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Abstract

1. Rewardless flowers that no longer contain nectar are common among flowering

plants, which often retain these colour-changed, empty flowers instead of shedding

them. Yet, how these flowers influence pollinators’ foraging choices within an inflo-

rescence remains unclear. We hypothesised that rewardless flowers in an inflores-

cence may act as “decoys”, causing the rewarding flowers in the inflorescence to

be perceived as more valuable by contrast.

2. Using artificial inflorescences, we presented individual bumblebees (Bombus terres-

tris) with a binary choice between two equally rewarding inflorescences, one of

which included additional unrewarded, differently coloured flowers. We found that

the presence of rewardless flowers did not increase bees’ preference for neighbour-

ing flowers, nor did it affect their overall choice between inflorescences. However,

bees quickly learned to avoid the unrewarded flowers, drastically reducing visits

and probing within a few foraging bouts. We review research on decoy effects in

bees and find very little support for their presence.

3. Our findings contribute to the growing body of evidence that rewardless flowers

do not induce decoy effects in bees and highlight the need for further research into

the ecological role of rewardless flowers within floral patches.
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INTRODUCTION

Decision-making in animals is often context-dependent: preferences

can arise from comparisons between available options, rather than

from their intrinsic value alone (Tversky, 1969; Tversky &

Simonson, 1993; Rosati & Stevens, 2009; Owen et al., 2017). For

example, a food reward may seem more appealing next to a poorer

option, or a potentially acceptable mate may become irrelevant if a

better one is available (Bateson et al., 2003; Poissonnier et al., 2024;

Wendt et al., 2019). Context-dependent choices are especially likely

under environmental constraints, because comparing options requires

less effort and can be as effective as evaluating each option

individually (Bateson, 2002; Tversky, 1969). Yet, comparative evalua-

tion can sometimes lead to seemingly “irrational” choices, where the

chosen option is not objectively superior but appears favourable in

context (Ariely, 2009).

One prominent example of this is the decoy effect, a cognitive

bias where adding a clearly irrelevant, inferior option to a choice set

shifts preferences among the remaining options (Huber et al., 1982).

This phenomenon has been widely observed in both real-world con-

texts and experimental settings, affecting humans (Ariely, 2009;

Marini et al., 2020; Simonson & Tversky, 1992) as well as non-human

animals across diverse taxa, including mammals (Jackson &

Roberts, 2021; Parrish et al., 2015; Scarpi, 2011), invertebrates
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(Hemingway et al., 2024; Sasaki & Pratt, 2011; Shafir et al., 2002) and

even a unicellular organism (Latty & Beekman, 2010).

Flower-visiting insects navigate a multitude of floral options

which differ in various traits that can be compared—a context particu-

larly relevant to decoy effects, as reviewed by Latty and Trueblood

(2020). Notably, many flowers within floral patches are naturally

rewardless (Thakar et al., 2003). The persistence of such unrewarded

flowers in plant populations remains unclear, as well as their potential

impact on pollinator behaviour. Could these rewardless, irrelevant

flowers act as decoys and influence the foraging decisions of

pollinators?

Most decoy effects create an attraction effect, where the pres-

ence of an irrelevant decoy makes the option that most resembles it

more appealing, shifting attention away from other options (Huber

et al., 1982). The best studied example of this is the asymmetrically

dominated (AD) decoy: clearly worse than a target option in one attri-

bute but comparable to competitor options, making the target stand

out as the best choice (Huber et al., 1982; Huber & Puto, 1983;

Wedell, 1991). AD decoys have been shown in the context of foraging

choices in pollinators: in honeybees, a decoy flower shifted preference

towards flowers with deeper corollas over more concentrated nectar

(Shafir et al., 2002) or towards flowers with a higher sucrose concen-

tration over flowers offering warmer nectar (Tan et al., 2014). In bum-

blebees, decoy effects were tested along two attributes, nectar

concentration and reward rate, but an effect was only observed for

reward rate (Hemingway et al., 2024).

Another class of decoys is phantom decoys: they create an attrac-

tion effect by introducing an option that appears desirable but is unavail-

able at the time of choice (Pratkanis & Farquhar, 1992; Trueblood &

Pettibone, 2017). This unavailability leads decision-makers to favour the

most similar alternative to their preferred, “sold out” option. Rewardless

flowers in nature, for instance, may act as phantom decoys (Latty &

Trueblood, 2020). However, few studies have examined the effect of

empty flowers on pollinators in the context of a decoy effect, and find-

ings are inconsistent. In honeybees, Tan et al. (2014) found that an

attractive but unavailable feeder increased preference for the most simi-

lar available option, whereas an unattractive phantom decoy had no

effect. Conversely, Forster et al. (2023a) found that introducing an

empty, previously rewarding flower did not shift bees’ preferences

between the available flowers, and a similar lack of effect was observed

in bumblebees (Forster et al., 2025).

In nature, pollinators tend to avoid unrewarding flowers

(Cresswell, 1999; Smithson & Gigord, 2003) and spend less time on

inflorescences containing empty flowers (Biernaskie et al., 2002;

Hirabayashi et al., 2006). Rewardless flowers also increase bee move-

ment between flowers and often lead to higher patch abandonment

(Cresswell, 1990; Forster et al., 2023a; Ishii et al., 2008; Nakamura &

Kudo, 2016). Yet, their influence on pollinator behaviour is ambigu-

ous. Bees may prefer revisiting a known unrewarding flower over

exploring an unfamiliar flower colour (Dyer & Murphy, 2009) and may

be drawn to flowers with similar colours or attributes if they were pre-

viously rewarding (Internicola et al., 2007; Tan et al., 2015). Con-

versely, encountering empty flowers might instead push bees to seek

out flowers with distinctly different colours (Smithson &

Gigord, 2003; Smithson & Macnair, 1997).

Rewardless flowers are widespread among flowering plants

(Smithson & Gigord, 2003; Thakar et al., 2003). Some never produce nec-

tar (Gaskett, 2011; Gilbert et al., 1991), while others gradually decrease

nectar production as they age (Gilbert et al., 1991; Weiss, 1991). Aging or

pollinated flowers often change colour (Brito et al., 2015; Thakar

et al., 2003) even within an inflorescence (see Figure 1a), potentially sig-

nalling pollinators, which flowers are unproductive (Weiss, 1991). Here,

we propose an alternative hypothesis: that differentially coloured, unre-

warding flowers may act as decoys, which by contrast causes the nearby

productive flowers to be perceived as more valuable when compared to

those in competing inflorescences. Successive contrast effects should also

contribute to an increased preference for a rewarded flower experienced

directly after experiencing an unrewarded flower (Bitterman, 1976;

Wendt et al., 2019).

In this study, we investigated whether the presence of unre-

warded flowers influenced the preference of bumblebees (B. terrestris)

between two inflorescence options. To test this, we compared bees’

overall preference between two equally rewarding inflorescences, one

blue and one purple. In the control group, both inflorescences con-

tained only rewarding flowers, whereas in the decoy groups, one

inflorescence included two additional yellow, unrewarded flowers.

We hypothesized that these differently coloured, rewardless flowers

would act as decoys, enhancing the perceived value of neighbouring

rewarding flowers by contrast. Therefore, we predicted that: (1) within

groups, bees would prefer rewarding flowers in the inflorescence with

decoy flowers, and (2) across groups, bees would have an increased

preference for a given inflorescence (blue or purple) when it contained

decoys, compared to when it did not.

MATERIALS AND METHODS

Colony setup

Commercial Bombus terrestris colonies were purchased from Koppert

(The Netherlands) and kept under controlled laboratory conditions at

22–24�C with a 14:10 light: dark cycle. Colonies were housed in plas-

tic nestboxes (23 � 21 � 12 cm), modified from their original trans-

port containers with a removable Plexiglas lid for easy handling of the

bees. Each nestbox was connected to its respective flight arena

(60 � 35 � 25 cm) via a transparent tube leading to a small chamber

(6 � 5 � 3 cm). The chamber featured a second tube that provided

direct access to the arena and was fitted with transparent, removable

shutters to regulate bee movement between the nest and arena (see

apparatus Figure 2).

Bees were provided daily with pollen balls made from a mixture

of organic flower pollen pellets and 35% (w/w) sucrose solution,

placed directly in the nestboxes. During the day, workers foraged

freely on artificial inflorescences in the flight arena, which offered

35% (w/w) sucrose solution and were regularly refilled. A total of

92 bees participated in the experiment: 10 bees from three colonies
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in February 2023 and 82 bees from five colonies between October

and November 2023 (see colony details in Supplement S1).

Artificial inflorescences

Bees foraged on artificial inflorescences mimicking an umbel, com-

posed of small flowers spaced 1 cm apart and symmetrically arranged

in a circular pattern radiating from a central point (see Figure 1b). Each

flower consisted of an opaque cup (0.4 cm diameter, 0.6 cm height)

filled with 35% (w/w) sucrose solution. The inflorescences were 3D-

designed and printed using white resin and came in two sizes:

10-flower inflorescences (3.4 cm diameter, 5 cm height) and

12-flower inflorescences (4 cm diameter, 5 cm height). In the experi-

ment, the 12-flower inflorescences included two additional unre-

warded “decoy” flowers filled with plain water. To collect sucrose, the

bees had to fly to an inflorescence, land on a flower, and extract

sucrose solution from the cup.

Flowers were painted blue (peak reflectance �470 nm), purple

(peaks �420 and �670 nm), or yellow (weak peak from �530–700 nm,

see Supplement S2 for reflectance curves). During the experiment, inflo-

rescences were either all blue or all purple, with the decoy-equipped

inflorescence containing two additional yellow decoy flowers. Blue and

purple were used as colour cues for rewarding flowers because naïve

bees naturally prefer them (Gumbert, 2000; Lunau, 1990), while yellow

was chosen as a contrasting colour to clearly differentiate the decoy

flowers from the neighbouring blue or purple flowers in the decoy inflo-

rescences. Between experimental sessions, inflorescences were left

unpainted in neutral white to prevent bees from associating experimental

colours with rewards (see below).

Visual angles of flowers

From the arena entrance (≈50 cm from the inflorescences; see

Figure 2), the visual angle of flowers can be approximated as θ ≈ size/

distance (in radians). A single flower about 0.4 cm wide, viewed from

slightly above at 50 cm, therefore subtends an angle of

θ ≈ 0.4/50 rad ≈ 0.008 rad ≈ 0.5�. By the same calculation, entire

inflorescences (3.4–4.0 cm in diameter) subtended �4–5� (≈ 3.4–

4.0/50 rad). These values indicate that, from the entrance, bees would

perceive each inflorescence as a small coloured patch (blue or purple),

whereas the colours of individual flowers (including the yellow ones)

would only become distinguishable at a closer range.

F I GU R E 1 Bumblebee foraging on an inflorescence with differentially coloured flowers. (a) Inflorescence of Lantana camara: Newly opened,
fertile flowers are yellow, while older, previously visited flowers turn orange to magenta due to anthocyanin accumulation triggered by pollination
(Ram & Mathur, 1984). Photo ©Luigi Strano. (b) Artificial inflorescence used in experiment: Purple flowers provided high-quality sucrose solution
(50% w/w), while yellow flowers were rewardless and filled with plain water.

F I GU R E 2 Top view of the experimental setup, to scale. The 3D
model, created in Blender, illustrates a training bout featuring a
purple, decoy-equipped inflorescence positioned to the right and a
blue inflorescence to the left, as oriented from the bee’s perspective
upon entering the arena (dimensions: 60 � 35 � 25 cm). The distance
between the entrance platform and the inflorescences was of
approximatively 50 cm.
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Pre-training

Between experimental sessions, conducted in the afternoons from

1 to 4 pm, bees were allowed free access to the flight arena to famil-

iarise themselves with the artificial inflorescences. The arena con-

tained four all-white inflorescences, two 10-flower and two 12-flower

inflorescences, randomly positioned to ensure bees were equally

exposed to both sizes. Individual flowers were regularly replenished

by an experimenter using a pipette through the arena’s side doors.

Bees observed foraging regularly on the inflorescences were captured

and marked on the thorax with uniquely numbered, coloured tags and

considered for selection in the experiment on the same day.

Training

Bees remaining in the arena from pre-training were returned to the

nestbox using forceps, the arena was wiped clean with 70% ethanol,

and access was closed. When a tagged bee entered the chamber lead-

ing to the arena, recording began, and training started. Bees were

assigned to one of two treatments:

1. Control treatment (n = 31 bees): Bees were presented with two

10-flower inflorescences, one with all purple flowers and the other

with all blue flowers. Each flower offered 4 μL of high-quality

sucrose solution (50% w/w). This treatment tested the bees’ rela-

tive preference between the purple and blue inflorescences, both

of which offered the same total amount of sucrose.

2. Decoy treatments (n = 61 bees): Bees were presented with a

10-flower inflorescence (all purple or all blue) and a 12-flower inflo-

rescence with 10 flowers of the other colour (purple or blue) plus two

additional yellow, decoy flowers. Each flower contained 4 μL of high-

quality sucrose solution (50% w/w), except the decoy flowers, which

were filled with 4 μL of plain water, effectively making both inflores-

cences equally rewarding. For 32 bees, the decoy-equipped inflores-

cence was blue (“Blue decoy” treatment), and for 29 bees, the

reverse (“Purple decoy” treatment). These treatments tested whether

the presence of decoy flowers influenced bees’ relative preference

between inflorescences compared to the control treatment.

Preferences were assessed at the population level by comparing

treatment groups (control vs. decoys) rather than testing individual

bees before and after introducing decoys. This approach avoided

repeated trials with the same bees, eliminating the potential influence

of prior exposure and learning effects.

The inflorescences were positioned at the centre of the arena,

one on the left and one on the right, spaced 20 cm apart and 60 cm

from the entrance. In the decoy treatments, decoy flowers were con-

sistently placed on opposite sides within each inflorescence (left and

right) to ensure their colour was clearly visible to bees entering the

arena (see Figure 2). Each bee was randomly assigned a colour and

side for each inflorescence type, and these assignments were kept

consistent across all bouts to help bees associate each inflorescence

with visual and location cues.

In each foraging bout, both inflorescences provided a total of

80 μL of sucrose solution, which is below the average crop capacity

of bumblebees (120–180 μL; Lihoreau et al., 2010), ensuring that all

rewards could be collected. Inflorescences were replaced with clean

ones each new bout to prevent scent marks from influencing subse-

quent foraging (Goulson et al., 2000; Saleh et al., 2007). Bees were

required to probe at least one decoy flower (i.e., extend their probos-

cis into the cup) during the first bout to continue in the experiment.

Video analysis revealed that bees systematically walked on the

surface of the inflorescence between neighbouring flowers, collecting

them sequentially before switching to the second inflorescence, after

fully depleting the first (see video example in Supplement S3). To

ensure bees associated yellow flowers with the absence of reward,

the decoys were filled with plain water rather than left empty. Pilot

trials showed that empty decoys were treated as already-depleted

flowers, with bees walking over them without probing, which could

weaken the decoys’ intended effect.

Binary choice test

After completing all six foraging bouts, each bee performed a final

test bout with two inflorescences (purple vs. blue), both unrewarded

(plain water) and without decoys. The positions of the inflorescences

were kept consistent with earlier bouts to help the bees anticipate

each inflorescence location and minimise rushed or random choices.

We recorded the first inflorescence choice as an indicator of its

preference.

Data analysis

Each foraging bout was video-recorded by a camera (Sony HDR-

CX220) positioned above the flight arena. Bee behaviour was ana-

lysed using the event-logging software BORIS (v8.6). For each bee,

we recorded in every foraging bout: (1) the first inflorescence vis-

ited (blue or purple; decoy-equipped or not), (2) the first flower

landed on within the inflorescence (blue, purple, or yellow) and

(3) whether a decoy flower was probed (i.e., bee’s proboscis

extended into the cup).

We tested the hypothesis that the presence of decoy flowers

would change bees’ relative preference between the blue and purple

flowers by comparing (1) the overall preference for each inflorescence

in the control treatment to those in the decoy treatments and (2) the

preference for each inflorescence within treatments. We built a gen-

eralized linear mixed model (GLMM) with the first inflorescence

choice (blue or purple) in the binary test as the response variable and

treatment (“control”, “blue decoy” or “purple decoy”) and inflores-

cence side (“left” or “right”) as predictors. Random effects included

bee colony and experimental session, and the model was fitted using

a binomial distribution. We examined whether the estimated propor-

tions of first inflorescence choice differed between treatments using

post hoc pairwise comparisons with a Tukey correction. Additionally,

4 ARMAND ET AL.
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we tested whether the estimated proportions within each treatment

differed from a 0.5 probability using a post hoc Wald z–test.

We then tested whether probing a decoy flower increased the

likelihood of bees first visiting the decoy-equipped inflorescence in

the next bout, favouring nearby rewarded flowers over those of the

other inflorescence. We used a GLMM with a binomial distribution,

with inflorescence choice (1 for the decoy-equipped inflorescence,

0 otherwise) as the response variable. The fixed effects included

whether a decoy was probed in the previous bout (1/0), the foraging

bout and their interaction. Random effects included individual bees

nested within their colony and experimental session. The binary test

bout and all training bouts were included in the analysis except the

initial bout, where decoys could not have been previously probed.

Post hoc pairwise comparisons with a Tukey correction tested differ-

ences between conditions (decoy probed or not in the previous bout).

Lastly, we examined whether the frequency of decoy flowers

probed varied across bouts during training. We built a GLMM with a

binomial distribution, with decoy probings as the binary response vari-

able (1 for probing, 0 otherwise), foraging bout as a fixed effect and

individual bees nested within their colony and experimental session as

random effects. All training bouts were included in the analysis except

the first, as bees retained in the experiment were required to probe a

decoy flower during the first bout. We performed post hoc pairwise

comparisons with a Tukey correction to test if the estimated propor-

tions differed between bouts.

Data processing was performed with Python (v3.11, Python Soft-

ware Foundation, 2023) using the libraries pandas (McKinney, 2010)

for data structuring, seaborn (Waskom, 2021) and Matplotlib

(Hunter, 2007) for data visualisation. Statistical analyses were con-

ducted in R (v4.1, R Core Team 2022) using the glmmTMB package

(Brooks et al., 2017) for GLMMs and emmeans (Lenth, 2020) for post

hoc tests. Model residuals were evaluated with the DHARMa package

(Hartig, 2020). Complete statistical analyses (Supplement S1) and

datasets (Supplement S4) are available on Zenodo.

RESULTS

Overall, 92 bumblebees were tested across all treatments, with

61 bees in the decoy treatments. We analysed 363 first visits from

training bouts 2–6 and the binary test bout.

Effect of decoy flowers on floral preferences

The presence of unrewarded flowers had no impact on bees’ prefer-

ence between the blue and purple inflorescences (GLMM, binomial

family; treatment: X2 = 1.23, df = 2, p = 0.54), and no effect of inflo-

rescence side was observed (side: X2 = 0.0006, df = 1, p = 0.98). The

likelihood of first visiting either inflorescence in the binary test did not

differ between treatments (post hoc Tukey test: control vs. decoy

blue, odds ratio = 0.69 ± 0.38, z = �0.68, p = 0.77; control

vs. decoy purple, odds ratio = 0.53 ± 0.30, z = �1.10, p = 0.51;

decoy blue vs. decoy purple, odds ratio = 0.78 ± 0.43, z = �0.45,

p = 0.89; Figure 3) or within treatments (post hoc Wald z-test: con-

trol: log-odds = �0.50 ± 0.46, z = �1.07, p = 0.28; decoy blue: log-

odds = �0.12 ± 0.47, z = �0.26, p = 0.79; decoy purple: log-

odds = 0.13 ± 0.42, z = 0.31, p = 0.76).

Effect of probing a decoy flower on floral preferences

Probing an unrewarded flower did not affect bees’ preference

between the blue and purple inflorescences in the next foraging bout

(GLMM, binomial family; probed decoy: Χ 2 = 1.34, df = 5, p = 0.93).

Preferences did not differ across bouts (foraging bout: Χ 2 = 5.47,

df = 9, p = 0.79), nor did the effect of probing a decoy vary with for-

aging bout (interaction: Χ 2 = 1.33, df = 5, p = 0.93). The likelihood of

first visiting the decoy-equipped inflorescence was similar for bees

that probed a decoy flower in the previous bout and those that did

not (Table 1).

Frequency of interactions with decoy flowers
across bouts

Bees quickly learned to avoid unrewarded flowers: foraging bout sig-

nificantly affected the likelihood of probing decoy flowers (GLMM,

binomial family; foraging bout: X2 = 32.83, df = 4, p < 0.0001). Bees

were less likely to probe unrewarded flowers in later bouts compared

to earlier ones (Figure 4). Additionally, of the 363 first flower landings

recorded across all training bouts, 15 were on decoy flowers in the

first bout (26% of landings in that bout), compared to just 2 across all

subsequent bouts combined (0.7% of landings).

DISCUSSION

We tested whether rewardless yellow “decoy” flowers influenced

bumblebees’ choice between two equally rewarding inflorescences,

blue and purple. Contrary to expectations, unrewarded flowers did

not increase bees’ preference for neighbouring flowers. In the binary

choice test, bees showed no overall preference for either inflores-

cence. During training, those that probed a rewardless flower did not

favour rewarded flowers in the same inflorescence in the next bout.

However, bees quickly learned to avoid unrewarded flowers, reducing

visits and probings over successive bouts.

A decoy effect would have caused the introduction of an irrele-

vant option to shift bees’ relative preference between existing choices

(Huber et al., 1982). In that case, first inflorescence choice in the

binary test should have increased for the blue inflorescence in the

“decoy blue” treatment and for the purple inflorescence in the “decoy
purple” treatment, relative to the control (see Figure 3). Our findings

align with those of Forster et al. (2023a, 2023b, 2025), who found

that the presence of empty, previously high-reward flowers did not

influence bees’ foraging choices. In their honeybee experiment

NO EVIDENCE OF A DECOY EFFECT IN BEES 5
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(Forster et al., 2023a), decoy flowers did not shift preference between

the two available flowers but led to increased movement

between flowers and higher patch abandonment. In their study on

stingless bees, Forster et al. (2023b) found no preference for the

flower option matching the colour of the decoy flower. In Forster

et al. (2025), bumblebee foraging choices were tested in a social con-

text rather than individually, as in our study. They found that social

information was the primary driver of choice, with bees preferring

flowers where conspecifics were present.

During training, probing an unrewarded flower did not make bees

more likely to favour neighbouring rewarded flowers in the next bout.

Instead, their likelihood of choosing either inflorescence first remained

constant across bouts. This contradicts our hypothesis that an irrele-

vant option would create an attraction effect, making nearby reward-

ing flowers more appealing by comparison (Huber et al., 1982),

thereby increasing bees’ likelihood of foraging on these flowers rather

than on similar ones in another inflorescence. However, it is important

to note that rewardless flowers in our setup did not have a repulsion

effect either: bees systematically collected all available sucrose

rewards on an inflorescence before switching to the other, regardless

of the presence of unrewarded flowers. By contrast, previous studies

reported that rewardless flowers reduced pollinator visitation to an

inflorescence (Cresswell, 1990; Forster et al., 2023b; Smithson &

Gigord, 2003). Similarly, bumblebees were found to visit fewer

flowers within an inflorescence when some were empty (Biernaskie

et al., 2002; Nakamura & Kudo, 2016; Smithson & Gigord, 2003).

While unrewarded flowers did not influence foraging choices,

bees in our experiment quickly learned to associate them with the

absence of rewards. In decoy treatments, one-quarter of first landings

were on unrewarded flowers in the initial bout, dropping to less than

F I GU R E 3 Estimated probabilities of first visits in the binary test across treatments. Probabilities were derived from the GLMM and
calculated through post hoc analysis. Error bars represent the standard errors of the predicted values. Statistical differences within treatments are
indicated as n.s. (p > 0.05). The red dotted line marks a proportion of 0.5, corresponding to the chance level.

T AB L E 1 Estimated probabilities of first inflorescence choices and pairwise comparisons across bouts.

Foraging bout Condition (probed 1/0) Estimated probability (± SE) Odds ratio 95% CI p-value

Foraging bout 2 1 0.576 ± 0.1 / / /

Foraging bout 3 0 0.522 ± 0.1 0.819 (0.271, 0.763) 0.753

1 0.572 ± 0.1

Foraging bout 4 0 0.420 ± 0.1 0.986 (0.233, 0.637) 0.981

1 0.423 ± 0.1

Foraging bout 5 0 0.551 ± 0.1 0.678 (0.369, 0.720) 0.564

1 0.644 ± 0.1

Foraging bout 6 0 0.634 ± 0.1 1.830 (0.438, 0.794) 0.347

1 0.487 ± 0.1

Binary test bout 0 0.503 ± 0.1 1.087 (0.329, 0.677) 0.904

1 0.483 ± 0.2

Note: Estimated probabilities are of first visits to the decoy-equipped inflorescences, based on the GLMM model. Odds ratios, 95% confidence intervals

(CI), and p-values refer to pairwise comparisons between conditions (whether a decoy flower was probed in the previous bout or not).
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1% over the next five training bouts. Bees also progressively reduced

their probing of rewardless flowers across successive bouts. Extensive

research showed that bees readily associate colours with rewards

(Heinrich, 2004; Raine & Chittka, 2008) and recall spatial landmarks

(Menzel et al., 1996), as seen in our setup where unrewarded yellow

flowers remained in a fixed position across bouts. Similarly, studies

have shown that bees quickly reduce visits to newly depleted flowers

(Forster et al., 2023b, 2025), avoid unattractive food sources (Tan

et al., 2014) and minimise handling time of empty flowers (Smithson &

Gigord, 2003).

Our findings suggest that bees may have based their inflores-

cence choice simply on the number of rewarding flowers or total

reward each inflorescence offered, rather than on any comparison

involving the decoys. Because each inflorescence contained the same

number of rewarding flowers (10 blue or 10 purple), bees likely relied

on an absolute evaluation of these learned colours and ignored the

yellow flowers once they recognized them as unrewarding. The pres-

ence of the yellow flowers did not influence the perceived quality of

the inflorescence of which they were part.

In the control treatment without decoy flowers, bees tended to

choose the blue inflorescence first more often than the purple one,

despite both being equally rewarding (see Figure 3), but this preference

was not significant. While bees have innate preferences for violet and

blue flowers (Gumbert, 2000; Raine & Chittka, 2007), our purple flowers

had lower spectral purity than the blue ones due to additional reflectance

in the red range (see curves in S2), which likely reduced their saliency in

the arena (Lunau, 1990). High spectral purity enhances floral attractive-

ness to bees (Gumbert, 2000; Lunau et al., 1996), which may explain the

slight preference for blue. However, this tendency disappeared in the

decoy treatments. One possibility is that the presence of yellow flowers

increased visual complexity and thereby weakened subtle colour biases,

although this remains speculative.

First visits to the yellow, unrewarded flowers were notably high

(25%) during the first bout, despite their low abundance—only two

(10%) among 20 blue and purple flowers in the arena. This likely

reflects their perceptual similarity to the white flowers used in pre-

training, which bees had learned to associate with reward. Because

bees were colour-naïve in the initial bout, the yellow flowers may

have appeared more familiar or attractive than the novel blue and pur-

ple ones, consistent with bees’ tendency to favour colours resembling

those previously experienced (Gumbert, 2000). Importantly, these ini-

tial flower choices were almost certainly made at a close range. The

individual flowers were only a few millimetres wide and, when viewed

from about 50 cm as bees entered the arena, subtended less than 1�

of visual angle, which is below the �2–3� required for long-distance

colour discrimination in bees (Dyer et al., 2008; Giurfa et al., 1996).

Thus, bees likely could not distinguish the flower colours until they

approached them. However, this visual limitation should not have

affected any potential decoy effects arising from comparisons

between neighbouring flowers once bees were already on the

inflorescence.

While bees gradually reduced their probing of unrewarded

flowers, they did not stop entirely. Instead, probings stabilised in later

bouts rather than declining to zero, suggesting that bees continued to

inspect them intermittently, albeit less frequently. Video analysis con-

firmed this pattern, showing that individual bees frequently re-probed

rewardless flowers in a later bout even though they ignored them in

previous ones. Similarly, Forster et al. (2023a) found that bees revis-

ited empty flowers, possibly anticipating nectar replenishment. Ishii

et al. (2008) noted that while bumblebees frequently re-inspected

rewardless flowers, they re-probed them less often. In nature, bees

commonly revisit depleted flowers probably due to memory con-

straints (Chittka et al., 1999).

Is it surprising that we found no clear decoy effect in our experi-

ments, when they are apparently commonly reported? A closer look

at the literature reveals that clear evidence for decoy effects is often

lacking. For instance, studies testing AD decoys in bees have failed to

demonstrate attraction effects. In Shafir et al. (2002), where AD

decoys were tested in honeybees and grey jays, only grey jays showed

a true decoy effect. In bees, the decoy flower reduced choices for the

competitor more than the target option, shifting relative preference,

but this resulted from direct selection of the decoy rather than an

increased attraction to the target. Similarly, Tan et al. (2014) found

that an AD decoy redirected choices from the competitor without

increasing honeybees’ preference for the target food option. Heming-

way et al. (2024) tested an AD decoy in bumblebees and found that

adding a lower-concentration flower increased preference for the tar-

get, a medium-concentration flower. However, this shift likely

resulted from an incentive contrast: rather than enhancing the per-

ceived value of the medium option, exposure to the lower-quality

alternative merely lowered the bees’ acceptance threshold. Incentive

contrast effects are well documented in bees, which often reject

lower-quality rewards after experiencing higher-quality ones

(Bitterman, 1976; Townsend-Mehler et al., 2011; Waldron

et al., 2005). To our knowledge, the only example of a true decoy

effect in insects was reported by Sasaki and Pratt (2011), who pre-

sented individual ants and whole colonies with two equivalent but

F I GU R E 4 Estimated proportions of probing a decoy flower
across foraging bouts. Probabilities of probing a decoy flower in
training bouts 2–6 were derived from the GLMM and calculated
through post hoc analysis. Error bars represent the standard errors of
the predicted values. Statistical differences within treatments are
indicated as *** (p ≤ 0.001), and * (p ≤ 0.05). The red dotted line
marks a probability of 50%, corresponding to the chance level.
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different nest sites: one with a small entrance (preferred) but too

bright, and the other dark (preferred) but with an overly large

entrance. Individual ants shifted their preference toward the nest

superior to the decoy nest they had previously experienced, whereas

whole colonies showed no decoy effect. This is an important study,

though we note the modest sample sizes of 12 and 14 ants per decoy

treatment.

Likewise, earlier studies testing phantom decoys in pollinators

have been mostly inconclusive. Recent work by Forster et al. (2023a,

2023b, 2025) showed that empty flowers had no effect on preference

or choice in several bee species. Tan et al. (2014) found that while a

few honeybees shifted toward the option most similar to an attractive

phantom decoy, there was no consistent effect at the group level. The

authors suggest this shift was due to incentive contrast, similarly to

Hemingway et al. (2024): some bees that expected a high reward but

found nothing lowered their selectivity and settled for a lower-quality

alternative, rather than being drawn toward the most similar available

option as predicted in a true decoy effect. Moreover, they found that

an unattractive phantom decoy did not affect bee choice, instead of

making the similar, still-available option look better in comparison and

thus increase its selection rate.

These previous decoy studies differed from ours in several meth-

odological aspects. In AD decoy experiments, the decoys were, by

definition, lower-quality but still rewarding options: targets and com-

petitors typically differed along continuous attributes such as sucrose

concentration (Hemingway et al., 2024; Shafir et al., 2002; Tan

et al., 2014), handling time (Shafir et al., 2002) or reward rate

(Hemingway et al., 2024), creating multi-attribute trade-offs rather

than the simple reward-versus-no-reward contrast used here. In phan-

tom decoy studies, the decoys were previously rewarding and differed

in quantitative attributes such as sucrose concentration (Forster

et al. 2023a, 2023b, 2025; Tan et al., 2015), temperature (Tan

et al., 2015) or nectar accessibility (Forster et al., 2025). Notably, none

of the cited studies used decoys alongside rewarding options: bees

(and ants) always chose among spatially separated options arranged in

patches or arrays, rather than immediately mixed decoys and reward-

ing flowers, as in our setup with decoys placed within inflorescences.

In recent years, the robustness of attraction effects has been

increasingly questioned (Evans et al., 2021; Frederick et al., 2014;

Yang & Lynn, 2014). Frederick et al. (2014) replicated 38 human stud-

ies on AD decoys but failed to reproduce most findings; they found

attraction effects only when options were compared numerically,

rather than experienced directly. The authors argued that in realistic

settings, direct experience weakens structured comparisons, making

dominance relationships less apparent. Additionally, attraction effects

may diminish or disappear when decisions are made under time con-

straints, as often occurs in real-world situations (Marini et al., 2023;

Pettibone, 2012). This issue is particularly relevant for nonhuman ani-

mals, where decoy effects can only be tested through direct choices.

In fact, numerous studies on decoy effects in nonhuman animals had

mixed or partial results (Bateson et al., 2003; Marini et al., 2023; Pinto

et al., 2016; Scarpi, 2011) or found no evidence of a decoy effect at

all (Bateson, 2002; Cohen & Santos, 2017; Edwards & Pratt, 2009;

Parrish et al., 2018). To our knowledge, there is currently no clear

demonstration of a decoy effect in pollinators.

Could unrewarded flowers induce repulsion effects on neighbour-

ing flowers instead? Flower-visiting insects have been shown to visit

fewer flowers within inflorescences containing empty flowers

(Biernaskie et al., 2002; Ishii et al., 2008) or even avoid patches

entirely when rewardless flowers are abundant (Hirabayashi

et al., 2006; Nakamura & Kudo, 2016). Notably, some decoy studies

have reported repulsion effects, suggesting that a decoy option can

make the target appear less desirable, as the negative perception of

the decoy “contaminates” the target (Frederick et al., 2014). Spektor

et al. (2018) found that such repulsion effects emerge when the decoy

and target options are closely located, with their proximity triggering a

similarity effect between them.

Despite their potential repulsive effects, a balanced proportion of

rewardless flowers may be beneficial to plants (Bell, 1986). Bees prefer

larger inflorescences over smaller ones (Hirabayashi et al., 2006; Ishii

et al., 2008), so bearing rewardless, “cost-free” additional flowers may

enhance the attractiveness of an inflorescence (although we found no

evidence for this in our study). Moreover, fewer visits per inflorescence

due to the presence of rewardless flowers may help reduce self-

pollination and inbreeding, ultimately enhancing plant fitness (Biernaskie

et al., 2002; de Jong et al., 1993; Thomson & Plowright, 1980).

We found that the addition of rewardless flowers did not increase

bees’ preference for nearby rewarded flowers. While not a classical

AD decoy study, the experiment shared many elements with such

studies and has direct ecological relevance to rewardless flowers

within inflorescences. Bees rapidly adapted to the presence of empty

flowers, reducing the time spent visiting and probing them after just a

few foraging bouts. A sizeable body of research now suggests that

classical decoy effects may not play a significant role in insect forag-

ing, and evidence for decoy-like effects remains weak and inconsis-

tent. However, the artificial setups used in many decoy experiments,

including ours, likely oversimplify natural inflorescences and condi-

tions and may therefore mask subtle, context-sensitive biases that

may emerge under more complex nectar distributions. Further

research is needed to better understand why plants maintain reward-

less flowers, and studies under more naturalistic conditions will be

essential for testing cognitive biases in foraging insects such as decoy

effects.

AUTHOR CONTRIBUTIONS

Mélissa Armand: Conceptualization; investigation; methodology;

software; validation; formal analysis; writing – original draft;

writing – review and editing; visualization. Leonhard Herrnberger:

Investigation; methodology. Clara Jung: Investigation. Tomer

J. Czaczkes: Conceptualization; methodology; validation; resources;

supervision; writing – review and editing; funding acquisition; pro-

ject administration.

ACKNOWLEDGEMENTS

Many thanks to B. Rubene and L. Romrig for assistance with data col-

lection and to A. Avarguès-Weber for providing spectrometer

8 ARMAND ET AL.

 13652311, 0, D
ow

nloaded from
 https://resjournals.onlinelibrary.w

iley.com
/doi/10.1111/een.70092 by U

niversitaet R
egensburg, W

iley O
nline L

ibrary on [20/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



measurements of the artificial flowers. Open Access funding enabled

and organized by Projekt DEAL.

FUNDING INFORMATION

M. A. was supported by an ERC Starting Grant to T. J.

C. [H2020-EU.1.1. #948181] and T. J. C. was supported by a Heisen-

berg Fellowship from the Deutsche Forschungsgemeinschaft

[#462101190].

CONFLICT OF INTEREST STATEMENT

The authors declare they have no conflicts of interest in the produc-

tion of this study.

DATA AVAILABILITY STATEMENT

S1 contains the statistical analysis of the main experiment, S2 pro-

vides the reflectance curves of the artificial inflorescences, S3 includes

a video clip of a bee foraging during the experiment and S4 contains

the dataset. All Supporting Information are available on Zenodo

(https://doi.org/10.5281/zenodo.17699673).

ORCID

Mélissa Armand https://orcid.org/0000-0002-3190-5852

Tomer J. Czaczkes https://orcid.org/0000-0002-1350-4975

REFERENCES

Ariely, D. (2009) The end of rational economics. Harvard Business Review,

87, 78–84.
Bateson, M. (2002) Context-dependent foraging choices in risk-sensitive

starlings. Animal Behaviour, 64, 251–260. Available from: https://doi.

org/10.1006/anbe.2002.3059

Bateson, M., Healy, S.D. & Hurly, T.A. (2003) Context–dependent foraging
decisions in rufous hummingbirds. Proceedings of the Royal Society of

London Series B: Biological Sciences, 270, 1271–1276. Available from:

https://doi.org/10.1098/rspb.2003.2365

Bell, G. (1986) The evolution of empty flowers. Journal of Theoretical Biol-

ogy, 118, 253–258. Available from: https://doi.org/10.1016/S0022-

5193(86)80057-1

Biernaskie, J.M., Cartar, R.V. & Hurly, T.A. (2002) Risk-averse inflorescence

departure in hummingbirds and bumble bees: could plants benefit

from variable nectar volumes? Oikos, 98, 98–104. Available from:

https://doi.org/10.1034/j.1600-0706.2002.980110.x

Bitterman, M.E. (1976) Incentive contrast in honey bees. Science, 192,

380–382. Available from: https://doi.org/10.1126/science.1257773

Brito, V.L.G., Weynans, K., Sazima, M. & Lunau, K. (2015) Trees as huge

flowers and flowers as oversized floral guides: the role of floral color

change and retention of old flowers in Tibouchina pulchra. Frontiers

in Plant Science, 6, 362. Available from: https://doi.org/10.3389/fpls.

2015.00362

Brooks, M.E., Kristensen, K., van Benthem, K.J. et al. (2017) glmmTMB bal-

ances speed and flexibility among packages for zero-inflated general-

ized linear mixed modeling. The R Journal, 9, 378–400. Available
from: https://doi.org/10.3929/ethz-b-000240890

Chittka, L., Thomson, J.D. & Waser, N.M. (1999) Flower Constancy, insect

psychology, and plant evolution. Naturwissenschaften, 86, 361–377.
Available from: https://doi.org/10.1007/s001140050636

Cohen, P.M. & Santos, L.R. (2017) Capuchins (Cebus apella) fail to show an

asymmetric dominance effect. Animal Cognition, 20, 331–345. Avail-
able from: https://doi.org/10.1007/s10071-016-1055-5

Cresswell, J.E. (1990) How and why do nectar-foraging bumblebees initi-

ate movements between inflorescences of wild bergamot Monarda

fistulosa (Lamiaceae)? Oecologia, 82, 450–460. Available from:

https://doi.org/10.1007/BF00319785

Cresswell, J.E. (1999) The influence of nectar and pollen availability on pol-

len transfer by individual flowers of oil-seed rape (Brassica napus)

when pollinated by bumblebees (Bombus lapidarius). Journal of Ecol-

ogy, 87, 670–677. Available from: https://doi.org/10.1046/j.1365-

2745.1999.00385.x

de Jong, T.J., Waser, N.M. & Klinkhamer, P.G.L. (1993) Geitonogamy: the

neglected side of selfing. Trends in Ecology & Evolution, 8, 321–325.
Available from: https://doi.org/10.1016/0169-5347(93)90239-L

Dyer, A.G. & Murphy, A.H. (2009) Honeybees choose “incorrect” colors

that are similar to target flowers in preference to novel colors. Israel

Journal of Plant Sciences, 57, 203–210. Available from: https://doi.

org/10.1560/IJPS.57.3.203

Dyer, A.G., Spaethe, J. & Prack, S. (2008) Comparative psychophysics of

bumblebee and honeybee colour discrimination and object detection.

Journal of Comparative Physiology. A, 194, 617–627. Available from:

https://doi.org/10.1007/s00359-008-0335-1

Edwards, S.C. & Pratt, S.C. (2009) Rationality in collective decision-making

by ant colonies. Proceedings of the Royal Society B: Biological Sciences,

276, 3655–3661. Available from: https://doi.org/10.1098/rspb.

2009.0981

Evans, N.J., Holmes, W.R., Dasari, A. & Trueblood, J.S. (2021) The impact

of presentation order on attraction and repulsion effects in decision-

making. Decision, 8, 36–54. Available from: https://doi.org/10.1037/

dec0000144

Forster, C.Y., Middleton, E.J.T., Gloag, R., Hochuli, D.F., White, T.E. &

Latty, T. (2023a) Impact of empty flowers on foraging choice and

movement within floral patches by the honey bee, Apis mellifera.

Insectes Sociaux, 70, 413–422. Available from: https://doi.org/10.

1007/s00040-023-00934-3

Forster, C.Y., Mourmourakis, F., Hochuli, D.F., White, T.E., Latty, T. &

Gloag, R. (2023b) Flower choice by the stingless bee Tetragonula car-

bonaria is not influenced by colour-similarity to a higher-reward

flower in the same patch. Apidologie, 54, 16. Available from: https://

doi.org/10.1007/s13592-023-00997-y

Forster, C.Y., White, T.E., Hochuli, D.F., Gloag, R. & Latty, T. (2025) Empty

flowers have no impact on foraging choice in bumble bees (Bombus

impatiens) in a social foraging context. Insectes Sociaux, 72, 111–121.
Available from: https://doi.org/10.1007/s00040-024-01015-9

Frederick, S., Lee, L. & Baskin, E. (2014) The limits of attraction. Journal of

Marketing Research, 51, 487–507. Available from: https://doi.org/10.

1509/jmr.12.0061

Gaskett, A.C. (2011) Orchid pollination by sexual deception: pollinator per-

spectives. Biological Reviews, 86, 33–75. Available from: https://doi.

org/10.1111/j.1469-185X.2010.00134.x

Gilbert, F.S., Haines, N. & Dickson, K. (1991) Empty flowers. Functional

Ecology, 5, 29–39. Available from: https://doi.org/10.2307/2389553

Giurfa, M., Vorobyev, M., Kevan, P. & Menzel, R. (1996) Detection of

coloured stimuli by honeybees: minimum visual angles and receptor

specific contrasts. Journal of Comparative Physiology A, 178, 699–
709. Available from: https://doi.org/10.1007/BF00227381

Goulson, D., Stout, J.C., Langley, J. & Hughes, W.O.H. (2000) Identity and

function of scent Marks deposited by foraging bumblebees. Journal

of Chemical Ecology, 26, 2897–2911. Available from: https://doi.org/

10.1023/A:1026406330348

Gumbert, A. (2000) Color choices by bumble bees (Bombus terrestris):

innate preferences and generalization after learning. Behavioral Ecol-

ogy and Sociobiology, 48, 36–43. Available from: https://doi.org/10.

1007/s002650000213

Hartig, F. (2020) DHARMa: residual diagnostics for hierarchical (multi-

level/mixed) regression models. R package version 03 3.

NO EVIDENCE OF A DECOY EFFECT IN BEES 9

 13652311, 0, D
ow

nloaded from
 https://resjournals.onlinelibrary.w

iley.com
/doi/10.1111/een.70092 by U

niversitaet R
egensburg, W

iley O
nline L

ibrary on [20/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.5281/zenodo.17699673
https://orcid.org/0000-0002-3190-5852
https://orcid.org/0000-0002-3190-5852
https://orcid.org/0000-0002-1350-4975
https://orcid.org/0000-0002-1350-4975
https://doi.org/10.1006/anbe.2002.3059
https://doi.org/10.1006/anbe.2002.3059
https://doi.org/10.1098/rspb.2003.2365
https://doi.org/10.1016/S0022-5193(86)80057-1
https://doi.org/10.1016/S0022-5193(86)80057-1
https://doi.org/10.1034/j.1600-0706.2002.980110.x
https://doi.org/10.1126/science.1257773
https://doi.org/10.3389/fpls.2015.00362
https://doi.org/10.3389/fpls.2015.00362
https://doi.org/10.3929/ethz-b-000240890
https://doi.org/10.1007/s001140050636
https://doi.org/10.1007/s10071-016-1055-5
https://doi.org/10.1007/BF00319785
https://doi.org/10.1046/j.1365-2745.1999.00385.x
https://doi.org/10.1046/j.1365-2745.1999.00385.x
https://doi.org/10.1016/0169-5347(93)90239-L
https://doi.org/10.1560/IJPS.57.3.203
https://doi.org/10.1560/IJPS.57.3.203
https://doi.org/10.1007/s00359-008-0335-1
https://doi.org/10.1098/rspb.2009.0981
https://doi.org/10.1098/rspb.2009.0981
https://doi.org/10.1037/dec0000144
https://doi.org/10.1037/dec0000144
https://doi.org/10.1007/s00040-023-00934-3
https://doi.org/10.1007/s00040-023-00934-3
https://doi.org/10.1007/s13592-023-00997-y
https://doi.org/10.1007/s13592-023-00997-y
https://doi.org/10.1007/s00040-024-01015-9
https://doi.org/10.1509/jmr.12.0061
https://doi.org/10.1509/jmr.12.0061
https://doi.org/10.1111/j.1469-185X.2010.00134.x
https://doi.org/10.1111/j.1469-185X.2010.00134.x
https://doi.org/10.2307/2389553
https://doi.org/10.1007/BF00227381
https://doi.org/10.1023/A:1026406330348
https://doi.org/10.1023/A:1026406330348
https://doi.org/10.1007/s002650000213
https://doi.org/10.1007/s002650000213


Heinrich, B. (2004) Bumblebee economics. Cambridge, MA, U.S.A, Harvard

University Press.

Hemingway, C.T., DeVore, J.E. & Muth, F. (2024) Economic foraging in a

floral marketplace: asymmetrically dominated decoy effects in bum-

blebees. Proceedings of the Royal Society B: Biological Sciences, 291,

20240843. Available from: https://doi.org/10.1098/rspb.2024.0843

Hirabayashi, Y., Ishii, H.S. & Kudo, G. (2006) Significance of nectar distribu-

tion for bumblebee behaviour within inflorescences, with reference

to inflorescence architecture and display size. �Ecoscience, 13, 351–
359. Available from: https://doi.org/10.2980/i1195-6860-13-3-

351.1

Huber, J., Payne, J.W. & Puto, C. (1982) Adding asymmetrically dominated

alternatives: violations of regularity and the similarity hypothesis.

Journal of Consumer Research, 9, 90–98. Available from: https://doi.

org/10.1086/208899

Huber, J. & Puto, C. (1983) Market boundaries and product choice: illus-

trating attraction and substitution effects. Journal of Consumer

Research, 10, 31–44. Available from: https://doi.org/10.1086/

208943

Hunter, J.D. (2007) Matplotlib: a 2D graphics environment. Computing in

Science & Engineering, 9(3), 90–95. Available from: https://doi.org/

10.1109/MCSE.2007.55

Ram, H.Y.M. & Mathur, G. (1984) Flower colour changes in Lantana

camara. Journal of Experimental Botany, 35, 1656–1662. Available
from: https://doi.org/10.1093/jxb/35.11.1656

Internicola, A.I., Page, P.A., Bernasconi, G. & Gigord, L.D.B. (2007) Compe-

tition for pollinator visitation between deceptive and rewarding arti-

ficial inflorescences: an experimental test of the effects of floral

colour similarity and spatial mingling. Functional Ecology, 21,

864–872.
Ishii, H.S., Hirabayashi, Y. & Kudo, G. (2008) Combined effects of inflores-

cence architecture, display size, plant density and empty flowers on

bumble bee behaviour: experimental study with artificial inflores-

cences. Oecologia, 156, 341–350. Available from: https://doi.org/10.

1007/s00442-008-0991-4

Jackson, S.M. & Roberts, W.A. (2021) Irrational behavior in dogs (Canis

lupus familiaris): a violation of independence from irrelevant alterna-

tives. Behavioural Processes, 193, 104512. Available from: https://

doi.org/10.1016/j.beproc.2021.104512

Latty, T. & Beekman, M. (2010) Irrational decision-making in an amoeboid

organism: transitivity and context-dependent preferences. Proceed-

ings of the Royal Society B: Biological Sciences, 278, 307–312. Avail-
able from: https://doi.org/10.1098/rspb.2010.1045

Latty, T. & Trueblood, J.S. (2020) How do insects choose flowers? A

review of multi-attribute flower choice and decoy effects in flower-

visiting insects. Journal of Animal Ecology, 89, 2750–2762. Available
from: https://doi.org/10.1111/1365-2656.13347

Lenth, R.V. (2020) Emmeans: Estimated Marginal Means, Aka Least-

Squares Means. R Package Version 1.5. 3. CRAN.

Lihoreau, M., Chittka, L. & Raine, N.E. (2010) Travel optimization by forag-

ing bumblebees through readjustments of Traplines after discovery

of new feeding locations. The American Naturalist, 176, 744–757.
Available from: https://doi.org/10.1086/657042

Lunau, K. (1990) Colour saturation triggers innate reactions to flower sig-

nals: flower dummy experiments with bumblebees. Journal of Com-

parative Physiology A, 166, 827–834. Available from: https://doi.org/

10.1007/BF00187329

Lunau, K., Wacht, S. & Chittka, L. (1996) Colour choices of naive bumble

bees and their implications for colourperception. Journal of Compara-

tive Physiology, 178, 477–489. Available from: https://doi.org/10.

1007/BF00190178

Marini, M., Ansani, A. & Paglieri, F. (2020) Attraction comes from many

sources: attentional and comparative processes in decoy effects.

Judgment and Decision Making, 15, 704–726. Available from: https://

doi.org/10.1017/S1930297500007889

Marini, M., Boschetti, C., Gastaldi, S., Addessi, E. & Paglieri, F. (2023) Context-

effect bias in capuchin monkeys (Sapajus spp.): exploring decoy influ-

ences in a value-based food choice task. Animal Cognition, 26, 503–514.
Available from: https://doi.org/10.1007/s10071-022-01670-0

McKinney, W. (2010) Data Structures for Statistical Computing in Python.

Austin, Texas, Proceedings of the 9th Python in Science Conference,

pp. 56–61.
Menzel, R., Geiger, K., Chittka, L., Joerges, J., Kunze, J. & Müller, U. (1996)

The Knowledge Base of bee navigation. Journal of Experimental Biol-

ogy, 199, 141–146. Available from: https://doi.org/10.1242/jeb.199.

1.141

Nakamura, S. & Kudo, G. (2016) Foraging responses of bumble bees to

rewardless floral patches: importance of within-plant variance in nec-

tar presentation. AoB Plants, 8, plw037. Available from: https://doi.

org/10.1093/aobpla/plw037

Owen, M.A., Swaisgood, R.R. & Blumstein, D.T. (2017) Contextual influ-

ences on animal decision-making: significance for behavior-based

wildlife conservation and management. Integrative Zoology, 12, 32–
48. Available from: https://doi.org/10.1111/1749-4877.12235

Parrish, A.E., Afrifa, E. & Beran, M.J. (2018) Exploring decoy effects on

computerized task preferences in rhesus monkeys (Macaca mulatta).

ABC, 5 no. 2, 235–253. Available from: https://doi.org/10.26451/

abc.05.02.06.2018

Parrish, A.E., Evans, T.A. & Beran, M.J. (2015) Rhesus macaques (Macaca

mulatta) exhibit the decoy effect in a perceptual discrimination task.

Attention, Perception, & Psychophysics, 77, 1715–1725. Available

from: https://doi.org/10.3758/s13414-015-0885-6

Pettibone, J.C. (2012) Testing the effect of time pressure on asymmetric

dominance and compromise decoys in choice. Judgment and Decision

Making, 7, 513–521. Available from: https://doi.org/10.1017/

S1930297500002849

Pinto, C., Fortes, I., Wilson, A.G. & Zentall, T.R. (2016) The relative value of

two options for pigeons depends on their context. Journal of the

Experimental Analysis of Behavior, 105, 176–183. Available from:

https://doi.org/10.1002/jeab.187

Poissonnier, L.-A., Danchin, E. & Isabel, G. (2024) Male attractiveness is

subjective to exposure to males of different attractiveness in fruit

flies. Scientific Reports, 14, 16463. Available from: https://doi.org/10.

1038/s41598-024-66930-0

Pratkanis, A.R. & Farquhar, P.H. (1992) A brief history of research on phan-

tom alternatives: evidence for seven empirical generalizations about

phantoms. Basic and Applied Social Psychology, 13, 103–122. Avail-
able from: https://doi.org/10.1207/s15324834basp1301_9

Raine, N.E. & Chittka, L. (2007) The adaptive significance of sensory bias

in a foraging context: floral colour preferences in the bumblebee

Bombus terrestris. PLoS One, 2, e556. Available from: https://doi.

org/10.1371/journal.pone.0000556

Raine, N.E. & Chittka, L. (2008) The correlation of learning speed and natu-

ral foraging success in bumble-bees. Proceedings of the Royal Society

B: Biological Sciences, 275, 803–808. Available from: https://doi.org/

10.1098/rspb.2007.1652

Rosati, A. & Stevens, J. (2009) Rational Decisions: The Adaptive Nature of

Context-Dependent Choice. Department of Psychology: Faculty

Publications.

Saleh, N., Scott, A.G., Bryning, G.P. & Chittka, L. (2007) Distinguishing sig-

nals and cues: bumblebees use general footprints to generate adap-

tive behaviour at flowers and nest. Arthropod-Plant Interactions, 1,

119–127. Available from: https://doi.org/10.1007/s11829-007-

9011-6

Sasaki, T. & Pratt, S.C. (2011) Emergence of group rationality from irratio-

nal individuals. Behavioral Ecology, 22, 276–281. Available from:

https://doi.org/10.1093/beheco/arq198

Scarpi, D. (2011) The impact of phantom decoys on choices in cats. Animal

Cognition, 14, 127–136. Available from: https://doi.org/10.1007/

s10071-010-0350-9

10 ARMAND ET AL.

 13652311, 0, D
ow

nloaded from
 https://resjournals.onlinelibrary.w

iley.com
/doi/10.1111/een.70092 by U

niversitaet R
egensburg, W

iley O
nline L

ibrary on [20/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1098/rspb.2024.0843
https://doi.org/10.2980/i1195-6860-13-3-351.1
https://doi.org/10.2980/i1195-6860-13-3-351.1
https://doi.org/10.1086/208899
https://doi.org/10.1086/208899
https://doi.org/10.1086/208943
https://doi.org/10.1086/208943
https://doi.org/10.1109/MCSE.2007.55
https://doi.org/10.1109/MCSE.2007.55
https://doi.org/10.1093/jxb/35.11.1656
https://doi.org/10.1007/s00442-008-0991-4
https://doi.org/10.1007/s00442-008-0991-4
https://doi.org/10.1016/j.beproc.2021.104512
https://doi.org/10.1016/j.beproc.2021.104512
https://doi.org/10.1098/rspb.2010.1045
https://doi.org/10.1111/1365-2656.13347
https://doi.org/10.1086/657042
https://doi.org/10.1007/BF00187329
https://doi.org/10.1007/BF00187329
https://doi.org/10.1007/BF00190178
https://doi.org/10.1007/BF00190178
https://doi.org/10.1017/S1930297500007889
https://doi.org/10.1017/S1930297500007889
https://doi.org/10.1007/s10071-022-01670-0
https://doi.org/10.1242/jeb.199.1.141
https://doi.org/10.1242/jeb.199.1.141
https://doi.org/10.1093/aobpla/plw037
https://doi.org/10.1093/aobpla/plw037
https://doi.org/10.1111/1749-4877.12235
https://doi.org/10.26451/abc.05.02.06.2018
https://doi.org/10.26451/abc.05.02.06.2018
https://doi.org/10.3758/s13414-015-0885-6
https://doi.org/10.1017/S1930297500002849
https://doi.org/10.1017/S1930297500002849
https://doi.org/10.1002/jeab.187
https://doi.org/10.1038/s41598-024-66930-0
https://doi.org/10.1038/s41598-024-66930-0
https://doi.org/10.1207/s15324834basp1301_9
https://doi.org/10.1371/journal.pone.0000556
https://doi.org/10.1371/journal.pone.0000556
https://doi.org/10.1098/rspb.2007.1652
https://doi.org/10.1098/rspb.2007.1652
https://doi.org/10.1007/s11829-007-9011-6
https://doi.org/10.1007/s11829-007-9011-6
https://doi.org/10.1093/beheco/arq198
https://doi.org/10.1007/s10071-010-0350-9
https://doi.org/10.1007/s10071-010-0350-9


Shafir, S., Waite, T.A. & Smith, B.H. (2002) Context-dependent violations of

rational choice in honeybees (Apis mellifera) and gray jays (Perisoreus

canadensis). Behavioral Ecology and Sociobiology, 51, 180–187. Available
from: https://doi.org/10.1007/s00265-001-0420-8

Simonson, I. & Tversky, A. (1992) Choice in context: tradeoff contrast and

extremeness aversion. Journal of Marketing Research, 29, 281–295.
Available from: https://doi.org/10.1177/002224379202900301

Smithson, A. & Gigord, L.D.B. (2003) The evolution of empty flowers revis-

ited. The American Naturalist, 161, 537–552. Available from: https://

doi.org/10.1086/368347

Smithson, A. & Macnair, M.R. (1997) Negative frequency-dependent selec-

tion by pollinators on artificial flowers without rewards. Evolution,

51, 715–723. Available from: https://doi.org/10.1111/j.1558-5646.

1997.tb03655.x

Spektor, M.S., Kellen, D. & Hotaling, J.M. (2018) When the good looks

bad: an experimental exploration of the repulsion effect. Psychologi-

cal Science, 29, 1309–1320. Available from: https://doi.org/10.

1177/0956797618779041

Tan, K., Dong, S., Liu, X. et al. (2015) Phantom alternatives influence food

preferences in the eastern honeybee pis cerana. Journal of Animal

Ecology, 84, 509–517. Available from: https://doi.org/10.1111/

1365-2656.12288

Tan, K., Latty, T., Hu, Z., Wang, Z., Yang, S., Chen, W. et al. (2014) Preferences

and tradeoffs in nectar temperature and nectar concentration in the

Asian hive bee Apis cerana. Behavioral Ecology and Sociobiology, 68, 13–
20. Available from: https://doi.org/10.1007/s00265-013-1617-3

Thakar, J.D., Kunte, K., Chauhan, A.K., Watve, A.V. & Watve, M.G. (2003)

Nectarless flowers: ecological correlates and evolutionary stability.

Oecologia, 136, 565–570. Available from: https://doi.org/10.1007/

s00442-003-1304-6

Thomson, J.D. & Plowright, R.C. (1980) Pollen carryover, nectar rewards, and

pollinator behavior with special reference to Diervilla lonicera. Oecolo-

gia, 46, 68–74. Available from: https://doi.org/10.1007/BF00346968

Townsend-Mehler, J.M., Dyer, F.C. & Maida, K. (2011) Deciding when to

explore and when to persist: a comparison of honeybees and bum-

blebees in their response to downshifts in reward. Behavioral Ecology

and Sociobiology, 65, 305–312. Available from: https://doi.org/10.

1007/s00265-010-1047-4

Trueblood, J.S. & Pettibone, J.C. (2017) The phantom decoy effect in per-

ceptual decision making. Journal of Behavioral Decision Making, 30,

157–167. Available from: https://doi.org/10.1002/bdm.1930

Tversky, A. (1969) Intransitivity of preferences. Psychological Review, 76,

31–48. Available from: https://doi.org/10.1037/h0026750

Tversky, A. & Simonson, I. (1993) Context-dependent preferences. Man-

agement Science, 39, 1179–1189. Available from: https://doi.org/10.

1287/mnsc.39.10.1179

Waldron, F.A., Wiegmann, D.D. & Wiegmann, D.A. (2005) Negative incen-

tive contrast induces economic choice behavior by bumble bees.

International Journal of Comparative Psychology, 18, 358–371. Avail-
able from: https://doi.org/10.46867/ijcp.2005.18.04.02

Waskom, M. (2021) seaborn: statistical data visualization. Joss, 6, 3021.

Available from: https://doi.org/10.21105/joss.03021

Wedell, D.H. (1991) Distinguishing among models of contextually induced

preference reversals. Journal of Experimental Psychology: Learning,

Memory, and Cognition, 17, 767–778. Available from: https://doi.org/

10.1037/0278-7393.17.4.767

Weiss, M.R. (1991) Floral colour changes as cues for pollinators. Nature,

354, 227–229. Available from: https://doi.org/10.1038/354227a0

Wendt, S., Strunk, K.S., Heinze, J. et al. (2019) Positive and negative

incentive contrasts lead to relative value perception in ants.

eLife, 8, e45450. Available from: https://doi.org/10.7554/eLife.

45450

Yang, S. & Lynn, M. (2014) More evidence challenging the robustness and

usefulness of the attraction effect. Journal of Marketing Research, 51,

508–513. Available from: https://doi.org/10.1509/jmr.14.0020

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

Data S1: Supporting Information.

Data S2: Supporting Information.

Supporting Information S3: Training bout foraging video. The bee

lands on the decoy-equipped inflorescence and collects sucrose solu-

tion from the rewarding flowers. The video is accelerated �4 and has

been trimmed to show the period after the bee enters the arena and

before it switches to the second inflorescence, illustrating the visita-

tion sequence within an inflorescence.

Data S4: Supporting Information.
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