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Abstract

Sampling flower-visiting insects in agricultural fields at large spatial and temporal scales is sig-
nificant for understanding local insect pollinator communities. The most commonly used
method, pan trap, has been criticized due to its attractant bias. A window trap (also referred
to as the flight-intercept trap) is a non-attractant sampling method, which has been applied in
forests and grasslands, but rarely in agricultural fields. We aim to test whether we can replace
pan traps with window traps in agricultural fields by comparing species richness and species
composition between the two methods, and to show whether flower-visiting insects collected
in both traps can reflect flower-visiting activity recorded by camera observation. We con-
ducted a 2-year study to compare the performance of these sampling methods in an oilseed
rape field. Results showed that the relative abundance of dominant flower-visiting species was
highly correlated between the window trap and the pan trap samples, while window traps
caught more individuals and higher (rarefied) species richness than pan traps. The species
composition of window traps was more similar to each other than that of pan traps. The pro-
portion of honey bees (Apis spp.) collected in both traps underestimated their flower-visiting
activity recorded by camera observations, while sweat bees (Halictidae) and butterflies
(Lepidoptera) were overestimated. Our study suggests that the window trap has the potential
to serve as an alternative sampling method of flower-visiting insects to the pan trap. However,
we need to be cautious when using specimens caught in both traps as a proxy of their flower-
visiting activity.

Introduction

Globally, more than 30% of crop production depends on animal pollination (Klein et al.,
2007). Apart from managed honey bees, wild pollinators also play a significant role in provid-
ing pollination for crops (Bommarco et al., 2012; Garibaldi et al., 2013; Zou et al., 2017a), and
the decline of wild pollinators has been of considerable concern (Potts et al., 2016). It is
important to understand local flower-visiting insect communities. Not only does this provide
a basic understanding of different pollinator species that provide pollination services to specific
crops (Howlett et al., 2009), but it also helps us to understand species distributions that are
critical for biodiversity conservation.

There are a variety of methods that can be used to collect flower-visiting insects. To moni-
tor pollinator communities at a large landscape scale or over a long-term period of time, those
labor-intensive and difficult-to-standardize methods, such as sweep netting, may not be
appropriate. Pan traps, a cost-effective method that can be deployed in the field over a rela-
tively long period, are one of the most widely used methods that has been applied in monitor-
ing the activity-density of local flower-visiting insects at a large landscape scale (Westphal
et al., 2008; Kovacs-Hostyanszki et al., 2011; Zou et al., 2017b; McCravy, 2018). A pan trap
usually consists of colored containers that attract flower-visiting insects (Cane et al., 2000;
Campbell and Hanula, 2007; Westphal et al., 2008). However, the sampling efficiency of the
pan trap may be influenced by surrounding floral resources (Baum and Wallen, 2011) and
biased toward a specific group of pollinators with similar physical features (Roulston et al.,
2007). Validation of the pan trap in relation to local pollinator diversity has been criticized,
since it is an attractant-based sampling method (Cane et al., 2000).

One of the non-attractant sampling methods that can be used in monitoring flight insect
community is the window trap. Window trap is also called as the flight-intercept trap, which
consists of a large pane of glass or fine mesh that is invisible to flying insects and is used as a
physical barrier in the potential flight path (Howlett et al., 2009; Sverdrup-Thygeson and
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Birkemoe, 2009; Zou et al., 2012). As no attractant is involved,
window traps may be less biased than pan traps in exploring
the overall pollinator taxa, which is recommended in monitoring
local bees and wasps in the forest habitat (Rubene et al., 2015).
Nonetheless, window trap has rarely been applied in the crop
fields in monitoring flower-visiting insects.

In the agricultural pollination studies, pollinators’ flower-
visiting activity is an important index for measuring pollination
services that are related to crop yield (Petersen and Nault, 2014;
Bartholomee and Lavorel, 2019). Flower visitation of pollinators
is usually conducted by direct observation, either by human
observation or cameras (Banaszak-Cibicka et al., 2019; Liu
et al., 2020). However, direct observation is usually time-
consuming and can be affected by weather conditions and obser-
vation time, and therefore can hardly be standardized at a large
spatial scale. Therefore, understanding whether and to what
extent samples from traps reflect on-site insects’ flower visitation
activity is significant for agroecology (Liu et al., 2020). While the
comparison between pan traps and direct observation (usually
transect walking) has been conducted in several studies
(Westphal et al., 2008; O’Connor et al., 2019; Templ et al.,
2019), no study has validated pollinator samples collected in win-
dow traps with the on-site flower-visiting activity.

In this study, we conducted a 2-year experiment in a field of
oilseed rape (Brassica napus L.). Our study first aims to verify
whether the relative abundance of each species collected in the
window trap is positively correlated with the pan trap. We then
tested whether we could replace the pan trap with the window
trap by comparing the species richness (α-diversity) and species
composition (β-diversity) of two methods. Finally, we aim to
explore whether flower-visiting insects collected by the pan trap
and window trap could reflect their flower-visiting activity. If
not, we then aim to investigate which taxa are biased in both sam-
pling methods.

Materials and methods

Study area

This study was conducted in a 2700 m2 (90 m × 30 m) field at
the Jiangxi Agricultural University, Jiangxi Province, China
(28°46.17′N, 115°49.99′E). The field was only used for rotation
of oilseed rape (October to April) and rice (May to September)
and no pesticide was applied since 2014. The experiment was
conducted in 2018 and 2019 from the end of February to the
end of April, which was the time of oilseed rape flowering. The
field was divided into five ploughed plots (as five blocks) where
the semi-winter cabbage type oilseed rape (single traditional
bred cultivar “Yangguang-2009”) was grown.

Pan trap and window trap

A pan trap consists of three cups (8.3 cm diameter, 13.5 cm in
height and a volume of 450 ml) painted with three ultraviolet
(UV) colors (UV-blue, UV-yellow and UV-white) to minimize
bias from a single-color pan trap (Westphal et al., 2008). Traps
were attached to a wooden stick. The height of the pan trap
was 1.6 m, which was approximately the height of the oilseed
rape flower in the field. Two 3mm diameter holes were drilled
in each cup at 2 cm from the edge of the cup to drain rainwater.
We used saturated salt (NaCl) water with a mixture of several

drops of detergent (to reduce water tension) as a killing agent
for insects.

A window trap consists of a transparent acrylic plate (35 × 60 cm2

and 5mm thick) as a barrier for intercepting flying insects. The plate
was fixed on two wooden sticks, with its bottom containing two
plastic trays filled with the same killing agent as the pan trap
(Appendix 1). All window traps were fixed at a similar height as
pan traps.

Because the surface area of a pan trap is much smaller than the
barrier area of a window trap which can lead to the differences in
sampling efficiency, we compared three pan traps and one win-
dow trap per field block to minimize this difference. In total,
there were 15 pan traps and five window traps in the field (five
blocks). All traps were set at least 2 m from edge of the field.
Traps were set (end of February) and finished (end of April) on
the same day, with emptying–refilling once a week and a total
of 48 and 46 sampling days in 2018 and 2019, respectively. All
specimens were pinned, sorted to morpho-species and identified
by taxonomists. Overall, 93.1% of individuals were identified to
the species level and 99% to the family level (Appendix 2).

Camera observation

To monitor the activity of flower-visiting insects, we used three
surveillance cameras (DFD®, Shenzhen) with a resolution of
1280 × 720 pixels per inch. To have a clear view, cameras were
positioned to focus on the main branch of one flowering oilseed
rape plant at a distance of about 40 cm, with a visible area of 35 ×
25 cm2. We regularly changed the focused plant once its flowering
ended. Recordings started from 8:00 am to 5:00 pm in the same
sampling period with pan traps and window traps. We did not
record on rainy days because flower-visiting insects were not
active.

Three cameras, one of which was put in the three middle blocks,
were placed 5m from the field margins. The location of the camera
is shown in Appendix 3. In total, we obtained recordings of 228 h
(131 h in 2018 and 97 h in 2019). We recorded all insects foraging
on oilseed rape flowers. We managed to identify the insects that
were recorded in the cameras into seven groups: Apis (Apis mellifera
and Apis cerana), Andrenidae, Halictidae, other Hymenoptera,
Syrphidae, non-Syrphidae Diptera, Lepidoptera and Coleoptera.

Data analysis

To explore how the relative abundance of each species collected in
the window trap correlated with the pan trap, we applied a linear
regression for the proportions of each species between two sam-
pling methods. Data were square-root transformed to minimize
the scale difference.

To compare the α-diversity between the pan trap and window
trap, we used the individual-based rarefaction–extrapolation curve
to investigate the extrapolated number of species between the two
methods (Colwell et al., 2012). The extrapolation was based on the
doubled number of individuals in a sampling method, of which
we pooled the individuals collected in the same year and com-
pared them separately for each year.

To compare the difference in species communities between
pan traps and window traps, we used the chord-normalized
expected species shared (CNESS) dissimilarity (Trueblood et al.,
1994). The CNESS index, which is not sensitive to the sample
size, measures the probability of obtaining the same species
when a given number of individuals (the value m) was randomly
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drawn from two communities (Zou and Axmacher, 2020). We
used the modified version of CNESS by Zou and Axmacher
(2020) with its values between 0 and 1. We used a small sample
size (m = 1) focusing on the difference of dominant species and
a larger sample size (m = 20) focusing on the overall species
assemblages. CNESS dissimilarity matrices were then visualized
using non-metric multidimensional scaling (NMDS). To obtain
a robust sample size, individuals from the same field block were
pooled, while analysis was separated between two sampling years.

All statistical analyses were conducted in R Version 3.5.2
(R Development Core Team, 2016). Package ‘vegan’ (Oksanen
et al., 2020) was used to calculate the rarefied species richness.
Package ‘iNEXT’ (Hsieh et al., 2016) was used to calculate the rar-
efaction–extrapolation curve. Function ‘ESS()’ developed by Zou
and Axmacher (2020) was used to calculate the CNESS value.

Results

In total, we caught 1392 individuals with 37 insect species, of
which pan traps caught 387 individuals (33 species) and window
traps caught 1005 individuals (34 species). The average sampling
efficiency was 0.27 and 2.14 per trap per day for the pan trap and
window trap, respectively. Overall, the most abundant species
were Apis mellifera (26.8%), followed by Apis cerana (22.8%),
Pieris rapae (17.7%), Osmia excavata (4.7%), Osmia pedicornis
(3.6%) and Lasioglossum proximatum (2.9%) (Appendix 2).
There was a significant positive linear relationship between the
proportion of species sampled in pan traps and window traps
(β = 0.77 ± 0.08, R2 = 0.70, P < 0.01, fig. 1). There was no signifi-
cant difference between the linear model and the y = x line (as
indicated by the 95% confidence interval (CI), fig. 1). Andrena
callopyrrha, Osmia microdonta, Osmia cornifrons, Episyrphus bal-
teatus, Phytomia zonata and a Diptera species were only caught in
window traps, while species Argynnis hyperbius, Pieris melete and
a species of Nomada, Polistinae and Vespula only in pan traps.

Species rarefaction curves showed that window traps collected
more rarefied number of species than pan traps, and this pattern
was consistent for both years (fig. 2). The extrapolation curves
showed that the window trap (34.1 ± 3.7 and 34.2 ± 4.9 species
in 2018 and 2019 respectively) would catch about 1.5 times

more species than pan traps when both methods reaching their
double sample size (16.9 ± 1.5 and 21.8 ± 2.2 species in 2018
and 2019).

The species composition differed between pan trap and win-
dow trap. When looking at the between-sample difference, the
NMDS distance between-sample was relatively large for both
methods for dominant species (m = 1), but was larger in the
pan trap than the window trap for the overall composition
(m = 20, fig. 3). The overall species compositions (m = 20) in
the two sampling years were also distinctive, particularly for
pan traps (fig. 3).

The camera observation recorded 375 visits in two years. Both
the pan trap and the window trap underestimated the flower vis-
itation of the honey bee (Apis) in two years (fig. 4a), while the
proportion of the honey bee in pan traps was closer to the propor-
tion in flower visitors (fig. 4a). The proportion of sweat bees
(Halictidae) and butterflies (Lepidoptera) were overestimated in
the pan trap and the window trap for their visitation to oilseed
rape flowers (fig. 4a). Hoverflies (Syrphidae) and mining bees
(Andrenidae) could be reflected from both traps as flower-visiting
activity (fig. 4a). Excluding Apis, both the pan trap and
the window trap showed a similar proportion of sweat bees to
its proportion in flower visitors, while there was still an overesti-
mation of butterflies and under-estimation of non-Syrphidae
Diptera (fig. 4b). Relationships of the proportion of different
groups between two traps and camera observation in 2015 and
2019 are shown in Appendix 4.

Discussion

While the window trap has been applied in forests (Wells and
Decker, 2006; Rubene et al., 2015), it has rarely been used in sam-
pling flower-visiting insects in agricultural fields. The window
trap we used here was much more efficient than the pan trap in
terms of the number of individuals per trapping day, and the
number of rarefied species. As a cost-effective method, the win-
dow trap has a good potential to replace the pan trap in sampling
pollinator insects in mass-flowering cropland.

Our results are consistent with Rubene et al. (2015), who
found that the window trap performed better than the pan trap
in sampling Hymenoptera in forest habitat, although results
might depend on the difference in terrain conditions (Wells
and Decker, 2006; Rubene et al., 2015). Sampling efficiency
may be positively correlated with the area of the barriers (e.g.
the glass panes in our study). Here we used a transparent acrylic
plate with an area of about 0.2 m2, whose sampling efficiency (on
average 335 individuals per trap) was more than ten times a pan
trap (about 26 individuals per trap). While a large barrier area of
the window trap means higher cost and more interruption to the
flight path of insects, the trade-off between barrier size and sam-
pling efficiency needs to be considered in designing window traps.

The high correlation of the proportion of species abundance
between the two sampling methods indicates that the relative
abundance of species sampled in window traps can be represen-
tative for those in pan traps, although some species were only
found in the window trap. Nonetheless, when window traps are
used to replace pan traps, species (e.g. A. hyperbius) that were
only found in pan traps require particular attention from
researchers aiming at pollinator monitoring, as these species
might be overlooked in the former traps. Nonetheless, as these
species were also rarely found in pan traps, we do not know

Figure 1. Relationship of proportion (square-root transformed) of each insect pollin-
ator species that collected in pan traps and window traps. The red line represents the
linear regression model and the black line represents y = x. The gray-shaded area
represents the 95% CIs of the regression.

Bulletin of Entomological Research 693

https://doi.org/10.1017/S0007485322000104 Published online by Cambridge University Press

https://doi.org/10.1017/S0007485322000104


whether these species were biased away from window traps, or just
coincidentally missing from our sample.

While samples in window traps showed slightly different com-
positions for the overall species assemblages, the more homoge-
neous composition than pan traps means that window traps were

able to catch a more comprehensive species assemblage, which
mainly resulted from the limited individuals sampled from pan
traps. We suspect that the main reason for the different compos-
ition between the two traps was the inherent attractant bias, as
we were comparing an attractant-based method (pan trap) with a

Figure 2. Rarefaction and extrapolation curves for insect species collected in pan traps and window traps in 2018 (a) and 2019 (b). The solid lines represent inter-
polation and the dashed lines represent extrapolation predictions; shaded areas represent 95% CIs.

Figure 3. NMDS plots based on CNESS dissimi-
larity for m = 1 (a, stress = 0.08) and m = 20
(b, stress = 0.16) for pan traps and window
traps of two sampling years.

Figure 4. Proportion of each pollinator group recorded in camera observation, and specimens caught in pan traps and window traps for (a) all taxa and (b) the rest
groups excluding Apis.
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non-attractant-based one (window trap). The effect of surrounding
floral resources on the two methods will be different (Baum and
Wallen, 2011). In the oilseed rape flowering period, the insects’ vis-
itation to pan traps can be affected by the density of flower
resources (Grindeland et al., 2005; Popic et al., 2013; Prendergast
et al., 2020), while as the physical interceptions, window trap’s sam-
pling efficiency is less likely to be affected. Hence, considering its
better performance in pollinator species and stable community
composition, we recommend window traps if researchers are inter-
ested in understanding wild pollinator composition.

The insects collected in both traps cannot reflect flower-
visiting activity for several taxa, but the proportion of hoverfly
(Syrphidae) and mining bee (Andrenidae) was well represented.
It is not surprising that specimens collected in sampling traps
can be used effectively to monitor pollinator species’ biodiversity,
but not flower-visiting activity for the targeted crops (Boyer et al.,
2020). Flower-visiting activity can be influenced by floral density
(Grindeland et al., 2005), while different pollinators may respond
differently when the floral resource differs (Sih and Baltus, 1987).
However, camera observations reflect a combination between the
species density and their flower-visiting frequency, while indivi-
duals captured in traps only reflect activity density. This might
be the reason why the camera slightly overestimates the true dens-
ity for those with high flower-visiting frequency species such as
Apis (Liu et al., 2020). We have to admit that the number of over-
all recorded pollinator visits was not high in our study, and thus
we encourage a more comprehensive study with more cameras.

Conclusions

In conclusion, we found that window traps had higher efficiency
at sampling insects, could catch more diverse insect assemblage
and were more homogeneous between samples than samples in
pan traps. Our results suggest that window traps can be used as
a replacement for pan traps in studying the diversity of flowering-
visiting insects in agricultural fields. Although results are consist-
ent over 2 years, our study was only conducted in one landscape
and one crop type. We therefore recommend further studies to be
conducted with a variety of crop types and in different landscape
contexts to comprehensively evaluate the performance of using
window traps as a replacement for pan traps. Furthermore, we
highlight that we should be cautious about using the pan trap
sample as a proxy of pollinator’s flower-visiting activity.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0007485322000104.

Acknowledgements. We thank Huanli Xu from China Agricultural
University for identifying our pollinator samples. We thank Hainan Chong,
Ting Jiang and Feiran Wang for their huge help in the fieldwork. We also
thank Johannes Knops and Andrew McIntosh for providing comments and edit-
ing of the manuscript. This study was financially supported by the National
Natural Science Foundation of P.R. China (31700363) and Jiangsu Science and
Technology Department (BK20181191). Xiaoyu Shi is supported by Xi’an
Jiaotong-Liverpool University research and development fund (RDF-17-01-07).

Author contributions. X. S., D. F., X. H. and Y. Z. designed the study; X. S.,
D. F. and X. H. performed the experiment; X. S., D. Y. and Y. Z. analyzed data
and X. S. and Y. Z. wrote the paper. All authors provided comments on the paper.

References

Banaszak-Cibicka W, Takacs V, Kesy M, Langowska A, Blecharczyk A,
Sawinska Z, Sparks TH and Tryjanowski P (2019) Manure application

improves both bumblebee flower visitation and crop yield in intensive farm-
land. Basic and Applied Ecology 36, 26–33.

Bartholomee O and Lavorel S (2019) Disentangling the diversity of defini-
tions for the pollination ecosystem service and associated estimation meth-
ods. Ecological Indicators 107, 105576.

Baum KA and Wallen KE (2011) Potential bias in pan trapping as a function
of floral abundance. Journal of the Kansas Entomological Society 84,
155–159.

Bommarco R, Marini L and Vaissiere BE (2012) Insect pollination enhances
seed yield, quality, and market value in oilseed rape. Oecologia 169,
1025–1032.

Boyer KJ, Fragoso FP, Dieterich Mabin ME and Brunet J (2020) Netting
and pan traps fail to identify the pollinator guild of an agricultural crop.
Scientific Reports 10, 321.

Campbell JW and Hanula JL (2007) Efficiency of Malaise traps and colored
pan traps for collecting flower visiting insects from three forested ecosys-
tems. Journal of Insect Conservation 11, 399–408.

Cane JH, Minckley RL and Kervin LJ (2000) Sampling bees (Hymenoptera:
Apiformes) for pollinator community studies: pitfalls of pan-trapping.
Journal of the Kansas Entomological Society 73, 225–231.

Colwell RK, Chao A, Gotelli NJ, Lin SY, Mao CX, Chazdon RL and Longino
JT (2012) Models and estimators linking individual-based and sample-
based rarefaction, extrapolation and comparison of assemblages. Journal
of Plant Ecology 5, 3–21.

Garibaldi LA, Steffan-Dewenter I, Winfree R, Aizen MA, Bommarco R,
Cunningham SA, Kremen C, Carvalheiro LG, Harder LD, Afik O,
Bartomeus I, Benjamin F, Boreux V, Cariveau D, Chacoff NP,
Dudenhoffer JH, Freitas BM, Ghazoul J, Greenleaf S, Hipolito J,
Holzschuh A, Howlett B, Isaacs R, Javorek SK, Kennedy CM,
Krewenka KM, Krishnan S, Mandelik Y, Mayfield MM, Motzke I,
Munyuli T, Nault BA, Otieno M, Petersen J, Pisanty G, Potts SG,
Rader R, Ricketts TH, Rundlof M, Seymour CL, Schuepp C,
Szentgyorgyi H, Taki H, Tscharntke T, Vergara CH, Viana BF,
Wanger TC, Westphal C, Williams N and Klein AM (2013) Wild pollina-
tors enhance fruit set of crops regardless of honey bee abundance. Science
339, 6127.

Grindeland JM, Sletvold N and Ims RA (2005) Effects of floral display size
and plant density on pollinator visitation rate in a natural population of
Digitalis purpurea. Functional Ecology 19, 383–390.

Howlett BG, Walker MK, Newstrom-Lloyd LE, Donovan BJ and Teulon
DAJ (2009) Window traps and direct observations record similar arthropod
flower visitor assemblages in two mass flowering crops. Journal of Applied
Entomology 133, 553–564.

Hsieh TC, Ma KH., Chao A and McInerny G (2016) iNEXT: an R package
for rarefaction and extrapolation of species diversity (Hill numbers).
Methods in Ecology and Evolution 7, 1451–1456.

Klein AM, Vaissiere BE, Cane JH, Steffan-Dewenter I, Cunningham SA,
Kremen C and Tscharntke T (2007) Importance of pollinators in changing
landscapes for world crops. Proceedings of the Royal Society B: Biological
Sciences 274, 303–313.

Kovacs-Hostyanszki A, Batary P and Baldi A (2011) Local and landscape
effects on bee communities of Hungarian winter cereal fields. Agricultural
and Forest Entomology 13, 59–66.

Liu RR, Chen DL, Luo SD, Xu SJ, Xu HL, Shi XY and Zou Y (2020)
Quantifying pollination efficiency of flower-visiting insects and its applica-
tion in estimating pollination services for common buckwheat. Agriculture
Ecosystems & Environment 301, 107011.

McCravy KW (2018) A review of sampling and monitoring methods for bene-
ficial arthropods in agroecosystems. Insects 9, 170.

O’Connor RS, Kunin WE, Garratt MPD, Potts SG, Roy HE, Andrews C,
Jones CM, Peyton JM, Savage J, Harvey MC, Morris RKA, Roberts
SPM, Wright I, Vanbergen AJ and Carvell C (2019) Monitoring insect
pollinators and flower visitation: the effectiveness and feasibility of different
survey methods. Methods in Ecology and Evolution 10, 2129–2140.

Oksanen J, Blanchet FG, Friendly M, Kindt R, Legendre P, McGlinn D,
Minchin PR, O’Hara RB, Simpson GL, Solymos P, Stevens MH, Szoecs
E and Wagner H (2020) Vegan: Community Ecology Package. R Package
Version. 2.5-7.

Bulletin of Entomological Research 695

https://doi.org/10.1017/S0007485322000104 Published online by Cambridge University Press

https://doi.org/10.1017/S0007485322000104
https://doi.org/10.1017/S0007485322000104
https://doi.org/10.1017/S0007485322000104


Petersen JD and Nault BA (2014) Landscape diversity moderates the effects of
bee visitation frequency to flowers on crop production. Journal of Applied
Ecology 51, 1347–1356.

Popic TJ, Davila YC and Wardle GM (2013) Evaluation of common methods
for sampling invertebrate pollinator assemblages: net sampling out-perform
pan traps. PLoS One 8, e66665.

Potts SG, Imperatriz-Fonseca V, Ngo HT, Aizen MA, Biesmeijer JC, Breeze
TD, Dicks LV, Garibaldi LA, Hill R, Settele J and Vanbergen AJ (2016)
Safeguarding pollinators and their values to human well-being. Nature 540,
220–229.

Prendergast KS, Menz MHM, Dixon KW and Bateman PW (2020) The rela-
tive performance of sampling methods for native bees: an empirical test and
review of the literature. Ecosphere 11, e03076.

R Core Team (2016) A language and environment for statistical computing.
Vienna, Austria: R Foundation for Statistical Computing.

Roulston TH, Smith SA and Brewster AL (2007) A comparison of pan trap
and intensive net sampling techniques for documenting a bee
(Hymenoptera: Apiformes) fauna. Journal of the Kansas Entomological
Society 80, 179–181.

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

Sih A and Baltus MS (1987) Patch size, pollinator behavior, and pollinator
limitation in catnip. Ecology 68, 1679–1690.

Sverdrup-Thygeson A and Birkemoe T (2009) What window traps can tell
us: effect of placement, forest openness and beetle reproduction in retention
trees. Journal of Insect Conservation 13, 183–191.

Templ B, Mozes E, Templ M, Foldesi R, Szirak A, Baldi A and
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.

Trueblood DD, Gallagher ED and Gould DM (1994) Three stages of seasonal
succession on the Savin Hill Cove mudflat, Boston Harbor. Limnology and
Oceanography 39, 1440–1454.

Wells W and Decker T (2006) A comparison of three types of insect traps for
collecting non-formicidae Hymenopera on the island of Dominica.
Southwestern Entomologist 31, 59–68.

Westphal C, Bommarco R, Carre G, Lamborn E, Morison N, Petanidou T,
Potts SG, Roberts SPM, Szentgyorgyi H, Tscheulin T, Vaissiere BE,
Woyciechowski M, Biesmeijer JC, Kunin WE, Settele J and
Steffan-Dewenter I (2008) Measuring bee diversity in different European
habitats and biogeographical regions. Ecological Monographs 78, 653–671.

Zou Y and Axmacher JC (2020) The Chord-Normalized Expected Species
Shared (CNESS)-distance represents a superior measure of species turnover
patterns. Methods in Ecology and Evolution 11, 273–280.

Zou Y, Feng J, Xue D, Sang W and Axmacher JC (2012) A comparison of
terrestrial arthropod sampling methods. Journal of Resources & Ecology 3,
174–182.

Zou Y, Xiao H, Bianchi FJJA, Jauker F, Luo S and van der Werf W (2017a)
Wild pollinators enhance oilseed rape yield in small-holder farming systems
in China. BMC Ecology 17, 6.

Zou Y, Bianchi FJJA, Jauker F, Xiao HJ, Chen JH, Cresswell J, Luo SD,
Huang JK, Deng XZ, Hou LL and van der Werf W (2017b) Landscape
effects on pollinator communities and pollination services in small-holder
agroecosystems. Agriculture Ecosystems & Environment 246, 109–116.

696 Xiaoyu Shi et al.

https://doi.org/10.1017/S0007485322000104 Published online by Cambridge University Press

https://doi.org/10.1017/S0007485322000104

	Comparison between window traps and pan traps in monitoring flower-visiting insects in agricultural fields
	Introduction
	Materials and methods
	Study area
	Pan trap and window trap
	Camera observation
	Data analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


