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Abstract

Increasing evidence for insect biodiversity decline requires an identification of the causes but also an improved under-
standing of the limitations of the various underlying sampling methods. Trap comparisons foster comparability of larger-
scale biodiversity studies by providing a deeper understanding of the variations in species abundances and trait composi-
tions due to variations in trap characteristics. In our study, we compared five Malaise trap types on their catchability of
butterfly species and noctuid moths and examined for the butterflies how this can be related to traits. We showed marked
differences in species and trait occurrence in the samples of the different trap types which seemed to be influenced by roof
colour (white, black) and trap shape (Townes trap: high, wide roof, Bartak trap: low, narrow roof). We found most butterfly
species and most butterfly biomass in the white-roofed Townes trap. All butterfly traits were represented with most indi-
viduals in this trap. Compared with its black counterpart, it showed increased catches for pale butterflies and forest species.
We found that dark-roofed traps captured fewer butterfly species and had a lower butterfly biomass. Townes traps captured
more butterflies with larger wingspans, egg-laying locations higher above ground, and tree feeding behaviour compared
to Bartak traps. Depending on the season and habitat, the differences in species capture may affect overall insect biomass.

Keywords Insect monitoring - Butterfly - Malaise trap - Trait - Bartak trap - Townes trap

Implications for insect conservation
Our findings support adjustments of species abundances, trait compositions and total biomass between studies using dif-
ferent Malaise trap types, thus facilitating comparisons across studies and data compilation for large-scale studies.

Introduction

Increasing evidence for insect biodiversity decline (Burner
et al. 2021; Hallmann et al. 2021; Warren et al. 2021)
emphasizes the need for the initialization of new, harmo-
nized insect monitoring programmes and a comprehensive
compilation of existing monitoring data (Welti et al. 2021;
Uhler et al. 2022a; Kerner et al. 2024). Such large collec-
tions of data could help provide a more comprehensive pic-
ture of large-scale spatial and temporal patterns in insect
communities worldwide (Kerner et al. 2024). However, the
potential of joint analyses can only be realized if we succeed
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in merging insect data from different sampling techniques
that scientists have used (Barkmann et al. 2023; Mora-Agu-
ilar et al. 2023). This requires a better understanding of how
differences in trap characteristics affect the species abun-
dance in samples.
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Research on differences in insect catchment due to dif-
ferences in trap characteristics, such as colour or shape,
has been conducted for several trap types (Brown and Mat-
thews 2016; Shrestha et al. 2019; Gonzalez et al. 2020).
This includes Malaise traps (Malaise 1937), which are one
of the sampling methods for which many variants are being
used by scientists. The Malaise trap is widely used for the
monitoring of insects (Meserve et al. 2016; Hallmann et al.
2017; Welti et al. 2022; Lenzi et al. 2023), because it cap-
tures a large range of insect orders (Karlsson et al. 2020).
The trap was originally developed for Diptera research
(Sjoberg 2004) and captures predominantly Hymenoptera,
Hemiptera and Diptera species, but also a markable number
of Lepidoptera species (Remmel et al. 2024).

Insect occurrence in Malaise trap samples was found to
be influenced by trap size, mesh size, shape, the colour of
the lower intercept panel (Darling and Packer 1988; Irvine
and Woods 2007; Uhler et al. 2022a), and the colour of the
roof (Duarte et al. 2010; Uhler et al. 2022a; van Achterberg
2009). Until now, the dependency of capture efficiency on
trap characteristics has been confirmed and explained, but
studies have remained largely limited to the level of insect
order or indicator groups. Consequently, the support for data
compilation provided by these findings is limited to studies
at the level of order. A better understanding of the differ-
ences in species capture between Malaise trap types due to
trap characteristics can help interpret species abundances
according to the trap type used and to homogenise species
abundances of different studies, thus facilitating their com-
parison and data compilation.

Functional species traits can help discover the relation-
ship between trap characteristics and species abundances
because they affect insect behaviour in relation to traps
(Cadotte et al. 2011). For example, given a trap with a nar-
row roof, a small species would be held back by the roof
and prevented from escaping, but a large species could over-
come the barrier and escape (McCravy et al. 2019). Con-
sequently, a trap with a narrow roof design could include
fewer large species than a trap with a wide roof. In order to
measure this catchability of species with different traits, a
simultaneous operation of different Malaise trap types could
help directly compare species, and hence trait abundances.

Concomitant differences in insect trait distribution among
trap types are crucial to determine because they could also
result in an over- and under-representation of traits in sam-
ples of different Malaise trap types. Such biases need to
be taken into account when combining data from different
trap designs in analyses. For example, trait data generated
by Malaise traps is used as a basis for functional diversity
studies for a large range of insect orders: Coleoptera (Grim-
bacher and Stork 2007; Choi et al. 2010; Canovai and Loni
2019), Hymenoptera (Ngo et al. 2013; Kendall and Ward
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2016; de Souza et al. 2020; Turo et al. 2021; Warne et al.
2020), Diptera (Sjoberg 2004; Marcos-Garcia et al. 2012;
Larrieu et al. 2015), and Trichoptera (Smith et al. 2002).
The most studied functional species traits in these studies
include behavioural traits such as feeding behaviour, habi-
tat preferences, migratory behaviour, sociality, and nesting
location, and morphological traits such as body size, colour,
or type of insect mouthpart.

For a comparative study between Malaise trap types,
including species and their traits, butterflies are particularly
suitable. They are among the insect families whose func-
tional species traits are well studied (Middleton-Welling et
al. 2020; Shirey et al. 2022); thus, it is easier to identify
traits involved in the interaction between trap type and spe-
cies. Additionally, they are often used as a model group in
animal ecology studies, such as mobility research (Ockinger
et al. 2010; Betzholtz and Franzen 2011; Kuussaari et al.
2014) and as flagship species for invertebrate conservation
(Barua et al. 2012). Many butterfly species show consid-
erable decline (Warren et al. 2021; Burner et al. 2021; but
see: Macgregor et al. 2019). Furthermore, a study revealing
differences between Malaise trap types for butterfly capture
can support the extraction of quantifiable and unbiased but-
terfly community data from Malaise trap samples of moni-
toring programmes for conservation purposes (Buchner et
al. 2024). Therefore, these Malaise trap samples can be used
as a further data source, in addition to traditional methods
such as transect walks (Barkmann et al. 2023) and light
traps (Jonason et al. 2014).

In our study, we investigated the catchability of but-
terfly species and noctuid moths in five different Malaise
trap types differing in shape and roof colour. Therefore, we
recorded the abundances of butterfly species and noctuid
moths in the Malaise trap catches. The traps were placed
as a defined set on a meadow and a forest clearing site in
three regions of southwestern Germany and were operated
simultaneously (Uhler et al. 2022a). In search of the causes
for the different species abundances, we substituted butter-
fly species with their functional species traits and analysed
how butterflies with certain traits are represented in the trap
catches. We discussed differences in the number of indi-
viduals per trait in the catches as well as the resulting trap
catch efficiency with regard to the possible trap components
and design differences that could be responsible. From trait
composition, we further obtained information about over-
and under-representation of traits in the trap catches, which
can serve as key information in the interpretation of trait
data from various Malaise trap types. To check for possible
impacts of trap-specific trait compositions on the butterfly
biomass of the Malaise traps, we calculated butterfly bio-
masses from species abundances and species body masses
and compared them between trap types. Also, the noctuid
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moth biomasses were compared between the trap types.
Finally, we explored the relationship between Malaise trap
type, butterfly biomass and total insect biomass for each
trap type using a generalized linear mixed-effects model to
reveal the contribution of butterfly biomass to total biomass
of Malaise trap samples. Another model was built including
the noctuid moth biomass instead of the butterfly biomass.
Our results support the integration of species and trait
data obtained with different trap designs. We used butterflies
as a model group for our study, but by extending the analy-
ses to the trait level, we have also paved the way for the
transferability of our results to other insect orders.

Materials and methods
Sampling design

Insect samples were collected from the end of May to the
end of August 2020 in three lower mountain range regions
of southwestern Germany (Hunsriick, Spessart, and Steiger-
wald). The sites in Hunsriick (Hunsriick-Hochwald National
Park) and Spessart (Rhine-Main-Observatory) belong to the
Long-Term Ecological Research Network (LTER, Haase et
al. (2016); Mirtl et al. (2018). In each region, a defined set
of five different Malaise trap types was placed each on a
meadow and a forest clearing site (see Uhler et al. 2022a
and supplementary material Fig. S1). Insects were captured
with five different Malaise trap types: three variants of the
Townes Malaise trap and two variants of the Bartak Malaise
trap. The tent-like traps were operated at catching intervals
averaging 14 days. Ethanol 80% was used as a preserva-
tive. Traps varied in shape, roof colour and capture bottle
(Fig. 1). There were two large Townes traps of equal size,
one with a white roof (Townes large white: TowLW) and
one with a black roof (Townes large black: TowLB). The
large Townes traps had a roof width of 0.6 m at each side.
The third Townes model was a smaller variant of the black
Townes trap (Townes small black: TowSB) and is currently
used in the LTER-D Malaise trap program (Welti et al.
2022). It was lower but as long as the other Townes mod-
els and had a roof width of 0.53 m at each side. The roof
of the Townes traps reached down 44% of their total trap
height at the front and 18% resp. 33% (TowLB/TowSB)
at the back. Besides Townes models, there were two vari-
ants of a brown-green Bartak trap. There was one variant
having an eclector bottle (Bartak Eclector: BarEcl), which
was supposed to increase phototrophic attraction (Uhler et
al. 2022a), and one having a conventional capture bottle
(Bartak Conventional: BarConv). Bartak traps had a longer
shape than Townes traps and a roof with a width of 0.5 m
maximum at each side (front). The roof of the Bartak traps

reached down 25% maximum of their total trap height at
the front. Both trap shapes (Townes and Bartak) were high-
est at the front, but while the back of the Townes trap was
~0.8 cm lower than the front, the back of the Bartak traps
went all the way to the ground.

Species determination and weighing

A total of 130 samples were screened for butterflies and
noctuid moths. Noctuid moths were chosen because they
belong to the heaviest insect families in a Malaise trap sam-
ple, similar to butterflies, and the aim of the study was to
identify the impact of catching bias on total insect biomass.
Half of the samples came from the Hunsriick region and
one quarter each from Spessart and Steigerwald. By catch-
ing butterflies over a sampling period of three months, we
took care of the weekly fluctuations in the occurrence of
adult butterfly species and increased the diversity captured.

Butterflies were identified to species based on morphol-
ogy using Settele et al. (2015). Because of damage, some
individuals were assigned a higher taxonomic level and
marked with ‘sp.” (Hoffmann et al. 2024a). Noctuid moths
were identified to family using the determination key for
noctuidae in Schaefer (2017) and a field guide by Steiner
et al. (2014). They were assigned to a size class depend-
ing on their forewing length (see supplementary material
Table S1). Therefore, only the abundance for each size class
was noted without identification to species. The classifica-
tion facilitated the calculation of the noctuid moth mass per
sample from classified individuals and a class-specific mean
body mass.

The total insect biomass was extracted from Uhler et al.
(2022b). Up to six well-preserved specimens of each spe-
cies were weighed (Hoffmann et al. 2024b). The number of
weighed individuals per species varied between one to six
because specimens were damaged or occurred only in low
numbers. Weighing was performed by removing the speci-
mens from alcohol, shaking them briefly to remove residual
alcohol, and placing them on a precision scale (0.001 g).
Butterflies were weighed wet, in accordance with the wet
weighing of the total catch biomass (Uhler et al. 2022a;
Welti et al. 2022). Afterwards, the mean wet mass of each
butterfly species and noctuid moth size class was calculated.
For further data processing, the mass of Phengaris teleius
was used as a mass for Phengaris nausithous because of the
poor condition of the wings of the latter species. For groups
of individuals that could not be determined to species level,
the mass of each group was calculated as the mean of the
masses of their subordinate species present in our samples.
A similar procedure applies to the group of individuals for
which no colour pattern was visible at all (group “Lepidop-
tera”). These individuals were monochromous and most
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Fig. 1 Trap characteristics of the five different Malaise trap types
included in the trap comparison: Three Townes Malaise traps and
two Bartak traps. The Townes traps were two large variants differing
in roof colour (TowLW in white and TowLB in black) and a smaller

likely Maniola jurtina, Aphantopus hyperanthus, Pieris
rapae, or Pieris napi. Therefore, the mass of this group was
calculated from the average masses of these species.

Butterfly species traits

Each butterfly species was matched with physical and
behavioural traits from seven categories (see supplementary
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variant with a black roof (TowSB). Bartak traps were of dark colour
and differed from each other in the capture bottle, with one having an
eclector bottle (BarEcl) and one having a conventional capture bottle
(BarConv). Traps are illustrated to scale

material Table S2). (1) Body size was used as a continuous
variable, while (2) egg laying location, (3) feeding behav-
iour, (4) mate locating location, (5) basking site, (6) wing
colour, and (7) habitat preference were used as categorical
variables. The selection of traits was based on their possible
influence on butterfly response to trap characteristics. Typi-
cal butterfly actions like flying, feeding, resting, interaction
and oviposition served as a guidance (Popovi¢ et al. 2022).
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(1) For butterfly body size, the average wingspan (in
mm) of female butterflies was retrieved (Komonen et al.
2004; Ockinger et al. 2010; Kuussaari et al. 2014). Average
female wingspans were extracted from the trait database of
European and Maghreb butterflies by Middleton-Welling et
al. (2020). Wingspans were classified into five categories
(see supplementary material Table S3), similar to Blitzer et
al. (2016).

(2) Uhler et al. (2022a) showed that differences in the res-
idence height of insects above the ground can lead to differ-
ent species compositions in Malaise trap types. We therefore
characterised insects according to their egg-laying location,
assuming that a considerable amount of time is used for ovi-
position (Popovi¢ et al. 2022) and butterflies fly at the height
of their hostplant in that time (Beccaloni 1997). We matched
the traits to the species following the classification of Poyry
et al. (2009): ‘grass’, ‘herb’ and ‘woody plant’, expecting a
different catchability of butterflies caused by higher (woody
plants) and lower flight heights (grass and herb). Data was
extracted from Settele et al. (2015). Melanargia galathea,
which drops its eggs from the air while flying close to
the vegetation, was matched with the egg-laying location
‘grass’.

(3) In terms of feeding behaviour, all detected butterfly
species feed as adults on flowering herbs (Middleton-Well-
ing et al. 2020). Because of the assumed impact of habitat
height above the ground, butterflies were categorised into
adult tree-feeders which can additionally feed on shrubs or
trees and adult non-tree-feeders which do not use woody
plants as a food resource. Data was derived from Middle-
ton-Welling et al. (2020).

(4) Each species was classified into its preferred mate
locating location using the grass zone as a threshold to dis-
tinguish between species spending their time near ground
level or above. Consequently, species were split into those
for which grass is a potential mate-locating location and
those which have never been observed searching for a part-
ner in the grass zone. The data was derived from Middleton-
Welling et al. (2020), supplemented by data for P. teleius by
Popovic¢ et al. (2022).

(5) For the basking site, the grass zone was used as a
threshold, too. Following mate locating location, species
were split into those for which grass is a potential basking
site and those which have never been observed basking in
the grass. Data was extracted from the dataset of Middleton-
Welling et al. (2020).

(6) Wing colour was categorized as an ordered categori-
cal variable with brightness levels on a scale from 1 (white)
to 6 (black) following Bladon et al. (2020). Brightness lev-
els were additionally classified into three different wing
colour categories (see supplementary material Table S4).

(7) The classification of the habitat preference in open
habitat, habitat generalist and forest is based on Betzholtz
and Franzen (2011), without an additional differentiation in
deciduous and coniferous forests. Data on habitat prefer-
ence was extracted from Settele et al. (2015).

Statistical analysis

Analyses were performed using R version 4.1.2. In the first
step, we calculated the relative occurrences of individuals
per species for each trap type. The species abundances of
a trap type in different regions and sites (meadow/forest)
were pooled. To see the catchability of the butterfly species
with the different trap types, we used these relative species
abundances for a principal components analysis (PCA). For
the PCA, we only used species occurring with at least two
individuals and butterflies that were determined to the spe-
cies level.

For each species, we calculated and extracted the trap
type(s) with the strongest deviation from an assumed even
distribution of individuals across all five trap types (20%
TowLW, 20% TowLB, 20% TowSB, 20% BarConv, 20%
BarEcl), and classified species according to the resulting
trap bias. Species with a positive deviation of 30-50% of
their individuals from an even distribution in one or more
trap type(s) were assumed to have a pronounced bias on that
trap type(s) and those with a positive deviation of more than
50% of their individuals from an even distribution to have
a strong bias. Species with a deviation of 15% maximum
from an even distribution in any trap type were assumed
to be evenly distributed over all trap types. For example,
Ochlodes sylvanus, of which 52% of individuals flew into
TowLW, 21% into TowLB, 17% into TowSB, 3% into Bar-
Conv and 7% into BarEcl, had a positive deviation of +32%
from an even distribution in trap type TowLW and thus a
pronounced bias on that trap type. The remaining species
were considered to have a comparably weak bias on one or
more trap type(s) which was not further discussed.

In the second step, we computed the relative occur-
rences of individuals per trait for each trap type and further
processed them in a PCA followed by a cluster analysis to
group butterfly traits according to their similarities regard-
ing the individuals with these traits being caught by the dif-
ferent trap types. For cluster analysis, the K-means cluster
algorithm was applied, for which the optimal number of
clusters was computed using the total within sum of square
method. To ensure that no correlated metrics were used
in the PCA and the cluster analysis, butterfly traits were
checked for pairwise correlations. Cramer’s V test was used
to evaluate correlations between categorical variables and
the function ‘polyserial’ (package ‘polycor’ in Fox 2022)
for relationships between categorical variables and the
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continuous variable wingspan. No strong correlations (cor-
relation coefficient > 0.8) were found, and no butterfly traits
were excluded (see supplementary material Fig. S2).

Comparisons of species number, total insect biomass,
butterfly and noctuid moth biomass between trap types were
examined by performing Kruskal-Wallis rank sum tests,
followed by Dunn’s tests with “bonferroni” as a method to
adjust p values for multiple comparisons. In a preliminary
step, the butterfly biomass, the noctuid biomass and the total
catch biomass were corrected for the number of days a trap
was active because 10 of the 130 samples were collected for
13 instead of 14 days.

In the last step, to explore the contribution of butterfly
and noctuid moth biomass to total biomass, we used a gen-
eralized linear mixed-effects model (GLMM). There were
two models created, one for the butterflies and one for the
noctuid moths. The butterfly, respectively noctuid moth bio-
mass of a sample was modelled as a fixed predictor for the
total catch biomass. To examine if the effects of butterfly
and noctuid moth biomass on total biomass vary among trap
types, an interaction with the trap type was set. Further, we
included the region as a random factor because there was no
focus on the differences in total biomass between regions.
Since the residuals of the total insect biomass were not nor-
mally distributed, we used a gamma distribution in combi-
nation with its canonical link function ‘inverse’.

Results

Across all 130 samples, we found a total of 1.621 butter-
flies covering 37 species (see supplementary material Table
S5). Out of that total, 136 individuals were determined to a
higher taxonomic level because individuals were damaged.
Additionally, we found 1.575 noctuid moths (see supple-
mentary material Table S6). TowLW having a white, high
and wide roof caught most butterfly species on average per
sample and significantly more species than BarEcl and Bar-
Conv which had a low and narrow roof (Fig. 2a, p<0.01).
Second most butterfly species on average were caught by
TowLB and TowSB. They mostly differed from BarEcl
and BarConv in terms of trap shape, not capture area. For
each butterfly captured, we found the butterfly biomass of
Townes traps to increase more than the one of Bartak traps
indicating different catchabilities of species with different
body sizes for these trap types (Fig. 2b). This led to differ-
ences in butterfly biomass per sample between traps of dif-
ferent shape and roof colour (TowLW and BarConv/BarEcl,
Fig. 2c, p<0.01), but not between traps of different shape
and equal roof colour (TowLB, TowSB, BarEcl, BarConv).
For noctuid moths, we did not find any significant differ-
ences in their biomass per sample between trap types (see
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supplementary material Fig. S3). We found the highest total
insect biomass per sample in TowLW and a significantly
lower total insect biomass in TowSB, BarConv and BarEcl
(Fig. 2d, p<0.001). Depending on the trap type and the sea-
son, the proportion of butterfly biomass on the total insect
biomass per sample ranged between 0 and 18%.

We found butterfly species to be caught differently by the
Malaise trap types (Fig. 3). In our PCA, there were 66.4% of
the variance in butterfly species catchability with the differ-
ent trap types explained by the first two PCA axes. Fourteen
species had a pronounced bias on a trap type, mostly on one
or both of the large Townes traps, such as Nymphalis poly-
chloros, Phengaris teleius, Pieris napi, or Araschnia levana.
Six butterfly species even had a strong bias on trap types,
such as Pieris brassicae or Pararge aegeria on TowLW, or
Celastrina argiolus on TowLB. Four species did not show a
pronounced difference in catchability among the traps. They
are situated on the left side of the graph. Among these spe-
cies were Caracharodus alceae, Coenonympha pamphilus,
Hesperia comma and Coenonympha arcania. The first PCA
axis captured this species-specific degree of bias on certain
trap types. There was a gradient of butterfly catchability
indicated in the direction of the first PCA axis. Starting from
the most negative values on the first PCA axis, where the
catchability of species was almost equal for all trap types,
including BarEcl and BarConv (dark, narrow and low roof),
the catchability of species in TowLW (white, wide and high
roof) increased along the first axis.

Subsequently, we substituted butterfly species with their
traits and found that also the traits occurred with different
numbers of individuals in the Malaise trap types. Butterflies
formed seven clusters that were characterized by trait com-
binations (K-means clustering) and 86.3% of the variance in
the relative number of individuals per trait in the trap types
was described by the first two axes of a corresponding PCA
(Fig. 4). Every butterfly trait occurred with the highest rela-
tive number of individuals in TowLW (see supplementary
material Table S7). But for butterflies with traits of cluster 1
(“preference for open habitat’, ‘egg laying in grass’, ‘small-
est sized’, ‘partly dark’, ‘non tree-feeder’) catchability
was least skewed towards TowLW (38—44% of butterflies
with these traits in the white Townes trap). Apart from this,
they were caught in almost equal numbers by the remain-
ing four trap types which can mean equal catch efficiencies
of different trap shapes (Townes/Bartak) for butterflies with
traits of cluster 1. Contrastingly, 59-64% of butterflies with
traits of cluster 4 (‘large’, ‘living in the forest’, ‘laying their
eggs on woody plants’) occurred in TowLW. At the same
time, they have never or rarely occurred in the Bartak traps.
Abundance patterns of traits in Cluster 2 (‘mate locating in
grass’, ‘never mate locating in grass’, ‘basking in grass’,
“habitat generalist’) and 3 (‘small sized’, ‘tree feeder’,
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biomass was extracted from Uhler et al. (2022b). Comparisons of data
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‘middle sized’, laying eggs on herbs’) complete the pattern
of a catchability gradient along the first PCA-axis which had
already been identified for the species. Again, we saw an
increasing catchability of butterflies with TowLW (white,
wide and high roof) when having the traits in the positive
direction of the first PCA axis. Along this gradient, body
sizes and host plant heights also increased.

In parallel to the upward trend in TowLW, we observed
a decreasing catchability of butterflies with the Bartak traps
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test followed by a Dunn’s test. Significant differences between trap
types (p<0.05) are marked with different letters. (TowLW = Large
Townes trap with white roof, TowLB =large Townes trap with black
roof, TowSB = small Townes trap with black roof (), BarConv = Bartak
trap with conventional capture bottle, BarEcl = Bartak trap with eclec-
tor bottle

(dark, narrow and low roof) when having the traits in the
negative direction of the first PCA axis. As the decrease only
occurred in the Bartak traps, an influence of roof design on
species capture seems possible.

Finally, the catch efficiency of TowLW reached its peak
when it came to the capture of pale butterflies (Cluster 5).
67% of pale butterflies were captured by TowLW. In con-
trast, butterflies with a dark wing colour (Cluster 6) showed
a similar catchability pattern as traits of Cluster 1 but
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Fig. 3 PCA biplot of butterfly species. The position of the butterfly
species relative to each other shows their similarities and differences
in terms of capture by the different types of traps (arrows). The shorter
the distance of a species to a trap type, the higher its abundance in
the trap. The bias of each species on one or more trap types(s) is dis-
played with different colours. Four species were evenly distributed

differed in capture rates from the other trap types. Cluster 7
had an outstanding high abundance in TowSB (30%).

With our GLMM we found that butterfly biomass
affected total insect biomass, but the contribution of but-
terfly biomass to total insect biomass varied among the five
different types of Malaise traps (Table 1). This is reflected
in the different slopes of the relationship between butterfly
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among trap types and six species had a strong bias on TowLW/TowLB.
TowLW =Large Townes trap with white roof, TowLB = large Townes
trap with black roof, TowSB =small Townes trap with black roof, Bar-
Conv =Bartak trap with conventional capture bottle, BarEcl =Bartak
trap with eclector bottle

biomass and the biomass of the other insects (Fig. 5a) which
describe the different selectivity of the trap types for but-
terflies. Adjusted R? for butterflies ranged between <0.01
in BarConv to 0.25 in TowSB. The intercept indicates the
mean catchability of the traps for species other than but-
terflies. Mean masses of other insects than butterflies var-
ied, between 2.2 g per day for BarConv and 6.6 g per day



Journal of Insect Conservation (2025) 29:8

Page9of 15 8

nev er grass basking

3 -
2 -
dark
<
™
T 14
™
N
N
g TowlLB
open Habita
0 e em e em em em me I . e e e e o - o—

grass

ark

BarCony, grass basking

never locating in grass

smallest size

habitat

BarEcl non tree-feeder

TowSB

locating i grass

Trap catch dficiency Trait category

+ -

white roof Basking site

N
4
low, narrow and black roof =~ =
\

Egg laying location

Feeding behaviour
Habitat preference
Mate locating location

Wing colour

e » & ¥ K X

Wingspan

woody plant
large sized

small sized

tree-feeder

forest

Towl W
eneralist

pale

[
[
|
¢
[
[
[
[
[
!
0

Dim1 (63%)

Fig. 4 PCA biplot of butterfly species traits. The position of the but-
terfly species traits relative to each other shows their similarities and
differences regarding the number of individuals per trait captured by
the different types of traps (arrows). The shorter the distance of a trait
to a trap type, the higher the relative number of individuals with this
trait in the trap type. Butterfly traits were grouped into seven clus-
ters and formed a catchability gradient in the direction of the positive
first PCA axis, displaying a rising catchability of butterflies with the
corresponding traits in the white Townes trap (increasing trap catch

for TowLW. BarConv had the highest selectivity for but-
terflies. Here, the increase in biomass of other insects per
unit butterfly mass is the lowest. In contrast, BarEcl had a
very low selectivity for butterflies. The largest additional
mass of other insects is caught per unit of butterfly biomass.

efficiency of the white roof). Simultaneously, in the direction of the
negative first PCA axis, we observed a negative trend in the catchabil-
ity of butterflies with the corresponding traits only in the Bartak traps
(decreasing trap catch efficiency of the low, narrow and black roof).
TowLW =Large Townes trap with white roof, TowLB = large Townes
trap with black roof, TowSB =small Townes trap with black roof, Bar-
Conv =Bartak trap with conventional capture bottle, BarEcl =Bartak
trap with eclector bottle

Townes traps caught higher biomasses and biomasses of
other insects overall. They also achieved the highest but-
terfly biomasses. Intermediate masses of additional insects
were also caught relative to the butterfly biomass in the trap.
For the noctuid moths, we also found significant variation
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Table 1 Results of the GLMM for total insect biomass per day (Gamma distributed response variable with inverse link function) in relation to but-
terfly biomass per day, trap type and an interaction between butterfly biomass per day and trap type. The region was set as a random factor. Results
of the GLMM for noctuid moth biomass were added in parentheses. Significant p-values are marked with an asterisk

Predictors Estimate Std. Error P-value

(Intercept) 0.185 (0.176) 0.052 (0.054) <0.001* (<0.01%)
Biomass butterflies (noctuid moths) -0.019 (-0.016) 0.007 (0.024) <0.01* (0.509)
Trap type TowLB 0.062 (0.069) 0.023 (0.028) <0.01* (<0.05%)
Trap type TowSB 0.178 (0.221) 0.031 (0.043) <0.001* (<0.001%)
Trap type BarConv 0.278 (0.294) 0.046 (0.052) <0.001* (<0.001%)
Trap type BarEcl 0.326 (0.308) 0.045 (0.054) <0.001* (<0.001%)
Biomass butterflies (noctuid moths): -0.096 (-0.030) 0.046 (0.041) <0.05* (0.457)
Trap type TowLB

Biomass butterflies (noctuid moths): -0.192 (-0.266) 0.034 (0.073) <0.001* (<0.001%)
Trap type TowSB

Biomass butterflies (noctuid moths): -0.468 (-0.134) 0.591 (0.156) 0.429 (0.377)
Trap type BarConv

Biomass butterflies (noctuid moths): Trap type BarEcl -1.081 (-0.543) 0.262 (0.307) <0.001* (0.077)
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Fig. 5 Logarithmic biomass of other insects per day plotted against roof (TowLB), small Townes trap with black roof (TowSB), Bartak
logarithmic biomass of butterflies per day (a), resp. against logarith- trap with conventional capture bottle (BarConv) and Bartak trap with
mic biomass of noctuid moths per day (b), for all five trap types: Large eclector bottle (BarEcl). For each trap types, linear regression lines and
Townes trap with white roof (TowLW), large Townes trap with black adjusted R? were added
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between trap types in the contribution of noctuid biomass
to total biomass (Table 1). Here, adjusted R? varied from
<0.01 in TowLW, TowLB and BarConv to 0.12 in TowSB
(Fig. 5b). BarConv also showed the highest selectivity for
noctuid moths.

Discussion

Our study revealed marked differences in butterfly species
catchability patterns among different Malaise trap types. We
suggest the species catchability to be affected by butterfly
species traits as butterfly species traits were also represented
with different numbers of individuals in the Malaise trap
catches. This is likely the result of trap-specific trait catch
efficiencies due to different roof colours and trap shapes.

We found white, wide and high roofs, represented by
trap type TowLW, to have the highest catch efficiency for all
traits in our study, resulting in greatest butterfly species and
biomass. White roofs increased catch efficiency, specifically
for pale butterflies and forest inhabitants. Traps with dark
roofs captured fewer butterfly species and had a lower but-
terfly biomass.

Between the dark Townes traps and the dark Bartak traps,
we identified different catch efficiencies regarding butterfly
wingspans, egg-laying locations, and feeding preferences.
Townes traps performed better at capturing butterflies with
larger wingspans, as well as those having higher egg-laying
locations above the ground (woody plants), and having the
opportunity to feed on trees, presumably due to a higher
capture rate of high-flyers. For low flyers, Townes traps and
Bartak traps captured almost the same numbers.

The selectivity for butterflies of Townes traps was inter-
mediate. Among the Bartak traps, the selectivity for butter-
flies varied, with conventional sampling bottles showing a
high, and eclector bottles showing a low selectivity. This
trait-dependent efficiency in catching butterflies and butter-
fly selectivity therefore can affect the butterfly biomasses
that are caught with the different trap types. Depending on
the trap type, season and habitat, this can have the potential
to affect overall insect biomass results.

Effects of species traits on the catchability

Our results imply that the high catch efficiency of the white
Townes trap is due to its roof design, which is most suited
for the majority of butterfly traits, and consequently, behav-
ioural patterns, in line with the findings of Uhler et al.
(2022a) that this trap captures the largest number of butterfly
species. Especially, we observed a large share of pale but-
terflies and forest inhabitants being caught in this trap. We
propose that this high capture efficiency for pale and forest

butterflies is linked to the white colour and the light perme-
ability of the roof, which a dark roof'is lacking. Pale species,
which in our study mainly were the Pierids, seemed to be
more attracted by the white roof than dark species. Dark
butterflies tended to fly more equally into white and black-
roofed traps. This may be due to family-specific colour per-
ception abilities and feeding preferences, as the white roof
of the trap could be thought to be a batch of white flowers
from a distance (Stavenga and Arikawa 2006; van Achter-
berg 2009). Another explanation could be a family-specific
flight behaviour inside the trap. Due to their bright colour
and the missing mimicry option, Pierids use rapid flight to
reach higher grounds in the escape mode (Syrgley and Chai
1990; Almbro and Kullberg 2009). The white colour of the
roof offers a possible path out of the trap where the Pierids
can fly to. Darker species, that have the option of mimicry,
tend to hide in the vegetation and camouflage themselves
(Vallin et al. 2006). Here, the white roof may not cause as
strong a bias as it does for Pierids.

The white-roofed trap may also have a high catch effi-
ciency for butterflies living in the forest because it offers
bright light conditions that forest butterflies use to visit
(Kozel et al. 2021). In the forest, bright tree gaps offer sev-
eral favourable biotic and abiotic environmental conditions
for butterflies. There, they find a larger flower cover and a
high number of flowering plant species usable as host plants
(Braun-Reichert et al. 2021), a large understorey height
diversity for shelter or roosting (Zellweger et al. 2016), and
a higher irradiance and temperature (Ritter et al. 2005) for
behavioural thermoregulation (Kemp and Krockenberger
2002) and spontaneous movements (Mellanby and Gardiner
1997). The advantage of bright light conditions for the cap-
ture of forest species is also indicated by the higher num-
ber of forest inhabitants in the Bartak trap with the eclector
bottle compared to the Bartak trap with the conventional
capture bottle because the eclector bottle was designed to
increase light availability due to a clear plastic cover.

Apart from different wing colours and habitat preferences
in trap types, we also found differences in the abundance of
butterflies with differing wingspans, egg-laying locations
and feeding behaviours between trap types. For example,
butterflies with a wingspan larger than 60 mm were cap-
tured almost exclusively with Townes traps. The smaller the
butterflies were, the more often they also appeared in the
Bartak traps. In this context, McCravy et al. (2019) reported
higher escape rates for larger insects from Malaise traps.
Hence, it seems possible that a narrower trap design and a
lower coverage of the intercept panel by the roof increases
the escape rate of large butterflies.

Townes traps performed better than Bartak traps in the
capture of butterflies laying their eggs on woody plants and
feeding potentially on trees. Whereas we found Bartak traps
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performed almost as well as black Townes traps, capturing
species laying their eggs in grass and never feeding on trees.
What these traits have in common is that they can influence
flight height. As such, the egg-laying location of butterflies is
correlated with their flight height (Beccaloni 1997; Popovi¢
et al. 2022). Female butterflies of some species spend most
of their flight time exploring a certain area for possible host-
plants while males are locating them around their hatching
place (Beccaloni 1997). Consequently, Bartak traps only
lowered their escape rates when it came to the capture of
low flyers. Such differences in the trapping of insects which
were present at different height levels, have also been found
by Uhler et al. (2022a), as they identified a higher number of
ground-dwelling taxa in Bartak traps than in Townes traps.
The trapping of a target insect group at a height where it is
mainly present, e.g. where it has its nesting location, has
been found by McCravy et al. (2019) to be beneficial for
its catchability. Against this background, it seems possible
that Bartak traps can lower their escape rates for low flyers
because they provide them with direct contact with the roof
and guiding them upwards into the sampling bottles.

When considering flight height, additional impacts of
the wingspan should also be taken into account. Large
butterflies generally fly above the grass zone avoiding the
risk of exposing their wings to a clustered environment as
it has been investigated for large bumblebees by Crall et
al. (2015). This flight behaviour is also the result of a low
manoeuvrability in dense vegetation, which was concluded
from field experiments by Rayner (1988). In contrast, but-
terflies with a very small wingspan (20-30 mm) in our study,
were mostly individuals of Hesperiidae and Lycaenidae,
and were among the low flyers in the grass zone as it has
been observed by Betts and Wootton (1988) for butterflies
with short and broad wings. Here, the cluttered environment
has favoured adaptations towards a higher manoeuvrability
as wing protection (Le Roy et al. 2019). As a result, Bartak
traps could become competitive with Townes traps at trap-
ping smaller butterflies because they targeted them where
they are mainly present.

In contrast to traits affecting species catchability, we also
identified traits that were supposed not to contribute to dif-
ferences in species abundance in traps, because they were
located along the second PCA axis. These were traits of the
categories ‘basking site’ and ‘mate locating location’ which
may be linked to actions butterflies do not spend much time
performing (Popovi¢ et al. 2022).

Implications for total catch biomass
Trait-dependent efficiency and selectivity in catching but-

terflies can affect the butterfly biomass that is caught by
the different trap types. In our study, we found significant
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differences in butterfly biomass between white Townes traps
and the Bartak traps. Between trap types of different shape
but equal roof colour, namely black Townes traps and dark
Bartak traps, we did not observe significant differences in
butterfly biomass, which we presume to be closely related
to an underrepresentation of large and high-flying species.

This general lack of large species in comparison to other
sampling methods is common for Malaise traps (McCravy
et al. 2019; Kerner et al. 2024). However, it is possible that
differences can be more pronounced between traps of differ-
ent shapes at other local conditions. For example, if many
large species are present because of temporal fluctuations.
This also applies to butterfly biomasses of black and white
Townes traps which, in our study, were not found to be sig-
nificantly different. For noctuid moths, we did not find any
significant differences in their masses between trap types,
which could be due to the mitigation of the effect of the roof
colour.

Finally, we found butterfly and noctuid moth biomass to
contribute differently to total insect biomass because traps
showed a different butterfly selectivity. Especially in habi-
tats and seasons where butterflies and noctuid moths con-
tribute a high share to total insect biomass, differences in
butterfly biomass have the potential to affect overall insect
biomass results. This can particularly apply to those traps
with a high butterfly selectivity.

Conclusion

For practical purposes, we can conclude that in the compila-
tion of studies using different Malaise trap types, different
species and trait compositions should always be expected
between traps of different roof colours (e.g. dark and white)
and trap shapes (e.g. Townes shape and Bartak shape). This
can consequently cause differences in butterfly biomass and
ultimately affect total insect biomass, depending on the but-
terfly selectivity of the trap type.

In our Malaise trap study, we used butterflies as a model
group because their ecological traits are well known. We
are aware that for specific studies on butterflies and noctuid
moths, non-lethal methods, such as transect walks and light
traps, are a better option than Malaise traps. But we assume
that our results can be extended to other insect groups with
similar traits, e.g. high flying in bees because of large body
size, for which Malaise trap are predominantly used.

We provide a basis for screening insect assemblages for
over- and under-represented traits depending on the trap
type. The affected trait categories include those which can
affect the light sensitivity of insects (e.g. wing colour or
habitat preference), their escaping ability (e.g. body size)
or their flight height (e.g. body size, egg-laying location,
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feeding behaviour). Our results provide essential knowl-
edge for the compilation of data between studies performed
with different Malaise trap types and highlight the impor-
tance of explicitly stating which Malaise trap variant was
used for sampling.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s10841-0
24-00645-5.

Acknowledgements Many thanks to the people who set up and main-
tained the traps in the field and supported the laboratory work. We
especially thank Wolfram Remmers (University of applied sciences
Trier, Environmental Campus Birkenfeld), Claus-Andreas Lessander
and Giinther Breitkopf (forestry office Birkenfeld) for supervising the
traps in the Hunsriick, and Chris Seibiichler and Achim Bucher for
their support in weighing the samples in the lab. This study was con-
ducted with funding from the Heinrich-Boll-Stiftung e. V. and with
material resources by the Junior Researcher Fund offered by the Uni-
versity of Applied Sciences Trier to support doctoral candidates. We
are also grateful to Bioform for providing the numerous Malaise traps
for our study, and acknowledge support from the Open Access Publi-
cation Fund of the University of Duisburg-Essen.

Author contributions All authors contributed to the study conception
and design. Material preparation, data collection and analysis were
performed by L.H., S.S., J.U., M.P. and L.M. The first draft of the
manuscript was written by L.H. and S.S. and all authors commented
on previous versions of the manuscript. All authors read and approved
the final manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL.

This study was funded by the Heinrich-Boll-Stiftung e. V. and the Ju-
nior Researcher Fund offered by the University of Applied Sciences
Trier. Peter Haase received funding from the EU Horizon project eL-
TER PLUS (grant agreement no. 871128). Open access publication
was supported by the Publication Fund of the University of Duisburg-
Essen.

Data availability The data that supports the findings in this study is
available at Pangaea (Felden et al. 2023). The butterfly and noctuid
moth abundance data can be found under https://doi.org/10.1594/PAN
GAEA.971783 and the butterfly weight data under https://doi.org/10.
1594/PANGAEA.971791. The biomass data of the respective samples
was reused from Uhler et al. (2022b).

Declarations
Competing interests The authors declare no competing interests.

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

Almbro M, Kullberg C (2009) The downfall of mating: the effect of
mate-carrying and flight muscle ratio on the escape ability of a
pierid butterfly. Behav Ecol Sociobiol 63:413-420. https://doi.or
2/10.1007/s00265-008-0675-4

Barkmann F, Huemer P, Tappeiner U et al (2023) Standardized but-
terfly surveys: comparing transect counts and area-time counts in
insect monitoring. Biodivers Conserv 32:987-1004. https://doi.or
2/10.1007/s10531-022-02534-2

Barua M, Gurdak DJ, Ahmed RA, Tamuly J (2012) Selecting flagships
for invertebrate conservation. Biodivers Conserv 21:1457-1476.
https://doi.org/10.1007/s10531-012-0257-7

Beccaloni GW (1997) Vertical stratification of ithomiine butterfly
(Nymphalidae: Ithomiinae) mimicry complexes: the relationship
between adult flight height and larval host—plant height. Biol J
Linn Soc 62:313-341. https://doi.org/10.1006/bijl.1997.0165

Betts CR, Wootton RJ (1988) Wing Shape and Flight Behaviour in
Butterflies (Lepidoptera: Papilionoidea and Hesperioidea): A Pre-
liminary Analysis. J Exp Biol 138:271-288. https://doi.org/10.12
42/jeb.138.1.271

Betzholtz P-E, Franzen M (2011) Mobility is related to species traits in
noctuid moths. Ecol Entomol 36:369-376. https://doi.org/10.111
1/.1365-2311.2011.01281.x

Bladon AJ, Lewis M, Bladon EK et al (2020) How butterflies keep
their cool: Physical and ecological traits influence thermoregula-
tory ability and population trends. J Anim Ecol 89:2440-2450.
https://doi.org/10.1111/1365-2656.13319

Blitzer EJ, Gibbs J, Park MG, Danforth BN (2016) Pollination services
for apple are dependent on diverse wild bee communities. Agric
Ecosyst Environ 221:1-7. https://doi.org/10.1016/j.agee.2016.01
.004

Braun-Reichert R, Rubanschi S, Poschlod P (2021) The importance of
small natural features in forests—How the overgrowth of forest
gaps affects indigenous flower supply and flower-visiting insects
and seed sets of six Campanula species. Ecol Evol 11:11991—
12002. https://doi.org/10.1002/ece3.7965

Brown GR, Matthews IM (2016) A review of extensive variation in
the design of pitfall traps and a proposal for a standard pitfall trap
design for monitoring ground-active arthropod biodiversity. Ecol
Evol 6:3953-3964. https://doi.org/10.1002/ece3.2176

Buchner D, Sinclair JS, Ayasse M et al (2024) Upscaling biodiversity
monitoring: Metabarcoding estimates 31,846 insect species from
Malaise traps across Germany. https://doi.org/10.1111/1755-0998
.14023. Mol Ecol Resour £14023.

Burner RC, Selas V, Kobro S et al (2021) Moth species richness and
diversity decline in a 30-year time series in Norway, irrespective
of species’ latitudinal range extent and habitat. J Insect Conserv
25:887-896. https://doi.org/10.1007/s10841-021-00353-4

Cadotte MW, Carscadden K, Mirotchnick N (2011) Beyond species:
functional diversity and the maintenance of ecological processes
and services. J Appl Ecol 48:1079—1087. https://doi.org/10.1111/
j-1365-2664.2011.02048.x

Canovai R, Loni A (2019) Ladybird communities structure in three
Italian vineyards. Redia 102:129-140. https://doi.org/10.19263/
REDIA-102.19.19

Choi WI, Choi K-S, Lyu D-P et al (2010) Seasonal changes of func-
tional groups in coleopteran communities in pine forests. Biodiv-
ers Conserv 19:2291-2305. https://doi.org/10.1007/s10531-01
0-9842-9

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00265-008-0675-4
https://doi.org/10.1007/s00265-008-0675-4
https://doi.org/10.1007/s10531-022-02534-2
https://doi.org/10.1007/s10531-022-02534-2
https://doi.org/10.1007/s10531-012-0257-7
https://doi.org/10.1006/bijl.1997.0165
https://doi.org/10.1242/jeb.138.1.271
https://doi.org/10.1242/jeb.138.1.271
https://doi.org/10.1111/j.1365-2311.2011.01281.x
https://doi.org/10.1111/j.1365-2311.2011.01281.x
https://doi.org/10.1111/1365-2656.13319
https://doi.org/10.1016/j.agee.2016.01.004
https://doi.org/10.1016/j.agee.2016.01.004
https://doi.org/10.1002/ece3.7965
https://doi.org/10.1002/ece3.2176
https://doi.org/10.1111/1755-0998.14023
https://doi.org/10.1111/1755-0998.14023
https://doi.org/10.1007/s10841-021-00353-4
https://doi.org/10.1111/j.1365-2664.2011.02048.x
https://doi.org/10.1111/j.1365-2664.2011.02048.x
https://doi.org/10.19263/REDIA-102.19.19
https://doi.org/10.19263/REDIA-102.19.19
https://doi.org/10.1007/s10531-010-9842-9
https://doi.org/10.1007/s10531-010-9842-9
https://doi.org/10.1007/s10841-024-00645-5
https://doi.org/10.1007/s10841-024-00645-5
https://doi.org/10.1594/PANGAEA.971783
https://doi.org/10.1594/PANGAEA.971783
https://doi.org/10.1594/PANGAEA.971791
https://doi.org/10.1594/PANGAEA.971791

8 Page 140f 15

Journal of Insect Conservation (2025) 29:8

Crall JD, Ravi S, Mountcastle AM, Combes SA (2015) Bumblebee
flight performance in cluttered environments: effects of obstacle
orientation, body size and acceleration. J Exp Biol 218:2728—
2737. https://doi.org/10.1242/jeb.121293

Darling C, Packer L (1988) Effectiveness of Malaise traps in collect-
ing Hymenoptera: The influence of trap design, mesh size, and
location. Can Entomol 120:787—-796. https://doi.org/10.4039/En
t120787-8

de Souza AR, Mayorquin AZ, Sarmiento CE (2020) Paper wasps are
darker at high elevation. J Therm Biol 89:102535. https://doi.org
/10.1016/j.jtherbio.2020.102535

Duarte JLP, Kriiger RF, de Carvalho CJB, Ribeiro PB (2010) Evidence
of the influence of Malaise trap age on its efficiency in the col-
lection of Muscidae (Insecta, Diptera). Intern J Trop Insect Sci
30:115-118. https://doi.org/10.1017/S1742758410000093

Felden J, Moller L, Schindler U et al (2023) Pangaea - Data Publisher
for Earth & Environ Sci Sci Data 10:347. https://doi.org/10.1038
/s41597-023-02269-x.

Fox J (2022) polycor: Polychoric and Polyserial Correlations

Gonzalez VH, Osborn AL, Brown ER et al (2020) Effect of pan trap
size on the diversity of sampled bees and abundance of bycatch.
J Insect Conserv 24:409-420. https://doi.org/10.1007/s10841-02
0-00224-4

Grimbacher PS, Stork NE (2007) Vertical stratification of feeding
guilds and body size in beetle assemblages from an Australian
tropical rainforest. Austral Ecol 32:77-85. https://doi.org/10.1111
/j.1442-9993.2007.01735.x

Haase P, Frenzel M, Klotz S et al (2016) The long-term ecological
research (LTER) network: Relevance, current status, future per-
spective and examples from marine, freshwater and terrestrial
long-term observation. Ecol Ind 65:1-3. https://doi.org/10.1016
/j.ecolind.2016.01.040

Hallmann CA, Sorg M, Jongejans E et al (2017) More than 75%
decline over 27 years in total flying insect biomass in protected
areas. PLoS ONE 12:e0185809. https://doi.org/10.1371/journal.
pone.0185809

Hallmann CA, Ssymank A, Sorg M et al (2021) Insect biomass decline
scaled to species diversity: General patterns derived from a hover-
fly community. Proceedings of the National Academy of Sciences
118:€2002554117. https://doi.org/10.1073/pnas.2002554117

Hoffmann L, Palt M, Mignien L et al (2024a) Butterfly abundance data
from lower mountain range regions in southwest Germany [data-
set]. https://doi.org/10.1594/Pangaea.971783.

Hoffmann L, Palt M, Mignien L et al (2024b) Butterfly weight data
from lower mountain range regions in southwest Germany [data-
set]. https://doi.org/10.1594/Pangaea.971791.

Irvine K, Woods S (2007) Evaluating shading bias in Malaise and win-
dowpane traps. J Acadian Entomol Soc 3:38-48

Jonason D, Franzén M, Ranius T (2014) Surveying Moths Using Light
Traps: Effects of Weather and Time of Year. PLoS ONE 9:¢92453.
https://doi.org/10.1371/journal.pone.0092453

Karlsson D, Hartop E, Forshage M et al (2020) The Swedish Malaise
Trap Project: A 15 Year Retrospective on a Countrywide Insect
Inventory. Biodivers Data J 8:¢47255. https://doi.org/10.3897/B
DJ.8.e47255

Kemp DJ, Krockenberger AK (2002) A novel method of behavioural
thermoregulation in butterflies. J Evol Biol 15:922-929. https://d
0i.org/10.1046/j.1420-9101.2002.00470.x

Kendall LK, Ward DF (2016) Habitat determinants of the taxonomic
and functional diversity of parasitoid wasps. Biodivers Conserv
25:1955-1972. https://doi.org/10.1007/s10531-016-1174-y

Kerner JM, Konig S, Maihoff F et al (2024) Transect walks and mal-
aise traps differ in temperature sensitivity but reveal consistent
drivers of pollinator richness. Insect Conserv Divers 1-15. https:
//doi.org/10.1111/icad.12743

@ Springer

Komonen A, Grapputo A, Kaitala V et al (2004) The role of niche
breadth, resource availability and range position on the life his-
tory of butterflies. Oikos 105:41-54. https://doi.org/10.1111/5.00
30-1299.2004.12958.x

Kozel P, Sebek P, Platek M et al (2021) Connectivity and succession of
open structures as a key to sustaining light-demanding biodiver-
sity in deciduous forests. J Appl Ecol 58:2951-2961. https://doi.o
rg/10.1111/1365-2664.14019

Kuussaari M, Saarinen M, Korpela E-L et al (2014) Higher mobility
of butterflies than moths connected to habitat suitability and body
size in a release experiment. Ecol Evol 4:3800-3811. https://doi.
org/10.1002/ece3.1187

Larrieu L, Cabanettes A, Sarthou J-P (2015) Hoverfly (Diptera: Syr-
phidae) richness and abundance vary with forest stand heteroge-
neity: Preliminary evidence from a montane beech fir forest. EJE
112:755-769. https://doi.org/10.14411/eje.2015.083

Le Roy C, Debat V, Llaurens V (2019) Adaptive evolution of butterfly
wing shape: from morphology to behaviour. Biol Rev 94:1261—
1281. https://doi.org/10.1111/brv.12500

Lenzi A, Birtele D, Gisondi S et al (2023) Robber flies and hover flies
(Insecta, Diptera, Asilidae and Syrphidae) in beech forests of
the central Apennines: a contribution to the inventory of insect
biodiversity in Italian State Nature Reserves. Biodivers Data J
11:e101327. https://doi.org/10.3897/BDJ.11.e101327

Macgregor CJ, Thomas CD, Roy DB et al (2019) Climate-induced
phenology shifts linked to range expansions in species with mul-
tiple reproductive cycles per year. Nat Commun 10:4455. https://
doi.org/10.1038/s41467-019-12479-w

Malaise R (1937) A new insect trap. Entomologisk Tidskrift
58:148-160

Marcos-Garcia MA, Garcia-Lopez A, Zumbado MA, Rotheray GE
(2012) Sampling Methods for Assessing Syrphid Biodiver-
sity (Diptera: Syrphidae) in Tropical Forests. Environ Entomol
41:1544-1552. https://doi.org/10.1603/EN12215

McCravy KW, Geroff RK, Gibbs J (2019) Bee (Hymenoptera: Apoidea:
Anthophila) Functional Traits in Relation to Sampling Methodol-
ogy in a Restored Tallgrass Prairie. Fla Entomol 102:134-140.
https://doi.org/10.1653/024.102.0122

Mellanby K, Gardiner JS (1997) Low temperature and insect activity.
Proceedings of the Royal Society of London Series B - Biological
Sciences 127:473-487. https://doi.org/10.1098/rspb.1939.0035

Meserve PL, Vasquez H, Kelt DA et al (2016) Patterns in arthropod
abundance and biomass in the semiarid thorn scrub of Bosque
Fray Jorge National Park, north-central Chile: A preliminary
assessment. J Arid Environ 126:68-75. https://doi.org/10.1016/j
Jjaridenv.2015.11.002

Middleton-Welling J, Dapporto L, Garcia-Barros E et al (2020) A new
comprehensive trait database of European and Maghreb butter-
flies. Papilionoidea Sci Data 7:351. https://doi.org/10.1038/s415
97-020-00697-7

Mirtl M, Borer T, Djukic E I, et al (2018) Genesis, goals and achieve-
ments of Long-Term Ecological Research at the global scale: A
critical review of ILTER and future directions. Sci Total Environ
626:1439-1462. https://doi.org/10.1016/].scitotenv.2017.12.001

Mora-Aguilar EF, Arriaga-Jiménez A, Correa CMA et al (2023)
Toward a standardized methodology for sampling dung beetles
(Coleoptera: Scarabaeinae) in the Neotropics: A critical review.
Front Ecol Evol 11:1096208. https://doi.org/10.3389/fevo.2023.
1096208

Ngo HT, Gibbs J, Griswold T, Packer L (2013) Evaluating bee (Hyme-
noptera: Apoidea) diversity using Malaise traps in coffee land-
scapes of Costa Rica. Can Entomol 145:435-453. https://doi.org
/10.4039/tce.2013.16

Ockinger E, Schweiger O, Crist TO et al (2010) Life-history traits
predict species responses to habitat area and isolation: a


https://doi.org/10.1111/j.0030-1299.2004.12958.x
https://doi.org/10.1111/j.0030-1299.2004.12958.x
https://doi.org/10.1111/1365-2664.14019
https://doi.org/10.1111/1365-2664.14019
https://doi.org/10.1002/ece3.1187
https://doi.org/10.1002/ece3.1187
https://doi.org/10.14411/eje.2015.083
https://doi.org/10.1111/brv.12500
https://doi.org/10.3897/BDJ.11.e101327
https://doi.org/10.1038/s41467-019-12479-w
https://doi.org/10.1038/s41467-019-12479-w
https://doi.org/10.1603/EN12215
https://doi.org/10.1653/024.102.0122
https://doi.org/10.1098/rspb.1939.0035
https://doi.org/10.1016/j.jaridenv.2015.11.002
https://doi.org/10.1016/j.jaridenv.2015.11.002
https://doi.org/10.1038/s41597-020-00697-7
https://doi.org/10.1038/s41597-020-00697-7
https://doi.org/10.1016/j.scitotenv.2017.12.001
https://doi.org/10.3389/fevo.2023.1096208
https://doi.org/10.3389/fevo.2023.1096208
https://doi.org/10.4039/tce.2013.16
https://doi.org/10.4039/tce.2013.16
https://doi.org/10.1242/jeb.121293
https://doi.org/10.4039/Ent120787-8
https://doi.org/10.4039/Ent120787-8
https://doi.org/10.1016/j.jtherbio.2020.102535
https://doi.org/10.1016/j.jtherbio.2020.102535
https://doi.org/10.1017/S1742758410000093
https://doi.org/10.1038/s41597-023-02269-x
https://doi.org/10.1038/s41597-023-02269-x
https://doi.org/10.1007/s10841-020-00224-4
https://doi.org/10.1007/s10841-020-00224-4
https://doi.org/10.1111/j.1442-9993.2007.01735.x
https://doi.org/10.1111/j.1442-9993.2007.01735.x
https://doi.org/10.1016/j.ecolind.2016.01.040
https://doi.org/10.1016/j.ecolind.2016.01.040
https://doi.org/10.1371/journal.pone.0185809
https://doi.org/10.1371/journal.pone.0185809
https://doi.org/10.1073/pnas.2002554117
https://doi.org/10.1594/Pangaea.971783
https://doi.org/10.1594/Pangaea.971791
https://doi.org/10.1371/journal.pone.0092453
https://doi.org/10.3897/BDJ.8.e47255
https://doi.org/10.3897/BDJ.8.e47255
https://doi.org/10.1046/j.1420-9101.2002.00470.x
https://doi.org/10.1046/j.1420-9101.2002.00470.x
https://doi.org/10.1007/s10531-016-1174-y
https://doi.org/10.1111/icad.12743
https://doi.org/10.1111/icad.12743

Journal of Insect Conservation (2025) 29:8

Page 150f 15 8

cross-continental synthesis. Ecol Lett 13:969-979. https://doi.or
2/10.1111/1.1461-0248.2010.01487.x

Popovi¢ M, Golubovié¢ A, Nowicki P (2022) Intersexual Differences in
Behaviour and Resource Use of Specialist Phengaris teleius But-
terflies. Insects 13:262. https://doi.org/10.3390/insects 13030262

Poyry J, Luoto M, Heikkinen RK et al (2009) Species traits explain
recent range shifts of Finnish butterflies. Glob Change Biol
15:732-743. https://doi.org/10.1111/j.1365-2486.2008.01789.x

Rayner IMV (1988) Form and Function in Avian Flight. In: Johnston
RF (ed) Current Ornithology. Springer US, Boston, MA, pp 1-66

Remmel N, Buchner D, Enss J et al (2024) DNA metabarcoding and
morphological identification reveal similar richness, taxonomic
composition and body size patterns among flying insect commu-
nities. Insect Conserv Divers 17:449-463. https://doi.org/10.111
1/icad.12710

Ritter E, Dalsgaard L, Einhorn KS (2005) Light, temperature and
soil moisture regimes following gap formation in a semi-natural
beech-dominated forest in Denmark. For Ecol Manag 206:15-33.
https://doi.org/10.1016/j.foreco.2004.08.011

Schaefer M (2017) Brohmer - Fauna von Deutschland. Quelle &
Meyer

Settele J, Steiner R, Reinhardt R et al (2015) Schmetterlinge - Die
Tagfalter Deutschlands, 2nd edition. Eugen Ulmer Verlag Stutt-
gart, Halle

Shirey V, Larsen E, Doherty A et al (2022) LepTraits 1.0 A globally
comprehensive dataset of butterfly traits. Sci Data 9:382. https://
doi.org/10.1038/541597-022-01473-5

Shrestha M, Garcia JE, Chua JHJ et al (2019) Fluorescent Pan Traps
Affect the Capture Rate of Insect Orders in Different Ways.
Insects 10:40. https://doi.org/10.3390/insects 10020040

Sjoberg F (2004) The Fly Trap. Pantheon

Smith BJ, Collier KJ, Halliday NJ (2002) Composition and flight
periodicity of adult caddisflies in New Zealand hill-country
catchments of contrasting land use. N Z J Mar Freshwat Res
36:863—878. https://doi.org/10.1080/00288330.2002.9517138

Stavenga DG, Arikawa K (2006) Evolution of color and vision of but-
terflies. Arthropod Struct Dev 35:307-318. https://doi.org/10.101
6/j.asd.2006.08.011

Steiner A, Ratzel U, Top-Jensen M, Fibiger M (2014) Die Nachtfalter
Deutschlands. BugBook Publishing

Syrgley RB, Chai P (1990) Predation and the Elevation of Thoracic
Temperature in Brightly Colored Neotropical Butterflies. Am Nat
135:766-787

Turo KJ, Spring MR, Sivakoff FS et al (2021) Conservation in post-
industrial cities: How does vacant land management and land-
scape configuration influence urban bees? J Appl Ecol 58:58-69.
https://doi.org/10.1111/1365-2664.13773

Uhler J, Haase P, Hoffmann L et al (2022a) A comparison of different
Malaise trap types. Insect Conserv Divers 15:666—672. https://do
i.org/10.1111/icad.12604

Uhler J, Haase P, Hoffmann L et al (2022b) Data and R script used in
Uhler. 2022: A comparison of different Malaise traps. ZENODO.
https://doi.org/10.5281/zenod0.6982995

Vallin A, Jakobsson S, Lind J, Wiklund C (2006) Crypsis versus
intimidation—anti-predation defence in three closely related but-
terflies. Behav Ecol Sociobiol 59:455-459. https://doi.org/10.10
07/500265-005-0069-9

van Achterberg K (2009) Can Townes type Malaise traps be improved?
Some recent developments. Entomol Berichten 69:129-135

Warne CPK, Hallwachs W, Janzen DH, Smith MA (2020) Functional
and genetic diversity changes through time in a cloud forest ant
assemblage. Biotropica 52:1084—1091. https://doi.org/10.1111/b
tp.12882

Warren MS, Maes D, CAM van Swaay et al (2021) The decline of but-
terflies in Europe: Problems, significance, and possible solutions.
Proc Natl Acad Sci 118(e2002551117). https://doi.org/10.1073/p
nas.2002551117

Welti EAR, Joern A, Ellison AM et al (2021) Studies of insect temporal
trends must account for the complex sampling histories inherent
to many long-term monitoring efforts. Nat Ecol Evol 5:589-591.
https://doi.org/10.1038/s41559-021-01424-0

Welti EAR, Zajicek P, Frenzel M et al (2022) Temperature drives
variation in flying insect biomass across a German malaise trap
network. Insect Conserv Divers 15:168—180. https://doi.org/10.1
111/icad.12555

Zellweger F, Baltensweiler A, Ginzler C et al (2016) Environmental
predictors of species richness in forest landscapes: abiotic factors
versus vegetation structure. J Biogeogr 43:1080-1090. https://do
i.org/10.1111/jbi.12696

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

@ Springer


https://doi.org/10.1111/1365-2664.13773
https://doi.org/10.1111/icad.12604
https://doi.org/10.1111/icad.12604
https://doi.org/10.5281/zenodo.6982995
https://doi.org/10.1007/s00265-005-0069-9
https://doi.org/10.1007/s00265-005-0069-9
https://doi.org/10.1111/btp.12882
https://doi.org/10.1111/btp.12882
https://doi.org/10.1073/pnas.2002551117
https://doi.org/10.1073/pnas.2002551117
https://doi.org/10.1038/s41559-021-01424-0
https://doi.org/10.1111/icad.12555
https://doi.org/10.1111/icad.12555
https://doi.org/10.1111/jbi.12696
https://doi.org/10.1111/jbi.12696
https://doi.org/10.1111/j.1461-0248.2010.01487.x
https://doi.org/10.1111/j.1461-0248.2010.01487.x
https://doi.org/10.3390/insects13030262
https://doi.org/10.1111/j.1365-2486.2008.01789.x
https://doi.org/10.1111/icad.12710
https://doi.org/10.1111/icad.12710
https://doi.org/10.1016/j.foreco.2004.08.011
https://doi.org/10.1038/s41597-022-01473-5
https://doi.org/10.1038/s41597-022-01473-5
https://doi.org/10.3390/insects10020040
https://doi.org/10.1080/00288330.2002.9517138
https://doi.org/10.1016/j.asd.2006.08.011
https://doi.org/10.1016/j.asd.2006.08.011

	﻿Effects of species traits on the catchability of butterflies with different types of Malaise traps and implications for total catch biomass
	﻿Abstract
	﻿Implications for insect conservation
	﻿Introduction
	﻿Materials and methods
	﻿Sampling design
	﻿Species determination and weighing
	﻿Butterfly species traits
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Effects of species traits on the catchability
	﻿Implications for total catch biomass

	﻿Conclusion
	﻿References


