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biodiversity monitoring requires a thorough understanding 
of the use and eff ectiveness of monitoring methods.

Common sampling methods for arthropods include pit-
fall traps, vacuum sampling, sweep netting, window traps, 
pan traps, bait traps, light traps, and Malaise traps (Y i et al., 
2012; H enderson & Southwood, 2021). Diff erent sampling 
methods tend to be particularly suitable for specifi c func-
tional or taxonomic groups. For example, Malaise traps 
capture mostly fl ying insects, with Diptera and Hymeno-
ptera being by far the most abundant taxa; pitfall traps are 
used to study surface-dwelling arthropods, such as spiders 
and ground beetles; pan traps are used to study pollinat-
ing species, such as bees (M alaise, 1937; W oodcock, 2005; 
S kvarla et al., 2021; K rahner et al., 2024). Malaise traps 
are passive traps that do not use light, colour, or scents 
to attract organisms (Skvarla et al., 2021). Depending on 
their construction and size, they are divided into diff erent 
types, such as Bartak, SLAM (Sea, Land, and Air Malaise), 
and Townes traps (Skvarla et al., 2021; U hler et al., 2022). 
What they have in common is the use of a fi ne-mesh net-
ting in a tent-like structure to intercept arthropods and di-
rect them towards a trapping device (Skvarla et al., 2021). 
Malaise traps often capture large numbers of arthropods, 
making taxonomic identifi cation time-consuming (Karls-
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Abstract. Concerns about insect decline have motivated the monitoring of terrestrial arthropods, often using Malaise traps. Since 
the types of Malaise trap vary widely, it is essential to understand the diff erences in the resulting number and composition of the 
arthropod catch. In this study, we compared the performance of two types of Malaise trap in capturing arthropods for biodiversity 
monitoring and ecological studies. We placed Bartak and SLAM traps in a paired design at increasing distances from a forest 
edge in vineyards in southwestern Germany. We measured arthropod biomass and used metabarcoding for species identifi cation. 
Bartak traps caught 7.5 times higher biomass, but only 1.5 times more species compared to the SLAM traps. There was a signifi -
cant diff erence in species composition, whereby highly mobile fl ying insect species, such as those in the order Diptera, strongly 
dominated the Bartak traps and ground-dwelling arthropods were better represented in SLAM traps. With increasing distance to 
the forest edge, species richness decreased similarly in both trap types. Our study shows that diff erences in trapping effi  ciency 
must be taken into account when comparing results from diff erent, and that trap types can be chosen according to the focus of 
each study. Nevertheless, both trap types were able to detect the biodiversity pattern in our landscape in a similar way.

INTRODUCTION

Arthropod biodiversity appears to be in a global decline 
(H ochkirch, 2016; Hallmann et al., 2017; Seibold et al., 
2019), although the extent and causes are not yet fully un-
derstood (M üller et al., 2023). The decline is said to be 
mainly attributed to anthropogenic factors, of which the 
destruction of natural habitats, climate change, and the in-
tensifi cation of modern agriculture are considered the most 
prominent (S ánchez-Bayo & Wyckhuys, 2019). Within 
agricultural landscapes, the scarcity of food and nesting 
resources and the use of pesticides and fertilisers are major 
drivers of biodiversity loss (Sánchez-Bayo & Wyckhuys, 
2019). However, Müller et al. (2023) show that unfavour-
able weather conditions, also caused by climate change, 
can explain the loss of insects reported in the study by 
Hallmann et al. (2017). Further large-scale biodiversity 
monitoring is therefore important for a better understand-
ing of the dynamics of arthropod decline. Although the 
loss of insect diversity and biomass has been of particular 
concern in recent years, leading to eff orts to expand ter-
restrial arthropod monitoring, few programs are currently 
in place (W elti et al., 2022; G eiger et al., 2016; K arlsson et 
al., 2020; L ehmann et al., 2021). Implementing large-scale 
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of-concept stage and often do not record biodiversity as 
comprehensively as trapping (van Klink et al., 2022).

In this study, we compared the arthropod catch between 
two types of Malaise trap in vineyards in southwestern 
Germany in order to compare their performance for bio-
diversity monitoring and ecological studies. The two types 
diff ered in construction and size, with the Bartak trap being 
larger than the SLAM trap. We were also interested in their 
suitability for recording changes in insect activity along a 
gradient of forest distance. To do this, we placed Bartak 
and SLAM traps in a paired design at increasing distances 
from a forest edge, measured the biomass of the trapped 
arthropods, and used metabarcoding for species identifi ca-
tion. We tested the following hypotheses: (H1) arthropod 
biomass and (H2) species richness are higher in Bartak 
traps compared to the smaller SLAM traps. We were fur-
ther interested in examining if (H3) species composition 
diff ers between the two Malaise trap types and if (H4) the 
species richness pattern along a forest distance gradient is 
recorded diff erently by the two types.

MATERIAL AND METHODS
Study area and sites

We conducted our study in the German wine-growing region 
Palatinate, which is located in the Upper Rhine Valley east of 
the Palatinate Forest and characterised by a warm, temperate cli-

son et al., 2020). Metabarcoding allows such large bulk 
samples to be processed to study entire arthropod com-
munities, even including the highly diverse orders Diptera 
and Hymenoptera (d eWaard et al., 2019). Specimens are 
identifi ed based on DNA sequences in the cytochrome c 
oxidase I (COI) gene. Similar sequences are then clus-
tered into operational taxonomic units (OTU), which can 
be assigned barcode index numbers (BIN) containing 
taxonomic information based on reference sequences in 
the Barcode of Life Data System (BOLD; R atnasingham 
& Hebert, 2013). In this way, metabarcoding provides a 
valuable tool for large-scale monitoring, identifying taxa in 
a time- and cost-eff ective manner (deWaard et al., 2019). 
Furthermore, data can be eff ectively stored and shared for 
re-analysis (Yu et al., 2012; deWaard et al., 2019). In ad-
dition to recording species diversity, trapping arthropods 
also allows the measurement of biomass, which underlies 
their important role as prey for subsequent trophic levels 
(M ontgomery et al., 2021). Recent non-invasive tech-
niques such as acoustic monitoring, computer vision, radar, 
and molecular methods for analysing environmental DNA, 
are desirable from a conservation perspective in order to 
reduce environmental impacts and maintain public support 
for arthropod conservation (v an Klink et al., 2022; L övei 
et al., 2023). However, these methods are still in a proof-

Fig. 1. Map of the study area with the location of the Julius Kühn Institute in Siebeldingen (JKI) and the nearby sampled vineyards (red 
dots). Basic map data by © GeoBasis-DE/LVermGeoRP (2023).
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mate (B eck et al., 2018). The average annual temperature over the 
last 15 years was 11.3°C and the total annual precipitation was 
690.1 mm (A grarmeteorologie Rheinland-Pfalz, 2024). We sam-
pled six vineyards near the Julius Kühn Institute in Siebeldingen 
(ranging between 49.228400°N, 8.049500°E and 49.214300°N, 
8.068400°E; Table S1). The vineyards were located along a dis-
tance gradient from the Palatinate Forest, ranging from adjacent 
to the forest up to 2,020 m (Fig. 1).

Design and sampling
We set one pair of Malaise traps (one Bartak and one SLAM 

trap) in each of the six vineyards. Two pairs were placed in the 
vineyard closest to the forest, resulting in seven pairs of traps 
and 14 sampling plots. We sampled seven times from mid-April 
to mid-June 2022 (Table S2). Each time, the traps were set for 
fi ve consecutive days. Only the last sampling period was shorter 
at 3 days. Both Bartak traps (Malaise trap bioform after Bartak, 
bioform Dr. J. Schmidl e.K., Nürnberg, Germany; B ioform, 2025; 
Fig. 2 left) and SLAM traps (MegaView Science Co., Ltd., Tai-
chung, Taiwan; M egaView Science, 2025; Fig. 2 right) were set 
up in 2-m-wide inter-rows between vine rows, at equal distances 
from the vineyard border, and placed in non-adjacent inter-rows. 
The Bartak traps have a base area of 100 × 270 cm (370 cm net 
with ground contact), stand 175 cm high, and consist of olive-
green mesh, topped with a collecting bottle and transparent lid. 
The SLAM traps have a size of 110 × 110 × 110 cm (283 cm net 
with ground contact) with black mesh for the horizontal surfaces 
and white mesh in the roof area, and a collecting bottle screwed 
onto the bottom of a collection container at the top of the traps. 
Collecting bottles were fi lled with 70% ethanol denatured with 

about 1% methyl ethyl ketone (EtOH MEK). We weighed the wet 
biomass of the sampled arthropods using a sieve and let the liquid 
drain away (adapted from Hallmann et al., 2017). In addition, the 
remaining water at the bottom of the sieve was removed with a 
paper tissue. The total biomass across the seven sampling rounds 
was calculated for each plot.

Metabarcoding
We transferred all samples to undiluted EtOH MEK prior to 

metabarcoding analysis. For each plot, we pooled the material 
from the seven samplings into a single bulk sample. All sam-
ples were processed by AIM – Advanced Identifi cation Methods 
GmbH, where metabarcoding of a 313-base-pair mini-barcode 
region in the CO1-5P target region and bioinformatics was con-
ducted following the protocol and methods of H ausmann et al. 
(2020) and Morinière et al. (2016; for details see K aczmarek 
et al., 2023a). We fi ltered the results table for arthropod opera-
tional taxonomic units (OTU) with a Hit-%-ID value (Overlap 
of an OTU sequence with a reference sequence in the Barcode 
of Life Data System (BOLD)) ≥ 97%. While many OTUs are 
not assigned a taxonomic species name in BOLD, barcode index 
numbers (BIN) are considered to correspond well with Linnean 
species numbers (Zahiri et al., 2014). Thus, only OTUs with an 
assigned BIN were used in this study. We condensed BINs that 
occurred more than once into one entry. We used taxonomic spe-
cies information from BOLD and condensed doubled species to 
one entry. For BINs for which no species name is specifi ed in the 
database, we used the BOLD ID instead. Hereafter, we refer to 
BINs as species.

Fig. 2. The two used in our study: Bartak trap (left), SLAM trap (right). In contrast to the study design, the two traps were set up in adjacent 
inter-rows for demonstration purposes.
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Data analysis
For analysing data and creating fi gures, we used R v.4.2.3 (R 

 Core Team, 2023) and RStudio v.2023.03.0 (RS tudio Team, 2023) 
with the R packages blmeco (Ko rner-Nievergelt, 2015), car (Fo x 
& Weisberg, 2019), rcompanion (Ma ngiafi co, 2024), MuMIn 
(Ba rtoń, 2020), lme4 (Ba tes et al., 2015), vegan (Ok sanen et al., 
2020), indicspecies (Cá ceres & Legendre, 2009), ggplot2 (Wi ck-
ham, 2016), and ggpubr (Ka ssambara, 2020).

To test whether species richness recorded within the most com-
mon orders (Coleoptera, Diptera, Hemiptera, Hymenoptera, and 
Lepidoptera) diff ered between Bartak and SLAM traps, we used 
paired t-tests (function t.test) for normally distributed data and 
Wilcoxon signed-rank tests (function wilcox.test) for non-nor-
mally distributed data. For the following statistical analyses of 
species richness and composition, the data from one SLAM trap 
was omitted as an outlier, because it had a much lower species 
richness at a similar biomass compared to other SLAM traps. To 
examine how Malaise trap type and distance of a trap to the for-
est edge aff ect log-transformed biomass, we used a li near mixed-
eff ects model (function lmer from the lme4 package). To examine 
how Malaise trap type and the distance of a trap from the forest 
aff ect the number of species recorded, we used a ge neralised lin-
ear mixed-eff ects model with negative binomial distribution and 
logarithmic link function (function glmer.nb from the lme4 pack-
age). We included the interaction of the two explanatory variables 
and further the pair of sampling plots as a random factor in both 
models. We rescaled and centred the distance from the forest 
variable for a better model fi t. To test the eff ects, we used type 
III ANOVA (function Anova from the car package) with a signifi -
cance level of p < 0.05. We further investigated the eff ects of the 
two explanatory variables (trap type, distance from forest) on ar-
thropod species based on the presence-absence data of the arthro-
pod species recorded using a distance-based redundancy analysis 
(dbRDA; function dbrda from the vegan package) with Jaccard 
dissimilarity. To test the eff ects, we used a permutational test with 
999 permutations (function anova.cca from the vegan package). 
We identifi ed arthropod species selectively recorded in either one 
of the two Malaise trap types using a species indicator analysis 
with 9999 permutations (function multipatt from the indicspecies 
package). Based on the recommendations of Moran (2003), and 
in consideration of the multiple signifi cant results in the species 
indicator analysis, we decided not to adjust the p-values.

RESULTS

We retrieved a list of 900 species (BINs) from metabar-
coding, 586 of which were assigned a species name (for 
details see supplementary results). We recorded 633 spe-
cies from 119 arthropod families using the Bartak traps and 
519 species from 137 families using the SLAM traps, total-
ling 900 species from 162 families (Fig. 3, Table S3). The 
most species-rich orders in our study were Diptera (415 
species from 51 families), Coleoptera (116 species from 
25 families), Hymenoptera (162 species from 20 families), 
Lepidoptera (77 species from 24 families), and Hemi ptera 
(87 species from 13 families). Bartak traps recorded sig-
nifi cantly higher numbers of Diptera (+81% compared 
to SLAM traps) and Hymenoptera (+65% compared to 
SLAM traps), while SLAM traps recorded signifi cantly 
more Coleoptera species (+203% compared to Bartak 
traps) and species outside the fi ve most species-rich orders 
in our study (+150% compared to Bartak traps; Table 1). 
Overall species richness was signifi cantly higher in the 
Bartak traps (+22% compared to SLAM traps). The num-
ber of Hemiptera and Lepidoptera was not signifi cantly 
diff erent between the two trap types.

On average, total biomass across the seven sampling 
rounds was approximately 7.5 times higher in Bartak traps 
(mean = 38.3 g, SD = ±21.5 g) compared to SLAM traps 
(mean = 5.1 g, SD = ±2.2 g; Fig. 4A, Table 2, Table S3). 
The mean number of arthropod species per trap was ap-
proximately 1.5 times higher in Bartak traps (221 species, 
SD = ±36 species) compared to SLAM traps (149 species, 
SD = ±57 species; Fig. 4B). Biomass decreased signifi cant-
ly with increasing distance from the forest, but a signifi cant 
interaction between trap type and distance from the forest 
indicates that biomass decreased more in Bartak traps than 
in SLAM traps (Fig. 4C). The number of species recorded 
decreased signifi cantly by about 50 species within 2,000 
m distance of the forest in both Bartak and in SLAM traps 
(Fig. 4D).

Based on the results of the dbRDA, species composi-
tion was signifi cantly diff erent between Bartak and SLAM 
traps (Sum of squares = 0.9, F = 3.7, p = 0.001; Fig. 5). 
The two trap types shared 28.0% of the recorded species 
(18.1% of Coleoptera, 31.3% of Diptera, 34.5% of Hemi-
ptera, 22.8% of Hymenoptera, 27.3% of Lepidoptera, and 
30.2% of other species). 409 of the total 900 species were 
recorded at only one of the 14 sampling plots, resulting 
in a high turnover between traps of the same type. Each 
Bartak trap caught an average of 34.8% of the total species 

Table 1. Mean number of arthropod species (BINs) and families re-
corded with Bartak and SLAM traps. Results of tests for diff erences 
in species richness per order between trap types are indicated with 
V-value, z-value, and p-value for Wilcoxon signed-rank tests and 
t-value, degrees of freedom,  and p-value for paired t-tests.

Order
Bartak SLAM

Statistic
Species Families Species Families

Coleoptera 34 15 103 24 V = 0, z = –2.28,
p = 0.016

Diptera 351 46 194 43 t(6) = 6.081,
p < 0.001

Hemiptera 54 9 63 11 t(6) = –0.155,
p = 0.882 

Hymenoptera 124 15 75 16 t(6) = 7.681,
p < 0.001

Lepidoptera 54 20 44 17 t(6) = 1.849,
p = 0.114

Others 16 14 40 26 t(6) = –4.749,
p = 0.003

Total 633 119 519 137 t(6) = 2.864,
p = 0.029

Table 2. Eff ects of Malaise trap type and the distance of trap plots 
to the forest as well as their interaction on biomass (linear mixed-ef-
fects model) and species richness (generalised linear mixed-eff ects 
model with negative binomial distribution and log-link). Chi-square 
(χ²), degrees of freedom (df), and the p-value are indicated.

Variable
Log(biomass) Species richness
χ² df p-value χ² df p-value

(Intercept) 640.4 1 <0.001 16180.0 1 <0.001
Trap type 228.7 1 <0.001 23.0 1 <0.001
Distance from forest 12.1 1 <0.001 4.5 1 0.034
Trap type: Distance from forest 4.0 1 0.047 3.5 1 0.063
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recorded in Bartak traps and each SLAM trap caught an 
average of 28.6% of the total species recorded in SLAM 
traps. The distance of trapping plots to the forest edge did 
not aff ect the species composition of arthropod communi-
ties (Sum of squares = 0.3, F = 1.3, p = 0.103).

Based on the indicator species analysis, 59 species were 
signifi cantly associated with the Bartak traps, of which 40 
belonged to the order Diptera, twelve to Hymeno ptera, 
three to Lepidoptera, two to Hemiptera, and one to Co-
leoptera and Orthoptera (Table 3). 20 species were signifi -
cantly associated with the SLAM traps, of which seven 

Fig. 3. Number of arthropod species (BINs) for Bartak and SLAM traps within the most common orders (A) and families of Coleoptera (B), 
Diptera (C), Hemiptera (D), Hymenoptera (E), and Lepidoptera (F). Signifi cance codes based on results from paired t-tests for A and C–F 
and Wilcoxon signed-rank tests for B: ***p < 0.001, *p < 0.05.
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belonged to the order Coleoptera, three to Hymenoptera, 
three to Diptera, two to Hemiptera, and one to Araneae, 
Dermaptera, Lepidoptera, Neuroptera, and Psocodea, re-
spectively (Table 3).

DISCUSSION

We investigated the diff erences in arthropod biomass, 
species richness, and species composition between two 
Malaise traps types, and assessed the consistency with 
which they recorded an ecological pattern.

The Bartak traps captured 7.5 times higher arthropod bi-
omass, but only 1.5 times more species. This confi rms our 
fi rst two hypotheses, where we expected a higher biomass 
and species richness in Bartak traps compared to SLAM 
traps. While Malaise traps are generally known to capture 
large quantities of arthropods (Skvarla et al., 2021), our 
study showed that there can be signifi cant diff erences be-
tween types of Malaise trap. This supports previous fi nd-
ings that diff erences in trap construction infl uence catches 
(To wnes, 1972; Ma tthews & Matthews, 1983; Ha nsen, 

Fig. 4. Biomass in g (A) and number of species (BINs; B) as well as biomass (C) and number of species (BINs; D) for distance from the 
forest in m per Malaise trap type (Bartak traps (dark green) and SLAM traps (light green)). Signifi cance code based on results from linear 
mixed-eff ects model for A and C and from generalised linear mixed-eff ects model with negative binomial distribution and log-link for B and 
D: ***p < 0.001, *p < 0.05.

Fig. 5. Redundancy analysis triplot (dbRDA) with scaling 1 for 
arthropod communities based on the presence-absence data of 
the species (BINs) recorded with Bartak traps (dark green) and 
SLAM traps (light green) and the eff ect of the distance from the for-
est. The fi rst two dbRDA axes are shown, explaining 24.81% and 
8.79% of the total variation, respectively.
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Table 3. Arthropod species (BINs) per order related to either Bartak or SLAM traps with IndicSpecies Stat value (Stat) and p-Value.

Bartak SLAM
Species Stat p-Value Species Stat p-Value
Coleoptera Araneae
   Dorcus parallelipipedus 0.691 0.031    Dictyna uncinata 0.707 0.021
Diptera Coleoptera
   Delia radicum 1.000 < 0.001    Agelastica alni 1.000 <0.001
   Megaselia pleuralis 1.000 < 0.001    BOLD:AAI8935 0.866 0.004
   Phaonia subventa 1.000 < 0.001    Clanoptilus geniculatus 0.845 0.004
   Phaonia tuguriorum 1.000 < 0.001    Longitarsus pellucidus 0.845 0.005
   BOLD:AAA7374 1.000 < 0.001    Tachyporus nitidulus 0.845 0.005
   BOLD:ACR1468 1.000 < 0.001    Longitarsus ochroleucus 0.707 0.022
   Coenosia albicornis 0.866 0.004    Olibrus corticalis 0.707 0.022
   Copromyza stercoraria 0.866 0.004 Dermaptera
   Lasiomma seminitidum 0.866 0.005    BOLD:AAG9897 0.745 0.021
   Peribaea tibialis 0.866 0.004 Diptera
   Sarcophaga incisilobata 0.866 0.004    Corynoptera perpusilla 1.000 < 0.001
   Triarthria setipennis 0.866 0.004    BOLD:AAN6431 0.745 0.022
   BOLD:AAD0853 0.866 0.004    BOLD:ACP4736 0.691 0.030
   BOLD:AAG2108 0.866 0.004 Hemiptera
   Fannia armata 0.845 0.005    Laodelphax striatella 0.745 0.020
   Fannia canicularis 0.845 0.005    BOLD:AEI6714 0.707 0.022
   Helina evecta 0.845 0.005 Hymenoptera
   BOLD:ABV5497 0.845 0.005    Anthophora plumipes 0.845 0.005
   BOLD:ACR1376 0.845 0.005   Zatypota bohemani 0.845 0.005
   Anthomyia pluvialis 0.745 0.021   Triaspis pallipes 0.745 0.022
   Episyrphus balteatus 0.745 0.021 Lepidoptera
   Nephrotoma fl avescens 0.745 0.019    Ancylis mitterbacheriana 0.707 0.022
   Pollenia sp. 0.745 0.020 Neuroptera
   BOLD:AAD0642 0.745 0.021    Hemerobius humulinus 0.845 0.005
   BOLD:AAM9376 0.745 0.021 Psocodea
   BOLD:ACD8702 0.745 0.023    Valenzuela piceus 0.845 0.005
   BOLD:ACI7021 0.745 0.022
   BOLD:ACR0876 0.745 0.021
   Coenosia infantula 0.707 0.021
   Coenosia testacea 0.707 0.021
   Neurigona quadrifasciata 0.707 0.022
   Pollenia pediculata 0.707 0.023
   BOLD:AAJ0967 0.707 0.022
   BOLD:AAN5505 0.707 0.021
   BOLD:ACD2824 0.707 0.020
   Nephrotoma appendiculata 0.691 0.030
   Orfelia nemoralis 0.691 0.027
   BOLD:AAB2866 0.691 0.029
   BOLD:ACB4751 0.691 0.030
   BOLD:ACP2283 0.691 0.028
Hemiptera
   Eupteryx atropunctata 1.000 < 0.001
   Arytaina genistae 0.707 0.021
Hymenoptera
   Bombus ruderatus 1.000 < 0.001
   Andrena minutula 0.866 0.005
   BOLD:AAC0157 0.866 0.004
   BOLD:AAG6192 0.866 0.004
   BOLD:ACC3068 0.866 0.004
   Diplazon laetatorius 0.845 0.005
   Ethelurgus sodalis 0.745 0.022
   Pemphredon inornata 0.745 0.023
   BOLD:ACL8330 0.745 0.022
   Amblyteles armatorius 0.691 0.031
   Woldstedtius citropectoralis 0.691 0.027
   BOLD:ACR2933 0.691 0.032
Lepidoptera
   Acronicta rumicis 0.845 0.005
   Apamea lithoxylaea 0.691 0.030
   Oligia latruncula 0.691 0.030
Orthoptera
  BOLD:AAC5779 0.707 0.021
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1988; Uhler et al., 2022). Uhler et al. (2022) compared 
Bartak traps to another type of Malaise trap, the Townes 
trap. The shorter but taller Townes traps captured signifi -
cantly higher biomass and species (Uhler et al., 2022). In 
our study, the increased biomass and species richness in 
the Bartak traps compared to the SLAM traps is likely due 
to the greater height of the former. As a result, taller Ma-
laise traps appear to be more likely to intercept a greater 
number of fl ying or drifting insects, especially dipterans. 
However, the fact that SLAM traps capture a comparative-
ly high number of species despite the signifi cantly lower 
biomass, could be advantagious from a conservation per-
spective. Especially in sensitive environments, the removal 
of less arthropod biomass by the trap may be desirable. 
Such concerns should not be exaggerated, since the global 
fresh weight of aboveground arthropods is estimated to be 
>10 kg/ha (Ro senberg et al., 2023), which makes the catch 
of a Bartak trap seem minor (ca. 1 g per day). Nevertheless, 
minimising the killing of arthropods is desirable from an 
ethical perspective, and reducing the environmental impact 
is important for maintaining public support for arthropod 
conservation (Lövei et al., 2023). Thus, obtaining 77% of 
species information in only 13% of biomass can be an ar-
gument to favour SLAM over Bartak traps. If the survey 
focus is on taxonomic groups such as Diptera or Hyme-
noptera, our results indicate that Bartak traps are still pref-
erable, while for Lepidoptera and Hemiptera SLAM traps 
may be a less invasive alternative. Nevertheless, when de-
signing a study from an ethical perspective, it is important 
not to overlook the informative value of the data required 
to answer a scientifi c question, including suitable analysis. 
The choice of trap type, with its advantages and disadvan-
tages compared to other types, depends on the specifi c re-
search questions.

In addition to the diff erences in the captured arthropod 
richness and biomass, the catches of the two trap types also 
diff ered signifi cantly in species composition. The fact that 
only about a third of the species were captured in both trap 
types shows that there are diff erences in species composi-
tion between the types, which was the focus of our third 
hypothesis. However, it is important to note that Malaise 
trap samples typically contain a large number of species 
with a single occurrence across all samples (St einke et al., 
2021). These singletons are likely to consist of transient 
and low abundance species (Ka czmarek et al., 2022). Con-
sequently, the proportion of species shared, even between 
samples of the same trap type, remains relatively low. Ma-
laise traps primarily capture fl ying insects, especially the 
orders Diptera and Hymenoptera (Matthews & Matthews, 
1983; Skvarla et al., 2021). This selectivity towards fl y-
ing insects was even stronger in Bartak traps compared to 
SLAM traps, likely due to their height as discussed above. 
In contrast, SLAM traps captured signifi cantly more co-
leopterans and may perform better at capturing less mobile 
species in general, such as ground-dwelling arthropods. 
The lower height may increase the likelihood of such spe-
cies reaching the collecting bottle. Accordingly, our indica-

tor species analysis included ground-dwelling species of 
the orders Araneae and Psocodea for the SLAM traps.

The two types of Malaise trap also diff er in other design 
features. The SLAM traps have white roofs, which increas-
es capture by inducing species to move upward toward the 
brighter area with the collecting bottle (Montgomery et al., 
2021). The white roof also alters species composition, as 
the colour itself may attract pollinating species (Uhler et 
al., 2022). However, in contrast to our study, Uhler et al. 
(2022) reported reduced rates of Coleoptera in a white-
roofed trap compared to its black-roofed counterpart. Thus, 
reduced height may be more relevant for capturing Coleop-
tera than roof colour. Altogether, the diff erence in species 
composition between the two trap types allows researchers 
to make an informed choice for one or the other, depending 
on the focus of each study. With a focus on fl ying insects 
from the wider surrounding landscape, Bartak traps may be 
preferred. A more balanced range, which includes ground-
active arthropods, is obtained with SLAM traps placed on 
the ground. However, SLAM traps can also be made more 
selective towards fl ying insects by suspending them in the 
air (Skvarla et al., 2021). Complementing Malaise traps 
with a second trap type, such as pitfall traps, is even more 
eff ective for recording ground-dwelling arthropods than 
the use of SLAM traps, as Malaise and pitfall traps have 
little overlap in taxa collected (Mc Cravy, 2018; Skvarla et 
al., 2021).

Along our forest gradient, both biomass and species 
richness decreased with increasing distance from the for-
est edge. This pattern was also observed in previous stud-
ies, with similar eff ects on, e.g., aboveground nesting bees 
and birds (Ka czmarek et al., 2024; Rö sch et al., 2024). The 
large diff erences in mean biomass captured by the two trap 
types resulted in a much larger decrease with increasing 
distance from the forest edge in the Bartak traps. In the 
SLAM traps, biomass was very low, so a possible eff ect of 
the forest gradient was probably less discernible. In addi-
tion, the Bartak traps, because they capture more fl ying in-
sects, may be better at capturing transient and drifting spe-
cies for which the forest may be a source habitat. Although 
the two trap types diff er to some extent in the way they 
measure biomass due to their construction, as described 
above, species richness decreased similarly with forest 
distance in both trap types. This is not consistent with our 
fi nal hypothesis where we expected the two trap types to 
diff er in measuring biodiversity along a gradient of forest 
distance. Thus, it appears that ecological studies can derive 
similar patterns from both types of Malaise trap. However, 
Bu sse et al. (2022) reported opposite results between Ma-
laise and light traps along a gradient of canopy openness. 
The diff erent patterns were due to diff erences in the species 
predominantly captured by each of the two studied traps 
(Busse et al., 2022). Because infl uences of the landscape 
such as a forest gradient on species vary among groups of 
organisms (Ka czmarek et al., 2023b, 2024), and sampling 
methods vary in their representation of taxa, the choice of 
trap can potentially aff ect the outcome of a study. Particu-
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larly in meta-analyses, specifi c characteristics of sampling 
methods need to be taken into account (Busse et al., 2022).

In conclusion, our study has shown that the choice of trap 
type used for biodiversity monitoring or ecological studies 
determines which taxonomic groups will be predominantly 
recorded. Many studies have compared the effi  ciency of 
Malaise traps with other trapping methods (e.g., Ca mpbell 
& Hanula, 2007; Yi et al., 2012; Henderson & Southwood, 
2021; An derson et al., 2024), while few studies have com-
pared diff erences between types of Malaise trap (e.g., Da r-
ling & Packer, 1988; Hansen, 1988; Uhler et al., 2022). 
Our study extends this knowledge to a relatively new type 
of Malaise trap, the SLAM trap. Our results support ear-
lier fi ndings that taller Malaise traps capture more fl ying 
insects, while lower traps capture more ground-dwelling 
arthropods. In our study, both types were able to detect the 
pattern of the forest gradient in a similar way. Finally, the 
choice of trap type depends on the specifi c objectives of a 
study. The term “Malaise trap” refers to traps with a simi-
lar trapping mechanism, but the types compared here each 
capture a distinct composition and quantity of species. 
Consequently, the type of Malaise trap must be taken into 
account when comparing the results of diff erent studies.
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Table S1. Location of the seven sites.

Study site Coordinates
1 49.228146°N, 8.049807°E
2 49.226289°N, 8.051941°E
3 49.221704°N, 8.051420°E
4 49.219080°N, 8.056636°E
5 49.216643°N, 8.062704°E
7 49.214733°N, 8.067906°E
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Supplementary results
A total of 1,211,499 paired-end sequences came from 

the sequencer. Across all samples, a median of 97.09% of 
the reads merged, with a mean of 95.73%, a minimum of 
80.91%, and a maximum of 98.95%. Adapters were detect-
ed in a median of 99.9% of the forward and 93.5% of the 
reverse-complement reads. After quality fi ltering, 873,842 
sequences were kept and 245,781 sequences were discard-
ed. Out of 566,054 unique sequences in all samples, 46,574 
unique non-singleton sequences were kept after dereplica-
tion. 2,643 OTUs out of a total of 4,302 OTUs were kept 
after de novo chimera detection, of which 2,195 found 
matches in the databases following OTU table cleaning. 
However, this DNA metabarcoding analysis included six 
samples that were not part of the study design presented in 
the article. 1,263 OTUs out of the 2,195 OTUs belonged 
to the presented study, of which 917 had a BOLD Hit-%-
ID equal to or greater than 97% and were assigned to 900 
unique BINs.

Online Supplement S1 (http://www.eje.cz/2026/006/S01.xlsx):

Table S3. Distance to the forest in m, total biomass and biomass 
per sampling period in g, number of total species (BINs) and 
number of species (BINs) of the most common orders, and pres-
ence of species (BINs) for each Bartak and SLAM trap in the 
seven sampling pairs.

Table S2. Dates of the seven trapping periods.
Trapping period Date

1 14/04/22 – 19/04/22
2 22/04/22 – 27/04/22
3 04/05/22 – 09/05/22
4 11/05/22 – 16/05/22
5 20/05/22 – 25/05/22
6 27/05/22 – 01/06/22
7 07/06/22 – 10/06/22

http://www.eje.cz/2026/006/S01.xlsx



