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Color pan traps often catch less when there are more flowers
around
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When assessing changes in populations of species, it is essential that the methods
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used to collect data have some level of precision and preferably also good accu-
racy. One commonly used method to collect pollinators is colour pan traps, but this
method has been suggested to be biased by the abundance of surrounding flow-

ers. The present study evaluated the relationship between pan trap catches and the
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Stiftelsen Oscar och Lili Lamms minne frequency of flowers on small (25 m?) and large (2-6 ha) spatial scales. If pan traps

work well, one should assume a positive relationship, that is, more insects caught
when they have more food. However, in contrast, we found that catches in pan traps
were often negatively affected by flower frequency. Among the six taxa evaluated,
the negative bias was largest in Vespoidea and Lepturinae, while there was no bias
in solitary Apoidea (Cetoniidae, Syrphidae and social Apoidea were intermediate).
Furthermore, red flowers seemed to contribute most to the negative bias. There was
also a tendency that the negative bias differed within the flight season and that it
was higher when considering the large spatial scale compared to the small one. To
conclude, pan trap catches may suffer from a negative bias due to surrounding flower
frequency and color. The occurrence and magnitude of the negative bias were con-
text and taxon dependent, and therefore difficult to adjust for. Thus, pan traps seem
less suited to evaluate differences between sites and the effect of restoration, when
gradients in flower density are large. Instead, it seems better suited to monitor popu-

lation changes within sites, and when gradients are small.
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1 | INTRODUCTION

agricultural land-use and practices during the last 50-100 years
(Potts et al., 2010; Shrubb, 2003) including use of pesticides (Rundlof

Pollinating insects are important for many plant species and pro-
vide an essential ecosystem service to man (Aizen et al., 2009;
Gallai et al., 2008). Therefore, the decline of many pollinator pop-
ulations (Fitzpatrick et al., 2007; Kluster & Peduzzi, 2007) is of
particular concern. The declines are often ascribed to changes in

et al,, 2015).

To assess populations of pollinators and to monitor changes in
response to habitat deterioration, as well as to conservation efforts,
it is essential that the methods used to collect data on pollinator
fauna have some degree of precision (i.e., that repeated sampling

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2021 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd.

3830 www.ecolevol.org

Ecology and Evolution. 2021;11:3830-3840.


http://www.ecolevol.org
https://orcid.org/0000-0001-9820-3460
https://orcid.org/0000-0003-0049-0479
mailto:﻿￼
https://orcid.org/0000-0001-6128-1051
http://creativecommons.org/licenses/by/4.0/
mailto:per.milberg@liu.se
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fece3.7252&domain=pdf&date_stamp=2021-03-15

WESTERBERG ET AL.

gives similar results). Accuracy in data is also important (i.e., to what
extent it represents the populations sampled), but possibly an unre-
alistic goal when sampling an insect assemblage (Cooper et al., 2012;
Sutherland & Parrella, 2011; Walther & Moore, 2005). The propor-
tion of living specimens sampled will vary tremendously among spe-
cies due to differing activity pattern, body size, micro-habitat etc. So,
a sampling scheme is unlikely to collect more than a single, targeted
species with high accuracy. Consequently, in many cases it seems
feasible to accept a consistent bias as long as relevant trends can be
inferred.

Among the different methods used to survey pollinator popu-
lations, Malaise traps and suction sampling catch large numbers of
insects, of which only a small proportion are pollinators (Campbell &
Hanula, 2007). Transect walks and hand-netting work well for larger
flying insects like Bombus, while smaller and/or more mobile spe-
cies are difficult to record. These are some reasons why pan traps,
that specifically target pollinators by attracting them to liquid-filled
colorful pans, are considered a promising method for this import-
ant insect group (Berglund & Milberg, 2019; Falk, 2015; LeBuhn
etal., 2016).

Theoretically, we expect the abundance of nectar-feeding in-
sects to increase with abundance of their main food resource, and
a number of observational studies have confirmed this (e.g., Ebeling
et al., 2008; Franzén & Nilsson, 2008; Hegland & Boeke, 2006;
Pengelly & Cartar, 2010; Potts et al., 2003; Sajjad et al., 2010;
Sjodin, 2006). Because of that relationship, we might assume that
catches in pan traps should be linearly positive to density of flow-
ers. In contrast, if there is competition between flowers and the pan
traps, that is, a negative bias in catches, the relationship would not
be linearly positive. There could either be a lack of relationship be-
tween flower density and pollinator numbers, or a negative one (or
a non-linear one). Also, when there is a high density of flowers, the
probability of a flower visit might decrease: a phenomenon termed
pollinator limitation (Pettersson & Sjédin, 2000; Sih & Baltus, 1987
Steven et al., 2003). This phenomenon is likely also to affect the
probability of a color trap visit. Finally, the chance of a catch might
increase when flowers are few or non-existent because pollinators
may concentrate on flowers in resource-poor environments (Kleijn
et al,, 2011).

Some studies have reported smaller pan trap catches when there
are more flowers around (Baum & Wallen, 2011; Cane et al., 2000;
Kovacs-Hostyanszki et al., 2011; Mayer, 2005; Roulston et al., 2007;
Templ et al., 2019; Wilson et al., 2008), others have recorded the op-
posite (Wood et al., 2015). There might also be a bias due to flower
colors, as insect species might have color preferences (Campbell
et al,, 2010; Reverté et al., 2016), a feature seen also in multi-
colored pan-trapping where different pan trap colors are preferred
by different taxa (Campbell & Hanula, 2007; Cane et al., 2000;
Toler et al., 2005; Wilson et al., 2008). Blue, white, and yellow are
frequently used colors, most often in combination (Campbell &
Hanula, 2007; Saunders & Luck, 2013; Toler et al., 2005; Wilson
et al., 2008). In terms of bias through competition and pollinator lim-

itation, it seems plausible that the colors of the flowers around the
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pan traps may also affect the catches in the pan traps, for example,
if an insect taxon prefers blue flower over blue pan traps. However,
Toler et al. (2005) found no effect of the colors of surrounding flow-
ers on the catches. Given the somewhat conflicting reports cited
above, it remains unclear if and when a flower abundance bias exists.

The aim of the present study was to relate pan trap catches of
pollinating insects (solitary Apoidea, social Apoidea, Vespoidea,
Lepturinae, Cetoniidae, Syrphidae) to the flower frequency, both in
the nearest surroundings of the pan traps (25 m?) and on a larger
spatial scale (2-6 ha). The study system was clear-cuts in produc-
tion forest, selected to represent a gradient in flower frequency, that

were sampled three times during the flight season.

2 | MATERIAL & METHODS
2.1 | Study sites

The study was conducted in 2015 the province of Ostergétland,
southern Sweden. The landscape in the study area consists mainly
of coniferous forest, but there are also bogs, lakes, small patches of
seminatural grasslands, and arable fields (Ibbe et al., 2011; Milberg
etal.,, 2019).

Twelve clear-cuts were selected for the study, each had an area
of 2-6 ha, had been logged 4-6 years prior to the study, and were
situated at a minimum distance of 300 m from nearest seminatural
grasslands. Six of them had been marked as coniferous forests on
maps from the 1870s when the other six were marked as meadows.
Clear-cuts on former meadows have higher amounts of herbs than
clear-cuts which were formerly forests (Jonason et al., 2014, 2016)
and have more butterflies and burnet moths (Bergman et al., 2020;
Blixt et al., 2015). Hence, our site selection strategy covered the
wide range of flower abundances that occur on clear-cuts in the
study area, and we assume this range would allow the study of ef-

fects of flower abundance on pollinator catches.

2.2 | Pantraps

The pans used to collect pollinators were painted in one of the
following colors: blue, white and yellow with UV-reflecting-color
(Soppec, Sylva mark fluo marker). The pans had a diameter of 8.7 cm,
a volume of 0.5 L and were filled with non-toxic propylene glycol
(40% concentration), to conserve the pollinators and to decrease the
surface tension. A small opening (4 mm in diameter) at the top of
each bowl was made to ensure that rainwater could drain. One set
of pan trap consisted of three pans, one in each color, placed on a
steel stick.

Four sets of pan traps were placed in each clear-cut, in the same
height as the vegetation and in places that were considered repre-
sentative for the clear-cut. As clear-cuts differed in size, so did the
distance between the four sets of traps. During the main flight period

of most pollinating insects, three sampling periods were conducted:
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in the beginnings of June, beginning of July, and beginning of August.
Each period lasted for 1 week and had at least some days with more
than 17°C and wind velocity less than four on the Beaufort scale (cf.
Wikstrom et al., 2009). The pans were covered with caps between
collecting periods. When a new collecting period started, some sets
of pan traps were moved—at most 30 cm—or some of the vegetation
was removed to prevent overgrowth.

In total, there were 48 set of pan traps collecting during each pe-
riod, but a few sets of pan traps had been knocked down by animals
and were therefore excluded (1, 1, and 2 during the first, second and
third period, respectively). In addition, a single blue pan went missing
during the second period. For this reason, the catch was expressed
as number of specimens per trap.

Four taxonomic groups dominated the catches—Aculeata,
Lepturinae, Cetoniidae and Syrphidae—and they are the focus of the
current study. Aculeata was subdivided as solitary Apoidea, social
Apoidea (Bombus spp. Apis mellifera), and Vespoidea (including one
species of Chrysidoidea). Other insects caught, that are not con-
sidered here, were mainly small Coleoptera, small Lepidoptera, and
Symphyta.

2.3 | Flower frequency

The clear-cuts were photographed in conjunction with each collect-
ing period to estimate flower frequency. A 1 m? square was placed
on the ground and photographed from above. Around each pan trap,
at least 25 such 1 m? squares were photographed reflecting small-
scale flower abundance (“trap scale”). An additional at least 100 pic-
tures were systematically distributed along transects over the whole
clear-cut reflecting large-scale (“clear-cut scale”) flower abundance
(Figure 1). As the size of clear-cuts varied, the distance between
photographs taken varied for the clear-cut scale. Photographs were
taken during each collecting period, or at most 5 days before or after.
The camera used was a Canon EOS 550D with 18-55 mm lens; we
used 18 mm and took photographs with a flash light at a height of
ca. 160 cm.

All 8,048 photographs taken were inspected to see if they held
flowers within the 1-m? square and if so of which colors (red, yel-
low, blue, and white). The frequencies of colors (a) around set of pan
traps, and (b) on clear-cuts (Figure 1) were expressed as the odds for
the color occurring in a square meter plot: (0.5 + p)/(0.5 + (1 - p)),
where p = frequency of photos with the color. Also, we calculated
the odds for flower of any color occurring in a plot.

2.4 | Dataanalyses

Fitting a complex model to the complete data set for hypothesis
testing is challenging. Generalized linear mixed models are limited
by the low sample size, especially at high model complexity with few
replicates for each combination. Penalizing methods such as lasso,

ridge, or elastic net regression models could be an alternative as

FIGURE 1 Anexample of a clear-cut with pan traps and
transects indicated. Over the whole clear-cut, there were c. 100
photographs taken along the transects, with an additional 25
photographs around each of the four sets of pan traps. All pictures
were photographed over a 1-m square lying on the ground

they shrink variables and interactions with less support toward zero.
However, models with low sample size are heavily penalized and n-
way interactions are difficult to fit. Therefore, we chose to conduct
several simple GLM, and to compare these by using a test statistic
as “effect size.”

We conducted regression analyses (GLM with poisson distribu-
tion and log link) using the glm()-function in R (R Core Team, 2020):
with odds of flowers occurring in a 1-m? explaining number of indi-
viduals caught per trap-group. As the data often did not comply with
a Poisson distribution, we used quasi-poisson distribution that fits
an additional dispersion parameter. Models were usually moderately
under or over-dispersed. As the data on odds were skewed, they
were In-transformed before analyses. We evaluated red, yellow,
blue and white flowers separately, as well as the odds of any flower
occurring in 1 m?. In total, we conducted 180 models (six taxonomic
groups, five colors; three sampling periods; two spatial scales).

These 180 models were compared by their Z-value (the ratio of
the regression coefficient and standard error, adjusted by the dis-
persion parameter). As sample size is constant within scales, we used
Z-value as a proxy for effect size, facilitating comparison between
flower color, taxa and month. Models with high Z-value or low neg-
ative Z-value, depending on the direction of the relationship, indi-
cate a stronger association between flowers and trap catch. Using
Z-values as an estimate of effect size enables the direct compari-
son of, for example, different taxa and colors (which would not be
possible using regression coefficients). More specifically, we used
the distribution of Z-values as a key feature for two reasons. First,
as there were only 12 clear-cuts, the statistical power of individual
models was low making an overall analysis more relevant than in-

dividual analyses (i.e., reduce the risk for type Il error). Second, the

85U8017 SUOWIWIOD BAEa.D 3ot jdde au Ag peusenob e saole VO ‘88N Jo s8|ni 1oy Ariq1T8UlUQ AB]1/W UO (SUOIIPUOD-PUe-SLLBY/WOD™ S| 1M Alelq U [UO//:SAny) SUONIpUOD pue swie 1 8y} 89S *[yZ0z/TT/82] Uo ARigiauluo /8|im ‘Bulupsseg susteis Aq 2z €899/200T 0T/10p/wod A8 | Areiq1jeuljuo//Sdiy Wwoly pepeojumod ‘6 ‘1202 ‘8G.LLSY0Z



WESTERBERG ET AL.

shape of the distribution of Z-values can be related to the expected
outcomes in case of unbiased and biased catches. We can envision

three outcomes:

e Qutcome 1: A positive relationship between catches and flower
frequency, that is, the data reflect the assumed increased insect
abundance with increased flower abundance.

e QOutcome 2: No relationship between catches and flower fre-
quency; either the assumed relationship is faulty or there is a
bias in catches that prevent the assumed relationship being mani-
fested in data.

e Outcome 3: A negative relationship between catches and flower
frequency; the decreasing abundance with flower frequency sug-
gests a negative bias in pan trap catches.

Z-values were explored in two different ways, all involving a
randomization procedure to produce a comparison of “no effect”
(i.e., outcome 2 above). In the latter, 499 permutations of color
frequency were conducted. Permutations were restricted to
within (a) insect taxon, (b) flower color and (c) collecting period
(i.e., 499 permutations for each of the 90 combinations). These
three, together with spatial scale, were our focus in the following
comparisons. First, the Z-values were compared with their corre-
sponding Z-values based on permuted data. The observed Z-value
was considered “significantly positive” if it was larger than 95% of
the permuted Z-values, and “significantly negative” if smaller than
5% of the permutes Z-values. Second, the cumulative distribution
of observed Z-values was visually compared with those based on
permuted data by grouping together Z-values per (a) taxa (N = 30
Z-values per taxon), (b) flower colors (N = 30), (c) spatial scales
(N = 75), and (d) time periods (N = 50). All procedures (permuta-
tions and postprocessing) were developed in and carried out using
R and base R functions (R Core Team, 2020).

3 | RESULTS

The total number of insects encountered in the six taxonomic groups
was 2,192. Solitary Apoidea was the most species-rich group (69 spe-
cies), followed by Syrphidae (49), Vespoidea (21), Social Apoidea (12),
Lepturinae (7), and Cetoniidae (2 taxa). Social and solitary Apoidea
were relatively evenly distributed among the three sampling peri-
ods, while Lepturinae and Vespoidea increased and Syrphidae &
Cetoniidae decreased over the season (data not shown).

Individuals of social Apoidea, Vespoidea, and Cetoniidae caught
in the pan traps were relatively evenly distributed among pan trap
colors. Solitary Apoidea and Syrphidae were mainly caught in yellow
traps whereas Lepturinae avoided yellow (Figure 2).

The odds of finding a flower per m2 were slightly higher in early
July, but there were deviations when considering individual colors
(Figure 3).

The correlations between the In(odds for recording a flower per

m?) were generally high among colors (Figure 4).

Fcology and Evolution o 3833
= WILEY- 2%

400 —
300
200

100

0lﬂlﬂﬂ IHH [ [Nm

Sol. Apoidae Soc. Apoidea Vespoidea Syrphidae Lepturinae Cetoniidae

FIGURE 2 Number of specimens caught in pan traps of
different colors. Data merged over four traps, on each of twelve
clear-cuts, and three collecting periods (early June, early July, early
August)

3.1 | Z-values

In the majority of observed associations between numbers caught
and frequency of flowers, the Z-value was below zero (73% for
clear-cut scale and 56% for trap scale). Of the 180 Z-values,
many were well within the probability distribution of Z-values
based on permuted data (Figure 5). However, 32 of them (18%)
were unlikely to have emerged from permuted data (p < 0.05),
and of these three were positive (2%) while 29 were negative
(16%). The three cases with positive relationship between animals
caught and flower frequency only involved the small spatial scale:
social Apoidea (any flower, July), Syrphidae (white, June) and
Cetoniidae (yellow, June). The 29 negative relationships involved
all taxonomic groups except solitary Apoidea (3 social Apoidea, 11
Vespoidea, 5 Syrphidae, 7 Lepturinae, 3 Cetoniidae), and occurred
at both trap (12) and clear-cut scales (17), and with all colors (8
red, 9 yellow, 3 blue, 2 white, 7 any flower). Hence, relationships
between catches and flower frequency were mainly insignificant

or negative (Figure 5).

3.2 | Cumulative distribution of Z-values

Compiling groups of Z-values against the backdrop of permutation

outcomes (Figure 6) revealed the following patterns.

3.2.1 | Taxonomic groups

Vespoidea deviated most from the expected distribution (Figure 6).
Lepturinea also showed generally negative relationships, and
Syrphidae did so too but only an the lower tail of the curve (Figure 6).
For the solitary and social Apoidea, the curves followed the per-
muted one, and for Cetoniidae, only the upper parts of the curve
were biased (i.e., much fewer positive Z-values than expected;

Figure 6).
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3.2.2 | Colors 4 | DISCUSSION

Red was the color most affected by negative bias while white and
blue seemed unaffected (Figure 6). Any flower was consistently
negatively biased while yellow was biased only for negative Z-values
(Figure 6).

3.2.3 | Collecting periods

The three collecting periods all displayed an overall negative bias while

with August slightly more than the two other occasions (Figure 6).

3.2.4 | Spatial scales

Both spatial scales, and especially the large clear-cut scale, were

negatively biased (Figure 6).

When using pan traps, one expects the catch to reflect the size
of targeted insect populations. It is difficult, however, to assem-
ble an independent, accurate sample of an insect population to
challenge this basic premise. That is why we chose to address the
accuracy of pan traps by relating catches to food availability, or
more precisely flower frequency per m?2. Our study therefore rests
on the assumption that more flowers often means higher densi-
ties of nectar-searching insects. Although there are many studies
observing more insects when flowers are more abundant (Ebeling
et al.,, 2008; Franzén & Nilsson, 2008; Hegland & Boeke, 2006;
Pengelly & Cartar, 2010; Potts et al.,, 2003; Sajjad et al., 2010;
Sjodin, 2006), including in the current study system,1 there can
be exceptions. Some species might be more affected by the avail-
ability of host plants for oviposition (e.g., butterflies in the cur-
rent study system, Ibbe et al., 2011) or the occurrence of breeding
sites (Heneberg et al., 2016; Westerfelt et al., 2018), or might not
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be able to, or not sufficiently mobile to, exploit the full variety of
flowers in the vicinity (Greenleaf et al., 2007; Osborne et al., 2008;
Zurbuchen et al., 2010). Hence, it is entirely possible that there
might be cases with no relationship between food and abundance,
or even a negative one, and that is important to remember when
evaluating the results. Ignoring this caveat for a while, we expected
pan trap catches to increase with flower frequency, which would
be manifested by (a) more positive than negative Z-values, (b) more
significant positive than significant negative Z-values, and (c) posi-
tive biases in the distribution of Z-values. None of this could be
seen in our data (Figures 5, 6). Furthermore, there was not much
support for the null hypothesis (i.e., no effect on flower frequency
on the trap catch) with only a few cases (white flowers; solitary
and social Apoidea) where Z-values from observed and permuted
data coincided. The third outcome—that catches decreased with
increasing flowers—found support in many cases. First, there were
more negative Z-values than positive; second, there were more
significant negative Z-values than corresponding positive ones;
and third, the distribution of Z-values was often fully or partly to
the left of the curve based on permuted data. We believe this is
mainly due to a bias, rather than to a high prevalence of insect
abundance decreasing with flower abundance.

Given the negative bias in pan trap catches, this method to sam-
ple pollinators seems less suited to evaluate differences between
sites and the effect of restoration, when gradients in flower density
are large. In the current study, the frequency of flowers around traps

in square meter plots ranged from 9% to 100% (see supplementary
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data) that is, a substantial gradient in flower frequency. Possibly, pan
traps are better suited to monitor population changes within sites,
and when gradients are small.

The actual mechanisms involved that create the negative bias
remains unclear. Is there competition between flowers and the
pan traps, as previous studies have suggested (Cane et al., 2000;
Roulston et al., 2007; Wilson et al., 2008), that is, that pollinators
prefer flowers over traps? Or is it a consequence of pollinator lim-
itation at higher flower densities (Delmas et al., 2015; Pettersson &
Sjodin, 2000; Sih & Baltus, 1987; Steven et al., 2003), that is, that vis-
itation rates to both trap and flower decrease? Or is it a consequence
of traps “over-performing” at low flower densities? For example, pol-
linators aggregate at the few resources available in a resource-poor
landscape (see Kleijn et al., 2011) and visitation rates to rare flowers
might be high (Wagenius & Lyon, 2010). These two observations
suggest that traps might be more often visited in situations when
flowers are scant or non-existent. Fundamentally, the mechanism in-
volves either the relationship between insect populations and their
resources or the relationship between trap catches and insect pop-
ulations, or most likely a combination of both. As pan traps often
function in the same way as flowers, separating them would require
a more elaborate study design than ours.

If a bias is consistent, it can be adjusted for. However, there
seems to be little justification for such adjustments given that neg-
ative bias depended on flower colors (red being worst and white
being unbiased), on when sampling occurred, and on spatial scale

considered. Furthermore, a positive bias in resource-poor habitats
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FIGURE 6 Cumulative distribution of Z-values from GLM analyses relating insect abundance to flower frequency. Solid line is based on
observed data while dotted line shows Z-values based on permuted flower data

and a negative bias in resource-rich habitats would mean there is
a risk that pan traps will overestimate populations when small and
declining and at the same time underestimate when populations are
large or increasing. Hence, bias varies along the resource gradient,
further complicating any adjustment and also generally increasing
the risk of type Il error (non-rejection of false null hypothesis) when

assessing a population trend or assessing an intervention.

4.1 | Taxa

The only taxon that seemed not to be negatively biased was solitary
Apoidae, and the reason might be that the populations of species
occurring on clear-cuts are often governed by nest site availabil-
ity (Heneberg et al., 2016; Westerfelt et al., 2018). Furthermore,
the mobility of solitary Apoidea tends to be modest, which limits
the area an individual's foraging (Greenleaf et al., 2007; Osborne
et al., 2008; Wright et al., 2015; Zurbuchen et al., 2010). Thus, it
seems reasonable that these factors, rather than flower frequency,
determine trap catch among solitary Apoidea.

Social Apoidea, that is, bumblebees and honeybee, have sev-
eral unique features among the studied taxa. With colonies and di-

vision of labor, they can be quite numerous among flower-visiting

species. They tend to fly longer distances in search of food than
most insects (Osborne et al., 2008). Their ability to communicate
(von Frisch & Chadwick, 1967) should also lead them to aggregate
in flower-rich areas. Apis and Bombus are so called flower constants,
that is, they forage on a unique floral species as long as it offers a
profitable reward before switching to another (Chittka et al., 1999).
These attributes of social Apoidea suggest the potential to aggre-
gate in flower-rich spots rather than in flower-rich sites. Our data
support this assumption as 12 of 15 cases had positive Z-values on
the small trap scale (25 m?)
scale (2-4 ha).

Vespoidea had the strongest negative bias of the six taxa consid-

, but only 2 of 15 on the large clear-cut

ered, and a consistently negative one. In fact, almost all its Z-values
were negative. Why this is so, remains unclear but it is worth not-
ing many species are predators. In a study comparing two trapping
methods, Rubene et al. (2015) concluded that pan trap worked best
for pollen-collecting bees while window traps were preferred for
wasps.

Lepturinae and Vespoidea showed consistent negative biases
while other groups were only partly biased: Syrphidae was nega-
tively biased only at the lower end of the scale while Cetoniidae only
at the upper end of the scale. This suggests that the bias is context

dependent rather than consistent.
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4.2 | Colors of flowers

We assumed that color of flowers around traps might affect
catches as species, as well as higher taxa, have been reported to
have flower color preferences (Abrahamczyk et al., 2010; Campbell
& Hanula, 2007; Joshi et al.,, 2015; Moreira et al., 2016; Toler
et al.,, 2005; Wilhelmsson, 2014; Wilson et al., 2008). We confirmed
this assumption of differing bias due to colors: red flowers lead to
a consistent negative bias while white flowers, and to some extent
blue, generated Z-values in line with those based on permuted data
(i.e., supporting the null hypothesis of no relationship between
flower frequency and insects caught). Yellow flowers partially added
to negative bias at the lower end of the scale.

When looking at cases with a known preference of a color, the re-
sults are conflicting and difficult to interpret. Syrphidae prefers yellow
flowers (Klecka et al., 2018; Wilhelmsson, 2014) and more individuals
were found in yellow pans (Figure 2) but had generally a non-response
or negative response to yellow flowers and flowers in general when
analyzing subsets of data. Solitary Apoidea also preferred yellow
(Figure 2) but catches were unaffected by yellow flowers during in-
dividual months (Figure 5). Finally, Lepturinae avoids yellow (Figure 2,
Wilhelmsson, 2014) and was unaffected or negatively affected by
yellow flowers (Figure 5). To conclude, although we documented an
effect on pan trap catches of the color of surrounding flowers, it was
not apparently related to the color preferences of the insect groups,
perhaps because of too few individuals in subsets of data.

There are two obvious challenges when interpreting flower color
effects. First, flower color preferences can be species-, genus-, or
family-specific (e.g., Hall, 2016; Klecka et al., 2018), so merging numer-
ous responses of several taxa is likely to hide preferences. Second, we
classified the flower to color according to human vision, which in many
ways differ from how insects perceive colors (Chittka & Raine, 2006). The
three insect orders considered here (Hymenoptera, Diptera, Coleoptera)
all have several photoreceptors enabling them to distinguish different col-
ors (Briscoe & Chittka, 2001). Generally, insects are sensitive to light with
short wavelengths (ultraviolet, not visible to humans), but often lack re-
ceptors sensitive to long wavelengths (red). This is probably why red pan
traps attract few insects and are rarely used (Campbell & Hanula, 2007).
On the other hand, in contrast to pan traps, flowers rarely reflect mono-
chromatic light but rather a mixture. So red flowers might not be detected
by insects by reflecting red wavelengths but by reflecting other colors of
shorter wavelengths (Chen et al., 2020; Chittka & Waser, 1997). White
flowers are also likely to be perceived differently by humans and flower-
visiting insects (Bischoff et al., 2013; Kevan et al., 1996). Despite the
setup and pooled analysis of the present study being far from optimal for
detecting flower color preferences, there seemed to be systematic bias

from flower color that affect pan trap catches.

4.3 | Colors of pan traps

In the present study, we did not separate catches according to the

color of the pan traps, mainly because that is how such traps are
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currently used, but also because numbers caught in many cases
would be too low to allow analyses. There is, nevertheless, evi-
dence that different species and taxonomical groups show color
preferences (Abrahamczyk et al., 2010; Campbell & Hanula, 2007,
Moreira et al., 2016; Toler et al., 2005; Wilhelmsson, 2014; Wilson
et al.,, 2008). For example, compared with other color yellow pan
traps catch more Syrphidae (Wilhelmsson, 2014) and Vespoidea
(Abrahamczyk et al., 2010, Moreira et al., 2016; but cf Figure 2 above,
where blue caught more than yellow). On the other hand, blue pan
traps have been reported to attract bees (Campbell & Hanula, 2007;
Moreira et al., 2016; Toler et al., 2005). In the present study, soli-
tary Apoidea and Syrphidae seemed to prefer yellow traps while
Lepturinae avoided them (Figure 2). However, even if the total catches
of these groups differed among differently colored pans, preference is
doubtful to infer as catches may be influenced by amount and color of
surrounding flowers (see above). So, a cautious conclusion is that pan
trap studies cannot contribute to knowledge about color preferences
unless it can be established that catches are unaffected by flowers in
the vicinity of traps. Instead, we believe more elaborate designs are
needed to further our understating of flower color preferences (e.g.,
Campbell et al., 2010; Reverté et al., 2016).

Flower color preferences are likely to further complicate the
assumption that pan trap catches increase with insect abundance.
In addition to flower color preferences, there might also be pref-
erences for individual plant species (e.g., Hall, 2016; Mossberg &
Cederberg, 2012; Pettersson & Sjodin, 2000; Séderstrom, 2013), so-
cial learning (e.g., local enhancement, Leadbeater & Chittka, 2007), or
communication within social species (von Frisch & Chadwick, 1967)
affecting catches. To further complicate the relationship between
insect density, pan trap catches and flower density and color, insects
can learn to visit other colors of the flowers than the innate color
preference if it is rewarding (Gumbert, 2000).

4.4 | Spatial scales

Ecological processes work on different temporal and spatial scales,
and both vary among insect species (e.g., Bergman et al., 2012, 2018).
A relevant process on clear-cuts, that is, short-term openings in for-
ests, is dispersal (Ibbe et al., 2011; Viljur & Teder, 2018). If taxa move
relatively freely over larger areas, they would be distributed according
to floral resources, with lower densities in areas with few or little food
to offer. Hence, dispersal would cause differentiation by floral abun-
dance among as well as within clear-cuts. If species do not move much,
on the other hand, there is less opportunity for an insect/flower re-
lationship to manifest itself among clear-cuts, but there might still be
an accumulation of individuals in flower-rich spots within a clear-cut.
So, we assumed that if a negative bias exists, it would mainly be visible
in data from individual trap groups rather than on the clear-cut scale.
Furthermore, the statistical power of data from the trap scale (48 trap
groups) was larger than on the clear-cut scale (12 clear-cuts), also sug-
gesting that a bias would be most pronounced in data from the trap

scale. However, our data did not support this assumption. Rather the
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clear-cut scale had larger negative bias than the trap-scale data. Social
Apoidea has the greatest dispersal ability but few consistent patterns.
At the trap scale, there was often a tendency for a positive bias (see
above). During the August sampling, when their population densities
must have peaked, there was a strong negative bias for the clear-cut
scale. So, on balance, we conclude that a negative bias was apparent
on both spatial scales considered.

4.5 | Aggregate species-wise data?

Another issue of general interest is whether to aim for species-
wise data or aggregated data when monitoring the pollinator
fauna. With the numerous insect species involved, we should as-
sume differing degrees of bias among them. Aggregating such data
is likely to make it less likely to detect underlying insect population
changes. For example, combining the six taxa considered in the
current study would not have been very useful because of differ-
ent population densities, flower color preferences, flight periods,
and degree of bias. So, genus- or species-wise analyses seem more
promising but, due to statistical power, also requires collecting

more specimens.

5 | CONCLUSION

Overall, our study documented a dominance of negative bias, that
is, less catches in pan traps with more flowers surrounding them.
This pattern differed among taxa and often varied depending on
timing of sampling, flower colors and spatial scale considered. The
prevalent pattern of decreasing catches with increasing flowers
presents a challenge when interpreting pan trap catches. A simple
system to adjust for bias seems, given its variability, unlikely to
work. Given the prevalence of negative bias in pan trap catches,
the method seems less suited to evaluate differences when gra-
dients in flower density are large (as when comparing sites or the
effect of conservation intervention). Based on the same reasoning,
pan-trapping is expected to be less subject to negative bias when
gradients are short, for example, when monitoring a population or

assemblage.

ACKNOWLEDGMENT

Staffan Carlsson managed the photographs, Stiftelsen Oscar
och Lili Lamms minne provided financial support and Lars Norén
(Apoidea, Vespoidea) and Victor Eriksson (Lepturinae) identified

insects.

CONFLICT OF INTEREST
There are no conflicts of interest in this study.

AUTHOR CONTRIBUTIONS
Lars Westerberg: Conceptualization (equal); data curation (lead);

formal analysis (lead); methodology (equal); writing - original

draft (supporting); writing - review and editing (equal). Hilda-
Linn Berglund: Conceptualization (equal); data curation (support-
ing); investigation (lead); methodology (equal); writing - original
draft (lead); writing - review and editing (equal). Dennis Jonason:
Conceptualization (equal); investigation (supporting); methodol-
ogy (equal); project administration (equal); writing - original draft
(supporting); writing - review and editing (equal). Per Milberg:
Conceptualization (equal); data curation (equal); formal analysis
(equal); methodology (equal); writing - original draft (lead); writing

- review and editing (equal).

RESEARCH INVOLVING ANIMALS
This study involves trapping insects for which no permit is needed
in Sweden.

DATA AVAILABILITY STATEMENT
https://doi.org/10.5061/dryad.wm37pvmmd

ORCID
Lars Westerberg https://orcid.org/0000-0001-9820-3460
https://orcid.org/0000-0003-0049-0479

https://orcid.org/0000-0001-6128-1051

Dennis Jonason
Per Milberg

ENDNOTE

1 Unpublished data using netting in transects in August in the current
study system (cf Berglund & Milberg 2019) established a positive rela-
tionship between catches on clear-cuts and their flower frequency.

REFERENCES

Abrahamczyk, S., Steudel, B., & Kessler, M. (2010). Sampling Hymenoptera
along a precipitation gradient in tropical forests: The effectiveness of
different coloured pan traps. Entomologia Experimentalis Et Applicata,
137, 262-268. https://doi.org/10.1111/j.1570-7458.2010.01063.x

Aizen, M. A,, Garibaldi, L. A., Cunningham, S. A., & Klein, A. M. (2009).
How much does agriculture depend on pollinators? Lessons from log-
term trends in crop production. Annals of Botany, 103, 1579-1588.

Baum, K. A., & Wallen, K. E. (2011). Potential bias in pan trapping as a
function of floral abundance. Journal of the Kansas Entomological
Society, 84, 155-159.

Berglund, H.-L., & Milberg, P. (2019). Sampling of flower-visiting in-
sects: Poor correspondence between the catches of colour pan-trap
and sweep netting. European Journal of Entomology, 116, 425-431.
https://doi.org/10.14411/eje.2019.043

Bergman, K.-O., Burman, J., Jonason, D., Larsson, M., Ryrholm, N.,
Westerberg, L., & Milberg, P. (2020). Clear-cuts are temporary hab-
itats, not matrix, for endangered grassland burnet moths (Zygaena
spp.). Journal of Insect Conservation, 24, 269-277. https://doi.
org/10.1007/s10841-019-00193-3

Bergman, K.-O., Déniel Ferreira, J., Milberg, P., Ockinger, E., & Westerberg,
L. (2018). Landscape mediated patterns of butterfly occurrence in
semi-natural grasslands. Landscape Ecology, 33, 2189-2204.

Bergman, K.-O., Jansson, N., Claesson, K., Palmer, M. W., & Milberg,
P. (2012). How much and at what scale? Multiscale analyses as de-
cision support for conservation of saproxylic oak beetles. Forest
Ecology & Management, 265, 133-141. https://doi.org/10.1016/j.
foreco.2011.10.030

Bischoff, M., Lord, J. M., Robertson, A. W., & Dyer, A. G. (2013).
Hymenopteran pollinators as agents of selection on flower colour

85UB017 SUOLILLIOD BAIFER1D) 8]l dde au Aq pauenob a8 S3o e WO ‘88N JO S3|NJ o4 AXe1q 17 8UIIUO AB]I/M UO (SUORIPUOD-PL-SWLS}W0D" A8 1M ARG 1 [ouUO//StY) SUORIPUOD pUe swie L 8U3 S *[20e/TT/82] uo Ariqiiauliuo Ao |im ‘Bulupsieg susteIs Aq 2z, €338/200T 0T/I0p/woo A3 im Areiqeuljuo//sdny Wwoly papeojumod ‘6 ‘202 ‘85LLSh0C


https://doi.org/10.5061/dryad.wm37pvmmd
https://orcid.org/0000-0001-9820-3460
https://orcid.org/0000-0001-9820-3460
https://orcid.org/0000-0003-0049-0479
https://orcid.org/0000-0003-0049-0479
https://orcid.org/0000-0001-6128-1051
https://orcid.org/0000-0001-6128-1051
https://doi.org/10.1111/j.1570-7458.2010.01063.x
https://doi.org/10.14411/eje.2019.043
https://doi.org/10.1007/s10841-019-00193-3
https://doi.org/10.1007/s10841-019-00193-3
https://doi.org/10.1016/j.foreco.2011.10.030
https://doi.org/10.1016/j.foreco.2011.10.030

WESTERBERG ET AL.

in the New Zealand mountains: Salient chromatic signals enhance
flower discrimination. New Zealand Journal of Botany, 51, 181-193.
https://doi.org/10.1080/0028825X.2013.806933

Blixt, T., Bergman, K.-O., Milberg, P., Westerberg, L., & Jonason, D.
(2015). Clear-cuts in production forests are not matrix, but neo-
habitats for butterflies. Acta Oecologica, 69, 71-77.

Briscoe, A. D., & Chittka, L. (2001). The evolution of color vision in in-
sects. Annual Review of Entomology., 46, 471-510.

Campbell, D. R., Bischoff, M., Lord, J. M., & Robertson, A. W. (2010).
Flower color influences insect visitation in alpine New Zealand.
Ecology, 91, 2638-2649. https://doi.org/10.1890/09-0941.1

Campbell, J. W., & Hanula, J. I. (2007). Efficiency of malaise traps and
colored pan traps for collecting flower visiting insects from three
forested ecosystems. Journal of Insect Conservation, 11, 399-408.
https://doi.org/10.1007/s10841-006-9055-4

Cane, J. H., Minckley, R. L., & Kervin, L. J. (2000). Sampling bees
(Hymenoptera: Apiformes) for pollinator community studies: Pitfalls
of pan-trapping. Journal of the Kansas Entomological Society, 73,
225-231.

Chen, Z., Liu, C.-Q., Sun, H., & Niu, Y. (2020). The ultraviolet colour
component enhances the attractiveness of red Flowers of a bee-
pollinated plant. Journal of Plant Ecology, 13(3), 354-360. https://doi.
org/10.1093/jpe/rtaa023

Chittka, L., & Raine, N. E. (2006). Recognition of flowers by polli-
nators. Current Opinion in Plant Biology, 9, 428-435. https://doi.
org/10.1016/j.pbi.2006.05.002

Chittka, L., Thomson, J. D., & Waser, N. M. (1999). Flower constancy, in-
sect psychology, and plant evolution. Naturwissenschaften, 86, 361-
377. https://doi.org/10.1007/s001140050636

Chittka, L., & Waser, N. M. (1997). Why red flowers are not invisible
to bees. Israel Journal of Plant Sciences, 45, 169-183. https://doi.
org/10.1080/07929978.1997.10676682

Cooper, N. W., Thomas, M. A., Garfinkel, M. B., Schneider, K. L., & Marra,
P. P. (2012). Comparing the precision, accuracy, and efficiency of
branch clipping and sweep netting for sampling arthropods in two
Jamaican forest types. Journal of Field Ornithology, 83, 381-390.
https://doi.org/10.1111/j.1557-9263.2012.00388.x

Delmas, C. E., Escaravage, N., Cheptou, P. O., Charrier, O., Ruzafa, S.,
Winterton, P., & Pornon, A. (2015). Relative impact of mate versus
pollinator availability on pollen limitation and outcrossing rates in a
mass-flowering species. Plant Biology, 17, 209-218.

Ebeling, A., Klein, A. M., Schumacher, J., Weisser, W. W., & Tscharntke, T.
(2008). How does plant richness affect pollinator richness and tem-
poral stability of flower visits? Oikos, 117, 1808-1815. https://doi.
org/10.1111/j.1600-0706.2008.16819.x

Falk, S. (2015). Field Guide to the Bees of Great Britain and Ireland (p. 336).
Bloomsbury.

Fitzpatrick, U., Murray, T. E., Paxton, R. J., Breen, J., Cotton, D., Santorum,
V., & Brown, M. J. F. (2007). Rarity and decline in bumblebees - A test
of causes and correlates in the Irish fauna. Biological Conservation,
136, 185-194. https://doi.org/10.1016/j.biocon.2006.11.012

Franzén, M., & Nilsson, S. G. (2008). How can we preserve and restore
species richness of pollinating insects on agricultural land? Ecography,
31, 698-708. https://doi.org/10.1111/j.1600-0587.2008.05110.x

Gallai, N., Salles, J. M., Settele, J., & Vissiére, B. E. (2008). Economic
valuation of the vulnerability of world agriculture confronted with
pollinator decline. Ecological Economics, 68, 810-821. https://doi.
org/10.1016/j.ecolecon.2008.06.014

Greenleaf, S. S., Williams, N. M., Winfree, R., & Kremen, C. (2007). Bee
foraging ranges and their relationship to body size. Oecologia, 153,
589-596. https://doi.org/10.1007/s00442-007-0752-9

Gumbert, A. (2000). Color choices by bumble bees (Bombus terrestris):
Innate preferences and generalization after learning. Behavioral
Ecology & Sociobiology, 48, 36-43. https://doi.org/10.1007/s0026
50000213

Fcology and Evolution o 3839
= WILEY- 2%

Hall, H. G. (2016). Color preferences of bees captured in pan traps.
Journal of the Kansas Entomological Society, 89, 273-276. https://doi.
org/10.2317/JKESD1600022.1

Hegland, S. J., & Boeke, L. (2006). Relationships between the density and
diversity of floral resources and flower visitor activity in a temperate
grassland community. Ecological Entomology, 31, 532-538. https://
doi.org/10.1111/j.1365-2311.2006.00812.x

Heneberg, P., Bogusch, P., & Rezag, M. (2016). Off-road motorcycle cir-
cuitssupportlong-term persistence of bees and wasps (Hymenoptera:
Aculeata) of open landscape at newly formed refugia within other-
wise afforested temperate landscape. Ecological Engineering, 93, 187-
198. https://doi.org/10.1016/j.ecoleng.2016.05.026

Ibbe, M., Milberg, P., Tunér, A., & Bergman, K. O. (2011). History matters:
Impact of historical land use on butterfly diversity in clear-cuts in a
boreal landscape. Forest Ecology and Management, 261, 1885-1891.
https://doi.org/10.1016/j.foreco.2011.02.011

Jonason, D., Bergman, K.-O., Westerberg, L., & Milberg, P. (2016). Land-
use history exerts long-term effects on the flora in clear-cuts. Applied
Vegetation Science, 19, 634-643.

Jonason, D., Ibbe, M., Milberg, P., Tunér, A., Westerberg, L., & Bergman,
K. O. (2014). Vegetation in clear-cuts depends on previous land use:
A century-old grassland legacy. Ecology & Evolution, 4, 4287-4295.
https://doi.org/10.1002/ece3.1288

Joshi, N. K., Leslie, T., Rajotte, E. G., Kammerer, M. A, Otieno, M., &
Biddinger, D. J. (2015). Comparative trapping efficiency to charac-
terize bee abundance, diversity, and community composition in apple
orchards. Annals of the Entomological Society of America, 108, 785-
799. https://doi.org/10.1093/aesa/sav057

Kevan, P., Giurfa, M., & Chittka, L. (1996). Why are there so many and so
few white flowers? Trends in Plant Science, 1, 280-284. https://doi.
org/10.1016/1360-1385(96)20008-1

Klecka, J., Hadrava, J., Biella, P., & Akter, A. (2018). Flower visitation by
hoverflies (Diptera: Syrphidae) in a temperate plant-pollinator net-
work. PeerJ, 6, e6025. https://doi.org/10.7717/peerj.6025

Kleijn, D., Rundléf, M., Scheper, J., Smith, H. G., & Tscharntke, T. (2011).
Does conservation on farmland contribute to halting the biodiver-
sity decline? Trends in Ecology & Evolution, 26, 474-481. https://doi.
org/10.1016/j.tree.2011.05.009

Kluster, S., & Peduzzi, P. (2007). Global pollinator decline: A literature re-
view. UNEP/GRID-Europe.

Kovacs-Hostyanszki, A., Batary, P., & Baldi, A. (2011). Local and land-
scape effects on bee communities of Hungarian winter cereal
fields. Agricultural & Forest Entomology, 13, 59-66. https://doi.
org/10.1111/j.1461-9563.2010.00498.x

Leadbeater, E., & Chittka, L. (2007). The dynamics of social learning in an
insect model, the bumblebee (Bombus terrestris). Behavioral Ecology
& Sociobiology, 61, 1789-1796. https://doi.org/10.1007/s0026
5-007-0412-4

LeBuhn, G., Droege, S., Connor, E., Gemmill-Herren, B., & Azzu, N.
(2016). Protocol to detect and monitor pollinator communities: Guidance
for practitioners (p. 64). Food & Agriculture Organization (FAO).

Mayer, C. (2005). Does grazing influence bee diversity? In B. A. Huber, B.
J. Sinclair, & K.-H. Lampe (Eds.), African biodiversity: Molecules, organ-
isms, ecosystems (pp. 173-179). Springer.

Milberg, P., Bergman, K.-O., Jonason, D., Karlsson, J., & Westerberg, L.
(2019). Land-use history influence the vegetation in coniferous pro-
duction forests in southern Sweden. Forest Ecology & Management,
440, 23-30. https://doi.org/10.1016/j.foreco.2019.03.005

Moreira, E. F., da Silva Santos, R. L., Penna, U. L., Angel-Coca, C., de
Oliveira, F. F., & Viana, B. F. (2016). Are pan traps colors complemen-
tary to sample community of potential pollinator insects? Journal
of Insect Conservation, 20, 583-596. https://doi.org/10.1007/s1084
1-016-9890-x

Mossberg, B., & Cederberg, B. (2012). Humlor | Sverige: 40 arter att dlska
och férundras 6ver. Bonnier fakta.

85UB017 SUOLILLIOD BAIFER1D) 8]l dde au Aq pauenob a8 S3o e WO ‘88N JO S3|NJ o4 AXe1q 17 8UIIUO AB]I/M UO (SUORIPUOD-PL-SWLS}W0D" A8 1M ARG 1 [ouUO//StY) SUORIPUOD pUe swie L 8U3 S *[20e/TT/82] uo Ariqiiauliuo Ao |im ‘Bulupsieg susteIs Aq 2z, €338/200T 0T/I0p/woo A3 im Areiqeuljuo//sdny Wwoly papeojumod ‘6 ‘202 ‘85LLSh0C


https://doi.org/10.1080/0028825X.2013.806933
https://doi.org/10.1890/09-0941.1
https://doi.org/10.1007/s10841-006-9055-4
https://doi.org/10.1093/jpe/rtaa023
https://doi.org/10.1093/jpe/rtaa023
https://doi.org/10.1016/j.pbi.2006.05.002
https://doi.org/10.1016/j.pbi.2006.05.002
https://doi.org/10.1007/s001140050636
https://doi.org/10.1080/07929978.1997.10676682
https://doi.org/10.1080/07929978.1997.10676682
https://doi.org/10.1111/j.1557-9263.2012.00388.x
https://doi.org/10.1111/j.1600-0706.2008.16819.x
https://doi.org/10.1111/j.1600-0706.2008.16819.x
https://doi.org/10.1016/j.biocon.2006.11.012
https://doi.org/10.1111/j.1600-0587.2008.05110.x
https://doi.org/10.1016/j.ecolecon.2008.06.014
https://doi.org/10.1016/j.ecolecon.2008.06.014
https://doi.org/10.1007/s00442-007-0752-9
https://doi.org/10.1007/s002650000213
https://doi.org/10.1007/s002650000213
https://doi.org/10.2317/JKESD1600022.1
https://doi.org/10.2317/JKESD1600022.1
https://doi.org/10.1111/j.1365-2311.2006.00812.x
https://doi.org/10.1111/j.1365-2311.2006.00812.x
https://doi.org/10.1016/j.ecoleng.2016.05.026
https://doi.org/10.1016/j.foreco.2011.02.011
https://doi.org/10.1002/ece3.1288
https://doi.org/10.1093/aesa/sav057
https://doi.org/10.1016/1360-1385(96)20008-1
https://doi.org/10.1016/1360-1385(96)20008-1
https://doi.org/10.7717/peerj.6025
https://doi.org/10.1016/j.tree.2011.05.009
https://doi.org/10.1016/j.tree.2011.05.009
https://doi.org/10.1111/j.1461-9563.2010.00498.x
https://doi.org/10.1111/j.1461-9563.2010.00498.x
https://doi.org/10.1007/s00265-007-0412-4
https://doi.org/10.1007/s00265-007-0412-4
https://doi.org/10.1016/j.foreco.2019.03.005
https://doi.org/10.1007/s10841-016-9890-x
https://doi.org/10.1007/s10841-016-9890-x

WESTERBERG ET AL.

3840 WI LEY_ECObe and Evolution

Open Access,

Osborne, J. L., Martin, A. P., Carreck, N. L., Swain, J. L., Knight, M. E.,
Goulson, D., Hale, R. J., & Sanderson, R. A. (2008). Bumblebee flight
distancesinrelation to the forage landscape. Journal of Animal Ecology,
77,406-415. https://doi.org/10.1111/j.1365-2656.2007.01333.x

Pengelly, C. J., & Cartar, R. V. (2010). Effects of variable retention logging
inthe boreal forest on the bumble bee-influenced pollination commu-
nity, evaluated 8-9 years post-logging. Forest Ecology & Management,
260, 994-1002. https://doi.org/10.1016/j.foreco.2010.06.020

Pettersson, M. W., & Sjédin, E. (2000). Effects of experimental plant
density reductions on plant choice and foraging bahaviour of bees
(Hymenoptera: Apoidea). Acta Agriculturae Scandinavica, Section B,
Soil & Plant Science, 50, 40-46.

Potts, S. G., Biesmeijer, J. C., Kremen, C., Neumann, P., Schweiger, O.,
& Kunin, W. E. (2010). Global pollinator declines: Trends, impacts
and drivers. Trends in Ecology & Evolution, 25, 345-353. https://doi.
org/10.1016/j.tree.2010.01.007

Potts, S. G., Vulliamy, B., Dafni, A., Ne'eman, G., & Willmer, P. (2003).
Linking bees and flowers: How do floral communities structure
pollinator communities? Ecology, 84, 2628-2642. https://doi.
org/10.1890/02-0136

R Core Team (2020). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing. Retrieved from https://
www.R-project.org/

Reverté, S., Retana, J., Gomez, J. M., & Bosch, J. (2016). Pollinators show
flower colour preferences but flowers with similar colours do not at-
tract similar pollinators. Annals of Botany, 118, 249-257. https://doi.
org/10.1093/aob/mcw103

Roulston, T. H., Smith, S. A., & Brewster, A. L. (2007). A comparison
of pan trap and intensive net sampling techniques for document-
ing a bee (Hymenoptera: Apiformes) Fauna. Journal of the Kansas
Entomological Society, 80, 179-181. https://doi.org/10.2317/0022-
8567(2007)80[179:ACOPTA]2.0.C0O;2

Rubene, D., Schroeder, M., & Ranius, T. (2015). Estimating bee and wasp
(Hymenoptera: Aculeata) diversity on clear-cuts in forest land-
scapes-an evaluation of sampling methods. Insect Conservation &
Diversity, 8, 261-271.

Rundléf, M., Andersson, G. K. S., Bommarco, R, Fries, |., Hederstrom, V.,
Herbertsson, L., Jonsson, O., Klatt, B. K., Pedersen, T. R., Yourstone,
J., & Smith, H. G. (2015). Seed coating with a neonicotinoid insecti-
cide negatively affects wild bees. Nature, 521, 77-80.

Sajjad, A., Saeed, S., & Ashfaq, M. (2010). Seasonal variation in abun-
dance and composition of hoverfly (Diptera: Syrphidae) communities
in Multan, Pakistan. Pakistan Journal of Zoology, 42, 105-115.

Saunders, M. E., & Luck, G. W. (2013). Pan trap catches of pollinator
insects vary with habitat. Australian Journal of Entomology, 52, 106-
113. https://doi.org/10.1111/aen.12008

Shrubb, M. (2003). Birds, scythes and combines: A history of birds and agri-
cultural change. Cambridge University Press.

Sih, A., & Baltus, M. S. (1987). Patch size, pollinator behavior, and pol-
linator limitation in catnip. Ecology, 68, 1679-1690. https://doi.
org/10.2307/1939860

Sjodin, N. E. (2006). Pollinator behavioural responses to grazing intensity.
Biodiversity & Conservation, 16, 2103-2121. https://doi.org/10.1007/
s10531-006-9103-0

Soderstrom, B. (2013). Sveriges humlor - en fdlthandbok. Entomologiska
Foreningen i Stockholm.

Steven, J. C., Rooney, T. P., Boyle, O. D., & Waller, D. M. (2003). Density-
dependent pollinator visitation and self-incompatibility in upper
Great Lakes populations of Trillium grandiflorum. Journal of the Torrey
Botanical Society, 130, 23-29. https://doi.org/10.2307/3557522

Sutherland, A. M., & Parrella, M. P. (2011). Accuracy, precision, and
economic efficiency for three methods of thrips (Thysanoptera:

Thripidae) population density assessment. Journal of Economic
Entomology, 104, 1323-1328. https://doi.org/10.1603/EC10415
Templ, B., Mézes, E., Templ, M., Féldesi, R., Szirak, A., Baldi, A., & Kovacs-
Hostyanszki, A. (2019). Habitat-dependency of transect walk and
pan trap methods for bee sampling in farmlands. Journal of Apicultural

Science, 63, 93-115.

Toler, T. R, Evans, E. W., & Tepedino, V. J. (2005). Pan-trapping for bees
(Hymenoptera: Apiformes) in Utah's West Desert: The importance of
color diversity. The Pan-Pacific Entomologist, 81, 103-113.

Viljur, M. L., & Teder, T. (2018). Disperse or die: Colonisation of tran-
sient open habitats in production forests is only weakly dispersal-
limited in butterflies. Biological Conservation, 218, 32-40. https://doi.
org/10.1016/j.biocon.2017.12.006

von Frisch, K., & Chadwick, L. E. (1967). The dance language and orienta-
tion of bees (Vol. 1). Belknap Press of Harvard University Press.

Wagenius, S., & Lyon, S. P. (2010). Reproduction of Echinacea angustifo-
lia in fragmented prairie is pollen-limited but not pollinator-limited.
Ecology, 91, 733-742. https://doi.org/10.1890/08-1375.1

Walther, B. A., & Moore, J. L. (2005). The concepts of bias, pre-
cision and accuracy, and their use in testing the performance
of species richness estimators, with a literature review of es-
timator performance. Ecography, 28, 815-829. https://doi.
org/10.1111/j.2005.0906-7590.04112.x

Westerfelt, P., Weslien, J., & Widenfalk, O. (2018). Population patterns
in relation to food and nesting resource for two cavity-nesting bee
species in young boreal forest stands. Forest Ecology & Management,
430, 629-638. https://doi.org/10.1016/j.foreco.2018.08.053

Wikstrom, L., Milberg, P., & Bergman, K.-O. (2009). Monitoring of but-
terflies in semi-natural grasslands: Diurnal variation and weather
effects. Journal of Insect Conservation, 13, 203-211. https://doi.
org/10.1007/s10841-008-9144-7

Wilhelmsson, A. (2014). Betydelse av fdrg vid insamling av pollinatérer
med fdrgskdlsmetoden. Bachelor thesis, Linkoping University,
IFM Biology. Swedish. Retrieved from http://urn.kb.se/resol
ve?urn=urn:nbn:se:liu:diva-108220

Wilson, J. S., Griswold, T., & Messinger, O. J. (2008). Sampling bee com-
munities (Hymenoptera: Apiformes) in a desert landscape: Are pan
traps sufficient? Journal of the Kansas Entomological Society, 81, 288-
300. https://doi.org/10.2317/JKES-802.06.1

Wood, T. J., Holland, J. M., & Goulson, D. (2015). A comparison of tech-
niques for assessing farmland bumblebee populations. Oecologia,
177,1093-1102. https://doi.org/10.1007/s00442-015-3255-0

Wright, I. R., Roberts, S. P., & Collins, B. E. (2015). Evidence of forage
distance limitations for small bees (Hymenoptera: Apidae). European
Journal of Entomology, 112, 303-310. https://doi.org/10.14411/
eje.2015.028

Zurbuchen, A., Landert, L., Klaiber, J., Miller, A., Hein, S., & Dorn, S.
(2010). Maximum foraging ranges in solitary bees: Only few in-
dividuals have the capability to cover long foraging distances.
Biological Conservation, 143, 669-676. https://doi.org/10.1016/j.
biocon.2009.12.003

How to cite this article: Westerberg L, Berglund H-L,
Jonason D, Milberg P. Color pan traps often catch less when
there are more flowers around. Ecol Evol. 2021;11:3830-
3840. https://doi.org/10.1002/ece3.7252

85UB017 SUOLILLIOD BAIFER1D) 8]l dde au Aq pauenob a8 S3o e WO ‘88N JO S3|NJ o4 AXe1q 17 8UIIUO AB]I/M UO (SUORIPUOD-PL-SWLS}W0D" A8 1M ARG 1 [ouUO//StY) SUORIPUOD pUe swie L 8U3 S *[20e/TT/82] uo Ariqiiauliuo Ao |im ‘Bulupsieg susteIs Aq 2z, €338/200T 0T/I0p/woo A3 im Areiqeuljuo//sdny Wwoly papeojumod ‘6 ‘202 ‘85LLSh0C


https://doi.org/10.1111/j.1365-2656.2007.01333.x
https://doi.org/10.1016/j.foreco.2010.06.020
https://doi.org/10.1016/j.tree.2010.01.007
https://doi.org/10.1016/j.tree.2010.01.007
https://doi.org/10.1890/02-0136
https://doi.org/10.1890/02-0136
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1093/aob/mcw103
https://doi.org/10.1093/aob/mcw103
https://doi.org/10.2317/0022-8567(2007)80%5B179:ACOPTA%5D2.0.CO;2
https://doi.org/10.2317/0022-8567(2007)80%5B179:ACOPTA%5D2.0.CO;2
https://doi.org/10.1111/aen.12008
https://doi.org/10.2307/1939860
https://doi.org/10.2307/1939860
https://doi.org/10.1007/s10531-006-9103-0
https://doi.org/10.1007/s10531-006-9103-0
https://doi.org/10.2307/3557522
https://doi.org/10.1603/EC10415
https://doi.org/10.1016/j.biocon.2017.12.006
https://doi.org/10.1016/j.biocon.2017.12.006
https://doi.org/10.1890/08-1375.1
https://doi.org/10.1111/j.2005.0906-7590.04112.x
https://doi.org/10.1111/j.2005.0906-7590.04112.x
https://doi.org/10.1016/j.foreco.2018.08.053
https://doi.org/10.1007/s10841-008-9144-7
https://doi.org/10.1007/s10841-008-9144-7
http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-108220
http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-108220
https://doi.org/10.2317/JKES-802.06.1
https://doi.org/10.1007/s00442-015-3255-0
https://doi.org/10.14411/eje.2015.028
https://doi.org/10.14411/eje.2015.028
https://doi.org/10.1016/j.biocon.2009.12.003
https://doi.org/10.1016/j.biocon.2009.12.003
https://doi.org/10.1002/ece3.7252

