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and extraction activities have created thousands of kilometers of linear footprints in

row corridors cut through the forest) are one of the most common footprints and have

become a significant landscape feature influencing the maintenance of forest interior
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habitats and biodiversity. Wildfire is a common stand-replacing natural disturbance in
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the boreal forest, and as such, it is hypothesized that its effects can mitigate the linear
footprint associated with OG exploration, but only a few studies have examined its
effectiveness. We studied the short-term (1 year post-fire) response of rove-beetle
assemblages to the combined effects of wildfire and linear footprint in forest, edge,
and seismic line habitats at burned and unburned peatlands along the southwest pe-
rimeter of the 2016 Horse River wildfire (Fort McMurray). While rove-beetle species
richness was higher in seismic lines in both the burned and unburned habitats com-
pared with the adjacent peatland, diversity was greater only in seismic lines of burned
areas. Abundance was lower in the burned adjacent peatland but similarly higher in
the remaining habitats. Assemblage composition on seismic lines was significantly
different from that in the adjacent forest and edge habitats within both burned and
unburned sites. Moreover, species composition in burned seismic lines was different
from either unburned lines or burned forest and edge. Euaesthethus laeviusculus and
Gabrius picipennis were indicator species of burned line habitats, are sensitive to post-
fire landscapes and can occupy wet habitats with moss cover more efficiently than
when these habitats are surrounded by unburned forest. Although these results are
based on short-term responses, they suggest that wildfire did not reduce the linear
footprint, and instead, the cumulative effect of these two disturbances had a more
complex influence on rove-beetle recovery at the landscape level than for other inver-
tebrates. Therefore, continued monitoring of these sites can become useful to evalu-

ate changes over time and to better understand longer-term biodiversity responses to
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1 | INTRODUCTION

Understanding species diversity and composition patterns in natural
ecosystems and the processes driving them are of central interest
in ecology (Gaston, 2000; Tscharntke et al., 2012). Disturbances,
whether they are natural or anthropogenic, are a fundamental and
dominant driver of change in ecosystem structure and function
(McLauchlan et al., 2014; Peters et al., 2011). In many ecosystems,
disturbances co-occur over the landscape influencing both biotic
and abiotic conditions that in turn drive species distributions from
local to regional spatial scales (Buma, 2015; Turner, 2010). With
the recent increase of resource extraction activities in much of the
boreal forest of Canada and the prevalence of wildfire in this eco-
system, the cumulative effects of both anthropogenic and natural
disturbances on forests have become an active area of scientific re-
search (Fisher & Burton, 2018; Flannigan et al., 2009; Hodgson &
Halpern, 2018; Thom & Seidl, 2016).

Disturbances associated with oil and gas (OG) exploration and
extraction in Alberta, Canada, have become one of the most signif-
icant human footprints in the province, with the oil sands deposits
covering an area of 142,000 km? (Percy, 2012). Much of the oil sands
deposits are too deep for conventional open-pit mining; extending
the footprint of in-situ extraction over large areas of the province
(Dabros et al., 2018; Rosa et al., 2017; Schneider, 2002). Over the last
six decades, in-situ operations have created thousands of kilometers
of linear footprints including seismic lines for exploration, pipelines
for distribution, and a network of access roads (Pasher et al., 2013).
Seismic lines are narrow corridors cut through the forest to allow the
transport and deployment of geophysical equipment to map bitu-
men deposits in the subsoil. This disturbance has become one of the
most ubiquitous linear footprints in Alberta, and thus, an important
cause of forest fragmentation (Jaeger, 2000). The presence of such
disturbance is of relevance, as it poses a significant threat to main-
taining forest interior habitats and biodiversity across the landscape
(Dabros et al., 2018; Fisher & Burton, 2018; Pattison et al., 2016;
Stern et al., 2018).

Many conventional seismic lines (10-15m wide corridors built
prior to 2000) have shown little to no natural recovery of forest
cover, even after decades of construction (Jorgenson et al., 2010;
Lee & Boutin, 2006; van Rensen et al., 2015). The prevalence of
such linear footprint, particularly in peatlands, can persistently
and severely alter soil characteristics, hydrological patterns, and
permafrost (Smith, 2011; Williams et al., 2013; Zhang et al., 2000).
Furthermore, it has been demonstrated that seismic lines act as

the cumulative effects of wildfire and linear disturbances in boreal treed peatlands,

given the long-lasting effect of such disturbances.

boreal Forest, Forest management, fragmentation, habitat restoration, Staphylinid biodiversity

TAXONOMY CLASSIFICATION

corridors that facilitate the movement of wildlife across the land-
scape. For example, it has become the main cause of dramatic
declines in woodland caribou (Rangifer tarandus caribou) due to in-
creased interaction with predators, such as wolves (Canis lupus)
(DeMars & Boutin, 2018; Dickie et al., 2017; Latham et al,, 2011).
The presence of seismic lines not only changed the territory delim-
itation of ovenbirds (Seiurus aurocapilla) (Bayne et al., 2005; Lankau
et al., 2013), but also influenced the richness and diversity of spiders
and carabid beetles (Pinzon et al., 2021) and has been shown as a
refuge for butterflies (Riva et al., 2020).

Forest fragmentation is usually associated with severe ecological
consequences such as biodiversity loss and degradation of ecosys-
tem functions (Fischer & Lindenmayer, 2007; Haddad et al., 2015;
Mitchell et al., 2013). Forest fragmentation reduction relies on the
restoration of forest structure from the biodiversity-ecosystem
functioning perspective to ensure recovery of biodiversity and eco-
logical processes and services (Stanturf et al., 2014). Seismic line
ecological restoration approaches can be active, through direct
human intervention applying different mechanical ground prepa-
ration treatments, or passive, by allowing natural disturbances to
reset stand conditions (Dabros et al., 2018). Wildfire is a common
stand-replacing natural disturbance in boreal ecosystems (Bergeron
et al., 2004; Reilly et al., 2006; Weber & Stocks, 1998) that is known
to reset stand conditions to early successional stages (Bergeron
et al., 2014). Thus, wildfire has been proposed as a natural way of
mitigating the linear footprint (Dabros et al., 2017). However, pre-
scribed burning for restoration purposes has not been widely used
due to safety issues (Joshi et al., 2019), and only a few studies have
examined the effectiveness of wildfire on linear footprint mitiga-
tion (Filicetti & Nielsen, 2018; Pinzon et al., 2021; Riva et al., 2020).
Furthermore, there is also a large lack of understanding on how dif-
ferent taxa respond to the combined effect of fire over previously
disturbed areas by linear features, not to mention invertebrates re-
ceiving less attention compared to vegetation or charismatic wildlife
such as caribou (Dabros et al., 2018).

The use of indicator taxa has progressed as a practical method
in the process of meeting ecological targets to evaluate ecosystem
recovery after disturbances (Lindenmayer et al., 2000). Rove beetles
(Coleoptera: Staphylinidae) are diverse and active in forest ecosystems
(Brunke et al., 2019; Grimaldi & Engel, 2005; Klimaszewski et al., 2018;
Thayer, 2016), do not particularly depend on the presence of mature
forest but on various specific ecological niches (Thayer, 2016), and
are sensitive to environmental changes (Bohac, 1999; Klimaszewski
et al., 2018; Pohl et al., 2008). Consequently, rove beetles have been
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widely and effectively used as bioindicators to assess recovery fol-
lowing disturbance (Hammond et al., 2018; Klimaszewski et al., 2018;
Lee et al., 2022; Nagy et al., 2016).

In this article, we study the short-term (1 year post-fire) re-
sponses of rove-beetle assemblages (diversity and composition) to
the combined effects of wildfire and linear footprint disturbances
in forest, edge, and seismic line habitats of burned and unburned
boreal treed peatlands. The work was designed to test whether
wildfire serves as a silvicultural approach to mitigate the linear foot-
print (Dabros et al., 2017; Pinzon et al., 2021) in peatland landscapes
highly fragmented by OG activities. If true, we expect assemblages
of seismic lines in burned areas to be no different from those in the
adjacent burned forest, but different from assemblages in both un-

burned seismic lines and reference unburned treed areas.

2 | MATERIALS AND METHODS
2.1 | Studyarea

This study was conducted along the southwest perimeter of
the 2016 Horse River wildfire, south of Fort McMurry, Alberta
(56°46'13" N, 118°22'28" W; Figure 1), in the same study area
as in Pinzon et al. (2021) and Riva et al. (2020). This area in-
cluded 15 peatland sites within (“Burned”, n = 9) and outside
the burned area (“Unburned”, n = 6). Sites were disturbed by
conventional seismic lines that were built 15-20years prior to
the wildfire event. All the sites were at least 200m from roads
and were at least 2.4 km from each other. Sites were located in
treed peatlands dominated by black spruce (Picea mariana (Miller)
Britton, Sterns & Poggenburgh) in the overstory, and sphagnum
(Sphagnum L. spp.), bog haircap (Polytrichum stictum Brid.), red-
stemmed feathermoss (Pleurozium schreberi (Brid.) Mitt.), sedges
(Carex L. spp.), horsetails (Equisetum L. spp.), three-leaved false
Solomon's seal (Maianthemum trifolium (L.) Sloboda), Labrador tea
(Rhododendrum greoenlandicum (Oeder) Kron & Jud), cloudberry
(Rubus chamaemorus L.), mountain cranberry (Vaccinium vitis-
idaea L.), bogbirch (Betula pumila L.), and willows (Salix L. spp.)
in the understory. For sites within the fire perimeter, severity of
burns was low on seismic lines but severe in both forest and edge
habitats. More details about the landscape in which this study
took place can be found in Pinzon et al. (2021).

2.2 | Field design and beetle sampling

At each site, we installed three parallel 50 m transects, each in one of
three habitat types: along the center of the seismic line (“Line” habi-
tat), along the forest edge approximately 10 m from the line (“Edge”
habitat), and in the adjacent peatland approximately 50m from the
line (“Forest” habitat). Edge and Forest transects were located on
the same side of the seismic line at each site.

We collected rove beetles using pitfall traps (1 L in volume,
12 cm diameter) dug into the peat with their upper rims leveled with
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the ground surface. Traps were filled with approximately 200 ml of
propylene glycol as a killing agent and preservative, and were cov-
ered with a suspended opaque plastic roof to minimize flooding by
rainfall and accumulation of debris (Bergeron et al., 2013; Spence &
Niemela, 1994). Along each transect, we installed five traps every
10 m for a total of 15 traps/site. We collected trap contents at 3-
week intervals between May 20 and September 15 of 2017. Adult
rove beetles were sorted out from the pitfall samples in the labora-
tory and identified to the species level using Newton et al. (2001) and
references listed therein. Specimens in the subfamily Pselaphinae
were identified to the genus level since reliable taxonomic keys for
local species are not available. Species in the subfamily Aleocharinae
were excluded from all analyses because of difficulties in species-
level identification. Voucher specimens are deposited in the
Invertebrate Museum at the Northern Forestry Center (Natural

Resources Canada - Canadian Forest Service) in Edmonton, Alberta.

2.3 | Analyses

Prior to analyses, and to account for occasional trap disturbance
by wildlife, we standardized rove-beetle catches from each trap to
number of individuals per 120 trap-days. Since the intention of in-
stalling various traps in each habitat was to account for microhabitat
variability at each habitat type, we pooled the standardized catches
from the five traps in each transect for all analyses. We assumed trap
disturbance to have no systematic influence on the data.

As observations from transects in each habitat type are likely
spatially correlated, we tested differences in standardized catch as
a function of fire (Burned, Unburned) by habitat type (Line, Edge,
and Forest) combinations (i.e., Fire x Habitat) using a mixed-effects
model with site as a random effect, followed by post-hoc multiple
comparisons (we have transformed the standardized abundance
data by applying the square root, as with the untransformed data
residuals were not normal). Since standardization only offset sam-
pling efforts and does not account for missing species due to trap
disturbance, we could not follow the above mixed-effects model
approach and instead estimated species richness and diversity (ex-
ponential of Shannon's diversity (Jost, 2006)) using coverage-based
rarefaction (Chao & Jost, 2012) for fire by habitat combinations.
In the coverage-based rarefaction, assemblages are compared
with equal completeness rather than equal sampling efforts. We
assessed differences in estimated values by means of 95% confi-
dence intervals returned by the analyses, with no overlap denoting
a significant difference.

We used Canonical Redundancy Analysis (RDA; Legendre &
Legendre, 2012) to assess the response of rove-beetle assemblage
composition to fire and habitat combinations (i.e., Fire x Habitat),
using site as a conditional variable to account for spatial correlation
of transects within habitat type. Significance of the final model, ex-
planatory variables and RDA axes were tested based on p-values
generated from 5000 permutations. To visually assess differences
among fire by habitat groups on the ordination plots, we used ellip-
soid 95% confidence intervals around group centroids.
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FIGURE 1 Study area along the SW perimeter of the 2016 Horse River wildfire (Fort McMurray). The location of burned (B1-B9) and

unburned (U1-U¥) sites are shown.

At last, we used Indicator Species Analysis (Dufréne &
Legendre, 1997) to identify species indicative of particular fire by
habitat combinations. This analysis provides indicator values (IndVal)
for each species by calculating species relative abundances and
relative frequencies within defined categories. Then, these values
are tested against a random distribution after 4999 permutations.
Species with a significant IndVal (p-value <.05) are assumed to be
indicators of a given category, as well as species with IndVal >0.6,
are here considered strong indicators.

All analyses were performed in R v 4.1.0 (R Core Team, 2020)
using the following packages: iINEXT (Hsieh et al., 2020) for coverage-
based rarefaction, nlme (Pinheiro et al., 2020) for general mixed-
effects model with least-square mean estimation using emmeans
(Lenth, 2020), vegan (Oksanen et al., 2019) for RDA analysis and indic-
species (De Caceres & Legendre, 2009) for indicator species analysis.

3 | RESULTS

A total of 2693 rove beetles (excluding the subfamily Aleocharinae),
comprising 62 species in 12 subfamilies were collected in this

study. Staphylininae (17 species) was the most species-rich subfam-
ily, followed by Tachyporinae (13 species) and Steninae (8 species).
Tachyporinae (816 individuals) accounted for most (30.3%) of the
total catch, followed by Staphylininae (25.4%, 685 individuals) and
Pselaphinae (16.2%, 4 species with 486 individuals). Reichenbachia sp.
(Casey, 1897) in the subfamily Pselaphinae was the most abundant
species (14.5%, 391 individuals) followed by Ischnosoma fimbriatum
(Campbell, 1991) in the subfamily Tachyporinae (11.0%, 297 individu-
als) and Quedius frigidus (Smetana, 1971) in the subfamily Staphylininae
(9.5%, 256 individuals). Singletons (8 species) and doubletons (10 spe-

cies) comprised 12.9% and 16.1% of the total richness, respectively.

3.1 | Staphylinid richness, diversity, and abundance

The estimated species richness (sample coverage (SC) = 0.96) was
higher in Forest and Edge habitats in burned sites compared to un-
burned sites. However, richness was no different between Burned
and Unburned Line habitats (Figure 2a). Nonetheless, estimated
richness was consistently higher in the Line habitats compared to
the Forest habitats in both Burned and Unburned sites. In contrast,
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diversity (SC = 0.96) was significantly higher in Burned sites com-
pared to Unburned sites, regardless of the habitat (Figure 2b).
Diversity in the Line habitat was usually the highest among habitats
regardless of sites being burned or not. In terms of abundance, no
significant differences were detected between sites with fire cat-
egory and habitat combinations (Figure 2c; Table S1).

3.2 | Staphylinid assemblages

The RDA model was significant (F; 5o = 1.62; p = .001; Figure 3)
though it explained only 7.0% (adjusted R?) of the total variance,
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with axis 1 and axis 2, respectively, explaining 4.1% and 2.2% of the
constrained variance. Nonetheless, the overall analysis supports
several clear conclusions. Firstly, assemblage composition in Burned
sites was significantly different from those in Unburned sites (i.e.,
ellipses of these sites do not overlap in the RDA ordination space,
Figure 3). Second, differences in assemblage composition suggest
little to no change between Forest and Edge habitat regardless of
being burned or not (i.e., ellipses of these sites overlap in the RDA
ordination space, Figure 3). At last, differences in species composi-
tion were observed between Burned and Unburned Line habitats as
well as between Line habitats and Forest or Edge habitats in either
fire category.
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FIGURE 3 RDA ordination of rove beetle (Staphylinidae)
assemblages in forest, edge, and seismic line habitats at burned
and unburned peatlands along the SW perimeter of the 2016
Horse River wildfire (Fort McMurray). Ellipses are 95% confidence
intervals around centroids. Green ellipses represent unburned sites
and gray ellipses represent burned sites. Dotted ellipses represent
forest habitats, dashed ellipses represent seismic lines and
continuous ellipses represent forest edge habitats.

TABLE 1 Staphylinid indicator species of forest, edge, and
seismic line habitats at burned and unburned peatlands along the
SW perimeter of the 2016 Horse River wildfire (Fort McMurray).

Indicator
Indicator species value p-value
Burned Line Euaesthetus 0.696 .001
laeviusculus
Gabrius picipennis 0.670 .009
Unburned Forest Tachinus basalis 0.855 <.001
Unburned Edge Proteinus limbatus 0.638 .040
Tachinus fumipennis 0.577 .040
Ischnosoma 0.560 .026
fimbriatum
Unburned Line Paederus littorarius 0.678 .003

Note: Strong indicators (indictor value >0.6) are highlighted in bold text.

3.3 | Indicator species

Seven species were identified as indicators of fire by habitat com-
binations (Table 1). Euaesthethus laeviusculus (Mannerheim, 1844)
(IndVal =0.696) and Gabrius picipennis (Maklin, 1852) (IndVal =0.670)
were indicator species of Burned Line sites. These two species are
usually associated with wet habitats (Klimaszewski et al., 2007;
Sushko, 2014). Tachinus basalis (Erichson, 1839) was the only indi-
cator species of Unburned Forest with the highest indicator value
(IndVal = 0.855; Table 1). This is a generalist species but prefers
closed canopy (Klimaszewski et al., 2007; Lee et al., 2022). Proteinus

limbatus (Maklin, 1852) (IndVal = 0.638), Tachinus fumipennis (Say,
1832) (IndVal = 0.577) and Ischnosoma fimbriatum (IndVal = 0.560)
were indicator species of the Unburned Edge habitat. Both P. lim-
batus, T. fumipennis are documented as forest specialist species
(Klimaszewski et al., 2007; Lee et al., 2022) and I. fimbriatum is a
generalist species preferring open habitats and regenerating forest,
but can be also found in mature forest. Only one species, Paederus
littorarius (Gravenhorst, 1806) (IndVal = 0.678) was indicator of the
Unburned Line habitat (Table 1) and has been associated with wet

litter conditions (Klimaszewski et al., 2007).

4 | DISCUSSION

Our results showed significant and immediate cumulative influences
of seismic lines and wildfire on rove-beetle assemblages. Fire did not
fully mitigate the linear footprint, at least one year post-disturbance,
since differences in rove-beetle richness, diversity and composition
where observed between line habitats and the adjacent peatland
within burned sites. This is consistent with previous studies at the
same sites for butterflies, spiders, non-vascular plants and under-
story plants (Pinzon et al., 2021; Riva et al., 2020) and is mainly due
to the observed relatively low burn severity along the seismic lines
(Pinzon et al., 2021). Seismic lines in peatlands usually exhibit lit-
tle tree regeneration (Dabros et al., 2018; Lee & Boutin, 2006;
Pattison et al., 2016), indirectly indicating lower fuel for the fire to
burn, and are also wetter (Dabros et al., 2017; Pinzon et al., 2021;
Strack et al., 2018), showing higher Sphagnum moss cover (Deane
et al., 2020). These conditions, thus, likely prevented the lines from
burning extensively, with fire skipping over and spreading through
the adjacent forest. Therefore, habitat conditions in Burned Lines
were more similar to those in Unburned Lines and largely different
to Burned Forest and Edge habitats (Pinzon et al., 2021), which likely
lead to the observed significant differences in rove-beetle composi-
tion richness and diversity. Interestingly, despite no differences in
richness and diversity with respect to edge, rove-beetle composition
was clearly different in these two habitats.

Pinzon et al. (2021) observed little difference in species compo-
sition between seismic lines within and outside the fire perimeter
especially for non-vascular plants, understory plants, and overstory
plants. In contrast, differences between seismic lines in burned and
unburned sites for spiders and carabid beetle composition were ev-
ident, and consistent to the rove-beetle responses observed here.
Rove-beetle assemblages, however, showed a stronger response to
seismic lines in burned and unburned sites than spiders and carabid
beetles as in Pinzon et al. (2021), given no overlap in 95% confidence
intervals was detected in the RDA ordination. These observations
not only suggest that invertebrate assemblages seem more sensitive
to fire than plants in our study area, but that rove-beetles exhibit a
much stronger response to fire despite the fact that seismic lines did
not fully burn. We observed assemblage composition differences in
Line habitats one year following fire, suggesting that seismic lines
in burned areas are supporting different species, most of which are
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associated with wet habitats, according to results from the indica-
tor species analysis. Those species seem to come from areas other
than the adjacent burned forest, otherwise species composition in
the Line should have been more similar to that in Burned Forest and
Edge. Therefore, those species must have arrived from other areas
across the landscape after the fire event and attracted to the wetter
habitats that were relatively undisturbed by fire along the seismic
lines. In this way, rove beetles seemed to be more sensitive to land-
scape level effects of burning than to local habitat conditions.

Only one species, P. littorarius, was associated with the Unburned
Line habitats. This species is reported to prefer wet litter habitats
(Klimaszewski et al., 2007) which is consistent with the wetter con-
ditions along seismic lines. Although it was not a significant indicator
for the Burned Line habitat, it was also collected in large abundances
in this habitat. Two other species, E. laeviusculus and G. picipennis,
were indicative of Burned Line habitats. Little is known about the
biology and natural history of E. laeviusculus in North America, but
it has been reported to be associated with wet mossy habitats and
has been defined as a rare peat bog species (Sushko, 2014). As for G.
picipennis, it is a predator and generalist species that also prefers wet
mossy habitats (Klimaszewski et al., 2007). Since seismic lines were
often dominated by Sphagnum species even after fire, therefore, it
is no surprise that these two species were abundant in this habitat.
Interestingly, while E. laeviusculus was rarely collected in unburned
habitats, G. picipennis occurred only in burned habitats (including the
adjacent burned forest); thus, the reason why they were clearly un-
derrepresented in unburned sites remains a puzzle. Sushko (2014)
collected specimes of E. laeviusculus by hand on Sphagnum hum-
mocks and assumed they came from other sites of the bog, suggest-
ing that this species exhibits a wide range to search for habitat and
food resources. Seismic lines surrounded by burned forest created
open habitats for the generalist G. picipennis, and these conditions
may have benefited this predator to search for wet habitat covered
with moss from far distances. These observations suggest these two
species are sensitive to post-fire landscape and are able to occupy
wet habitats with moss cover more efficiently than when these hab-
itats are surrounded by unburned forest.

It was surprising that no indicator species were identified to
be associated with the burned forests. Several studies proved that
burning of standing forest could make the forest much more at-
tractive to many pyrophilous species (Cobb et al., 2007; Hagglund
et al., 2015; Heikkala et al., 2016; Wikars, 1995). There could be
several reasons to explain this observation. First, it may be due
to the biology of those rove-beetle species captured in our traps.
Almost none of the rove-beetle species in our study has been re-
ported to be favored by fire, in contrast to other specific species
of ground beetles (Cobb et al., 2007; Wikars, 1995), saproxylic
beetles (rove beetles excluded) (Heikkala et al., 2016) and flat bugs
(Hagglund et al., 2015) that emerged after fire. Second, one-year
post-fire is a very short period and may not provide enough time for
rove-beetle species attracted to fire legacies in the burned forest

to occupy this habitat.
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Forest fragmentation usually leads to isolation of habitats and
inhibits the dispersal of organisms. In our study, although wildfire did
not fully mitigate the linear footprint and reduce fragmentation as
we expected, it facilitated the dispersal of several species across the
landscape towards relatively unburned seismic lines. However, it is
still too early in the post-fire recovery of this landscape to conclude
whether such dispersal is ecologically beneficial for maintaining
biodiversity in burned landscapes previously fragmented by linear
disturbances. Also, as the effects of fragmentation are strong and
markedly long lasting (Haddad et al., 2015), it remains unknown how
long such landscape level species dispersal could last.

In conclusion, based on the rove-beetle responses, our study
restates that the effectiveness of wildfire to mitigate the linear
footprint associated with OG exploration in peatlands is limited in
the short term, which is consistent with previous studies address-
ing the same research question with other taxa (Pinzon et al., 2021;
Riva et al., 2020). Thus, wildfire may not be an effective silvicultural
approach, at least in peatlands, to mitigate such linear footprint.
Low-fire severity along seismic lines has important implications for
post-fire restoration but differs among taxa. Riva et al. (2020) sug-
gest that seismic lines may serve as habitat refuge for some butter-
flies while Pinzon et al. (2021) argue that it may further increase the
effects of linear footprint for other taxa. Interestingly, the species
composition of rove beetles in burned seismic lines was neither sim-
ilar to unburned line nor to burned forest, which suggests a more
complex influence of fire on previously fragmented landscapes with
respect to rove-beetle recovery trajectories. Therefore, longer-term
ecosystem-based monitoring on different taxa is crucial to under-
stand how boreal treed peatlands respond to the cumulative effect
of wildfire and linear disturbances, to better inform potential resto-

ration efforts of these habitats.
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