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other hand, it is often suffi cient to focus on precision, i.e. to 
what extent a result can be reproduced. Another approach 
is to compare two or three potential methods, to better 
understand the unique bias in the data that each produce 
(Wood et al., 2015). When it comes to sweep netting and 
colour pan-traps, previous studies report confl icting fi nds: 
pan-traps catch more species than sweep netting ( Sobota 
& Twardowski, 2004; Wilson et al., 2008; Nielsen et al., 
2011; Spafford & Lortie, 2013), fewer species (Cane et al., 
2000; Roulston et al., 2007; Namaghi & Husseini, 2009; 
Popic et al., 2013) and equal numbers of species (Westphal 
et al., 2008; Grundel et al., 2011). These confl icting re-
sults could potentially be due to differences in the pan-trap 
methodology (e.g. different colours and type of colours; 
placed on or above the ground; different types and shapes 
of pans; Tuell & Isaacs, 2009; Joshi et al., 2015, Shrestha et 
al., 2019) and for sweep netting (size of sweep net; whether 
only fl owers are targeted or vegetation), or simply due to 
differing sampling effort. 

The aim of the present study was to compare the catches 
of colour pan-traps and sweep netting along transects. We 
sampled clear-cuts in boreal forests, differing in land use 
history thereby achieving a gradient in fl ower abundance 
and potentially a greater diversity of fl ower-visiting insects. 
We considered fi ve taxonomic groups: Syrphidae, solitary 
Apoidea, social Apoidea, Lepturinae and Cetoniideae. The 
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INTRODUCTION

Pollinating insects perform essential tasks for wild plants 
and man alike (Klein et al., 2007; Gallai et al., 2008; Aizen 
et al., 2009) and decreases in the abundance of pollinators 
(Fitzpatrick et al., 2007; Kluser & Peduzzi, 2007; Potts et 
al., 2010; Vanbergen et al., 2013) points to the need for 
monitoring and surveying fl ower-visiting insects (McCra-
vy, 2018).  Methods used to survey pollinator populations 
such as Malais and suction traps indiscriminately catch 
large numbers of insects, which is less useful when tar-
geting pollinating insects (Campbell & Hanula, 2007). On 
the other hand, walking along transects does not work well 
for smaller and more mobile species. So, the two methods 
most likely to be used are sweep netting along transects 
and pan-traps. Pan-traps, that are specifi cally targeting pol-
linators, involve luring them to liquid-fi lled colourful pans 
during their search for sources of nectar. Pan-trapping is 
often described positively, e.g. “… one of the most effec-
tive passive sampling techniques and ideal for long-term 
monitoring” (Falk, 2015, p. 44) and is promoted by FAO 
for monitoring (LeBuhn et al., 2016).

All insect sampling methods are to some degree selec-
tive and it is important to understand the nature of the se-
lectivity. On the other hand, it is extremely complex to as-
sess insect catches from the point of view of accuracy (i.e. 
how well a catch refl ects population sizes at a site). On the 

Eur. J. Entomol. 116: 425–431, 2019
doi: 10.14411/eje.2019.043

ORIGINAL ARTICLE



426

Berglund & Milberg, Eur. J. Entomol. 116: 425–431, 2019 doi: 10.14411/eje.2019.043

caught and decreases the surface tension. A small opening (4 mm 
in diameter) at the top of each bowl was made to ensure that rain-
water could drain away. One set of pan-traps consisted of three 
pans, one of each colour, placed on a steel stick (Fig. 1a). Four 
sets of pan-traps were placed in each clear-cut at the same height 
as the vegetation (often 30–50 cm) and in places that were typical 
of each clear-cut. Pans were set for a week in early August 2015. 
Of the 48 sets of pan-traps used, two were knocked down by ani-
mals and not included in the analysis.

Sweep netting
At the beginning of August, all clear-cuts were sweep netted, at 

most 5 days before or after the period the pan-traps were set. The 
sweep netting was carried out along transects 25 m apart, which 
included the whole of each clear-cut (Fig. 1b) at a pace of 100 m 
per 4 min. The transect-walk occurred between 07.00 and 13.00 
GMT (9.00–15.00 Swedish summer time) when it was sunny, at 
least 17°C and the wind strength less than four on the Beaufort 
scale (Beaufort scale three: only tiny branches and leaves are 
moving). Syrphidae, Apoidea and Lepturinae were caught, while 
Cetoniidae were only counted, within 1 m of the transect. If the 
sun became covered by clouds, the collector waited until the sun 
reappeared and then resumed walking. 

 Data analyses
Specimens caught were identifi ed to species level and those 

unidentifi ed were not included in this study. However, among Ce-
toniidae only Trichius fasciatus was identifi ed to species while 
the remaining specimens were considered as a group, henceforth 
called Cetoniidae spp., which is likely to consist of three spe-
cies at the sites studied (Protaetia marmorata, Cetonia aurata, 
Protaetia metallica). Insects belonging to non-target taxonomic 
groups caught during sweep netting were not included although 

goal was to identify biases in these two methods. We also 
tested the assumed negative bias in the catches of large in-
sects by pan-traps (Cane, 2001; Westphal et al., 2008) and 
small insects by sweep netting. We did this by regressing 
species-wise odds ratios (for being caught) on body length.

 MATERIAL AND METHODS
 Study sites

 This study was conducted in twelve clear-cuts in hemi-boreal 
forests in the province of Östergötland, southern Sweden. The 
landscape consists mainly of coniferous forest, but is mixed with 
lakes, bogs, small patches of seminatural grasslands and arable 
fi elds (Ibbe et al., 2011; Milberg et al., 2019). The selected clear-
cuts had an area of 2–6 ha, had been logged 4–6 years previously, 
and were situated at a minimum distance of 300 m from nearest 
seminatural grassland. To achieve a gradient in the abundance of 
fl ower-visiting insect, we included clear-cuts in areas that were 
coniferous forest and those that were hay meadows in the 1870s 
(Jonason et al., 2014, 2016). Since then, there was at least one 
generation of spruce-dominated forest at these sites, for a mini-
mum of 70 and a maximum of about 140 years (Ibbe et al., 2011). 

The cover of fl owers in the clear-cuts was assessed by using 
ca 100 1-m2 plots (Berglund et al., in prep.) and ranged from 
0.000237 to 0.001329‰ (average 0.000494‰) at the time the 
insects were sampled.

Pan-traps
The pans used to collect fl ower-visiting insects were painted in 

one of three UV-refl ecting colours: blue, white or yellow (Soppec, 
Sylva mark fl uo marker, Nersac, France). The pans had a volume 
of 0.5 L (diameter 8.7 cm) and were fi lled with toxic-free propyl-
ene glycol (40% concentration). This liquid preserves the insects 

Fig 1. A – a set of three pan-traps with one painted blue, one yellow and one white mounted on a metal rod; the small drainage holes are 
visible. B – an example of a clear-cut with the set of pan-traps (squares) and transects (red lines) indicated.
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they could be numerous in the pan-trap catches (e.g. Vespoidea, 
Lepidoptera, small Coleoptera). 

Before analyses, the following steps were taken to produce 
comparable data: (i) Pan-traps: as two sets of traps were lost at 
one site, average specimens per set of pan-traps were calculated. 
(ii) Sweep netting: as the sizes of the sites varied and hence tran-
sect length, we calculated number of specimens per ha, assuming 
the transects covered 8% of each clear-cut.

Correlation between the catches of the two sampling methods
To compare the catches using the two methods, correlation co-

effi cients were calculated for social Apoidea, solitary Apoidea, 
Lepturinae and Syrphidae (Cetoniidae was judged too scarce for 
a meaningful analysis).

 Occurrence data
As insects often aggregate, the actual number of specimens 

recorded might infl ate differences between methods and sites. 
Hence, a more conservative type of data is the frequency of oc-
currence. We therefore considered the number of clear-cuts where 
a species was recorded using each of the two methods. From this 
we calculated the odds of recording a species with pan-traps and 
sweep netting, and from this the ln(odds ratio) was calculated, 
positive values for which indicate higher odds that pan-traps cap-
tured more than sweep netting. The confi dence interval of the 
odds ratio allows an informal signifi cance testing, but the statisti-
cal power of this approach is low, given that only 12 clear-cuts 
were sampled. Species-wise odds ratios were fi nally combined 
into group-wise odds ratios, using meta-analyses methods that 
weighted the frequency of occurrence of species. This analysis 
did not include sampling effort, which differed as two sets of pan-
traps were lost, the greater number of specimens recorded when 
sweep netting, or the pair-wise nature of the data. 

Species-wise odds ratios were regressed to test whether they 
varied with body mass. We included those species for which body 
lengths are recorded in the literature (mainly Falk, 2015 and Wiki-
pedia for Apoidea, Bartsch et al., 2009a, b for Syrphidae, Lindhe 
et al., 2010, for Lepturinae), and calculated averages when ranges 
were given and sexes differed in length. We then regressed the 
results for: (i) all species (N = 116), (ii) social Apoidea (N = 9), 
(iii) solitary Apoidea (39) and (iv) Syrphidae (62).

   RESULTS

A total of 1184 individuals belonging to 108 species 
were caught by sweep netting, compared to 591 belonging 
to 48 species by the pan-traps (Table 1). Even after adjust-
ing for differing sampling efforts in terms of the number 
of sets of pan traps and sizes of the clear-cuts, the average 
number of specimens recorded using sweep netting was 
double that recorded using pan-traps (Table 1). In terms of 
species, similar patterns emerge: 1 of 2 Cetoniidae and 4 
of 5 Lepturinae were signifi cantly more likely to occur in 
pan traps than to be recorded using sweep netting (Table 
2). In contrast, 2 of the 10 social Apoidea, 2 of the 41 soli-
tary Apoidea and 9 of the 62 Syrphidae were signifi cantly 
more likely to be caught by sweep netting than by pan traps 
(Table 2).

In terms of abundance, there were no signifi cant corre-
lations between numbers caught in pan traps and during 
sweep netting (Table 1).

The occurrence data clearly showed that Cetoniidae and 
Lepturinae were much better represented in the catches of 
pan-trap than in those of sweep netting (Table 2). The op-

posite was true for Syrphidae and both types of Apoidea 
(Table 2).

There was no signifi cant relationship between body 
lengths and ln(OR) in any of the four tests conducted: (i) 
all species (F(1,114) = 3.126; P = 0.0797; slope 0.641), (ii) 
social Apoidea (F(1,7) = 0.972; P = 0.357; slope 0.0818), (iii) 
solitary Apoidea (F(1,37) = 0.477; P = 0.494; slope 0.137), 
(iv) Syrphidae (F(1,60) = 0.908; P = 0.344; slope 0.02039). 
Note that the estimated slope was always positive, i.e. in-
creased odds of being caught by pan-traps with increase in 
body length.

 DISCUSSION

 None of the fi ve taxonomic groups sampled were record-
ed similarly using pan-traps and sweep netting; and two 
groups (Cetoniidae, Lepturinae) were “over-sampled” by 
pan-traps and three groups (Syrphidae, social Apoidea, sol-
itary Apoidea) were “under-sampled”. So, for a multi-taxa 
study a combination of both methods would be the best 
option (cf. Spafford & Lortie, 2013). However, combining 
such data results in two numerical problems. First, only 
sweep netting data can be converted to densities, so one 
is left with a combined species list, and presence/absence 
data. Second, the sampling effort is diffi cult to compare if 
one method catches many more specimens. Consequently, 
catches using the two methods could not, strictly speaking, 
be numerically compared (cf. Popic et al., 2013, Wood et 
al., 2015) and combining them would result in a substan-
tial loss of numerical information. In the present study, the 
two catches involved similar sampling efforts, but sweep 
netting caught more individuals (and consequently more 
species) than the pan-traps. Considering only the Apoidea, 
only 21% of the specimens were caught by the pan traps 
(data not shown), which confi rms reports by Cane et al. 
(2000) and Roulston et al. (2007), but see Westphal et al. 
(2008) who report only small differences between different 
methods. Another example, 785 specimens of Syrphidae 
were caught using sweep netting but only 32 by the pan-
traps. Hence, to achieve a similar catch using pan-traps 
would require a 20-fold increase in the number of traps. 
In conclusion, combining the two methods is excellent for 
achieving a more comprehensive species list, but results 
in low quality numerical data. It also raises the issue of 
the marked difference in the sizes catches using the two 
methods. In studies using these two methods the follow-

Table 1. Total number of specimens and species recorded in 46 
sets of pan-traps and by sweep netting in 12 clear-cuts. 

Pan-traps Sweep netting Total
Specimens 591 1184 1775
Species 48 108 120

Average per set 
of pan-traps

Average per 
hectare

Correlation 
coeffi cient P

Lepturinae 8.5 2.7 0.355 0.257
Cetoniidae 1.3 0.0
Social Apoidea 1.2 6.2 0.204 0.524
Solitary Apoidea 1.02 2.1 0.257 0.368
Syrphidae 0.7 14.5 –0.127 0.695
Total 12.8 25.5 0.198 0.521
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Table 2. Odds ratio for groups and individual species caught by sweep netting and pan traps in clear-cuts. A positive ln(odds ratio) means 
the odds are higher for being caught in a pan trap than by sweep netting.

ln (odds 
ratio) -CI95% +CI95% p-Value No. of

species
No. of specimens

Traps/Netting
Cetoniidae 3.896 1.802 5.991 0.00027 *** 2 62/1
Lepturinae 3.056 1.739 4.374 0.00001 *** 4 397/139
Social Apoidea –0.984 –1.631 –0.338 0.00284 ** 10 55/267
Solitary Apoidea –0.568 –1.007 –0.120 0.01116 * 42 74/153
Syrphidae –1.742 –2.118 –1.367 0.00000 *** 62 32/670
CETONIIDAE Freq. Pan/Net No. of specimens
Cetoniidae spp. 2.909 –0.125 5.942 0.06018 5/0 7
Trichius fasciatus 4.796 1.901 7.691 0.00117 ** 11/1 56
LEPTURINAE
Anastrangalia reyi / A. sanguinolenta 2.708 0.705 4.711 0.00805 ** 9/2 63
Leptura quadrifasciata 3.219 0.190 6.247 0.03724 * 6/0 23
Stenurella melanura 3.219 0.190 6.247 0.03724 * 12/6 274
Stictoleptula maculicornis 3.529 0.496 6.562 0.02259 * 7/0 14
Stictoleptura rubra 12/12 162
SOCIAL APOIDEA
Bombus pascuorum –2.220 –5.301 0.861 0.15780 9/12 119
Apis mellifera –1.792 –3.566 –0.018 0.04778 * 4/9 100
Bombus terrestris / cryptarum / lucorum / magnus –1.792 –3.566 –0.018 0.04778 * 4/9 33
Bombus norvegicus –1.705 –4.078 0.668 0.15913 1/4 5
Bombus sylvarum –1.705 –4.078 0.668 0.15913 1/4 9
Bombus lapidaries –0.788 –3.337 1.760 0.54429 1/2 7
Bombus sylvestris –0.511 –2.514 1.492 0.61719 2/3 11
Bombus pratorum –0.336 –1.948 1.275 0.68241 6/7 23
Bombus hortorum 0.000 –2.147 2.147 1.00000 2/2 4
Bombus soroeensis 0.000 –1.848 1.848 1.00000 3/3 11
SOLITARY APOIDEA
Andrena subopaca –3.529 –6.562 –0.496 0.02259 * 0/7 13
Lasioglossum fratellum –3.091 –5.464 –0.718 0.01068 * 1/8 18
Andrena denticulata –2.220 –5.301 0.861 0.15780 0/3 6
Hylaeus rinki –2.220 –5.301 0.861 0.15780 0/3 3
Andrena fuscipes –1.784 –4.929 1.361 0.26632 0/2 2
Lasioglossum calceatum –1.784 –4.929 1.361 0.26632 0/2 2
Macropis europaea –1.784 –4.929 1.361 0.26632 0/2 2
Andrena tarsata –1.705 –4.078 0.668 0.15913 1/4 6
Halictus rubicundus –1.299 –3.728 1.129 0.29437 1/3 7
Lasioglossum leucopus –1.299 –3.728 1.129 0.29437 1/3 4
Andrena fucata –1.182 –4.481 2.117 0.48257 0/1 1
Andrena minutula –1.182 –4.481 2.117 0.48257 0/1 3
Anthidium punctatum –1.182 –4.481 2.117 0.48257 0/1 1
Coelioxys conica –1.182 –4.481 2.117 0.48257 0/1 1
Colletes daviesanus –1.182 –4.481 2.117 0.48257 0/1 1
Halictus tumulorum –1.182 –4.481 2.117 0.48257 0/1 1
Hylaeus brevicornis –1.182 –4.481 2.117 0.48257 0/1 2
Megachile alpicola –1.182 –4.481 2.117 0.48257 0/1 1
Megachile lapponica –1.182 –4.481 2.117 0.48257 0/1 1
Megachile versicolor –1.182 –4.481 2.117 0.48257 0/1 1
Megachile willughbiella –1.182 –4.481 2.117 0.48257 0/1 1
Pemphredon inornata –1.182 –4.481 2.117 0.48257 0/1 1
Pemphredon wesmaeli –1.182 –4.481 2.117 0.48257 0/1 1
Melitta haemorrhoidalis –0.788 –3.337 1.760 0.54429 1/2 3
Trachusa byssina –0.788 –3.337 1.760 0.54429 1/2 4
Hylaeus communis –0.762 –2.501 0.977 0.39037 3/5 16
Andrena bicolor 0.000 –2.147 2.147 1.00000 2/2 5
Chelostoma campanularum 0.000 –2.895 2.895 1.00000 1/1 2
Dufourea dentiventris 0.000 –2.895 2.895 1.00000 1/1 3
Hylaeus hyalinatus 0.000 –2.895 2.895 1.00000 1/1 2
Lasioglossum albipes 0.000 –2.147 2.147 1.00000 2/2 5
Sphecodes geoffrellus 0.788 –1.760 3.337 0.54429 2/1 3
Coelioxys inermis 1.182 –2.117 4.481 0.48257 1/0 1
Hoplitis claviventris 1.182 –2.117 4.481 0.48257 1/0 1
Hylaeus angustatus 1.182 –2.117 4.481 0.48257 1/0 1
Hylaeus incongruus 1.182 –2.117 4.481 0.48257 1/0 1
Megachile centuncularis 1.182 –2.117 4.481 0.48257 1/0 1
Nomada fl avoguttata 1.182 –2.117 4.481 0.48257 1/0 1
Sphecodes ferruginatus 1.182 –2.117 4.481 0.48257 1/0 1
Hylaeus confusus 1.386 –0.311 3.084 0.10943 8/4 19
Megachile ligniseca 2.583 –0.466 5.632 0.09684 4/0 4
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ing percentage of the total catch recorded in pan traps is 
86% (bees, Wilson et al., 2008), 65% (bees, Nielsen et al., 
2011), 65% (multi-taxa, Spafford & Lortie, 2013), 35% 

(multi-taxa, Popic et al., 2013), 33% (multi-taxa, current 
study), 25% (bumblebees, Wood et al., 2015) and 17% 
(bees, Roulston et al., 2007). This striking imbalance in 

Table 2 (continued). 

ln (odds ratio) –CI95% +CI95% p-Value Freq. Pan/Net No. of specimens
SYRPHIDAE
Episyrphus balteatus –4.796 –7.691 –1.901 0.00117 ** 1/11 236
Sphaerophoria scripta –4.654 –7.799 –1.509 0.00373 ** 0/10 70
Chrysotoxum arcuatum –4.217 –7.298 –1.136 0.00730 ** 0/9 16
Helophilus pendulus –4.217 –7.298 –1.136 0.00730 ** 0/9 29
Eupeodes corollae –3.855 –6.904 –0.806 0.01321 * 0/8 24
Eristalis interrupta –3.219 –6.247 –0.190 0.03724 * 0/6 33
Eristalis pertinax –3.219 –6.247 –0.190 0.03724 * 0/6 17
Melanostoma scalare –3.219 –6.247 –0.190 0.03724 * 0/6 15
Sphaerophoria philantha –3.219 –6.247 –0.190 0.03724 * 0/6 14
Sphaerophoria virgata –2.909 –5.942 0.125 0.06018 0/5 10
Eristalis intricaria –2.583 –5.632 0.466 0.09684 0/4 4
Eristalis lineata –2.583 –5.632 0.466 0.09684 0/4 5
Platycheirus angustatus –2.583 –5.632 0.466 0.09684 0/4 7
Syrphus torvus –2.583 –5.632 0.466 0.09684 0/4 5
Syrphus vitripennis –2.583 –5.632 0.466 0.09684 0/4 5
Eristalis pseudorupium –2.220 –5.301 0.861 0.15780 0/3 3
Meliscaeva cinctella –2.220 –5.301 0.861 0.15780 0/3 5
Myathropa fl orea –2.220 –5.301 0.861 0.15780 0/3 3
Platycheirus granditarsis –2.220 –5.301 0.861 0.15780 0/3 13
Scaeva pyrastri –2.220 –5.301 0.861 0.15780 0/3 3
Syritta pipiens –2.220 –5.301 0.861 0.15780 0/3 29
Xylota tarda –2.061 –4.408 0.285 0.08515 1/5 8
Dasysyrphus tricinctus –1.784 –4.929 1.361 0.26632 0/2 2
Eristalis cryptarum –1.784 –4.929 1.361 0.26632 0/2 2
Helophilus hybridus –1.784 –4.929 1.361 0.26632 0/2 2
Paragus pecchiolii –1.784 –4.929 1.361 0.26632 0/2 2
Pipizella viduata –1.784 –4.929 1.361 0.26632 0/2 2
Platycheirus clypeatus –1.784 –4.929 1.361 0.26632 0/2 2
Syrphus ribesii –1.784 –4.929 1.361 0.26632 0/2 2
Volucella bombylans –1.784 –4.929 1.361 0.26632 0/2 2
Volucella pellucens –1.784 –4.929 1.361 0.26632 0/2 2
Xylota meigeniana –1.784 –4.929 1.361 0.26632 0/2 3
Chrysotoxum bicinctum –1.609 –3.503 0.284 0.09573 2/6 16
Baccha elongata –1.182 –4.481 2.117 0.48257 0/1 1
Blera fallax –1.182 –4.481 2.117 0.48257 0/1 1
Cheilosia longula –1.182 –4.481 2.117 0.48257 0/1 1
Cheilosia urbana –1.182 –4.481 2.117 0.48257 0/1 1
Cheilosia vernalis –1.182 –4.481 2.117 0.48257 0/1 2
Chrysogaster solstitialis –1.182 –4.481 2.117 0.48257 0/1 1
Chrysotoxum festivum –1.182 –4.481 2.117 0.48257 0/1 1
Didea intermedia –1.182 –4.481 2.117 0.48257 0/1 1
Eristalis picea –1.182 –4.481 2.117 0.48257 0/1 1
Eristalis tenax –1.182 –4.481 2.117 0.48257 0/1 1
Heringia vitripennis –1.182 –4.481 2.117 0.48257 0/1 1
Paragus tibialis –1.182 –4.481 2.117 0.48257 0/1 1
Parasyrphus lineolus –1.182 –4.481 2.117 0.48257 0/1 1
Parhelophilus consimilis –1.182 –4.481 2.117 0.48257 0/1 1
Platycheirus albimanus –1.182 –4.481 2.117 0.48257 0/1 1
Platycheirus europaeus –1.182 –4.481 2.117 0.48257 0/1 2
Platycheirus rosarum –1.182 –4.481 2.117 0.48257 0/1 2
Sphaerophoria chongjini –1.182 –4.481 2.117 0.48257 0/1 1
Sphaerophoria fatarum –1.182 –4.481 2.117 0.48257 0/1 1
Sphaerophoria interrupta –1.182 –4.481 2.117 0.48257 0/1 2
Sphaerophoria taeniata –1.182 –4.481 2.117 0.48257 0/1 3
Xylota fl orum –1.182 –4.481 2.117 0.48257 0/1 1
Xylota sylvarum –1.182 –4.481 2.117 0.48257 0/1 1
Sericomyia silentis –1.099 –2.827 0.630 0.21287 6/9 61
Xylota jakutorum –0.511 –2.514 1.492 0.61719 2/3 5
Cheilosia scutellata 0.000 –2.895 2.895 1.00000 1/1 2
Leucozona glaucia 0.000 –2.895 2.895 1.00000 1/1 2
Xylota segnis 0.000 –1.697 1.697 1.00000 4/4 11
Megasyrphus erraticus 1.182 –2.117 4.481 0.48257 1/0 1
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the catches using these two methods makes it extremely 
diffi cult to compare the results of studies using different 
methods and generally hampers the transferability of re-
sults. Therefore, not only pan trapping needs to follow a 
strict protocol (LeBuhn et al., 2016) but also sweep net-
ting, in order to obtain similar sized catches using these 
two methods.

As pan-traps can attract pollinators even if there are no 
fl owers in the vicinity, it might attract individuals that are 
only transient members of the pollinator assemblages at a 
site. Even if a proportion of the sweep netted individuals 
are transient at a site, it is not a major problem as the time 
spent sampling was short. Hence, in a low-resource land-
scape, the positive bias of pan traps might lead to mislead-
ing conclusions.

It is a matter of debate whether the biases are mainly in 
the pan-trap catches or the sweep-net catches, or both. In 
the absence of an unbiased sampling method, we can only 
speculate. But it is worthwhile considering a few reasons 
for a bias. First, colour preferences may infl uence the total 
pan trap catch. It is well-known that fl ower-visiting insects 
prefer particular colours, which is the reason why three 
different colours are normally used for pan-trapping (e.g. 
Kirk, 1984; Vrdoljak & Samways, 2012; Joshi et al., 2015; 
Moreira et al., 2016; Sircom et al., 2018). The underlying 
mechanism of colour preference seems to be due to fun-
damental differences in the visual processing of different 
insects (Shrestha et al., 2019). In our study system, Lep-
turinae strongly preferred two of the three colours (blue, 
white) while Syrphidae only one (yellow; Berglund et al., 
in prep.), and such “double preferences” of Lepturinae 
would have boosted their numbers and the potential bias 
in the catches. Second, pan trapping is more likely to catch 
small specimens (Westphal et al., 2008) and under-sample 
large species (Cane, 2001) that may escape the traps more 
easily (Westphal et al., 2008). There was, however, no sup-
port for this scenario in the present data, irrespective of 
whether analyses were done on all species, or groups of 
species. 

      It is apparent that some taxa are more likely to be caught 
in either pan-traps or by sweep netting, as for no groups 
were the numbers of individuals caught by pan-traps and 
sweep netting correlated. Syrphidae as a group was more 
easily recorded using sweep netting and less likely to be 
recorded using pan-traps. It is unclear whether they are not 
attracted to the colours and shapes of the pan-traps used, or 
whether their fl ight and landing behaviour when approach-
ing a pan-trap makes them less prone to be caught. Social 
Apoidea are large-bodied insects, which gives some sup-
port to the assumed pan-trap bias against large body sized 
insects (Cane, 2001; Westphal et al., 2008). On the other 
hand, both groups that were much better sampled using 
pan-traps, Cetoniidea and Lepturinae, are large species. 
Being beetles, their fl ight and landing behaviour is less 
precise than that of Syrphidae and Apoidea, which might 
increase their chance of being trapped by pan-traps. On 
balance, it seems the potential for a body-size bias needs 
to be evaluated for each group of insects. Nevertheless, we 

found no indication of signifi cant relationships within the 
three groups evaluated, hence a body size bias is not a uni-
versal phenomenon. 

Finally, it is worth considering the limitations of the 
current study, which was carried out only late in the sea-
son (early August) and resulted in a modest sample size 
(1775 specimens). An earlier study using pan traps in the 
same year (early June, early July) indicates that numbers 
of Apoidea caught remained high throughout the summer, 
Lepturinae increased and Syrphidae decreased (Berglund 
et al., in prep.). This means that combining data for differ-
ent groups will be affected by phenology, but that group- 
and species-wise comparisons using both sampling meth-
ods would be less affected by phenology. 

In conclusion, our results show that the two methods 
are fundamentally different in terms of what they catch, 
which complicates or even prevents meaningful compari-
son when different methods are used. These fi ndings add 
to the diffi culties of sampling and monitoring insects (cf. 
Westphal et al., 2008) and highlight the need for improved 
reporting of catches as well as standardized methods for 
pan-traps (LeBuhn et al., 2016). Our results also under-
score the obvious point of letting the target taxa/taxon de-
cide the method of sampling. Finally, we could not confi rm 
an assumed body-size bias in the catches of pan-traps.
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