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2010; Rubene et al., 2015; Westerfelt et al., 2015, 2018; 
Heneberg et al., 2016; Roberts et al., 2017; Johansson et 
al., 2020), hoverfl ies (Makino et al., 2006; Deans et al., 
2007; Berglund & Milberg, 2019; Johansson et al., 2020), 
and fl ower-visiting beetles (Makino et al., 2006; Berglund 
& Milberg, 2019). Compared with mature forests, there are 
more pollinators in clear-cuts (Nielsen & Totland, 2014) 
and higher densities of bees and hoverfl ies (e.g. Makino et 
al., 2006; Deans et al., 2007; Romey et al., 2007; Proctor et 
al., 2012; Roberts et al., 2017; Rodríguez & Kouki, 2017; 
Amos, 2019). 

Understanding the processes that determine the presence 
and abundance of fl ower-visiting insects in production for-
ests can help us maintain pollination services (Hanula et 
al., 2016; Rivers et al., 2018; Gómez-Martínez et al., 2020; 
Krishnan et al., 2020). For many fl ower-visiting insects, 
other plant or animal resources are needed in addition to 
nectar and pollen. Flower abundance is therefore only one 
of several potentially important factors determining the oc-
currence of species in clear-cuts. For example, the exposed 
soil that is created by preparing the site for sowing or plant-
ing may create nest sites for some species of solitary bees 
(Armbruster & Guinn, 1989; Heneberg et al., 2016; Rod-
ríguez & Kouki, 2017; Proesmans et al., 2019) and some 
species can benefi t from the warm micro-climate (Potts & 
Willmer, 1997; Potts et al., 2005), a feature that in Sweden 
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Abstract.  Clear-cuts in production forests provide an open, sunny environment, with an abundance of nectar, as well as exposed 
soil and woody debris. This makes them a potential habitat for several groups of insects that typically use open habitats like 
grassland, including those species that visit fl owers. In the current study, we used colour pan traps to catch fl ower-visiting species. 
Study sites were selected according to age (2–8 yrs since clear-cut) and land-use history (forest or meadow 150 yrs ago). We 
caught and identifi ed  solitary bees (395 specimens belonging to 59 species), social bees (831/16), other Hymenoptera (367/66), 
Syrphidae (256/31), and beetles (Lepturinae & Cetoniinae; 11,409/12).  Age of the clear-cut strongly affected species composition 
as well as several groups and species, with most species caught mainly in the younger clear-cuts. Flower abundance statistically 
affected several groups and species,  but inferring causation is diffi cult due to the fl ower-richness bias in pan trap catches. Bare 
soil and woody debris were important for the insect assemblage sampled, while bare rock was not. Although the majority of the 
insects caught were forest species, about one third of the species were associated with open, agricultural sites and hence seem 
to be able to locate and exploit resources in clear-cuts.

INTRODUCTION

 Production forests cover vast tracts of land and are 
habitats for many organisms. When production systems 
are based on native vegetation they may support a large 
proportion of native fauna and fl ora (Bergner et al., 2015; 
Hanula et al., 2016; Rivers et al., 2018) and since the areas 
affected are large, potential habitats that may be created by 
forestry practices are important for understanding popula-
tion dynamics of species at the landscape scale (Bergman 
et al., 2018).

Today, many production forests are subject to clear-cut-
ting, i.e. all or most trees in an area are removed. Hence, 
in the otherwise dark sub-canopy environment, there is a 
brief period of openness and exposure to sun. After a clear-
cut operation, there is great change in the vegetation in-
volving both mortality and establishment of new genets 
(Bergstedt & Milberg 2001, 2008; Palviainen et al., 2005) 
as well as an increase in the biomass and fl owering of 
sub-canopy species (Bergstedt et al., 2008; Milberg et al., 
2019). At the same time, other species exploit these open 
environments, such as butterfl ies (Berg et al., 2011; Blixt 
et al., 2015; Korpela et al., 2015; Viljur & Teder, 2016, 
2018; Ohwaki et al., 2018; Bergman et al., 2020) and birds 
(Żmihorski et al., 2016; Ram et al., 2020). Other insect 
groups that exploit clear-cuts include bees and wasps (Fye, 
1972; Cartar, 2005; Romey et al., 2007; Pengelly & Cartar, 
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Half of the clear-cuts were meadows in the 1870s and the other 
half were coniferous forest. The land-use information was ex-
tracted from historical cadastral maps (Häradsekonomiska kar-
tan) for Östergötland produced between 1868 and 1877 (Janson, 
1993; Runborg, 1994). Since the 1870s, at least one generation of 
conifer-dominated forest was grown on these sites; rotations are 
between 70 and 140 years in this region (Ibbe et al., 2011). Previ-
ous studies at the same sites have shown that those that were pre-
viously meadows have a higher abundance of herbaceous plants 
than those that were previously forests (Jonason et al., 2014, 
2016). By selecting clear-cuts with different land-use histories, 
we assumed our sampling would include sites with a range of 
fl ower abundances. 

Apart from history and age, we tried to select clear-cuts that 
were as similar as possible in terms of productivity, and were 
previously dominated by conifers (i.e. Picea abies and Pinus syl-
vestris). In our study system, soil disturbance occurs accidentally 
during harvest and timber extraction, while patches of bare soil 
are created when preparing for planting. Traditionally, woody de-
bris is left in clear-cuts, but recently the practice of extracting it 
for use as biofuel has increased in southern Sweden. 

Vegetation sampling
Vegetation in the 48 clear-cuts was sampled in August to early 

October 2013. One-hundred circular plots (radius 1 m) were 
evenly distributed over each clear-cut along straight transects 
placed 25 m apart. In each plot, presence / absence was recorded 
for vascular plant species. For each clear-cut, a species’ frequency 
was calculated as the number of plots in which it was present 
(see Jonason et al., 2014 for details). In the present study, we 
used the sum of the frequencies of those species that have fl owers 
visited by insects, hence forth called “fl ower index” (Table 1). As 
expected, this index differed depending on land-use history, with 
those sites that were historically meadow supporting a higher fre-
quency of species with fl owers that attract insects (difference in 
means was 199 with CI95% 80; 317).

For every third plot sampled, we also recorded the identity of 
the species and the diameter of stumps, snags and living trees > 10 
cm in diameter within an area of 100 m2 (a circle with a radius of 
5.64 m). These values were used to calculate basal area at stump 
height in order to obtain an estimate of the composition and den-
sity of the forest before clear-cutting. In addition, within the same 
plots, the presence of bare mineral soil, bare rock, and logging 
residues were recorded. These data were converted to ln(odds) of 
encountering any of these three in a clear-cut [odds = (number of 
plots where present + 0.5) / (number of plots where absent + 0.5)].

Pan trapping of insects
The pans used to collect insects were painted with either blue, 

white or yellow UV-refl ecting paint (Soppec, Sylva mark fl uo 
marker, Nersac, France). The pans had a diameter of 8.7 cm, a 
volume of 0.5 L, and were fi lled with nontoxic propylene gly-
col (40% concentration), to decrease surface tension and act as 

is enhanced by exposed bedrock. The sudden addition of 
large amounts of dead wood, especially fi ne woody debris, 
is also typical of clear cuts. These can be used as nesting 
sites by some solitary bees (Westerfelt et al., 2015, 2018; 
Rodríguez & Kouki, 2017). 

Conditions and resources change quickly in clear-cuts, 
which is likely to affect resident insect assemblages. For 
example, fi ne woody debris decomposes, exposed soil be-
comes overgrown, hostplant biomass may increase, and 
the abundance or diversity of parasitic species can change, 
particularly if there is a temporal delay in tracking host 
species that exploit clear-cuts. Another factor that is likely 
to infl uence the assemblages is the time it takes for a spe-
cies to “fi nd” a potential site and increase in abundance. 

The aim of the present study was to relate the abundance 
of insects attracted to fl owers, to: 

(i) the age of the clear-cut, where we expect responses 
due to changes in a resource or a delay in dispersal and/or 
population build-up;

(ii) fl ower abundance, which is known to affect butter-
fl ies (Ibbe et al., 2011) and burnet moths (Bergman et al., 
2020);

(iii) woody debris, that can provide nest sites for some 
species;

(iv) exposed mineral soil, which some species need for 
nesting; 

(v)  exposed bedrock, which can affect the micro-climate 
by retaining heat (warmer and longer season).

The above were evaluated by grouping the number of 
insects caught in different ways, and considering both the 
number of species and number of specimens. Data were 
grouped according to: Superfamily; Feeding style [herbi-
vore, carnivore, saprophage, detritivore or parasite (para-
site, parasitoid, cleptoparasite)]; and Preferred habitat (for-
est or open agricultural land).

Insects were caught using colour pan traps, a method de-
signed for fl ower-visiting insects and often recommended 
because of its selectivity (compared with passive traps) and 
ability to trap over a long period of time (compared with 
netting). Like all methods of catching insects, it involves 
some bias, most notably involving fl ower abundance 
(Baum & Wallen, 2011; Saunders & Luck, 2013; Templ et 
al., 2019; Westerberg et al., 2021). The taxa studied were 
(i) social Apoidea, (ii) solitary Apoidea, (iii) “other Hyme-
noptera” (Pompilidae, Tiphiidae, Chrysidoidea), (iv) Lep-
turinae, (v) Cetoniinae and (vi) Syrphidae. 

MATERIAL AND METHODS
Sites studied

The sites studied were in Östergötland, southern Sweden, in 
a landscape consisting mainly of coniferous forest intermixed 
with lakes, bogs, small patches of seminatural grassland and ar-
able fi elds. The sites consisted of 48 forest patches that had been 
clear-cut, ranging from 1.5 to 6.6 ha in size. They were all > 300 
m from the nearest seminatural grassland and > 300 m from the 
nearest clear-cut. As the fi rst years after clear-cutting are the most 
dynamic, we selected sites that were cut between 2 and 8 years 
previously. 

Table 1. Characteristics of the clear-cuts sampled (N = 48) in July.

Average SD Min Max
Age (year) 4.9 2.2 2.0 8.0
Flower index 1 677 225 330 1399
Odds of bare soil in plot 2 0.61 1.43 0.015 6.6
Odds of bare rock in plot 2 12.3 19.8 0.28 67
Odds of woody debris in plot 2 10.0 18.1 0.33 67
Deciduous trees (%, based
on basal area of stumps) 2.5 2.5 0.0 8.4

1 Flower index is based on data recorded by Jonason et al. (2014). 
2 ln(odds) was used in statistical analyses.
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a preservative. A small hole (4 mm in diameter) was drilled at 
the top of each bowl to ensure that rainwater could drain away. 
A pan trap triplet, i.e. three pans, one of each colour, was placed 
on a steel stake. 

Three trap triplets were placed in each clear-cut at the same 
height as the vegetation and in places considered to be representa-
tive of the clear-cut (avoiding, e.g. wet patches, exposed bedrock, 
tracks). Traps were set for two one-week periods: in early and late 
July 2013. This corresponds to a trapping effort of 42 trap triplet 
days per clear-cut. The pans were covered with lids between the 
two collecting periods. Data were pooled across the two collect-
ing periods and the trap triplets per clear-cut. 

The following taxonomic groups were identifi ed to species: 
Lepturinae, Cetoniinae, Apoidea, Vespoidea (Po mpilidae, Tiphi-
idae), Chrysidoidea (Chrysididae 8 spp.) and Syrphidae. Other 
insects caught that are not considered here were Vespidae, various 
small Coleoptera and Lepidoptera. Of the Apoidea, social spe-
cies (i.e. Apis and Bombus) tend to be more numerous and fl y 
great distances during foraging. Therefore, we treated social and 
solitary Apoidea as two separate groups. Vespoidea (Pompilidae, 
Tiphiidae) and Chrysidoidea were grouped together and referred 
to as “other Hymenoptera”.

Statistical analyses
Generalized Linear Models (GLM Poisson distribution, with 

adjustment for overdispersion; log link) of the numbers of speci-
mens and species caught per clear-cut were produced using 
TIBCO Statistica 13 (www.tibco.com). Five explanatory vari-
ables were tested: (i) the age of the clear-cut, (ii) the fl ower index, 
(iii) the odds of fi nding bare soil, (iv) the odds of fi nding exposed 
bedrock, and (v) the odds of woody debris. Not unexpectedly, 
fl ower index, bare soil, bare rock and woody debris all decreased 
signifi cantly with the age of the clear-cut, with the amount of 
woody debris correlating positively with the amount of both bare 
soil and bare rock. Hence, multiple regression, or model selec-
tion, was not appropriate and a number of simple regressions 
were instead conducted, with the outcomes compared based on 
their Z- values (the test statistic for a Wald test). As sample size 
was constant, we used Z-values to directly compare all the analy-
ses (which would not be possible using regression coeffi cients). 
Models with high Z-values or low negative Z-values, depending 
on the direction of the relationship, indicate a strong association 
between the response variable and the explanatory variable in 
question.

These analyses were conducted on the number of species 
and specimens after data had been grouped based on taxonomy 
(Lepturinae, Cetoniinae, solitary Apoidea, social Apoidea, other 
Hymenoptera, Syrphidae). Furthermore, the number of species 
with different modes of feeding were analysed in a similar way 
(herbivores, carnivores, parasites [including kleptoparasites and 
parasitoids], decomposers; n.b. that some species can have more 
than one feeding style). 

Species were assigned to “landscape type” using The Swedish 
Species Information Centre (www.artfakta.se). In this classifi ca-
tion system, a species can be assigned to one or more of seven 
“landscape types”. Adding further detail, species can be consid-
ered as “mainly” or “partly” associated with a certain type of 
landscape, and we re-coded these as 2 (mainly) and 1 (partly). We 
assigned a preferred habitat to species by subtracting the value 
for agricultural landscapes from forest landscapes, and called this 
difference a “forest affi liation value”, ranging from +2 (only and 
“mainly” occurring in forest landscapes) to –2 (only and “mainly” 
occurring in agricultural landscapes). Av eraging such association 
values for species caught in a clear-cut resulted in a “forest affi lia-

tion index”. This index was used as the response in similar GLMs 
as described above (but choosing linear model and identity).

Corresponding analyses were also carried out on twenty-one 
species judged suffi ciently abundant (minimum of 20 specimens) 
and widespread (minimum of 15 clear-cuts) for meaningful spe-
cies-level analyses. 

Finally, a Principal Component Analysis (PCA) was used to il-
lustrate how species composition varied among the 48 clear-cuts. 
An advantage of PCA is that environmental variables can be pas-
sively added to the solution to assist interpretation. We used the 
fi ve variables used in the above GLMs (age of clear-cut; fl ower 
index; odds of fi nding bare soil, exposed bedrock and woody de-
bris in plots).

All data collected in the current study are available via Zenodo: 
https://doi.org/10.5281/zenodo.4756772.

RESULTS

In total 13,258 insects belonging to 184 species were 
identifi ed. Lepturinae were the most numerous (10,525 
specimens/10 taxa), followed by Cetoniinae (884/2), social 
Apoidea (831/16), solitary Apoidea (395/59), other Hyme-
noptera (367/66) and Syrphidae (256/31). The number of 
species and specimens per clear-cut varied substantially 
(Table 2).

Table 2. Average number (SD) of individuals and species caught 
per clear-cut. Each clear-cut had three pan trap triplets (three traps 
of three different colours) that were set for 2 weeks during July. 

Specimens Species
Lepturinae 219.3 (139.75) 4.8 (0.93)
Cetoniinae 18.4 (14.13) 1.9 (0.31)
Solitary Apoidea 8.2 (4.95) 5.7 (2.77)
Social Apoidea 17.3 (11.72) 4.5 (1.58)
Other Hymenoptera 7.6 (3.82) 5.7 (2.60)
Syrphidae 5.3 (4.55) 3.0 (1.96)

Regression analyses
The relative importance of the fi ve explanatory 
variables

Of the 38 models for each explanatory variable (Fig. 1), 
age of clear-cut, fl ower index, bare soil, and woody debris 
were all important (13, 11, 13 and 13 signifi cant models, 
respectively). In three cases, there was an increase with age 
of clear-cut and in ten cases a decrease with age (Fig. 1a). 
There were four cases in which abundance increased with 
an increase in the fl ower index and, surprisingly, seven in 
which abundance decreased (Fig. 1b). There were eleven 
and ten cases (of 13) in which abundance increased with 
bare soil and woody debris, respectively (Fig. 1b). By con-
trast, bare rock had low explanatory power (2 signifi cant 
models). 

Grouping according to taxonomy
Of the 30 GLMs for the number of specimens, ten were 
signifi cant: Lepturinae increased with the age of the clear 
cut and decreased with increased fl ower abundance (fl ower 
index), bare soil, and woody debris (Fig. 1). The number 
of specimens of solitary Apoidea and other Hymenoptera 
both decreased with clear-cut age (Fig. 1a), and increased 
with bare soil (Fig. 1c), and woody debris (Fig. 1e). 
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The number of species of solitary Apoidea and other 
Hymenoptera both decreased with age and increased with 
bare soil and woody debris, whereas other Hymenoptera 
also increased with bare rock (Fig. 1). In addition, the 
number of species of Syrphidae increased with the fl ower 
index, and that of Lepturinae with bare soil. 

Grouping according to life-style
The number of species of herbivores, carnivores, and 

parasites each decreased signifi cantly with clear-cut age 
(Fig. 1a). Furthermore, herbivores and parasites increased 
with increasing amounts of bare soil (Fig. 1c) and woody 
debris (Fig. 1e). 

Grouping according to affi liation with forest 
vs agricultural land

Lepturinae and Cetoniinae were mainly forest species 
whereas other taxa were represented by both forest species 
and open landscapes species (Fig. 2). 

The average forest affi liation index decreased with in-
creases in the fl ower index, i.e. the proportion of insect 
species whose main preference is for open landscapes 
increased with increasing abundances of insect-attracting 
fl owers (Fig. 1b). In parallel, there was a tendency for the 
forest affi liation index to decrease with clear-cut age (Fig. 
1a).

Species-wise analyses
Of the 21 species analysed, the abundances of 13 were 

signifi cantly affected by one or more of the fi ve explana-
tory variables (Fig. 1). The age of the clear-cut affected fi ve 
species either negatively (one social Apoidea, one other 

Fig. 1. GLM outcomes in the form of Z-values for each of the fi ve explanatory variables. Large positive values mean a positive relation-
ship, and vice versa; Data points between the dotted lines were statistically non-signifi cant. Numbers to the right are number of species 
or number of specimens.

Fig. 2. Total number of species per forest affi liation value. The 
number above the bar is the number of specimens caught. 
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Fig. 3. PCA of data on fl ower-visiting insects sampled using pan 
traps in 48 clear-cuts in a southern Swedish production forests. Ei-
genvalues of PC1 and PC2 were 16.3 and 9.1%, respectively. 3a) 
Sites, with a circle diameter proportional to the number of species; 
3b) Passive environmental variables; 3c–g) In order to facilitate 
interpretation, the taxonomic groups are presented separately and 
only those species with large scores are indicated by name.
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Hymenoptera, one Syrphidae) or positively (one Leptu-
rine, one Syrphid; Fig. 1a). 

The fl ower index signifi cantly affected eight species ei-
ther negatively (three Lepturinae, one social Apoidea, one 
other Hymenopteran) or positively (one solitary Apoidea, 
one social Apoidea, one Syrphid; Fig. 1b). 

Four species were positively affected by bare soil (one 
Lepturinae, one solitary and one social Apoidea, one Syr-
phidae) and one negatively (one Lepturinae; Fig. 1c). One 
species was positively affected by bare rock (other Hy-
menoptera; Fig. 1d). Finally, four species were positive-
ly affected by woody debris (one solitary and one social 
Apoidea, one other Hymenoptera, one Syrphidae) and two 
negatively (one Lepturinae, one Syrphidae; Fig. 1e).

PCA
The multivariate analyses not unexpectedly confi rmed 

the above results in the sense that clear-cut age and fl ower 
index were the factors that best correlated with PC1, while 
bare soil and woody debris aligned with PC2 (Fig. 3b). 
Lepturinae were mainly associated with older clear-cuts 
(Fig. 3c) while several species of other Hymenoptera (Fig. 
3f) and Syrphidae (Fig. 3g) preferred young clear-cuts. The 
presence of both solitary and social Apoidea was not as-
sociated with the age-gradient , as few, if any, species had 
arrows coinciding with this gradient (Fig. 3d, e).

DISCUSSION

Clear-cuts as habitat for fl ower-visiting insects
We recorded a species-rich assemblage of fl ower-visit-

ing insects in clear-cuts, with more than 13,000 specimens 
from 184 species collected. This adds to the growing evi-
dence that numerous pollinator species occur in clear-cuts 
(Blixt et al., 2015; Rubene et al., 2015; Bergman et al., 
2020; Johansson et al., 2020). It is diffi cult to compare 
species numbers recorded in different studies because the 
sampling methods used and sampling effort differs. So, 
we compared our results only with studies using pan traps 
(sometimes combined with other methods of sampling), 
with similar sampling effort, and geographical coverage 
as in our study. We identifi ed three previous, comparable 
studies on clear-cuts in Fennoscandia. Johansson et al. 
(2020), using a similar sampling effort to the current study, 
recorded 61 species of bees (Apoidea) compared with our 
75 species, while Rubene et al. (2015), with approximately 
twice our sampling effort, recorded 100 species. Rodríguez 
& Kouki (2017) recorded only 22 species, but with only a 
third of our sampling effort. 

Our abundances of bees were similar to Rubene’s, using 
the same type of pan traps: 4.3 and 3.7 specimens per trap 
triplet per week, respectively, whereas Rodríguez’s are 
lower (1.4). In the latter study, samples were also collect-
ed early in the season when few Apoidea and especially 
Bombus were caught. They therefore likely underestimated 
bee densities compared with the current study and that of 
Rubene et al. (2015). The percentage of social Apoidea 
specimens (i.e. Bombus spp. and honeybees) among all of 
the Apoidea individuals collected were also similar: 68%, 

62% and 62% in our study, Rubene et al. (2015) and Rod-
riguez & Kouki (2017), respectively. Hence, the patterns 
seem surprisingly consistent throughout the boreal and 
boreonemoal zones in Fennoscandia. 

Compared with clear-cuts in European boreal forests, 
bee density was about four times higher in deciduous for-
est in eastern North America, according to two studies. 
Romey et al. (2007) sampled a single clear-cut (2.0 ha) and 
recorded 14.9 bees per week per trap triplet, of which 5.7% 
were social Apoidea. A complication is that traps were only 
set for 6 h per day, resulting in an underestimation of num-
bers compared to the above studies. Roberts et al. (2017) 
recorded 18.6 bees per week per trap triplet, of which so-
cial species made up just 2% of individual bees (clearings 
ranging in size from 0.08 to 1.29 ha). However, insects in 
that study were only sampled on warm, sunny days, which 
will have resulted in an overestimation compared with that 
recorded in the aforementioned boreal forest studies. 

Compared with grasslands, the numbers of fl ower-visit-
ing insects recorded in clear-cuts were high. For example, 
Meyer et al. (2017) collected 67 species/993 specimens of 
bees, and 42/505 hoverfl ies from Alpine meadows using 
sweep netting and pan trapping. We recorded similar num-
bers using pan traps (75/1226 bees and 31/256 hoverfl ies). 
In a pan trapping study of insects in grasslands in Wales, 
Lucas et al. (2017) record 42/1171 hoverfl ies, and in Eire, 
Power et al. (2016) record 34/1176 hoverfl ies using pan 
traps and transect walks. Despite longer sampling seasons, 
using two types of sampling and catching many more spec-
imens, these two studies did not catch considerably more 
species of hoverfl ies than that recorded in clear-cuts in the 
present study.

Given that clear-cuts are a new phenomenon in boreal 
forests, it might be worthwhile speculating on the evo-
lutionary history of the species that exploit them. Within 
boreal and boreonemoral forest, fi re was an important 
disturbance factor (Bogusch et al., 2015) that occasion-
ally killed trees and allowed the ground fl ora to fl ourish. 
Burnt and unburnt clear-cuts, however, differed in species 
composition, especially that of bees and wasps (Johansson 
et al., 2020). Some species might have adapted to exploit 
the open and sun-lit environments created by now-extinct 
mega-herbivores (Vera, 2000; Svenning, 2002; van Vuure, 
2005; Ohwaki, 2018).

A combination of species from forest 
and agricultural landscapes

The assemblages we recorded consisted of both for-
est species and species considered to prefer agricultural 
landscapes. Of our 184 species, 62 were considered to be 
mainly (N = 41) or only (21) associated with agricultural 
landscapes. This indicates we sampled a neglected habitat 
for these species (i.e. the landscape classifi cations for these 
species are wrong). Alternatively, these species were only 
occasional visitors to the forest environment we sampled. 
As many of the species have a relatively limited disper-
sal ability (Zurbuchen et al., 2010; Wright et al., 2015) 
and only social bees regularly forage over long distances 
(Greenleaf et al., 2007; Osborne et al., 2008), we favour 
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the fi rst explanation. If so, our study indicates that clear-
cuts constitute a hitherto neglected, open, sunlit habitat 
for many species normally considered grassland special-
ists (cf Berg et al., 2011; Ibbe et al., 2011; Viljur & Teder 
2016; Ohwaki et al., 2018; Bergman et al., 2020). Given 
that clear-cuts are likely to remain an important forestry 
method over large areas of temperate and boreal forests, 
this land will continue to support pollinator abundance and 
diversity in these landscapes (Bergman et al., 2008, 2018). 

Forest species, like many Lepturinae, presumably dis-
persed over relatively short distances from adjacent forest 
to reach the clear-cuts we sampled, while many open-area 
species presumably dispersed over much longer distances 
from other open habitats. This could result in their later 
arrival at our sites, which would be refl ected in a decrease 
in our forest affi liation index over time as more open-area 
species arrive. However, this assumption was not con-
fi rmed, and instead there was a tendency for the reverse 
pattern, i.e. that the proportion of open-area species de-
creased over time. Dispersal limitation therefore does not 
seem to be important in our study system. 

Short-term dynamics in clear-cuts
Despite including only 2–8-year-old clear-cuts, our study 

clearly shows that short-term dynamics in insect abundance 
can be marked. One taxonomic group (solitary Apoidea) 
and three species (Bombus pascuorum/social Apoidea; 
Ectemnius continuus/other Hymenoptera; Xylota segnis/
Syrphidae) clearly decreased in abundance with clear-cut 
age. Furthermore, when grouping species according to 
mode of feeding, the frequency of herbivores, carnivores 
and parasites all decreased with clear-cut age, suggesting 
that there was a concomitant decrease in some fundamental 
resources. That parasite abundances clearly decreased was 
somewhat surprising as one would expect their abundances 
to lag behind that of their host species. However, any such 
lag would likely be only a single season, which may not be 
long enough to affect the broader patterns. 

On the other hand, one group (Lepturinae) and two spe-
cies (Stenurella melanura/Lepturinae; Sericomyia silentis/
Syrphidae) increased with clear-cut age (n.b. Stenurella 
melanura made up 74% of the Lepturinae). Increases in the 
abundances of Stenurella melanura and Lepturinae were 
expected as these species rely on dead wood and many 
lepturines have larval periods of 2–3 years (Ehnström & 
Holmer, 2007) suggesting a delay in population build-up 
following harvesting and the immediate deposition of vast 
amounts of deadwood (stumps and fi ne woody debris). 

The short-term dynamics in clear-cuts seem to be mainly 
caused by decreases in available resources. These changes 
did not affect all species on clear-cuts however, since both 
the composition of the vegetation (Jonason et al., 2016) 
and butterfl y assemblages (Blixt et al., 2015) were rela-
tively stable over the same time span. 

Fl ower index
As previously shown, clear-cuts with a meadow history 

have a richer fl ora than those with a forest history (Jonason 
et al., 2016) and we expected a gradient in insect compo-

sition that coincided with a gradient in the fl ower index. 
Such patterns exist for butterfl ies (Ibbe et al., 2011), burnet 
moths (Bergman et al., 2020) and bees (Fye, 1972), which 
all increase with fl ower abundance in clear-cuts. Further-
more, social Apoidea should have peaked in abundance 
when we sampled, and their many workers are known to 
make long foraging trips (Greenleaf et al., 2007; Osborne 
et al., 2008). They are therefore likely to accumulate in 
substantial numbers at sites where there is high produc-
tion of nectar or pollen, thereby strengthening their abun-
dance/fl owering relationships compared with that of other 
groups. However, only one taxonomic group (Syrphidae) 
of six, and three species of 21, increased with the fl ower 
index. Furthermore, one taxonomic group (Lepturinae) 
and fi ve species actually displayed a negative relationship 
with fl ower index. We propose three reasons for these un-
expected results. First, estimating fl ower abundance is dif-
fi cult, so the index we used (the total frequency of species 
with insect-attracting fl owers) might be poorly related to 
the quantity of nectar and pollen available. Second, clear-
cut age had very strong explanatory power in this study and 
was negatively correlated with the fl ower index. Hence, the 
age factor might obscure a fl ower/abundance relationship. 
Third, catches in pan traps can suffer from a negative bias 
as fl ower abundance increases (Wilson et al., 2008; Baum 
& Wallen, 2011; Templ et al., 2019; Westerberg et al., 
2021), i.e. the likelihood of a catch decreases when there 
are more fl owers in the vicinity of a trap. Positive relation-
ships between pan trap catches and fl owers therefore occur 
despite this potential negative bias and the effect of clear-
cut age. On the other hand, we believe that negative rela-
tionships are potentially erroneous when based on pan trap 
catches, and should therefore be treated with scepticism. 

In addition to the total number of syrphid species, there 
were three species with signifi cant, positive relationships 
between the fl ower index and abundance: Xylota segnis 
(Syrphidae), Bombus pascuorum: (social Apoidea) and 
Lasioglossum albipes (solitary Apoidea). There is nothing 
noteworthy in the biology of these species that could ac-
count for this (Bartsch et al., 2009; Falk, 2015). Both Xy-
lota segnis and Bombus pascuorum decreased signifi cantly 
with age of the clear-cut and as age and fl ower index are 
negatively correlated, it is possible that their abundances 
were driven by some other feature of clear-cut age rather 
than fl ower abundance per se. 

Bare soil, bare rock and woody debris
We assumed that the occurrence of exposed mineral 

soil and woody debris would be important for some spe-
cies in the two most species-rich groups (solitary Apoidea 
and other Hymenoptera) as they require these resources 
for nesting (e.g. Grundel et al., 2010; Rubene et al., 2015; 
Heneberg et al., 2016; Rodríguez & Kouki, 2017; West-
erfelt et al., 2018; Proesmans et al., 2019). Our results 
showed that bare soil and woody debris in plots both had 
high explanatory power (11 and 10 positive and signifi cant 
relationships to bare soil and woody debris, respectively). 
When selecting only those species that need bare soil or 
woody resources for nesting, there were also clear positive 
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and signifi cant relationships (data not shown). It is note-
worthy that these patterns are so clear given that there was 
plenty of bare soil and woody debris in all of the clear-cuts. 
This suggests that the quantity of bare soil and woody de-
bris are important factors shaping the assemblages of these 
insects. In addition, there might be quality issues regarding 
the existing woody debris that contributes to shaping these 
assemblages (e.g., Hilszczański et al., 2005; Stenbacka et 
al., 2010). For example, two species of wood-living Hyme-
nopteran parasitoids were more abundant in clear-cuts than 
in two types of forest, while the opposite was reported for 
a third species (Stenbacka et al., 2010). 

There were four species whose abundances signifi cantly 
increased with increasing amounts of bare soil and four 
that increased with increasing amounts of woody debris 
(in total fi ve species responded to one or both of these re-
sources). The strong correlations between bare soil, woody 
debris and clear-cut age makes it diffi cult to separate the 
causal factors, but two of the fi ve species nest in bare soil 
(Andrena fulvida, Ectemnius continuus) and two have lar-
vae that live under bark (Leptura quadrifasciata, Xylota 
jakutorum). The fi fth species, the generalist bumblebee 
Bombus pascuorum, has no apparent reason to track bare 
soil or dead wood, so we cannot yet speculate as to why it 
declines strongly in abundance with clear-cut age.

Finally, the abundance of one species (Ectemnius contin-
uus) was positively associated with the amount of exposed 
rock. As the rock itself is not exploited by this species, this 
observation could either refl ect differences in vegetation 
or soil conditions when soil cover is thin (often the case 
near bare rock), or it may simply be a consequence of a 
more advantageous microclimate near sun-exposed bed-
rock (warmer and longer season, e.g. Proctor et al., 2012). 
Whether bare rock in itself attracts insects or simply makes 
nearby spots warmer and more attractive, remains to be 
resolved. 

Overall, the amounts of bare soil and woody debris found 
in clear-cuts was important for determining the assemblage 
of fl ower-visiting insects, while the amount of bare rock 
had little effect. 

CONCLUSIONS

• Clear-cuts in productions forests are exploited by a large 
number of fl ower-visiting species.

• Although the majority of specimens recorded were for-
est species, many were associated with open, agricultur-
al sites that seem to move in to exploit similar resources 
in clear-cuts. 

• The dynamics of the assemblages are strong in the fi rst 
decade after the clear-cut with the majority of species 
decreasing in abundance over time. 

• Flower abundance had surprisingly small explanatory 
power, which is likely to be partly dependent on the 
rapid decrease in fl ower abundance over time and the 
potential for a negative bias when using pan traps. 

• Bare soil and woody debris were important for the in-
sect assemblage sampled, while bare rock was not. 
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