
ORIGINAL PAPER

Are pan traps colors complementary to sample community
of potential pollinator insects?

Eduardo Freitas Moreira1
• Rafaela Lorena da Silva Santos1
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Abstract The global initiatives of monitoring and con-

serving pollinators require worldwide assessments with

comparable data sets collected through standardized

methods. The use of pan traps is a passive method widely

applied to sample flower visitors, standing out for its

simplicity. Despite its wide use to sample pollinator

diversity, the influence of color on trap efficiency is not

well understood. The available studies are particularly

scarce in the tropics and have generated divergent results.

The main goal of the present study was to assess whether

blue, yellow and white pan traps are complementary to

sample Hymenoptera community. For this, we placed 49

sample units of blue, white and yellow pan traps in agri-

cultural and natural (savanna-like) areas in Chapada Dia-

mantina, Bahia, Brazil. We found that the species richness

from blue and yellow pan traps were not significantly

different, but both were significantly greater than the spe-

cies richness from white pan traps. However, bees were

significantly more attracted to the blue pan traps and wasps

to the yellow ones; thus, color attractiveness was group-

specific. Pan traps of different color showed low species

composition overlap with 61 % of species collected

exclusively in one of the three pan trap colors, and the

species composition in the blue traps differed consistently

from that in the traps of the other colors. In the article we

discuss the implication of the results and defend the

combined use of pan traps with different colors as a solu-

tion for the differential variable sample bias.

Keywords Color preference � Bees � Wasps � Insect
vision � Monitoring of biodiversity � Neotropical savanna

Introduction

Recently, the decline of pollination services in both natural

and agricultural environments has stimulated an interest in

pollinator conservation, generating a demand for good-

quality baseline information regarding the implementation

and the monitoring of pollinator conservation initiatives

(Harding et al. 2001; Nielsen et al. 2011; Garibaldi et al.

2013; Ekroos et al. 2014). The effectiveness of local

environmental policies depends on a long-term evaluation

of their impacts (Harding et al. 2001). Furthermore, global

initiatives require worldwide assessments, with comparable

standardized data sets (Lebuhn et al. 2013; Garibaldi et al.

2013). Combined, these demands can be not only very

expensive and time consuming but also affected by the

taxonomic group of interest and field conditions, such as

vegetation type and characteristics, as well as by man-

agement conditions (Harding et al. 2001; Ekroos et al.

2014). These issues pose a real challenge for standardiza-

tion that can only be overcome by good sampling methods

that must be simple, replicable, and easily adopted in a

broad variety of studies and, most importantly, their biases

must be well known (Gotelli and Colwell 2001; Roulston

et al. 2007).

In this context, passive methods can be extremely

valuable tools because they are economical, could allow a

high sampling effort and avoid the biases associated with

collectors’ skills (Wilson et al. 2008; Westphal et al. 2008;
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Tuell and Isaacs 2009). One of the most common passive

methods for collecting flower-visiting insects is the pan trap

(Toler et al. 2005; Roulston et al. 2007; Westphal et al.

2008; Vrdoljak and Samways 2012). Pan traps are colored

bowls containing water and detergent, the latter is used to

break the water surface tension forcing the insects drop

down to the bottom of the trap (Disney et al. 1982). The

color of pan traps attracts diverse groups of flying insects

not all of them are pollinators, but some of which could

confuse the traps with natural flowers, causing their capture

(Disney et al. 1982; LeBuhn et al. 2003; Popic et al. 2013).

Pan traps are used in a wide variety of colors, most com-

monly yellow, blue and white, with and without ultraviolet

reflection (Toler et al. 2005; Westphal et al. 2008; Vrdoljak

and Samways 2012). This method is efficient in sampling

species richness; however, some studies indicate that this

method is not bias free (Disney et al. 1982; Droege et al.

2010; Baum and Wallen 2011; Heneberg and Bogusch

2014). In addition, the technique may be limited in cap-

turing larger or more robust insects (Toler et al. 2005;

Roulston et al. 2007; Wilson et al. 2008), and its efficiency

in attracting specific species or groups differs with trap

color (Disney et al. 1982; Chittka and Thomson 2001;

Campbell and Hanula 2007; Vrdoljak and Samways 2012).

There is evidence for cases of nearly complete avoidance of

these traps by some insect species regardless being extre-

mely abundant in their environment (Heneberg et al. 2014).

Despite the wide use of pan traps to sample Hyme-

noptera, the influence of color on trap efficiency is not well

understood. Pan trap color combinations can influence the

capture results, although the existing studies have reached

divergent conclusions, with controversy in the literature

regarding their implications (Toler et al. 2005; Campbell

and Hanula 2007; Missa et al. 2008; Abrahamczyk et al.

2010; Vrdoljak and Samways 2012). There are few studies

comparing color efficiency, most of which were conducted

in temperate and subtropical zones, especially in North

America, leaving an important gap in the tropics (Abra-

hamczyk et al. 2010; Gollan et al. 2011; Bashir et al. 2013;

Gonçalves and Oliveira 2013; Saunders and Luck 2013;

Heneberg and Bogusch 2014; Joshi et al. 2015). Therefore,

it is necessary to investigate more diverse environments

and regions around the world to adequately test and

understand pan trap color efficiency (Gonçalves and Oli-

veira 2013).

Bees and wasps (Hymenoptera: Anthophila and several

other Aculeata) are considered important pollinator groups

for several wild and crop angiosperm plants (Michener

2007; Le Féon et al. 2010). The attraction of bees and

wasps to certain colors is affected by visual stimulation and

their inherent instincts (Leong et al. 1999; Chittka and

Thomson 2001). Even though the preference for colors

may vary between genera of the same family, species of the

same genus, or even the sexes of the same species (Chittka

and Thomson 2001; Weiss and Reice 2005; Heneberg and

Bogusch 2014), such preferences can not only address

physiological requirements but also be modified by prior

experience and/or learning (Chittka and Thomson 2001;

Gumbert and Kunze 2001).

To optimize the effort required to sample pollinators and

save resources, studies using pan traps to assess a pollinator

community should employ traps with complementary color

combinations. This complementarity allows the sampling of

a broader spectrum of flower-visiting species and, therefore,

reduces the trap attraction bias. Knowledge regarding the

color combinations more attractive to specific taxonomic

groups is also a useful tool in the assessment of biodiversity.

The potential applications for the traps are diverse, such as

the study of pollinator behavior, the design of management

and conservation strategies and the accumulation of evi-

dence to better evaluate the decline of pollinators.

Thus, the main goal of this study was to investigate

whether there is community complementarity among

white, blue ultraviolet and yellow ultraviolet pan traps to

sample Hymenoptera. We addressed four questions: (1)

Which pan trap color attracts more bee and wasp species

and individuals? (2) Is the use of different pan trap colors

complementary to sample a Hymenoptera community? (3)

Are there significant differences in the composition of bee

and wasp communities sampled by different colors? (4)

How do the sampling effort and the spatial distribution of

sampling units affect pan trap efficiency?

Materials and methods

Study area

The study was performed between January 2011 and June

2012 in the agricultural area of Mucugê-Ibicoara

(41�2804000W and 13�0901000S), which is adjacent to the

Chapada Diamantina National Park and located in the

central region of the State of Bahia, Brazil. This region

primarily comprises a mosaic of intensive annual crops and

a gradient of savanna formations ranging from grassy to

woody savanna to semideciduous forest (Veloso et al.

1991). The climate is type Aw (Kottek et al. 2006), with a

dry winter and rainy summer. The average annual tem-

perature is 29 �C, with an average monthly rainfall of

1281 mm (INMET 2013).

Sampling units and experimental design

In an area of approximately 197,930 ha, we selected 49

sampling units to capture the environmental variation in

this study region (Fig. 1). The goal of the selection was to
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randomize the effect of confounding variables, such as

geographical distribution, vegetation type and landscape

characteristics that could affect the performance of traps

and the sampling design. To assess the effect of sampling

design on trap performance, we adopted two alternative

designs. The first, named the Proximal Approach (PA),

contained ten sampling units located at least 200 m apart in

the cover types semideciduous forest, grassy-woody

savanna and agricultural crops. The second, called the

Broad Approach (BA), consisted of forty sampling units

that were separated by at least 3 km from one another

along a structural gradient of native vegetation, which

varied from grassy to woody savanna to forested savannah.

The community of Hymenoptera was sampled with a

passive collection method based on colored pan traps in

shades attractive to the group, including blue—UVA (near

ultraviolet), yellow—UVA and white—UVA (LeBuhn

et al. 2003; Westphal et al. 2008; Vrdoljak and Samways

2012). The spectral properties of the pan traps such as

reflectance and fluorescence were detailed in the support

information (Online Resources 1 and 2). The traps were

exposed in the field for a period of 24 h and installed 1 m

above the ground using a cane support (Fig. 2a). At each

sampling unit, the orientation of the pan traps was rotated

to eliminate a systematic effect of color position. The

arrangement of traps in the field and the sampling effort

also varied between the two sampling designs: in the BA,

the pan traps were placed in the field forming a triangle

with sides of 15 m, and the traps of the three different

colors were positioned equidistant from each other 5 m

apart at the triangle vertices, for a total of nine pan traps

(Fig. 2b). Each sampling unit was evaluated bimonthly in

two blocks of twenty units, which were alternated

throughout the year between the months of January to

September 2011. In the PA, each sampling unity was

composed by an 85 m-long transect with 15 pan traps

positioned in groups of three (of different colors) to form

five equilateral triangles with 5 m-long sides. The triangles

were separated by 15 m (LeBuhn et al. 2003) (Fig. 2c).

The collected insects were trapped monthly between April

Fig. 1 Location of the study area. (a) Map of South America

highlighting the country of Brazil and Bahia State. (b) Map of Bahia

State highlighting the Mucugê-Ibicoara ‘‘agricultural pole’’ and

Chapada Diamantina National Park. (c) Delimitation of the agricul-

ture pole and sampling units selected for the broad approach.

(d) Sampling units for the proximal approach
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2011 and June 2012. The total sampling hours were

43,200 h for the Proximal Approach and 33,696 h for the

Broad Approach.

The collected hymenopteran specimens were identified

by the expert zoologists Dr. Favı́zia Freitas de Oliveira and

Me. Thiago Mahlmann Vitoriano Lopes Muniz to at least

the genus level for the bees, according to Michener (2007),

and to the family level for most of the wasps. Because of

taxonomic difficulties in identifying all the insects, only the

bees and wasps were considered for the analyses, and

morphospecies designations were used. The specimens

were deposited at the Natural History Museum/Zoology of

the Federal University of Bahia State, Brazil (MHNBA/

MZUFBA).

Statistical analysis

To avoid the necessity of compliance with the assumptions

of normality and homoscedasticity, we used nonparametric

analyses. All the statistical analyses described in this sec-

tion were performed with the R statistical program, version

2.15.3 (R Development Core Team 2009). In order to deal

with the Type I error inflation by serial non-independent

Fig. 2 Pan trap installation in

the field. a For the broad

approach, each of three sets of

three differently colored pan

traps was positioned 15 m from

the other sets at the vertices of a

triangle with 15 m sides. b For

the proximal approach, five sets

of three differently colored

traps arranged in triangles with

5 m sides were installed on

85 m transects oriented in a

north–south direction.

c Photograph showing a trap

installed in the field. (Color

figure online)
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statistical tests the Bonferroni’s correction was applied on

the base significance level a = 0.05 (Underwood 1997).

Complementarity of pan trap colors

To investigate whether the three pan trap colors used in this

study show complementarity, we compared the numbers of

bee and wasp morphospecies and their total abundances

among the insects found in the blue—UVA, yellow—UVA

and white—UVA traps. For these comparisons, we used

Friedman’s test for randomized blocks, followed by a post

hoc, Wilcoxon, test for paired samples to identify the

source of treatment differences. In these analyses, the

colors were treated as sample units, and the blocks were the

original 49 collection areas. Therefore, these analyses were

performed with n = 147. Furthermore, to assess the dif-

ferences in the composition of the capture among the

blue—UVA, yellow—UVA and white—UVA traps, we

performed an analysis of similarities (ANOSIM) using

1,000,000 permutations and the Bray-Curtis coefficient. To

graphically evaluate the existence of groupings in relation

to the colors of the traps, we used the same distance matrix

to perform nonmetric multidimensional scaling (NMDS)

for three dimensions with 1000 interactions. These analy-

ses were performed separately using the data from the

proximal (n = 30) and the broad (n = 117) approaches as

well as those pooled from both approaches (n = 147). Two

sampling units whose captures were composed solely of

singletons were omitted from these analyses. Both analyses

were performed with the package ‘vegan’.

To determine whether specific morphospecies, genera,

tribes, and families are preferentially captured in traps of a

certain color, we performed the Friedman test for a ran-

domized block design on the abundance of the insect taxa

captured by the traps of the three colors, followed by a post

hoc, Wilcoxon, test for paired samples to identify the

source of treatment differences. We used data pooled from

the two design approaches, with the number of samples

ranging between 15 and 120 per group. Each analysis

included only those groups represented in at least five

sample units and containing at least nine individuals.

The significance level with the Bonferroni correction for

the Friedman’s and the corresponding post hoc, Wilcoxons’

tests was a’ = 0.017. Similarly, for the global and Pair to

pair ANOSIM tests the significance level with the Bonfer-

roni correction was also a’ = 0.017 (the results of the pair-

to-pair tests are presented in the Online Resources 4).

Spatial distribution of the sampling units

To evaluate the effect of sampling effort on sampling

efficiency, we built species accumulation curves for the bee

and wasp communities based on the individuals gathered

using the three sampling designs (PA, BA and combined).

To determine the sampling sufficiency of the three

approaches for estimating the bee, wasp and combined

communities, the richness estimator Jackknife 2 was cal-

culated. The reason for choosing this richness estimator is

that Jackknife 2 is one of the less susceptible to sample

coverage and has high precision even at low sampling

intensities in comparison to other estimators (Hortal et al.

2006). The ‘vegan’ packages was used for these analyses.

Results

Bee and wasp communities

We collected 2662 individuals of 301 flying hymenopteran

morphospecies, with 2239 bee specimens. The bees were

represented by 160 morphospecies. The most representa-

tive bee family was Apidae, with almost 56 % of the bee

capture, followed by the families Halictidae with 38.8 %

and Andrenidae with almost 5 %; Colletidae and

Megachilidae together represented less than 0.5 %. The

wasps were represented by 141 morphospecies belonging

to 14 families; most of the individuals belonged to Vesp-

idae (almost 32.9 %), followed by Crabronidae (23.6 %),

Tiphiidae (15.6 %), Pompilidae (9.9 %), Scoliidae (4.4 %),

Bethylidae and Ichneumonidae (3.5 % each) and Chalci-

didae (2.4 %). Other less representative families included

Braconidae, Evaniidae, Sphecidae, Ampulicidae, Mutilli-

dae and Trigonalidae (Table 1).

Complementarity of pan trap colors

We found variation in the sampling efficiency of the dif-

ferently colored pan traps. In general, the blue traps col-

lected a greater abundance and richness of morphospecies,

when compared with traps of the other colors (Table 2;

Fig. 3a, b). At the genus and tribe levels, the collections in

the blue traps also showed greater richness (Table 1). Bee

abundance and richness were highest in blue traps, driving

the pattern seen for total insect catches (Table 2; Fig. 3c,

d). In contrast, wasp abundance and richness were highest

in yellow traps (Table 1; Fig. 3e, f).

Despite the differences in efficiency, the colors were

complementary for sampling Hymenoptera. Approximately

62 % of the collected morphospecies were unique to one of

the three colors, whereas only 19 % of the morphospecies

were collected by all three colors (Fig. 4a). Considering the

total community, the yellow and blue traps differed only

slightly regarding the number of unique morphospecies

captured, whereas the white traps collected the fewest

unique morphospecies. Considering only bees, 48 % of the
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Table 1 Total sampling of bees and wasps using pan traps per family, tribe and genus in each trap yellow, blue and white separately for each

sample design carried out in this study

Family, tribe and genus Number of bees and wasps captured by pan traps taking into account the color and sample design used in the study

Yellow (Y) Blue (B) White (W) Grand Total Wilcoxon test

BA PA BA PA BA PA BxW BxY WxY

Ampulicidae 1 2 3

Andrenidae� - 2 23 1 41 3 35 105

Calliopsini� -

Acamptopoeum� - 11 2 5 18

Oxaeini� -

Oxaea� - 2 12 1 39 3 29 86

Protandrenini

Anthrenoides 1 1

Apidae� *** 93 168 338 303 160 193 1255 *** *** *

Apini� *

Apis� * 15 67 19 43 53 77 274 * - *

Bombini

Bombus 1 1 1 1 4

Centridini� *** 1 2 16 17 3 2 41 *** *** -

Centris� *** 1 10 7 2 20 ** ** -

Epicharis� *** 2 6 10 1 2 21 ** ** -

Ceratinini� * 6 15 29 29 17 30 126 - ** *

Calloceratina 1 1

Ceratina� * 6 15 28 29 17 30 125 - * -

Emphorini� *** 7 22 62 52 7 10 160 *** *** -

Ancyloscelis� - 7 19 16 3 4 9 58

Diadasina 5 5

Melitoma� *** 29 25 1 55 ** ** -

Melitomella� *** 13 17 1 31 * * -

Ptilothrix 3 4 2 2 11

Ericrocidini

Mesoplia 1 1

Eucerini� *** 4 5 21 52 1 12 95 *** *** -

Florilegus 1 1

Melissodes� - 1 1 4 4 10

Melissoptila� - 2 3 5 5 2 17

Micrinychapis 3 3

Thygater� *** 2 1 12 43 1 5 64 *** *** -

Euglossini� ** 10 2 1 1 14 * ** -

Euglossa� * 8 2 1 11 - * -

Eulaema 2 1 3

Exomalopsini� ***

Exomalopsis� *** 47 47 143 94 52 51 434 *** *** -

Meliponini� - 11 9 26 8 14 5 73

Geotrigona 1 3 3 1 8

Melipona 1 2 3

Trigona� - 9 4 23 7 14 5 62

Protepeolini

Leiopodus 1 1
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Table 1 continued

Family, tribe and genus Number of bees and wasps captured by pan traps taking into account the color and sample design used in the study

Yellow (Y) Blue (B) White (W) Grand Total Wilcoxon test

BA PA BA PA BA PA BxW BxY WxY

Rhathymini

Rhathymus 1 1

Tapinotaspidini� * 1 11 2 9 3 26 - * *

Arhysoceble� ** 2 6 1 9 - - *

Caenonomada 1 1

Paratetrapedia� - 1 7 1 3 2 14

Tapinotaspoides 2 2

Tetrapediini

Tetrapedia 1 1

Xylocopini

Xylocopa 2 1 1 4

Bethylidae� ** 13 2 15 - * -

Braconidae 2 2 4

Chalcididae� - 1 5 1 3 10

Colletidae 1 1 2

Colletini 1 1 2

Colletes 1 1

Hylaeus 1 1

Crabronidae� *** 49 28 6 2 5 10 100 - *** ***

Evaniidae 1 2 1 4

Halictidae� - 197 110 171 79 171 140 868

Augochlorini� - 116 16 81 29 81 25 348

Augochlora� - 29 5 45 15 35 18 147

Augochlorella� - 20 2 15 1 11 4 53

Augochloropsis� ** 55 8 17 2 24 2 108 - *** **

Neocorynura 1 1

Pseudaugochlora� - 11 1 3 9 8 1 33

Rhinocorynura 1 1

Temnosoma 1 1

Thectochlora 1 1 2 4

Halictini� - 81 94 90 50 90 115 520

Lasioglossum

(Dialictus)� -
81 93 90 50 90 115 519

Pseudagapostemon 1 1

Ichneumonidae� ** 2 9 3 1 15 - - *

Megachilidae� - 1 2 1 4 1 9

Anthidiini 1 1 1 3

Lithurgini

Lithurgus 1 1

Megachilini

Megachile 2 3 5

Mutillidae 1 1 2

Pompilidae� - 7 11 4 2 10 8 42

Scoliidae� - 2 1 8 2 3 2 18

Sphecidae 3 1 4

Tiphiidae� ** 13 41 5 1 6 66 - * **
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morphospecies were exclusive to one trap color, and the

blue traps showed the highest number of exclusive mor-

phospecies, approximately 28 % (Fig. 4b). For wasps,

77 % of the morphospecies were exclusive to one trap

color, and 44 % of these morphospecies were collected

exclusively in yellow traps (Fig. 4c).

Fig. 3 Box plot comparison of

the number of morphospecies

(a–c) and the abundance (d–
f) of Hymenoptera found in

collections from blue with

ultraviolet, white and yellow

with ultraviolet pan traps for

bees and wasps combined (a, d),
only bees (b, e) and only wasps

(c, f). The colors are represented
along the x axis by the

respective initials of blue, white

and yellow. (Color

figure online)

Table 1 continued

Family, tribe and genus Number of bees and wasps captured by pan traps taking into account the color and sample design used in the study

Yellow (Y) Blue (B) White (W) Grand Total Wilcoxon test

BA PA BA PA BA PA BxW BxY WxY

Trigonalidae 1 1

Vespidae� * 39 17 21 13 27 22 139 - * -

Brachygastra 2 1 1 4

Polistes 1 1

Zethus 1 1

Total 408 437 556 453 384 424 2662

Family, tribe and genus colors preferences. On the table is signaled with � only family, tribe and genus occurring in at least five sample units with

at least nine individuals collected by pan traps which were performed by Friedmańs and Wilcoxon tests with corrected significance level

a = 0.017. The table also shows the Pairwise Wilcoxon posthoc test

BA Broad Approach and PA Proximal Approach

- p[ 0.05; * p\ 0.05; ** p\ 0.01 and *** p\ 0.001

Table 2 Summary of

Friedman’s and Wilcoxon’s

tests results for species richness

and abundance of the total

community, as well as bees’ and

wasps’ community

Community Level Friedman’s test results Wilcoxon’s test results

v2 p value B X W B X Y W X Y

Total Richness 18.3 \0.001 \0.001 0.053 0.024

Abundance 15.8 \0.001 0.001 0.002 0.339

Bees’ Richness 36.2 \0.001 \0.001 \0.001 0.881

Abundance 32.9 \0.001 \0.001 \0.001 0.093

Wasps’ Richness 21.5 \0.001 0.074 \0.001 \0.001

Abundance 28.8 \0.001 0.029 \0.001 \0.001

The corrected significance level was a = 0.017. v2 Chi square; Y yellow; B blue; W white
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Apparently, the wasp morphospecies showed greater

color specificity, when compared with the bee morphos-

pecies. However, the bees and wasps also differed

regarding the number of individuals collected per mor-

phospecies. On average, the bees showed approximately 14

(median = 3) individuals per morphospecies, whereas the

wasps showed only 3 (median = 1). In addition, 66 % of

the bee morphospecies were represented by more than one

individual, whereas only 31 % of the wasp morphospecies

had two or more representatives.

The non-color-exclusive morphospecies also showed

frequency differences among the three collections from the

differently colored pan traps. Considering the bees, 77

(48 %) morphospecies had a higher abundance in the blue

traps (Fig. 4). However, of the 40 morphospecies tested,

only 11 (58 %) showed a statistically significant preference

for blue. At the bee genus and tribe levels, these results

remained consistent, with only 6 of the 23 genera (26 %)

and 5 of the 13 tribes (39 %) showing a statistically sig-

nificant preference for blue. Wasps showed a general

preference for yellow, 74 wasp morphospecies (52 %) had

a higher abundance in the yellow traps (additional data is

available in Online Resource 3).

The complementarity of the pan trap colors was also

evident for the community composition, which varied sig-

nificantly more between colors than within colors for all

three sampling designs (Fig. 5). As indicated by the lack of

overlap between the notches of the boxplots, the community

composition in the blue pan traps were significantly dif-

ferentiated from the other colors in all tested conditions

(Fig. 5a–c). The yellow pan traps were significantly dif-

ferent from those of the other colors only in the broad

approach (Fig. 5b). In addition, the white pan traps were

found to be different only when using the proximal sam-

pling approach (Fig. 5c). This pattern can also be visualized

on the ordinations, where the blue dots are more grouped

and separated from the yellow ones for the three sampling

designs (Fig. 5d–f). Likewise, the pair-to-pair post hoc

analysis of similarities confirmed the observed results of the

main tests (see Online Resources 4 for more details).

Spatial distribution of the sampling units

The species accumulation curves did not differ among the

three experimental designs. In addition, the results for the

estimated morphospecies richness showed little variation

among the sampling designs (Fig. 6). Furthermore, the

broad approach performed slightly better than the proximal

approach, collecting 52 % of the estimated morphospecies

(Fig. 6). However, qualitative and quantitative differences

occurred in the representativeness of the sampling designs

for bees and wasps. The curves for bees exhibited an

inflection point, whereas those for wasps remained almost

linear (Fig. 6). In addition, the relationship between the

estimated and observed morphospecies richness was better

for bees than for wasps in the three sampling designs

(Fig. 6). This evidence indicates that the bees were pro-

portionally better represented than the wasps.

Discussion

Our results clearly show that the yellow—UVA, blue—

UVA and white—UVA pan traps are complementary to

each other for sampling bee and wasp communities. Based

Fig. 4 Venn diagram showing the number and proportion of

morphospecies collected by blue, yellow and white pan traps; a Total

Hymenoptera collection; b Bee collection; c Wasp collection. (Color

figure online)

J Insect Conserv (2016) 20:583–596 591

123



Fig. 5 Differences in

community composition

assessed using blue, white and

yellow pan traps and two

plotting methods: ANOSIM (a–
c) and NMDS (d–f). Plots a and

d, b and e, and c–f are from

combined, broad and proximal

sampling designs, respectively.

The ANOSIM test is

statistically significant when the

distance between colors is

greater than the distance within

at least one color. The lack of

overlap of the box plot notches

indicate that the dissimilarity

medians are significantly

different at a 95 % confidence

interval. (Color figure online)

Fig. 6 Species accumulation

curves for bees and wasps

gathered from Hymenoptera

communities using the three

sampling designs (broad,

proximal and combined). The

vertical lines represent standard

deviations for the rarefaction

procedure. The observed (OR)

and estimated (Jackknife 2)

species richness are shown

inside each graphic
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on these results in comparison with previous studies, we

suggest that a combination of pan traps with different

colors can reduce the interference by environmental con-

ditions in the pan trap sampling results. Below we explain

the logic behind this claim and how it can be especially

important for studies with a wide geographical distribution,

as well as for long term studies. We also found a strong

group-specific bias, with the bees preferentially attracted

by the blue traps and the wasps mostly preferring the

yellow ones. This differentiation was true for richness, total

abundance, the number of species attracted exclusively to

each color and the absolute frequency of each species, with

few exceptions. However, differences in taxonomic group

preferences found between studies may reveal an even

more important bias.

There is no consensus in the literature regarding the

colors preferred by each group. Many studies reported no

significant differences in color attractiveness (Toler et al.

2005; Wilson et al. 2008), whereas those that reported

differences disagreed on the color preference (yellow

(Abrahamczyk et al. 2010; Gollan et al. 2011), yellow and

white (Vrdoljak and Samways 2012; Heneberg and

Bogusch 2014), blue (Stephen and Rao 2007), blue and

white (Campbell and Hanula 2007) and white (Romey

et al. 2007)). Some authors argue that the preferences for

traps of certain colors are innate characteristics (Heneberg

and Bogusch 2014). However, behavioral studies indicate

that the preferences of pollinators for certain colors are

subject to learning mechanisms and the experience of

organisms (Chittka and Thomson 2001; Gumbert and

Kunze 2001). An evaluation of innate preferences is pos-

sible only with inexperienced, newly hatched individuals in

a controlled environment (Lunau and Maier 1995). Under

these conditions, the foraging theory states that the memory

of Hymenoptera ensures that individuals prefer resources

that offer a higher reward-to-cost ratio (Chittka and

Thomson 2001; Reser et al. 2012). Therefore, innate

preference is unlikely to be observed in uncontrolled field

studies.

Accordingly, preferences for pan trap colors probably

are highly influenced by the local floral phenology and/or

the periodicity of agricultural crops. Another consequence

that follows from this proposition is that the differences

found between groups of potential flower visitors in their

color preferences may reflect a niche differentiation present

in the region. Such niche differentiation between pollinator

groups is plausible given the common modularity in plant-

pollinator networks (Olesen et al. 2007; Bascompte and

Jordano 2007; Bastolla et al. 2009). Thus, bees that visit

mostly blue flowers should be preferentially collected in

blue pan traps, and bees whose favorite flowers are yellow

should be collected in greater numbers by yellow traps. For

example, Saunders and Luck (2013) found that white traps

placed in almond orchards (with white flowers) captured

more Hymenoptera than the white traps in native vegeta-

tion habitats.

Another source of bias is the visual perceptibility of the

pan traps in different environments. Behavioral studies

indicate that the contrast between color signals and the

background, along with the purity of the visual signal,

determine the color detection capacity of Hymenoptera

(Chittka and Thomson 2001). Accordingly, specific vege-

tation types can favor the detection of colored pan traps by

Hymenoptera (Saunders and Luck 2013). Abrahamczyk

et al. (2010) found that the effectiveness of yellow and blue

traps is affected by forest cover; yellow pan traps per-

formed better inside forests, perhaps because yellow traps

are more perceptible than blue ones in these places (with

lower light intensity). Stephen and Rao ( 2007) used yellow

and blue traps to sample in sunflower orchards and con-

cluded that blue traps capture more bees, a fact that could

be explained by the contrast between blue traps and the

yellow background of sunflowers.

Together, the complex interaction between the contrast

with background, innate and learned color preferences can

help to explain why the preference for color varies so much

between studies. Saunders and Luck (2013) proposed that

the preferences for pan trap colors is habitat-specific.

However, the evidence discussed here shows that the pref-

erences for pan traps colors could vary along a year,

between years, even in the same area as well as among areas

(Joshi et al. 2015). This make the trap color preference

context-dependent rather than habitat-dependent. In fact, it is

that myriad of confounding factors resulting from complex

interactions with the characteristics of the local vegetation

that makes the combined use of different colored traps so

relevant. The three colors, yellow—UVA, blue—UVA and

white—UVA, cover the extremes of the wavelengths visible

to Hymenoptera (Chittka and Menzel 1992; Chittka et al.

1994; Vorobyev 1999). Therefore, the three colors in con-

junction would ensure that at least one of them would be

compatible with the preference of flower visitors, buffering

the effect of local conditions on monitoring Hymenoptera.

Otherwise, sampling from even very similar communities in

different conditions can generate completely different

results. However, it is important to consider the tradeoffs

between the use of three or more different colors that pre-

sented different efficiency (i.e. number of individuals and

species) in a given condition in comparison to just triple the

number of the most attractive color.

For example, suppose that 10 yellow traps attracted 100

individuals of 20 species, and 10 blue traps attracted 10

individuals of 8 species, of which 5 are present in both

traps. In this scenario, if we use 20 traps of the most effi-

cient colors, we may end up with 200 individuals of 20

species. Therefore, the use of two colors instead of one
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apparently would not be justified. Now suppose that in

other study we aim to evaluate the effect of reforestation in

the potential pollinator richness. For this, we sampled ten

areas, five reforested and five non-reforested, with five blue

pan traps in each area, and end up with two times more

bees in the non-reforested areas in comparison to the

reforested areas. The point here is that, given what was

discussed above, we have no confidence that the difference

between these two treatments is given by the difference in

species richness between environments, or if it is given by

a difference in bias of the blue pan traps between the two

conditions analyzed. If two or three pan trap colors were

used instead of one, we would lower the chances of com-

promising the sampling by a systematic effect of the

sampling bias from the pan trap colors. Bear in mind that

maximizing sampling is rarely the aim in ecological studies

and even if this is the case one cannot be confident that the

chosen color is the right one.

We also found evidence for an effect of sampling design

on the complementarity of pan trap colors. The collections

in the blue traps differed significantly from those in the

other traps independently of the sampling design

employed, but the differences encountered for the white

and yellow traps depended on the sampling design. The

specific effect of sampling design on the hymenopteran

response to yellow and white traps may be associated with

the behavior characteristics of the groups predominantly

collected in traps of those colors. Generally, wasps present

a gregarious distribution, which generates considerable

heterogeneity in their sampling (Richter 2000; O’Neill

2001; Polidori et al. 2010). Therefore, the use of spatially

grouped traps combined with widely distributed samples

would generate results with high variability. This propo-

sition is supported by the high variability observed in the

wasp community composition in both the broad and

proximal sampling approach. The white traps collected

mainly morphospecies of solitary bees in the Apidae and

Halictidae families, which are relatively small, possibly

with low home range and were widely distributed in the

studied region. In this case, a more spatially clustered

sampling compared with a more dispersed can promote a

better representation of these Hymenoptera.

However, our data indicated no differences among the

sampling designs regarding the efficiency of the traps

(observed richness/estimated richness). This result suggests

that the efficiency of pan traps is less sensitive to the spatial

distribution of samples (clustered or dispersed) than to the

sampling effort (number of traps). One can make this

conclusion because the major difference between the

sampling designs was the spatial distribution of the pan

traps, whereas the number of pan traps exposed per sample

unit was almost the same. Moreover, the absence of an

asymptote in the pan trap sampling indicates that this

method was insufficient to exhaust the diversity of

Hymenoptera in the tropical savanna (region studied),

despite the considerable sampling effort that we expended.

Such results are common in tropical environments inde-

pendently of the sampling techniques and can be attributed

to the relatively high species diversity in comparison to

other regions. However, similar performances of pan traps

are reported in the literature for other regions too (Hene-

berg and Bogusch 2014). Therefore, it is advisable for the

survey of diversity to combine the use of pan traps with

other collection devices, such as malaise, trap nests and

hand-net (Bashir et al. 2013; Spafford and Lortie 2013). In

addition, the results obtained from pan traps must be

interpreted with caution when the interest is specifically

pollinators. Not all insects collected with pan traps are

potential pollinators (Popic et al. 2013). Therefore, to drive

conclusions about pollination based on pan trap results it is

essential to filter the results selecting only the groups that

are known as floral visitors and potential pollinators.

Conclusion

The presented evidence clearly shows that given the large

numbers of factors involved, it is very difficult to deter-

mine, a priori, the possible effectiveness of a single color of

pan trap and their bias. Therefore, we recommend the

combined use of three differently colored pan traps (blue—

UVA with, yellow—UVA with white—UVA) in studies

that aim to monitor and compare flower visitors on a global

scale. However, for studies aiming to extensively survey

potential pollinators and flower visitor diversity, a combi-

nation of pan traps with other collection methods, such as

trap nests and entomological net, is recommended.
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Heneberg P, Bogusch P, Astapenková A (2014) Reed galls serve as an

underestimated but critically important resource for an assem-

blage of aculeate hymenopterans. Biol Conserv 172:146–154.

doi:10.1016/j.biocon.2014.02.037

Hortal J, Borges PAV, Gaspar C (2006) Evaluating the performance

of species richness estimators: sensitivity to sample grain size.

J Anim Ecol 75:274–287. doi:10.1111/j.1365-2656.2006.01048.x

INMET (2013) Banco de Dados Meteorológicos para Ensino e

Pesquisa. In: 29/04/2013. http://www.inmet.gov.br/portal/index.

php?r=bdmep/bdmep. Accessed 2 Nov 2014

Joshi NK, Leslie T, Rajotte EG et al (2015) Comparative trapping

efficiency to characterize bee abundance, diversity, and com-

munity composition in apple orchards. Ann Entomol Soc Am

108:785–799. doi:10.1093/aesa/sav057

Kottek M, Grieser J, Beck C et al (2006) World Map of the Köppen-
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