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Abstract

This study evaluates five sampling methods for characterising saproxylic beetle assemblages in a recently burned (18-21
June 2021) boreal forest in southeastern Sweden. We compared species richness and community composition in samples
collected using trunk traps, flight-intercept traps, pheromone traps, Malaise traps, and manual searches, deployed in the
Finsjobrannan nature reserve between 2022 and 2024. A total of 2258 beetle specimens were collected, representing
559 species, including 36 red-listed taxa. Flight-intercept traps yielded the highest species richness (331 species) and
abundance, while trunk traps were most effective at detecting red-listed species (13.4% of species captured by trunk
traps were red-listed). Coverage-based rarefaction indicated that deploying trunk and flight-intercept traps together could
detectapproximately 89% of the beetle species (by extrapolated richness); however, this two-method combination neces-
sarily spans different succession stages. Notably, 61.1% of the red-listed species were captured exclusively by a single
trap type, underscoring the complementary nature of different sampling approaches. Although non-overlapping sampling
years may have confounded the comparisons between trap types, these results suggested that methodological choices,
combined with temporal factors, may strongly influence biodiversity assessments in post-fire habitats. We provide evi-
dence-based recommendations for effective sampling protocols, emphasising the need for multi-method approaches and
temporal consistency in conservation-focused monitoring. Implications for insect conservation: Post-fire forests represent
critical habitats for numerous saproxylic beetles, including many species of conservation concern that depend on recently
burned wood. Our results demonstrate that no single sampling method adequately captures the full diversity of post-fire
beetle assemblages, as red-listed species often occur exclusively in one type of trap. Therefore, conservation monitoring
and biodiversity inventories in burned forests should employ a combination of complementary methods—particularly
flight-intercept and trunk traps—to maximise species detection. Standardising temporal deployment and ensuring sampling
continuity across years are essential for reliable comparisons among fires and regions. Incorporating such multi-method
protocols into long-term monitoring will strengthen assessments of post-disturbance recovery and support evidence-based
management of fire-dependent insect communities.

Keywords Biodiversity assessment - Coleoptera - Conservation monitoring - Fire ecology - Sampling efficiency -
Saproxylic insects - Red-listed species - Post-fire succession

Introduction

Boreal forests are strongly influenced by wildfires, which
play a pivotal role in maintaining ecological processes and
habitat heterogeneity (Seidl et al. 2020; de Groot et al. 2013;
Flannigan et al. 2009). As climate change intensifies the
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Keeley 2005; Zumr et al. 2025), but modern climate change
and fire-suppression efforts are changing fire regimes in
unprecedented ways (Kelly et al. 2020). Post-fire environ-
ments, though disturbed, can offer critical refugia for rare
and threatened taxa, particularly saproxylic beetles that rely
on dead or decaying wood (Bond and Keeley 2005; Ray et
al. 2019). These beetles underpin key ecological functions,
including decomposition, nutrient cycling, and the mainte-
nance of trophic interactions (Hébert 2023). Despite their
ecological importance, effectively sampling beetle diversity
in post-fire habitats poses methodological challenges.

Different sampling techniques tend to target distinct
components of the beetle fauna and often produce divergent
snapshots of community composition (Pryke and Samways
2012; New 2014). This can compromise the reproducibility
of research findings and complicate comparisons of biodi-
versity assessments between sites, as well as comparisons
of temporal shifts in biodiversity within sites. For example,
flight-intercept traps primarily capture dispersing beetles
(Okland et al. 1996), trunk traps collect species moving
along tree trunks (Sverdrup-Thygeson et al. 2010), phero-
mone-baited traps specialise in attracting specific taxonomic
or functional groups (Rassati et al. 2021), and Malaise traps
broadly sample a range of flying insects (including many
beetles) (Uhler et al. 2022). Many studies rely on a single
sampling approach, potentially missing key taxa (Cardoso
2009; Hyvérinen et al. 2006). This limitation is particularly
problematic for conservation assessments, as threatened
saproxylic beetles with narrow habitat requirements may go
undetected if standard sampling does not encompass their
specific niches and behaviours (Standen 2000; VanTassel et
al. 2015).

Detecting red-listed (threatened) saproxylic beetles is a
special challenge given their low densities and specialised
habitat needs (Jonsell et al. 2004; Seibold et al. 2015). Iden-
tifying which sampling methods are most effective for these
conservation-priority species is essential for designing tar-
geted monitoring programmes and guiding evidence-based
management actions (Kouki et al. 2012; Heikkala et al.
2016). It is equally important to understand how sampling
efficacy might vary across early post-fire succession stages,
as beetle assemblages undergo rapid changes following a
burn (Wikars 2002; Gutowski et al. 2020; Milberg et al.
2024). For instance, some highly pyrophilous species colo-
nise immediately after a fire and may peak within the first
year, while others arrive or persist in subsequent years as
burnt wood ages (Wikars 2002; Hjéltén et al. 2012).

Comparative evaluations of sampling techniques are thus
critical for developing standardised protocols that yield
accurate depictions of beetle diversity in post-fire settings.
Such evaluations can reveal whether different traps provide
complementary vs. redundant information, help optimise
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the use of limited monitoring resources, and enhance the
detection of priority taxa (Hale and Swearer 2016). This
work is increasingly urgent in light of novel fire regimes
that alter species—habitat relationships and community
assembly (McLauchlan et al. 2020; Coop et al. 2020). How-
ever, logistical constraints often necessitate deploying dif-
ferent methods across different time periods, which requires
careful consideration of how temporal factors may influence
apparent method performance.

Here, we compare five common sampling methods—
trunk traps (TT), flight-intercept traps (FIT), pheromone
traps (PT), Malaise traps (MT), and manual searching—to
characterise saproxylic beetle assemblages in a recently
burned boreal forest in southeastern Sweden. Due to practi-
cal constraints, different trap types were deployed in differ-
ent years, meaning that each method’s sample represents a
unique post-fire successional stage. Evidence from boreal
burns indicates that total beetle richness changes only mod-
estly (approximately 5—15%) between years 2-3 and 3—4
post-fire, while dead-wood and fungal resources—and
associated saproxylic assemblages—remain comparatively
stable across these early years (Wikars 2002; Hjaltén et
al. 2012). In contrast, resources for foliage-feeding herbi-
vores fluctuate rapidly with regrowth (Hjéltén et al. 2012).
We therefore expect trap-type selectivity to outweigh year
effects, while acknowledging that our design conflates
method with succession; against this backdrop, we address
the following research questions:

Method-specific assemblages: How do samples collected
using trunk traps, flight-intercept traps, pheromone traps,
Malaise traps and manual searching differ in terms of the
species richness, abundance, and community composition
of post-fire saproxylic beetles?

1. Overall diversity capture: Which trap types, or com-
binations thereof, most effectively capture the overall
beetle diversity in recently burned forests?

2. Red-listed species detection: Do particular trap types
preferentially detect rare or red-listed beetle species,
and what are the implications for conservation-focused
monitoring?

3. Complementarity vs. redundancy: To what extent do
these different sampling methods yield complementary
(non-overlapping) versus redundant assessments of the
beetle assemblage?

By answering these questions, we aim to provide evidence-
based recommendations for designing and implementing
effective sampling strategies in post-fire habitats. We focus
on maximising the detection of threatened species while
judiciously using limited resources and accounting for tem-
poral dynamics in post-fire beetle communities.
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Methods
Study area and sampling design

The study was conducted in the Finsjobrannan nature reserve
(57°10'1.4"N, 16°14'18.1"E), a 200-hectare protected area
established in 2024 in Kalmar County, southeastern Swe-
den (Fig. 1A). This reserve encompasses a forest stand that
burned 18-21 June 2021 under high-intensity crown and
surface fire conditions. The climate in this region is oceanic,
with mean annual precipitation of ~600 mm (spread over
~120 rain days) and mean daily temperatures ranging from
0 to 2 °C in winter to 17-18 °C in summer (Alexanders-
son 2002). Before the fire, the overstorey was dominated
by Scots pine (Pinus sylvestris L.), with Norway spruce
(Picea abies L.), aspen (Populus tremula L.), pedunculate
oak (Quercus robur L.), and silver birch (Betula pendula
Roth) present at lower densities. Following the fire, early-
successional regeneration was dominated by birch (Betula
pendula and B. pubescens Ehrh.), with aspen, goat willow
(Salix caprea L.), and oak also resprouting. According to the
Swedish biodiversity database (Artportalen.se), the burned
area supports at least 39 red-listed insect species and numer-
ous red-listed fungi, bryophytes, lichens, birds, and vascu-
lar plants. Fire-adapted herbs (Geranium bohemicum, G.
lanuginosum) emerged en masse after the burn, indicating a
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Fig. 1 Map showing the study sites in the Finsjobrannan burned forest
(southeastern Sweden). a Location of the study area in Sweden (inset)
and aerial view of the Finsjobrdnnan burn showing trap placements
(blue quadrats—Malaisetrap, yellow rings with black border—trunk
traps, red rings with black centroid—intercept traps, and triangle—

persistent soil seed bank. Most species occurring in the area
are assumed to have colonised after the 2021 fire (Fig. 2).
To evaluate the efficacy of different sampling methods
for characterising post-fire beetle assemblages, we deployed
four types of insect traps—trunk traps, flight-intercept (win-
dow) traps, pheromone traps, and Malaise traps—across the
burned area, supplemented by manual searching (Fig. 1).
Importantly, different trap types were operated in different
years post-fire due to logistical constraints, resulting in a
confounding of sampling method with successional stage.
Flight-intercept traps (FIT) and Malaise traps (MT) were
operated in 2022 (with MTs also in 2023), corresponding
to roughly 1-2 years post-fire. Trunk traps (TT) and the
pheromone trap (PT) were operated in 2024, about 3 years
post-fire. All traps were spaced at least 30 m apart to ensure
independent sampling and to capture variation in burn
severity and microhabitat conditions across the site. The
sampling methods employed represent two fundamentally
different approaches to beetle detection. Pheromone traps
are active sampling devices that use chemical attractants to
draw beetles from extensive areas (potentially several kilo-
metres), making a single trap sufficient to sample large spa-
tial scales. In contrast, flight-- intercept traps, Malaise traps,
and trunk traps are passive sampling methods that intercept
beetles during their natural movement patterns—flight-
intercept and Malaise traps capture beetles in flight, whilst
trunk traps intercept beetles moving along tree trunks. This

pheromone trap, b A trunk trap attached to a charred pine snag. ¢ A
Malaise trap deployed on the burn site. d The multiple-funnel phero-
mone trap with lure. e A window flight-intercept trap installed in the
burn. (Photographs by M. Franzén)
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Fig. 2 Selected species detected in the burned forest. aChrysoboth-
ris igniventris (a jewel beetle new to Sweden), collected in a Malaise
trap. bBuprestis novemmaculata (VU), a fire-associated jewel beetle
strongly tied to pines. cPlatypus cylindrus (RE), the oak pinhole borer,
caught in flight-intercept and pheromone traps. dBostrichus capucinus
(VU), a bostrichid beetle often found in hard oak wood. (All photo-
graphs by O. Persson)

distinction is critical for interpreting both species richness
patterns and the spatial scale of sampling coverage.

Trunk traps (TT). Twelve trunk traps were installed at
~1.3 m above the ground on fire-killed trees (diameter at
breast height>15 cm, height>7 m) to intercept beetles
moving along the bole (Fig. 1B). Each trap consisted of a
flexible 30 cm-wide polyethylene collar wrapped around the
trunk and sealed tightly with neutral-cure silicone, funnel-
ing insects into a removable collection cup at the base. We
deployed three trunk traps on each of four common tree spe-
cies in the burn: pine (Pinus sylvestris), birch (Betula pube-
scens), aspen (Populus tremula), and oak (Quercus robur).
Trunk traps were operated from 26 May to 1 December
2024 (189 days). Trap contents were collected on 26 May, 7
July, 16 August, 20 September, and 1 December 2024.

Flight-intercept traps (FIT). Nine flight-intercept (win-
dow) traps were set up at ~250 m intervals throughout the
burned area (Fig. 1E). Each consisted of two transparent

@ Springer

acrylic panels (30x40 cm) in a cross-frame, suspended
above a metal tray (30x50 cm) filled with ~5 cm of 70%
propylene glycol as a preservative (New 2014). The verti-
cal panels intercept flying insects, which then fall into the
preservative. FITs were deployed from 18 May to 15 August
2022 (89 days). Samples were collected from each trap on
18 May, 13 June, 13 July, 19 July, and 15 August 2022.

Pheromone trap (PT). We used one multi-funnel phero-
mone trap (five black funnels, 60 cm total height) hung~2 m
above the ground in an open, sun-exposed portion of the
burn (Fig. 1D). To avoid cross-attraction, this trap was
placed at least 50 m away from any other trap. It was baited
with a blend of synthetic beetle pheromones targeting cer-
tain longhorn and click beetles (Rassati 2021). Specifically,
we used a combination of general longhorn beetle attractants
(3-hydroxy-2-hexanone, 2-methylbutan-1-ol, 3-hydroxy-
2-octanone, C6 diol, fuscumol, and fuscumol acetate, plus
their anti-isomers) along with a species-specific lure for the
threatened click beetle Elater ferrugineus (Molander et al.
2019). Lure dispensers were replaced in early July to main-
tain efficacy. The pheromone trap was active from 27 May
to 14 September 2024 (110 days), and we emptied the catch
on 27 May, 7 July, 16 August, and 14 September 2024.

Malaise traps (MT). Four standard Malaise traps (tent-
style flight-intercepttraps; Fig. 1C) were deployed at differ-
ent locations in the burn. Each trap was 1.7 m tall and 1.8 m
long, with a central mesh wall guiding flying insects upward
into a collecting head containing preservative. Although
Malaise traps are primarily used for flies and wasps, they
also effectively capture many Coleoptera that fly into the
mesh (Uhler et al. 2022). Our Malaise traps operated over
two seasons: three sampling intervals in 2022 (mid-summer)
and six in 2023 (spanning late winter to late summer), for a
total of 165 trap-days. Specifically, samples were collected
on 18 July, 19 July, and 15 August 2022, then on 26 Febru-
ary, 24 April, 18 June, 29 July, 23 August, and 10 December
2023.

All traps used 70% propylene glycol as a preservative,
replenished as needed. Insects were retrieved from traps
using fine strainers, then transferred to labelled vials and
stored in 70% ethanol at 4 °C until identification. The total
passive trapping effort was 2,268 trap-days for trunk traps
(12 traps x 189 days), 801 trap-days for flight-intercept traps
(9% 89 days), 110 trap-days for the pheromone trap (1x 110
days), and 660 trap-days for Malaise traps (4 x 165 days).

Manual searching. We complemented passive trapping
with periodic manual searches to find additional species
that traps might miss. On each trap-servicing visit, a team
of five experienced coleopterists spent 3—4 h searching the
burn site. Search methods included (i) inspecting under
loose bark, in charred stumps, and within log hollows for
larvae or adults, (ii) beating or sweeping low vegetation and
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dead branches over a white sheet, and (iii) hand-collecting
beetles found by overturning debris or spotlighting at dusk.
Any specimens encountered were captured using aspirators
or forceps and placed in vials of ethanol. Manual searches
were conducted on the same five dates per year as trap col-
lections (coinciding with peak beetle activity periods in
each season).

All beetles were identified to species by the authors (pri-
marily O.P.), using available keys and comparison with ref-
erence collections. Nomenclature and red-list status follow
the Swedish Red List 2020 (Eide et al. 2020) and the TUCN
European Red List of Saproxylic Beetles (Nieto and Alex-
ander 2010). Voucher specimens of notable or difficult taxa
(especially red-listed species) were preserved in O.P.’s col-
lection for future reference.

Data analysis

All statistical analyses were performed in R 4.4.3 (R Core
Team 2024). We treated each trap type as a separate sample
set. Our analyses focused on comparing these method—year
combinations in terms of species richness, community com-
position, and capture of red-listed species. We did nof pool
data across years for formal statistical tests because the
design was not orthogonal (each method corresponds to a
unique year post-fire). Instead, we adopted a multi-faceted,
primarily descriptive approach:

1. Species richness and rarefaction: We used the iNEXT
package (v3.0.1) (Hsiech et al. 2024) to compute sam-
ple-size-based rarefaction and extrapolation curves for
species richness for each method. To compare richness
on an equal footing, we standardised sample coverage
to 95%. We report the observed species counts and the
asymptotic richness estimates (Chao) with 95% boot-
strap confidence intervals for each method. We con-
sidered differences in richness between samples to be
significant if their 95% ClIs did not overlap.

2. Community overlap and ordination: We quantified the
overlap in species composition between each pair of
methods using the Serensen similarity index. Serensen
similarity (qualitative Serensen-Dice) is defined as:

2|AnB
g 20408

T JA[+ B

where 4 and B are the species sets captured by two
trap types; |A N B| is the number of shared species;
and |A| and |B| are the total species counts for each
trap type. We converted similarity to dissimilarity
(1 — S) and performed a hierarchical cluster analysis

(average linkage) to see how the method samples
grouped by community similarity. We also conducted
a non-metric multidimensional scaling (NMDS) ordi-
nation (using metaMDS in the vegan package) based
on Sgrensen distance to visualise differences in spe-
cies composition. Points in the NMDS were labelled
by trap type to examine how distinct each method—
year assemblage was. We generated a Venn diagram
to illustrate the number of species unique to or shared
among the four trapping methods, using the VennDia-
gram package.

3. Red-listed species yield: For each method, we tallied
the number of red-listed species captured and calculated
the proportion of that method’s species pool that were
red-listed. We also computed the average number of
red-listed species detected per sampling event (per trap
per collection day, or per person-day for manual search-
ing). This provides a simple index of how efficiently
each method finds conservation-relevant species. For
context, we compared these yields to the overall species
richness per event. Because of the confounded design,
we did not perform formal hypothesis tests on these
values; instead, we present them with approximate 95%
ClIs obtained by bootstrapping the capture data 1,000
times.

We reiterate that because each trap type was used in a differ-
ent year post-fire, we cannot statistically separate “method
effects” from “year (successional) ” effects. Any observed
differences between trap samples may reflect, in part, true
changes in the beetle community between 1-2 years vs. 3
years after fire, in addition to differences caused by the trap
method itself.

Results
Overall beetle diversity

Across all four trapping methods and years, we collected
2,258 beetle specimens representing 559 species. This total
includes 36 red-listed species: 23 Near Threatened (NT), 12
Vulnerable (VU), and 1 Regionally Extinct (RE). These con-
servation-priority taxa made up about 7.0% of the of trap-
caught species , highlighting the high conservation value of
the post-fire habitat. Different trap types were deployed in
different post-fire years (2022-2024), so method-specific
results are inherently confounded with successional stage.
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Table 1 Summary statistics for beetle sampling by four trap types in a post-fire boreal forest

Method Total individuals ~ Total species Sampling Specimens per Red-listed Percentage Unique Per-
events species species red-listed species centage
unique

Flight-intercept trap 1,176 331 32 3.55 23 6.9 169 51.1
Malaise trap 580 232 14 2.50 7 3.0 107 46.1
Pheromone trap 181 123 4 1.47 11 8.9 30 24.4
Trunk trap 321 97 46 3.31 13 13.4 21 21.6
Total 2,258 515 96 4.38 36 7.0 327 63.5
Fig.3 Sample-based rarefaction
(solid lines) and extrapolation 500 4
(dashed lines) curves for saproxylic
beetle species captured by each
method. The x-axis is number of Trap type
individual beetles sampled, and 400 4 Flight intercept
the y-axis is the estimated species ====== Malaise
richness. Shaded bands represent » = s+ Pheromone
95% confidence intervals. Curves g .......
are standardized to 95% sample I
coverage. A solid symbol marks the _E 3001
observed richness for each sample o
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Trap-specific patterns: richness and
abundance

We observed marked differences in beetle catches among
the four trapping methods, although it is important to
remember these reflect both methodological and temporal
variation (Table 1). Flight-intercept traps (2022) yielded the
highest species count (331 species) and the greatest num-
ber of individuals (1,176 specimens, 52.1% of all individu-
als collected). Malaise traps (2022—2023) ranked second in
species richness with 232 species (580 individuals, 25.7%
of total specimens). The pheromone trap (2024) recorded
123 species (181 individuals; 8.0% of specimens), and trunk
traps (2024) recorded 97 species (321 individuals; 14.2%).
Sample completeness varied by method. Trunk traps
achieved the highest sample coverage (~86% of its esti-
mated species pool), indicating that most species frequent-
ing charred trunks in 2024 were captured. Flight-intercept
trap samples were ~67% complete, while the pheromone
trap and Malaise traps each reached about 55-56% of their
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asymptotic richness (despite the pheromone trap’s lower spe-
cies count, the estimator suggests many species attracted by
the lures were captured). Rarefaction/extrapolation curves
(Fig. 3) showed distinct diversity patterns for each method-
year combination. When standardised to 95% sample cover-
age, flight-intercept traps were projected to have the highest
asymptotic richness (~492 species; 95% CI: 419-565), fol-
lowed by Malaise traps (~382 species; 95% CI: 323-440).
The pheromone trap was projected to reach~208 species
(95% CI: 160-257) and trunk traps~ 146 species (95% CI:
98-195). In other words, if sampling effort were increased
to the point of ~95% completeness for each, the rank order
of richness would remain FIT>MT>PT>TT.

Although trunk traps collected the fewest species over-
all, their steep initial species-accumulation curve (Fig. 3,
yellow line) indicates efficient sampling of the available
fauna within their deployment period. This reflects the tar-
geted nature of trunk traps: they quickly captured many of
the beetles active on burnt trunks in 2024, with relatively
fewer new species appearing with additional effort. Manual
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Table 2 Serensen similarity indices between beetle assemblages cap-
tured by different trap types

Trap type comparison Serensen Shared Total
similarity species unique
index species

Fligh-intercept—Malaise 0.37 104 459

Pheromone—Flight-intercept ~ 0.36 82 372

Malaise—Pheromone 0.31 55 300

Trunk—Pheromone 0.29 32 188

Trunk—Malaise 0.28 46 283

Trunk—Flight-intercept 0.26 56 372

searching contributed an additional set of species beyond
what passive traps caught. In total, manual searches yielded
44 species (approximately 8.5% of the total fauna) that were
not captured by any of the passive traps. These included
several rare or cryptic beetles (e.g. in Buprestidae and Cur-
culionidae) that likely escaped detection by the stationary
traps.

Trap complementarity and overlap

The species composition captured by each method—year
sample differed substantially. Pairwise Serensen similarity
indices between trap types were all low, ranging from 0.26
to 0.37 (Table 2). The lowest similarity was between trunk
traps (2024) and flight-intercept traps (2022) (5=0.26),
and the highest was between flight-intercept and Malaise
traps (S=0.37). These values indicate that any two methods
shared only about 26-37% of their species, underlining the
high turnover between samples.

Venn diagram analysis further highlighted the limited
overlap among methods (Fig. 4A). Out of 515 total species

a

Window Pheromone

Malaise

Fig. 4 Overlap in beetle species among the four trapping methods. a
Venn diagram for all 515 species found in the four trap types. b Venn
diagram for the 36 red-listed species. Numbers indicate how many

Trunk Malaise

found in the four trapping methods, only 19 species (3.7%)
were collected by all four sampling methods. In contrast,
327 species (63.5% of the total) were captured by only one
method. Flight-intercept traps yielded the greatest number
of unique species (169 species found exclusively by FIT
and not by any other method), reflecting their broad catch
of aerially dispersing beetles. Malaise traps contributed 107
unique species, the pheromone trap 30 unique species, and
trunk traps 21 unique species. Thus, each method—year sam-
ple brought in a substantial portion of species not detected
by other approaches.

This complementarity was even more pronounced for
red-listed species (Fig. 4B). Only one threatened species,
Xylotrechus antilope (NT; a longhorn beetle), was caught
by all four methods. Notably, 22 of the 36 red-listed spe-
cies (61.1%) were exclusive to a single method’s sample.
For example, several rare weevils and bark beetles were
only found in trunk traps, and certain threatened longhorn
and click beetles were only attracted to the pheromone lure.
Clearly, each method had a unique strength in capturing par-
ticular red-listed taxa.

Detection of conservation-priority species

Flight-intercept traps recorded the highest absolute number
of red-listed beetles (23 species; 63.9% of the total), whereas
trunk traps detected the highest proportion of red-listed spe-
cies relative to their overall yield (13.4%; Table 1). Platy-
pus cylindrus (RE) (Fig. 2) and FElater ferrugineus (VU)
was detected by both pheromone and flight-intercept traps.
Other threatened taxa exhibited similar method-specific

b

Window Pheromone

Trunk

species were unique to a given method (in each single-method circle
segment) or shared by the methods represented by overlapping seg-
ments. Each method’s circle is labelled with its trap type and year
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Table 3 Sampling efficiency metrics for different trap types in post-fire
beetle community assessment

Method Individuals per  Species per Red-listed
sampling event  sampling species per
event sampling
event
Flight-intercept trap 36.8 10.3 0.72
Malaise trap 41.4 16.6 0.50
Pheromone trap 453 30.8 2.75
Trunk trap 7.0 2.1 0.28

patterns, for example, Dircaea australis (VU) occurred only
in trunk traps, and Buprestis novemmaculata (VU) (Fig. 2)
was exclusive to flight-intercept traps.

Coverage-based analyses indicated that flight-intercept
plus trunk traps detected 30 of 36 red-listed species (83.3%).
Adding pheromone traps increased that figure to 34 (94.4%),
leaving the remaining two requiring Malaise traps. Hence,
different methods excelled at detecting particular threatened
species, favouring a multi-method approach for capturing
the full range of red-listed taxa in post-fire habitats.

Sampling efficiency and optimal
combinations

Flight-intercept traps had the highest capture rates with 36.8
individuals and 10.3 species per sampling event (Table 3),
followed by Malaise traps (41.4 individuals and 16.6 spe-
cies per event). Although pheromone traps recorded fewer
species overall, they demonstrated a high detection rate for
red-listed taxa (2.75 conservation-priority species per sam-
pling event vs. 0.72 for fligt--intercept traps).

Coverage-based accumulation curves of trap combina-
tions revealed that flight-intercept and trunk traps together
reached 89.3% of estimated total species richness (417 spe-
cies) while requiring only ~40% of the total sampling effort.
This combination detected 30 red-listed species. Adding
pheromone traps increased coverage to 94.1% (438 spe-
cies), capturing 34 red-listed taxa. Employing all four meth-
ods pushed coverage to 96.7% but required more than twice
the effort of the two-method combination.

Discussion

Our study provides insights into the comparative effective-
ness of various sampling methods for post-fire saproxylic
beetles, while also underscoring a critical limitation: the
confounding of sampling method with year. Because dif-
ferent methods were used in different years after the fire,
we cannot conclusively attribute differences in catches
to the trap method alone. Literature suggests that beetle
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richness in boreal burns might change by roughly 5-15%
between the second/third and the third/fourth year post-fire
(Wikars 2002). In the first few years after a burn, dead-wood
resources and associated beetle communities can remain
relatively stable — the main pulse of herbaceous vegetation
and deciduous regrowth (which could spur insect population
explosions) typically occurs a bit later (Hjdltén et al. 2012).
In other words, the essential saproxylic habitat (charred
wood colonised by fungi) is fairly constant across these
early years, unlike the rapidly changing food resources for
leaf herbivores (Wikars 2002; Hjéltén et al. 2012). Thus, it
is plausible that many of the differences we observed were
driven more by methodological biases than by successional
turnover (Lindenmayer et al. 2019). Even so, our results
must be interpreted as reflecting the combined effects of
sampling method and successional timing, rather than pure
method performance. Despite these limitations, two main
conclusions emerge. First, multiple trap types are required
to capture the full breadth of post-fire beetle diversity. Each
sampling method contributed a distinct assemblage, with
relatively low overlap in species. Second, careful selection
of complementary methods can greatly enhance biodiversity
detection (including red-listed species) while optimising
effort. Below, we discuss each method’s contributions and
consider implications for survey design and conservation.

Trap performance and beetle guild specificity

Each trapping method sampled a unique subset of the beetle
community, reflecting differences in both trap selectivity and
beetle behavior. Flight-intercept traps intercepted a broad
spectrum of flying beetles and, not surprisingly, yielded
the highest overall species richness and abundance. This
method was especially effective for groups that disperse
widely through the habitat, such as longhorn beetles (Cer-
ambycidae), checkered beetles (Cleridae), and many rove
beetles (Staphylinidae). Trunk traps, in contrast, collected
fewer species overall but were disproportionately effective
at capturing certain rare, saproxylic specialists. Over 13% of
species in trunk traps were red-listed, indicating that these
traps target the conservation-important fauna inhabiting
charred trunks. For instance, we caught Xylotrechus anti-
lope in our oak trunk traps, consistent with its preference
for oak wood rather than any special fire affinity. Malaise
traps contributed substantially to total species richness by
sampling many small or fast-flying beetles that might evade
other traps — including various Latridiidae, Cryptophagidae,
and minute Staphylinidae. However, Malaise traps detected
relatively few red-listed species; their broad catch is less
focused on the large, wood-dependent beetles that tend to
be of conservation concern. Finally, the pheromone trap had
the lowest total catch, but it excelled at targeting specific
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elusive taxa. It efficiently attracted certain longhorn and
click beetles that were otherwise rarely encountered, such
as Elater ferrugineus (VU), an elusive click beetle associ-
ated with old hollow trees, which would likely have gone
undetected without pheromone lures. In fact, the pheromone
trap yielded the highest number of red-listed species per trap
of any method, demonstrating the value of chemical lures
for boosting detection of target species (Harvey et al. 2017,
Kadej et al. 2015).

The existence of so many threatened species in our
samples (36 in total) highlights the significant conservation
value of recently burned forests. High-intensity fire events
create habitat conditions (e.g. abundant sun-exposed dead
wood, reduced competition, fresh fungal substrates) that
favor a suite of rare organisms (Kelly et al. 2020). However,
our results show that zow one samples such habitats will
strongly influence which of those organisms are recorded.
Each method had biases: flight-intercept traps tended to
catch incoming dispersers, trunk traps caught those dwell-
ing on burned trees, Malaise traps picked up many inci-
dental fliers, and pheromones zeroed in on particular taxa.
It is notable that 22 of our 36 red-listed species were each
captured by only one method. If a survey had omitted any
one of these methods, it would have likely missed multiple
threatened species. Thus, for a thorough evaluation of post-
fire sites (e.g. for conservation or restoration decisions),
using a combination of methods is essential.

Manual searching as a complementary approach

Manual searching proved to be a useful complement to pas-
sive trapping, adding 44 species that were not caught in any
trap. By actively targeting microhabitats — peeling bark,
checking wood crevices, and examining scorched logs —
human collectors can find cryptic, non-attracted beetles that
traps might miss (Siitonen 1994). For example, our team
manually discovered several jewel beetles and weevils hid-
den under bark that never appeared in the traps. That said,
manual collecting is labor-intensive and inherently less
standardised than trapping. The yield of manual searches
can vary widely with the effort, time of day, weather, and
individual skill. In our case, manual searches were limited
to about five person-days per year, which is a fairly small
effort compared to the thousands of trap-days logged by pas-
sive methods. Thus, while manual searching can boost spe-
cies tallies (and is especially valuable for detecting certain
rare species), it is not a stand-alone solution for large-scale
monitoring. We recommend using it as a supplementary
strategy — for instance, to target specific habitats or taxa that
traps are known to under-sample — rather than as a primary
survey method.

Sampling efficiency and optimal method
combinations

Our results demonstrate that combining different sampling
methods yields a much more complete picture of the bee-
tle community than any single method alone. In fact, the
assemblages captured by each method were so distinct that
one could almost treat each as a separate “window” into
the post-fire ecosystem. The combination of flight-intercept
and trunk traps emerged as particularly powerful: together,
these two methods (even though deployed in different years
for us) would have captured about 90% of all species we
detected, and the majority of red-listed ones. These two
methods complement each other well. Flight-intercept traps
sample broadly among flying beetles, casting a wide net
that includes both common and vagile species as well as
some rarities that happen to disperse through (Lamarre et al.
2012). Trunk traps, on the other hand, focus on the beetles
that are actively using the burned trees — many of which
are saproxylic specialists of conservation interest. Adding a
pheromone trap to this mix further boosts the likelihood of
detecting certain target species (notably large click beetles
and some longhorns) that neither flight nor trunk traps are
likely to catch. In practical terms, a resource-limited moni-
toring program could prioritize deploying several flight-
intercept traps and trunk traps to cover the broad diversity
and specialist fauna, and include one or two pheromone
traps if particular high-priority species are expected. This
multi-method strategy would yield a far more comprehen-
sive inventory than relying on any single method (Parmain
et al. 2013), yet it would still be more efficient than trying to
deploy every possible method.

Our findings align with those of other researchers who
have examined insect sampling methodologies. For exam-
ple, Bouget et al. (2008) showed that even subtle differ-
ences in trap design can influence the catch: single-panel
window traps caught significantly more saproxylic beetles
than cross-vane traps, and traps placed in the understory
captured more species than those in the canopy (Sbaraglia et
al. 2025). These results highlight that combining trap types
(and placement heights) can increase total yields. Simi-
larly, a study by Parmain et al. (2013) found that increas-
ing sampling effort — whether by adding a second trap of
the same type or sampling across additional years — mark-
edly improved the detection of saproxylic beetle diversity.
In their work, adding a second window trap or a second
year of sampling increased the number of species detected
by 50-75%, and a multi-year survey captured an assem-
blage that was only~50% overlapping with a single-year
survey (Nageleisen and Bouget 2009; Bouget et al. 2008).
These insights echo our results: rigorous post-fire beetle
monitoring should employ standardised multi-method,
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multi-occasion sampling to reliably capture species richness
and community composition. The gains in information from
such an approach far outweigh the additional effort or cost.

Methodological considerations for post-fire
environments

The low overlap in species among our trap samples (only
3.7% of species were common to all four methods) sug-
gests that post-fire beetle communities exhibit a high degree
of niche partitioning and asynchronous colonisation. The
intense resource pulse and open conditions after a wild-
fire attract specialists from various guilds, each exploiting
different niches (Saint-Germain et al. 2004). For instance,
some beetles are drawn immediately to heat and smoke (e.g.
certain Melanophila jewel beetles), while others arrive later
to breed in decaying wood (Wikars 2002). Very few species
were missing from the catches; one potential species that
we did not find is the “fire beetle” Euracmaeops margin-
atus (EN), which is very rare in Sweden. Notably, the black
multi-funnel traps baited with ethanol/pheromone lures are
very effective for many bark beetles and longhorn beetles.
Still, they tend to capture few Buprestidae (jewel beetles)
(Thurston et al. 2022). We also observed a large bycatch
of non-target insects in the pheromone traps, likely due to
the broad-spectrum attractants and trap design — the traps
mimic standing tree trunks and the ethanol-based preser-
vative or pheromone odors draw in many other saproxylic
insects and even predatory species (Miller and Crowe 2011;
Miller and Duerr 2008). This heavy bycatch underscores
that our traps were not specific to fire-specialists and could
have contributed to certain expected species being missed.
In the future, more research on trap design and lure specific-
ity (e.g. trap colour, height, and alternative attractants) is
needed to reduce non-target catches and improve detection
of low-abundance fire-adapted beetles (Bonifacio and Sousa
2025).

Sampling designs for post-fire insects should incorporate
multiple methods across multiple time frames to account
for the diverse ecological strategies of saproxylic beetles. A
one-size-fits-all approach—using just one trap type, or sam-
pling only in one particular year post-fire—will almost cer-
tainly yield an incomplete and possibly misleading picture.
It is also worth noting that methodological consistency is
crucial when comparing results across studies or monitoring
programs. Small differences in how traps are set up or when
they are deployed can affect catches (Sbaraglia et al. 2025).
For example, trap colour, panel size, or height can each bias
the sample toward certain taxa (Bouget et al. 2008). In the
context of post-fire monitoring, researchers should carefully
document trap configurations and deployment periods, and
ideally implement concurrent sampling (using the same
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methods at the same time) when comparing multiple areas
or treatments.

Conservation and management implications

Our results have direct implications for biodiversity con-
servation in fire-affected forests. First, we have shown that
multi-method surveys are necessary to accurately assess the
conservation value of a burned site. A single-method sur-
vey would have missed a substantial fraction of the fauna,
including many red-listed species, potentially underestimat-
ing the site’s importance. Land managers and conservation
biologists should therefore employ a combination of trap-
ping methods to ensure that management decisions (such
as whether to protect a burn site from salvage logging) are
based on comprehensive data. The high complementarity
among methods means that each additional method can
reveal new species that fundamentally change our under-
standing of the site’s biodiversity.

Second, our finding that 61% of the threatened species
were each detected by only one method means that sur-
vey methodology could bias conservation outcomes. For
example, trunk traps highlighted the presence of several
rare saproxylic beetles that specifically require fire-killed
trees (some of which were overlooked by flight or Malaise
traps). This underscores the ecological importance of retain-
ing standing burnt trees of various species after a wildfire.
Managers should take note that heterogeneity in tree spe-
cies and decay stages is key to conserving saproxylic beetle
diversity.

Third, we propose a tiered monitoring strategy for post-
fire beetle assemblages: (1) use flight-intercept traps to
broadly sample the flying insect community (covering a
wide taxonomic range and many dispersing species); (2)
deploy trunk traps on a variety of burned trees to target the
wood-inhabiting specialists, including many threatened spe-
cies; and (3) include pheromone traps if particular high-pri-
ority beetles are of interest (for instance, if historical records
or habitat suggests the presence of certain endangered long-
horn or click beetles, use their lures). In addition, incor-
porating a modest amount of manual searching can help
detect extremely cryptic species that might slip past passive
traps. This multi-faceted approach balances thoroughness
with efficiency. It is more effective than any single-method
survey, yet avoids the diminishing returns (and high labor)
of trying to use all possible methods everywhere. Such an
approach can be implemented in adaptive monitoring pro-
grams where initial surveys identify which methods yield
the most new information for a given site, allowing efforts
to be focused accordingly in subsequent surveys (Ranius
and Jansson 2002).
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Finally, as climate change alters wildfire regimes and
more forests experience severe fires, having robust monitor-
ing protocols in place will be increasingly important. Our
work suggests that standardised, multi-method sampling
can serve as an “early detection system” for post-fire bio-
diversity responses. By routinely applying these methods
after fires, conservationists can quickly identify burns that
harbor rare species or exceptionally high diversity, and
prioritize them for protection or further study. Conversely,
areas that show depauperate fauna might be candidates for
restoration actions (like creating habitat structures or trans-
locating wood substrates). In essence, effective monitoring
is the first step toward evidence-based management of fire-
prone landscapes under climate change.

Future research directions

Our study highlights several avenues for further research to
improve post-fire insect monitoring;:

1. Concurrent multi-method sampling: Future studies
should deploy multiple trap types in the same post-fire
year and location to directly quantify methodological
biases without confounding by succession. This would
allow statistical separation of method effects from year
effects, and test whether the patterns we observed (e.g.
FIT catching more species than TT) hold when traps
operate simultaneously.

2. Longer-term chronosequence sampling: Extending
comparative sampling across a post-fire chronose-
quence (e.g. 1, 3, 5, 10 years after fire) would clarify
how each method’s efficacy changes as the burned habi-
tat evolves. For instance, trunk traps might be most pro-
ductive in the first few years while bark remains intact
on snags, whereas later on, emergence traps on downed
logs might capture more new species.

3. Quantitative manual survey methods: Investigating
standardized manual search protocols (such as fixed-
time searches or transect-based searches) could help
evaluate the effort-to-yield ratio of active searching ver-
sus trapping. This would refine the role of manual sur-
veys in long-term monitoring and determine how much
added value they provide for detecting rare species.

4. Effects of fire severity and scale: It would be insight-
ful to test these sampling methods under different fire
conditions (e.g. low-intensity prescribed burns vs. high-
intensity wildfires, small burns vs. mega-fires). Beetle
communities can respond differently to fire severity
(Doherty et al. 2022), and certain traps might perform
better or worse depending on habitat structure. Under-
standing these interactions could guide method selec-
tion for various post-fire scenarios.

5. Emerging technologies: New techniques such as col-
lecting environmental DNA (eDNA) from soot, or using
automated flight-intercept traps with image recogni-
tion, hold promise for surveying insect diversity (Van
Klink et al. 2022). Research should explore how these
technologies can complement traditional traps. For
example, could eDNA detect presence of species that
are otherwise missed, or could machine-learning trap
cameras identify nocturnal beetles that avoid day-active
collectors? Integrating such tools may greatly enhance
the accuracy and efficiency of saproxylic beetle inven-
tories in the future.

Conclusions

Our comparative assessment—while limited by temporal
confounding—illustrates that each sampling method cap-
tures a distinct component of the post-fire beetle assem-
blage. Flight-intercept traps provided broad coverage of
dispersing beetles, trunk traps disproportionately detected
red-listed saproxylic specialists on burnt wood, Malaise
traps augmented overall species counts by collecting many
small fliers, and pheromone traps efficiently targeted certain
elusive threatened species. Using these methods in combi-
nation enabled us to approach a nearly complete inventory
of the beetle community with substantially less effort than
would be required if each method were used in isolation. As
wildfire activity and its ecological impacts increase under
climate change, deploying efficient multi-method sampling
protocols—with careful attention to timing and standardisa-
tion—will be crucial for evidence-based conservation and
adaptive management in fire-affected forests.

Acknowledgements We thank Jonas Lundqvist (Vetlanda) for invalu-
able field assistance. We are grateful to the provincial government
of Kalmar, which conducted a survey of the area in 2022 and subse-
quently protected it. Michael Tholin and Jesper Hansson helped out in
the field. We want to express our gratitude to Christoffer Fagerstrom
for verifying the identification of certain beetle species.

Author contributions M.F. conceived and designed the study with in-
put from A.F. and O.P. O.P. carried out specimen identification. M.F.
performed data analyses and drafted the manuscript, and A.F. and O.P.
contributed to writing, critical revision and editing. All authors re-
viewed and approved the final manuscript and agree to be accountable
for all aspects of the work.

Funding Open access funding provided by Linkdping University.

Data availability Data are available from the corresponding author
upon reasonable request.

Declarations

Competing interests The authors declare no competing interests.

@ Springer



92 Page 12 of 13

Journal of Insect Conservation (2025) 29:92

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

Alexandersson H (2002) Temperatur och nederbord i Sverige 1860—
2001. SMHI, Norrképing

Bond WJ, Keeley JE (2005) Fire as a global ‘herbivore’: the ecol-
ogy and evolution of flammable ecosystems. Trends Ecol Evol
20:387-39%4

Boniféacio L, Sousa E (2025) Optimization of traps used in the man-
agement of Monochamus galloprovincialis (Coleoptera: Cer-
ambycidae), the insect-vector of Pinewood nematode, to reduce
by-catches of non-target insects. Forests 16:1017

Bouget C, Brustel H, Brin A, Noblecourt T (2008) Sampling saprox-
ylic beetles with window flight traps: methodological insights.
Revue D’écologie 63(Suppl 10):21-32

Cardoso P (2009) Standardization and optimization of arthropod
inventories—the case of Iberian spiders. Biodivers Conserv
18:3949-3962

Coop JD, Parks SA, Stevens-Rumann CS, Crausbay SD, Higuera PE,
Hurteau MD, Tepley A, Whitman E, Assal T, Collins BM (2020)
Wildfire-driven forest conversion in Western North American
landscapes. Bioscience 70:659—673

de Groot WJ, Flannigan MD, Cantin AS (2013) Climate change
impacts on future boreal fire regimes. Ecol Manage 294:35-44

Doherty TS, Geary WL, Jolly CJ, Macdonald KJ, Miritis V, Watchorn
DJ, Cherry MJ, Conner LM, Gonzalez TM, Legge SM (2022)
Fire as a driver and mediator of predator—prey interactions. Biol
Rev 97:1539-1558

Eide W, Ahrné K, Bjelke U, Nordstrom S, Ottosson E, Sandstrom
J, Sundberg S (2020) Tillstand och trender for arter och Deras
livsmiljoer - rodlistade arter i Sverige 2020. Artdatabanken SLU,
Uppsala

Flannigan M, Stocks B, Turetsky M, Wotton M (2009) Impacts of cli-
mate change on fire activity and fire management in the circum-
boreal forest. Glob Change Biol 15:549-560

Gutowski JM, Suc¢ko K, Borowski J, Kubisz D, Mazur MA, Melke
A, Mokrzycki T, Plewa R, Zmihorski M (2020) Post-fire beetle
succession in a biodiversity hotspot: Bialowieza primeval forest.
Ecol Manag 461:117893

Hale R, Swearer SE (2016) Ecological traps: current evidence and
future directions. Proc R Soc B 283:20152647

Harvey DJ, Harvey H, Larsson MC, Svensson GP, Hedenstrom E,
Finch P, Gange AC (2017) Making the invisible visible: deter-
mining an accurate National distribution of elater ferrugineus in
the united Kingdom using pheromones. Insect Conserv Divers
10:283-293

Hébert C (2023) Forest arthropod diversity. Forest entomology and
pathology: volume 1: entomology. Springer International Pub-
lishing, Cham, pp 45-90

Heikkala O, Seibold S, Koivula M, Martikainen P, Miiller J, Thorn S,
Kouki J (2016) Retention forestry and prescribed burning result

@ Springer

in functionally different saproxylic beetle assemblages than clear-
cutting. Ecol Manag 359:51-58

Hjaltén J, Stenbacka F, Pettersson RB, Gibb H, Johansson T, Danell K,
Ball JP, Hilszczanski J (2012) Micro and macro-habitat associa-
tions in saproxylic beetles: implications for biodiversity manage-
ment. PLoS ONE 7:e41100

Hsieh TC, Ma KH, Chao A (2024) iNEXT: iNterpolation and EXTrap-
olation for species diversity. R package version 3.0.1. https://CR
AN.R-project.org/package=iINEXT

Hyvérinen E, Kouki J, Martikainen P (2006) A comparison of three
trapping methods used to survey forest-dwelling coleoptera. Eur
J Entomol 103:397-407

Jonsell M, Nittérus K, Stighéll K (2004) Saproxylic beetles in natural
and man-made deciduous high stumps retained for conservation.
Biol Conserv 118:163-173

Kadej M, Zajac K, Ruta R, Gutowski JM, Tarnawski D, Smolis A,
Olbrycht T, Malkiewicz A, Myskow E, Larsson MC (2015) Sex
pheromones as a tool to overcome the Wallacean shortfall in con-
servation biology: a case of elater ferrugineus Linnaeus, 1758
(Coleoptera: elateridae). J Insect Conserv 19:25-32

Kelly LT, Giljohann KM, Duane A, Aquilué¢ N, Archibald S, Batllori E,
Bennett AF, Buckland ST, Canelles Q, Clarke MF (2020) Fire and
biodiversity in the anthropocene. Science 370:eabb0355

Kouki J, Hyvérinen E, Lappalainen H, Martikainen P, Simila M (2012)
Landscape context affects the success of habitat restoration:
large-scale colonization patterns of saproxylic and fire-associated
species in boreal forests. Divers Distrib 18:348-355

Lamarre GP, Molto Q, Fine PV, Baraloto C (2012) A comparison of
two common flight interception traps to survey tropical arthro-
pods. ZooKeys 216:43—-66

Lindenmayer DB, Westgate MJ, Scheele BC, Foster CN, Blair DP
(2019) Key perspectives on early successional forests subject to
stand-replacing disturbances. Ecol Manag 454:117656

McLauchlan KK, Higuera PE, Miesel J, Rogers BM, Schweitzer J,
Shuman JK, Tepley AJ, Varner JM, Veblen TT, Adalsteinsson
SA (2020) Fire as a fundamental ecological process: research
advances and frontiers. J Ecol 108:2047-2069

Milberg P, Bergman KO, Jansson N, Norman H, Sundin F, Westerberg
L, Johansson V (2024) Short Spatiotemporal fire history explains
the occurrence of beetles favoured by fire. Insects 15:775

Miller DR, Crowe CM (2011) Relative performance of Lindgren mul-
tiple-funnel, intercept panel, and colossus pipe traps in catching
Cerambycidae and associated species in the southeastern united
States. J Econ Entomol 104:1934-1941

Miller DR, Duerr DA (2008) Comparison of arboreal beetle catches in
wet and dry collection cups with Lindgren multiple funnel traps.
J Econ Entomol 101:107-113

Molander MA, Winde IB, Burman J, Nyabuga FN, Lindblom TU,
Hanks LM, Millar JG, Larsson MC (2019) Common cerambycid
pheromone components as attractants for Longhorn beetles (Cer-
ambycidae) breeding in ephemeral oak substrates in Northern
Europe. J Chem Ecol 45:537-548

Nageleisen LM, Bouget C (2009) L’étude des insectes En forét:
méthodes et techniques, éléments essentiels pour Une standardi-
sation. Synthése des réflexions menées par Le groupe de travail
«Inventaires Entomologiques En Forét». Inv. Ent. For.) ONF,
Paris

New TR (2014) Insects, fire and conservation. Springer, Dordrecht

Nieto A, Alexander K (2010) European red list of saproxylic beetles.
Publications Office of the European Union, Luxembourg

Okland B, Bakke A, Hagvar S, Kvamme T (1996) What factors influ-
ence the diversity of saproxylic beetles? A multiscaled study from
a Spruce forest in Southern Norway. Biodivers Conserv 5:75-100

Parmain G, Dufréne M, Brin A, Bouget C (2013) Influence of sampling
effort on saproxylic beetle diversity assessment: implications for


https://CRAN.R-project.org/package=iNEXT
https://CRAN.R-project.org/package=iNEXT
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Journal of Insect Conservation (2025) 29:92

Page 13 0of 13 92

insect monitoring studies in European temperate forests. Agric
Entomol 15:135-145

Pryke JS, Samways MJ (2012) Importance of using many taxa and
having adequate controls for monitoring impacts of fire for
arthropod conservation. J Insect Conserv 16:177-185

R Core Team (2024) R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Aus-
tria. https://www.R-project.org/

Ranius T, Jansson N (2002) A comparison of three methods to sur-
vey saproxylic beetles in Hollow Oaks. Biodivers Conserv
11:1759-1771

Rassati D, Marchioro M, Flaherty L, Poloni R, Edwards S, Faccoli M,
Sweeney J (2021) Response of native and exotic Longhorn bee-
tles to common pheromone components provides partial support
for the pheromone-free space hypothesis. Insect Sci 28:793-810

Ray C, Cluck DR, Wilkerson RL, Siegel RB, White AM, Tarbill GL,
Sawyer SC, Howell CA (2019) Patterns of woodboring beetle
activity following fires and bark beetle outbreaks in montane for-
ests of California, USA. Fire Ecol 15:21

Saint-Germain M, Drapeau P, Hébert C (2004) Comparison of cole-
optera assemblages from a recently burned and unburned black
Spruce forests of Northeastern North America. Biol Conserv
118:583-592

Sbaraglia C, Holm IM, Sverdrup-Thygeson A, Astrém J, Birkemoe T
(2025) The shape and material of the flight interception trap mat-
ter for beetle sampling. J Appl Entomol 149:¢12635

Seibold S, Brandl R, Buse J, Hothorn T, Schmidl J, Thorn S, Miil-
ler J (2015) Association of extinction risk of saproxylic beetles
with ecological degradation of forests in Europe. Conserv Biol
29:382-390

Seidl R, Honkaniemi J, Aakala T, Aleinikov A, Angelstam P, Bouchard
M, Boulanger Y, Burton PJ, De Grandpré L, Gauthier S (2020)
Globally consistent climate sensitivity of natural disturbances
across boreal and temperate forest ecosystems. Ecography
43:967-978

Siitonen J (1994) Decaying wood and saproxylic coleoptera in two old
Spruce forests: a comparison based on two sampling methods.
Ann Zool Fenn 31:89-95

Standen V (2000) The adequacy of collecting techniques for esti-
mating species richness of grassland invertebrates. J Appl Ecol
37:884-893

Sverdrup-Thygeson A, Skarpaas O, @degaard F (2010) Hollow Oaks
and beetle conservation: the significance of the surroundings.
Biodivers Conserv 19:837-852

Thurston GS, Slater A, Nei I, Roberts J, McLachlan Hamilton K, Swee-
ney JD, Kimoto T (2022) New Canadian and provincial records
of coleoptera resulting from annual Canadian food inspection
agency surveillance for detection of non-native, potentially inva-
sive forest insects. Insects 13:708

Uhler J, Haase P, Hoffmann L, Hothorn T, Schmidl J, Stoll S, Welti
EA, Buse J, Miiller J (2022) A comparison of different malaise
trap types. Insect Conserv Divers 15:666—672

Van Klink R, August T, Bas Y, Bodesheim P, Bonn A, Fossey F, Hoye
TT, Jongejans E, Menz MH, Miraldo A (2022) Emerging technol-
ogies revolutionise insect ecology and monitoring. Trends Ecol
Evol 37:872-885

VanTassel HLH, Barrows CW, Anderson KE (2015) Post-fire Spatial
heterogeneity alters ground-dwelling arthropod and small mam-
mal community patterns in a desert landscape experiencing a
novel disturbance regime. Biol Conserv 182:117-125

Wikars LO (2002) Dependence on fire in wood-living insects: an
experiment with burned and unburned Spruce and Birch logs. J
Insect Conserv 6:1-12

Zumr V, Nakladal O, Remes J (2025) Two-year post-fire abundance
of arthropod groups across different types of forest in temperate
central Europe. Fire 8:305

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://www.R-project.org/

	﻿Evaluation of sampling methods for characterisation of post-fire beetle assemblages
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study area and sampling design
	﻿Data analysis

	﻿Results
	﻿Overall beetle diversity

	﻿Trap-specific patterns: richness and abundance
	﻿Trap complementarity and overlap

	﻿Detection of conservation-priority species
	﻿Sampling efficiency and optimal combinations
	﻿Discussion
	﻿Trap performance and beetle guild specificity
	﻿Manual searching as a complementary approach
	﻿Sampling efficiency and optimal method combinations
	﻿Methodological considerations for post-fire environments
	﻿Conservation and management implications
	﻿Future research directions

	﻿Conclusions
	﻿References


