019), which may benefit moose by offering both forage and shelter
(Dussault et al., 2005). Increased browsing was previously observed
in SBW-defoliated gaps (Franklin & Harper, 2016; Smith et al., 2010),
supporting that moose may select defoliated stands over nondis-
turbed stands for foraging.

Because wolf density generally increases with increasing
moose abundance (Bowman et al., 2010; Gagné et al., 2016), SBW
outbreaks may intensify predation on caribou. A greater predator
density may also be favored by the increase in fruit-bearing spe-
cies abundances within moderately and severely defoliated stands.
Berries, including raspberry, the fruit-bearing species that showed
the greatest positive response to increasing outbreak severity con-
stitute one of the main food sources for both black bear (Brodeur
et al., 2008; Mosnier, Ouellet, et al., 2008) and coyote (Boisjoly et al.,
2010). As these species are important predators of juvenile caribou
(Lewis et al., 2017; Pinard et al., 2012), increased berry availability
following SBW outbreaks may contribute in intensifying predation
pressure on caribou, which constitute one of the main factors limit-
ing caribou populations (Bowman et al., 2010; Courtois et al., 2007;
Wittmer et al., 2005, 2007).

Overall, SBW outbreaks appear to promote an understory com-
position that may be favorable for moose and predators and thus
unfavorable for caribou. Still, changes in vegetation cover may not
be sufficient to induce effective changes in habitat selection, which
is a complex and multifactorial process (Leblond et al., 2011). Future
studies are needed to evaluate the influence of SBW outbreaks on
forage quality and biomass and specifically investigate the impact
of SBW outbreaks on habitat selection of caribou and interacting

species.

5 | MANAGEMENT IMPLICATIONS

The distribution range of woodland caribou in North America is
known to be affected by multiple disturbances, including fire, forest
logging, oil and gas extraction, and mountain pine beetle outbreak.

The results of the present study indicate that SBW outbreaks may
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also induce major changes in the composition of the boreal forest
understory, which are likely to be detrimental for woodland caribou.
Specifically, early successional species were abundant in stands that
experienced SBW-induced mortality and could promote the pres-
ence of caribou predators and their alternate preys, moose. Such
changes may result in a direct increased predation risk and habitat
loss for caribou, where its habitat selection is strongly influenced by
predator avoidance (Hins et al., 2009; Labadie et al., 2021; McGreer
et al., 2015).

To our knowledge, there are no obvious forest management
practices that could be undertaken to attenuate SBW impacts on
caribou populations. Any salvage logging operation to harvest trees
damaged by SBW would further decrease the abundance of mature
forests at the landscape level (Labadie et al., 2021). By disturbing
the soils and established seedlings, logging would likely increase the
abundance of pioneer deciduous species compared to stands that
were only affected by SBW. Just like logging, silvicultural interven-
tions aimed specifically at controlling deciduous understory species
would likely involve the building of roads, a linear feature that is well
known to increase predation risks (Courbin et al., 2009; James et al.,
2004). The use of herbicides, which could help control the prolifer-
ation of deciduous species even without road access if applied with
aircrafts, has been banned in public forests in Quebec (Thiffault &
Roy, 2011). The only currently available management option could
be the application of biological insecticides such as Bacillus thuring-
iensis ssp. kurstaki (Btk) by aircraft to reduce mortality in host tree
species (Fuentealba et al., 2019; Johns et al., 2019). However, that
measure could become costly or difficult to carry out, particularly
across vast or remote areas. Overall, we recommend that currently
existing minimal habitat requirements for the conservation of wood-
land caribou populations (c.f. Environment Canada, 2017) should be
reviewed to consider the potential impacts of uncontrolled SBW
defoliation, which would facilitate the identification of realistic man-

agement options.
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