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a b s t r a c t

Forest fragmentation by management activities has been implicated in the decline of forest biodiversity.
Even though boreal ecosystems are generally deemed quite resilient to disturbance effects, high contem-
porary levels of disturbance might push forest-interior species toward decline or extinction. In this study,
we examined beetle communities in forest patches of different sizes, including clearcuts, residual
postharvest patches from 0.03 to 50 ha in size, and large mature forest tracts (>1000 ha). Overall, com-
munity structure follows a gradient between clearcuts and large mature forest tracts, even if patch size
effects were more difficult to detect among patches >2.5 ha. Beetles were most abundant in clearcuts, and
species richness was highest in small tree groups (0.03–0.05 ha). The effects of fragmentation were
strongly conditioned by beetle feeding habits. Predators and xylophagous beetles were mostly associated
with clearcuts or smaller patches (i.e., small tree groups or large tree groups [0.3–0.5 ha]), whereas
fungivorous beetles were associated with forest-interior habitats. Although many forest-interior species
were still present in relatively small patches 1–5 years after harvesting, negative effects of habitat frag-
mentation on these species might increase in the long-term.

� 2016 Elsevier B.V. All rights reserved.

1. Introduction

Habitat fragmentation has contributed to the decline and
extinction of many plant and animal species around the world
(Hanski and Gaggiotti, 2004; Ewers and Didham, 2006). However,
the impacts of habitat fragmentation on species persistence at
the landscape level probably vary among ecosystems and regions.
For example, species living in the boreal forest can be expected to
possess adaptations, such as good dispersal capabilities and toler-
ance for suboptimal habitats, that will allow them to persist in a
context of frequent natural disturbances (Thompson et al., 2009).

In Canada, contemporary levels of disturbance in boreal ecosys-
tems are probably higher than during the preindustrial period. In
particular, the widespread use of clearcutting, compounded by
the ongoing effect of natural disturbances, has decreased the
landscape-level abundance of mature forests below their natural
range of variation (Cyr et al., 2009; Bouchard and Pothier, 2011).
Consequently, the capacity of some species to maintain viable pop-
ulations in isolated patches of mature forests could be exceeded.
Species that are rare, have poor dispersal capabilities, or that are

strongly dependent on particular microhabitats or environmental
conditions (i.e., with a narrow niche breadth) could be more sensi-
tive to habitat rarefaction or fragmentation (Henle et al., 2004;
Ewers and Didham, 2006). Thus, even if Canadian boreal species
are generally considered resilient to disturbances, some species
with particular life histories could still be vulnerable to habitat rar-
efaction and fragmentation.

Beetles are very well represented in forest ecosystems world-
wide and have diversified ecological roles. By contrast with the lar-
ger animal species that are often examined with respect to
fragmentation effects in boreal regions, such as woodland caribou
(Festa-Bianchet et al., 2011) or birds (Schmiegelow and
Mönkkönen, 2002), insects have smaller home ranges, but also
very diversified life histories. This makes them useful indicators
of small-scale processes (Fahrig et al., 2015). Some studies have
found that beetles respond dramatically to forest fragmentation,
particularly in temperate or tropical ecosystems (Didham et al.,
1998; Davies et al., 2000; Driscoll and Weir, 2005; Barbaro and
Van Halder, 2009). In boreal conditions, however, responses are
more difficult to circumscribe (Gandhi et al., 2001; Webb et al.,
2008; Saint-Germain et al., 2013). When these effects are present,
few indications are provided regarding the threshold habitat size
under which species persistence is threatened, or whether this
threshold varies from one species to another (Lee et al., 2015).
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In this study, we used beetles to examine species and commu-
nity responses to different sizes of residual forest patches in
recently harvested boreal forests. Our hypotheses are (1) that the
size of mature forest habitats is an important determinant of beetle
community structure, and (2) that species response to residual for-
est patch size varies depending on life-history traits. We tested
these hypotheses by sampling a gradient of patch sizes in land-
scapes recently affected by clearcut harvestings.

2. Methods

2.1. Study area

The study area covers a region of about 5000 km2 in the eastern
part of the Canadian boreal forest (Fig. 1), in which the natural fire
cycle is ca 250 years. The forest matrix is overwhelmingly domi-
nated by two tree species: black spruce (Picea mariana [Mill]. B.S.
P.) and balsam fir (Abies balsamea [L.] Mill.) (Bouchard et al.,
2008; Bélisle et al., 2011). The region has been affected by forest
harvestings since the 1970s, but large tracts of mature forests of
natural origin are still present throughout the study area.

In 2012 and 2013, we sampled 5 landscapes in which aggre-
gated clearcuts had been performed recently (2007–2011, Fig. 1).
Each of these landscapes represents an area of 30–60 km2 domi-
nated by clearcuts, inside which patches of residual forests were
retained, varying in size from a few m2 to ca 50 ha. The guidelines
used to delineate harvest areas on public lands in the province of
Quebec specify that forest composition and characteristics of resid-
ual forest patches must be representative of the overall forest char-
acteristics in the surrounding area before harvesting.

2.2. Sampling

In each landscape, we sampled 6 types of habitats defined by
the size of residual forest patches inside the matrix: clearcuts
(0 ha, no residual forest patch), small tree groups (0.03–0.05 ha),
large tree groups (0.3–0.5 ha), small blocks (2.5–4 ha), large blocks
(50 ha) and large mature forest tracts (>1000 ha). The large mature
forest tracts were located outside, but adjacent to, the aggregated
clearcuts. One sample plot was established in each habitat, for a
total of 30 plots (5 landscapes � 6 habitats or residual forest patch
sizes). Plots located in clearcuts were established more than 50 m
from the nearest forest edge. For small tree groups, large tree
groups and small blocks, we selected forest patches that were more
or less circular in shape, and placed the plot at their center. For

large blocks and large mature forest tracts, the plots were estab-
lished at least 200 m from the nearest clearcut.

Each sample plot contained 2 flight intercept traps (FIT) and
3 pitfall traps. The FITs consisted in 4 panels (15 � 40 cm each,
2 made of Plexiglas and 2 of mosquito net) mounted in a cross
pattern along a 10-cm diameter black ABS cylinder, with a funnel
located below the cylinder leading to a collecting vial. The 2 FITs
were suspended, their base about 1 m above ground level, and
placed 10 m apart in each sample plot. The pitfalls were Mul-
tipher� traps (12.5 cm in diameter) placed flush to the ground
and 10 m apart in each sample plot. For the small tree groups,
which were too small to contain all the traps, we paired 2 plots
located approximately 50 m apart, placing 1 FIT and 1 pitfall in
the first plot, and 1 FIT and 2 pitfalls in the second. The traps
were operated from May 28 to August 17 in 2012, and from
May 27 to August 26 in 2013. Propylene glycol was used as a kill-
ing and preserving liquid, and the traps were emptied at 2- to
3-week intervals. All captured beetles were identified at the spe-
cies level, except for the genera Epurea (Nitidulidae), Cryptophagus
(Cryptophagidae) and specimens belonging to the family Ptiliidae,
as well as some Agathidium (Leiodidae) and Corticaria (Latridiidae)
females.

We estimated basal area of living trees and snags (diameter at
breast height >9.1 cm) using a prism (factor k = 2) and tallied the
selected trees by species. We measured coarse woody debris
(>8 cm diameter) present on the ground with the line intercept
method (Van Wagner, 1968) after establishing 3 line transects
(10 m each) at 120� intervals around the center of each plot. Along
each transect, all coarse woody debris intersected were tallied. For
strongly decayed pieces of coarse woody debris, we measured
diameter in 2 perpendicular directions and calculated the geomet-
ric mean. The proportion of ground covered by Sphagnum mosses,
which is a good indicator of habitat suitability for some beetles in
boreal forests (Paquin, 2008), was also estimated in 4 microplots
(25 m2 each) placed 5 m from the center of the plot in each cardi-
nal direction.

Certain preharvest forest characteristics can persist in postdis-
turbance communities. For example, some residual mature-forest
beetle populations could subsist for a few years after logging. In
this study, we verified if preharvest forest composition had a
residual effect on beetle communities in clearcuts by calculating
preharvest basal area in all clearcut stands, from an inventory of
black spruce and balsam fir stumps within a 10-m radius circular
plot. Together, black spruce and balsam fir represented >95% of
overall plot basal area. The proportion of balsam fir was used to
express variations in dominant tree species composition.

Fig. 1. Map illustrating the location of the 5 studied landscapes (left), and an example of plot spatial distribution in one landscape (right).
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