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Abstract:

Seemingly irrelevant options, such as inferior or unavailable “decoys”, can shift decisions
people and captive animals make in simplified environments. But do decoys influence
animals in messy, complex, natural environments? Here, we explored this questionin a
foraging context, a process involving countless daily decisions that ultimately underpin
animal fitness. We tested whether a "phantom decoy" (inaccessible but preferred food)
influenced food choice of free-ranging swamp wallabies across three

scenarios; Binary — two available, equally preferred foods differing nutritionally;
Phantom — two available foods plus‘an inaccessible phantom decoy nutritionally similar
to one; Trinary — all three foods available. We analysed data using a new approach that
overcame cross-level bias, when individual choices shiftin opposite directions leading to
no overall shifts. We found that the phantom decoy made wallabies more likely to switch
their choice away from the nutritionally similar food — a net reactance effect.
Unexpectedly, when'all foods were available, wallaby choices appeared random and
haphazard, suggesting cognitive overload. These findings demonstrate that decoys can
shape ecologically relevant foraging decisions, so their influence is not simply an
inadvertent byproduct of stylised simplistic settings. As such, traditional foraging models
may better predict real-world foraging decisions by incorporating decoy effects.

Keywords: Decision-making, ecological rationality, foraging, heuristics, swamp wallaby,
Wallabia bicolor
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1. Introduction:

Life is defined by decisions, a constant chain of choices including what to eat, who tomate
with, where to sleep. Good decisions ultimately lead to enhanced fitness. If decisions were
based solely on the absolute value of options, we would simply choose the option:with the

highest value. Inferior or unavailable options — “decoys” — would have no influence on our

choice among options of higher value (Wedell 1991; Pratkanis-and Farquhar 1992).

In ecology, classic foraging theories, such as Optimal Foraging Theory (OFT (Charnov 1976;
Pyke 1984)) and Bayesian Updating foraging models (McNamara et al. 2006), predict
animals choose food with the highest net(“absolute”) value across multiple dimensions —
nutrition content, predation risk, time investment and other costs and benefits associated
with obtaining them — relative to other foods. The assumption of this “absolute evaluation
system”is that animals have, or obtain, precise knowledge of options in the landscape
when making foraging decisions. Yet, this may not be possible in spatiotemporally
heterogenous, noisy environments with unlimited sources of information (Fawcett et al.
2014). Animals may, instead, consider additional or “irrelevant” information (such as
decoys) when making food choices to help process information and choose among options
(Marsh 2002; Hutchinson and Gigerenzer 2005). If decoys consistently influence foraging
decisions of wild animals in their natural environment, then foraging theory and predictions

will be improved by incorporating their effects.
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In humans, seemingly irrelevant decoys shift decisions across many domains; from
choosing what we buy (Doyle et al. 1999; Pettibone and Wedell 2007; Frederick et als2014;
Wu and Cosguner 2020; Marini et al. 2025) to how we evaluate risks (Cheng etal. 2012;
Mohr et al. 2017; Marini and Paglieri 2019) or make perceptual (Truebloodet al. 2013;
Trueblood and Pettibone 2017; Spektor et al. 2018; Liao et al. 2021;Parrish et al. 2024),
political (Sue O’Curry and Pitts 1995; Herne 1997), legal (Kelman et al:1996), and medical

(Schwartz and Chapman 1999; Stoffel et al. 2023) decisions.

A diverse range of other taxa also respond to decoys. Decoys affect food choice by slime
moulds (Latty and Beekman 2011; Yin etal.2025), bees (Shafir et al. 2002; Tan et al. 2015;
Hemingway et al. 2024), birds (Bateson 2002; Bateson et al. 2002; Morgan et al. 2012), and
mammals (Scarpi 20115 Hemingway et al. 2021; Jackson and Roberts 2021; Marini et al.
2024); mate choice by fish (Royle et al. 2008; Locatello et al. 2015) and frogs (Lea and Ryan
2015); and nest selection by ants (Sasaki and Pratt 2011). The presence of decoy effects
across taxa suggests an evolutionary underpinning for this response and strongly indicates
responses to decoys may be adaptive (Hutchinson and Gigerenzer 2005). This selected
function may stem from decoys prompting the use of simple cognitive shortcuts or rules of
thumb so an animal can make a fast, frugal, and generally “good enough” decision (Marsh

2002; Gigerenzer and Gaissmaier 2011). These cognitive shortcuts may be particularly
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beneficial when animals have imperfect knowledge about options in the environment or

when under marked time pressure (Fawcett et al. 2014).

However, almost all evidence for decoys influencing decision-making in non-humans

comes from captive animals in carefully controlled, lab-based settings:Such settings are

highly simplified and bear little resemblance to the complex structure of the natural world.

In the wild, free-ranging animals must navigate noisy, messy, fluctuating environments.
They are faced with choosing amongst multidimensional options that may also varyin
space and time (Fawcett et al. 2014). This raises animportant question; do decoys affect
decisions about complex items in these more complicated, ecologically relevant

scenarios?

The few studies that have investigated the influence of decoys in the wild, report effects
consistent with many lab-based outcomes. Using simplified artificial nectar that varied in
just two clear.dimensions (e.g., volume and concentration of sucrose) inferior decoys
altered foraging choices of free-ranging grey jays (Perisoreus canadensis) (Shafir et al.
2002) and rufous hummingbirds (Selasphorus rufus) (Bateson et al. 2003; Morgan et al.
2014). In natural open forest, a phantom decoy (present, superior in nutrition, but
inaccessible) influenced information-gathering behavior of free-ranging swamp wallabies

(Wallabia bicolor) when offered complex artificial foods (Orlando et al. 2023). While these
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studies have begun to investigate context-dependent decisions in wild animals, the impact

of decoys on choice in the real world remains largely unexplored.

Until we understand if and when decoys matter to free-ranging animals when deciding
among multidimensional options, it is unclear whether and how cognitive theories of
decision-making need be integrated into ecology and, specifically; foraging ecology.
Foraging is a critical yet time-consuming behavior involving countless decisions daily.
Foraging choices affect an individual’s nutritional and.energetic state while imposing
missed opportunity costs for alternate activities (Brown and Kotler 2004). Foraging
decisions, particularly by herbivores, also.have broader ecological consequences such as
influencing plant community structure and distribution through trophic cascades
(McArthur et al. 2014; Ripple etal. 2015). As such, understanding what information animals
consider, and how they evaluate options when making food choices (Stephens 2008)
should help predictthe decisions they make but also the broaderimplications of these

decisions.

Here, we'tested the impact of a phantom decoy on foraging decisions of a free-ranging
mammalian herbivore, the swamp wallaby, when offered complex multidimensional foods
in a backdrop of native open forest as in Orlando et al. (2023). Foraging by swamp wallabies
in Australia (Foster et al. 2015; Morgan 2021), and by ecologically similar herbivores

elsewhere such as some deer (Rooney 2001; Cote et al. 2004) and moose (Mclnnes et al.
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1992) in North America, and elephants in Africa (Guldemond and Van Aarde 2008; Daskin
et al. 2016), can shape the structure and composition of plant communities. Therefore, it is

critical to understand the factors influencing the foraging decisions of these species.

Specifically, we asked whether and how the presence of a phantom decoy influences
choice outcomes of wallabies. We used a three phase design. In Phase 1.we ran a series of
binary preference trials to find appropriate foods consistent with'typical decoy studies
where options are defined on two dimensions ((Pettibone and Wedell 2007; Trueblood and
Pettibone 2017), Figure 1); the “target” and “competitor™are equally preferred; the
dominating decoy is preferred to both — superiorin value to the target on its best
dimension and equal in value on the second dimension. The dominating decoy is classed
as a “phantom decoy” when itis made unavailable for choice. In Phase 2, we ran the main
experiment. We compared three treatments: Binary — available target and competitor,
Phantom — available target and competitor, plus phantom decoy, and Trinary — available

target and competitor, plus available dominating decoy.

We included the Trinary treatment to account for experimental design details (see
methods), as we expected wallabies to predominantly choose the high value available
dominating decoy food. However, the increase in choice set size by 50% may have
exceeded the information processing limits of wallabies, incidentally enabling a test for

potential cognitive overload (Chernev et al. 2015). This phenomenon is highly documented
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in human literature and preliminary research on non-human species has found such
effects in ant nest selection (Sasaki and Pratt 2012), mosquito oviposition (Sharma and
Isvaran 2023), bumblebee foraging efficiency (Austin et al. 2019), and cricket mate choice

(Tanner and Simmons 2022).

In Phase 3, we ran two follow-up binary preference trials, comparing the dominating decoy
against target and competitorindependently, to confirm the dominating decoy was still the

most preferred food in a binary setting (Figure 2).

For the main experiment in Phase 2, between the/Binary to Phantom treatments we
expected a shift in overall choice between target and competitor foods. It is unclear which
direction the shift would be as empirical studies have found both a netincrease in choice
for the target (similarity-substitution effect) and competitor (reactance effect; (Frederick et
al. 2014; Spektor et al. 2021)). Between the Binary to Trinary treatments, we predicted a
shift in choicetowards the available dominating decoy food, since it was highly preferred

and of higher nutritional value than the target and competitor foods.

In Phase 2, to quantify overall shifts in food choice we first investigated responses to
different treatments at the group level (here, wallabies), as is common for phantom decoy

studies. However, this approach can lead to errors in inference from cross level bias, in

which individual shifts in choice can be hidden by group-level stability (Robinson 2011). We
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overcame this problem by implementing a second, new approach of examining individual

shifts in food choice, in either direction, between treatment pairs.

2. Methods

1. Study Site and Species

We ran the study in Ku-Ring-Gai Chase National Park, in native open forest'and woodland
dominated by Eucalyptus haemastoma, Corymbia gummifera, along with other Eucalyptus,
Banksia, Allocasuarina and, Casuarina species and a complex shrub layer. We used free-ranging
swamp wallabies, a midsize (13—17 kg) native Australian herbivore as our model species for this

study.

2. Food preparation
We created complex, multidimensionalartificial foods by combining rabbit pellets
(“Peckish Guinea Pig and Rabbit” 2.3% N) and oaten hay (“Pete’s” 0.44% N), both ground
(<2 mm), with raw sugar, and mixed'with water to make a paste (table S1). The foods
differed across two_ defined nutritional dimensions — nitrogen and carbohydrates — that
also reflect a suite of correlated nutritional components and whose relative value is hon-
linear. For herbivores, nitrogen is a highly valued resource and our diets were desighed so
nitrogen concentrations were within the natural range of surrounding foliage (Bedoya-Perez
et.al. 2014b). Importantly, foods were designed to be both complex— all co-varying across
other nutritional dimensions, such as fibre, fat, vitamins and minerals — and nutritionally

realistic for mammalian herbivores.
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To make the dominating decoy present but inaccessible, we needed to provide some cue
wallabies could associate with the foods to detect and identify them. In contrast to humans,
whose dominant cue is often visual, wallabies use olfactory cues to locate, identify and select
foods from afar (Bedoya-Perez et al. 2014a; Stutz et al. 2016; Finnerty et al. 2017). We therefore
tested and confirmed that volatile organic compound (VOC) profiles differed among the foods,
providing wallabies with cues they could associate with each food item (see€ supplementary

material).

3. Phase 1: Preliminary Binary Preference Trials
Within the study site, we set up 30 plots, each plot displayingtwo clear open food
containers protected from rain, 30cm apart (Figure 3). Each plot had a motion triggered
infrared camera (ScoutGuard SG560K or SG2060-K) set to 60 or 180 second videos (based
on camera model) with instant retrigger, attached to a 1.2m wooden stake and facing ~ 45-
degree downward to record wallaby visits and behaviors at the food containers. Plots were
spaced ~ 100 m apart to ensure independence of choices by wallabies among plots and to

ensure we sampled a range of individual wallabies across plots.

We tested six pairs of food (binary treatments) consecutively, to select our target,
competitor, and phantom decoy foods for Phase 2 (table S1, figure S1). For a given pair, at
each plot (n = 30 replicates) we placed one food type (= volume, ~10 — 20 g dry matter) per

container.
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In our first binary trial, wallabies took several days to display a preference, possibly as they
learned about the nutritional quality and odor of these unfamiliar foods. We therefore ran
each paired trial for three consecutive nights. Food was replaced each day and their
location — left-hand side (LHS) or right-hand side (RHS) — was initially randomlyallocated

for each plot then switched each night to avoid a location bias.

We considered preference per day as the first food eaten and also quantified the
percentage time spent eating either food in the first 60 seconds offeeding. A wallaby would
typically consume the entirety of a food type in 60-80 seconds. Based on the results of
these six trials (figure S2), we selected target, competitor, and dominating decoy foods that
lay in nutritional space with Dominating Decaoy > Target > Competitor for nitrogen; and
Competitor > Dominating Decoy =Target for carbohydrates (Figure 1). These three foods

were used in the main phantom decoy experiment — Phase 2.

4. Phase 2: Phantom Decoy Experiment
We used 45 plots, ~100 m apart (30 in the same location as Phase 7 and 15 new), with
three containers and a camera at each plot as in Phase 1. We tested three treatments —
Binary, Phantom, and Trinary (described in detail below) — 15 replicates (plots) per
treatment, per period, across three periods. Treatment was randomly allocated to plots in
the first period, then via a cross-over design to balance treatments across time and space
and account for potential carryover effects (Ratkowsky et al. 1993). Within each plot, the

target and competitor were allocated to containers and, as in Phase 1, position of the two

10
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foods was switched each day within a given period. The dominating decoy food, or empty

container, was placed 30 cm from both containers forming a triangle (Figure 3).

As in Phase 1, we ran each experimental period for at least three consecutive days (four
days if a plot was unvisited on Day three to ensure we had a visit after the learning period —
a “valid” treatment day). On Days 1 and 2 of each period, in all treatments, all foods were
available for wallabies to consume to ensure the animals had.the opportunity to learn the
nutritional properties and match the odors to the specific foods on offer. Whether a food

was available on Day 3 of a period depended on treatment:

Binary: Two available foods — target and competitor —in containers as in Phase 1,
available for the entire period (Days.1-3). We also deployed an empty containeras a

procedural control for the absent dominating decoy food.

Phantom: Two available foods — target and competitor — in containers as in Phase
1, available for the entire period (Days 1-3). On Days 1-2, the dominating decoy food was
available in a third container to ensure the wallabies were familiar with it. On Day 3, we
made the. dominating decoy food unavailable — a phantom decoy — placing a wire mesh

lid.on the container so wallabies could smell and see but not eat it.

Trinary: Two available foods — target and competitor —in containers as in Phase 1,

and available dominating decoy food in a third container, all available for the entire period

11
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(Days 1-3). We included this treatment to account for any effect of changing one food

(dominating decoy) from available to unavailable on Day 3 inthe Phantom treatment.

For each period, we used data from Day 3 (the first valid treatment day i.e. Day 3 or'4) to

quantify food choice and behaviors in response to treatments

5. Phase 3: Follow-up Binary Preference Trials

We next ran two follow-up binary preference trials, repeating: 1. dominating decoy versus
target food, and 2. dominating decoy versus competitor.food:'We did this because results
from Phase 2 Trinary treatment showed the available dominating decoy was chosen the
least, despite it being the highestin nutritional value and significantly preferred to both the
target and competitor foods in Phase 7 binary trials. As such, we needed to check if binary
preference between these foods had changed since Phase 7. A secondary aim was to
confirm that food choice was consistent irrespective of the perceived amount of food
offered. For eachpreference trial we therefore incorporated a treatment with comparing
two extremes: Volume (paired foods matched for volume) and Mass (paired foods matched
for dry. mass), with 22 replicates per level, randomly allocated across a total of 44 plots.

Each trialran for three consecutive nights, and food location was determined as in Phase 1.

6. Quantifying wallaby behavioral responses
In Phase 1 and Phase 3 binary preference trials, we quantified and compared wallaby
behaviors across all nights. In Phase 2, we only quantified wallaby behaviors on Day 3 of
each period. On a given night, we analysed only the first visit where a wallaby ate any food,

12
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as later visits may have been confounded by differing starting volumes of foods or by any

animal odors.

Using Behavioural Observation Research Interactive Software (BORIS (Friard and Gamba
2016)), we quantified two variables, 1. preference as food first consumed (instant choice)
and 2. short-term preference as the food consumed the most (%) within the first 60
seconds of feeding. However, in 99% of visits the instant choice-was the only food
consumed across the short-term. Results of 2. were therefore effectively the same as 1.
and a more detailed measure of preference (such as % eaten of each food) was no longer
necessary. We did not quantify long term preference over the entire visit, as wallabies
usually finished the first food they chose;;meaning consumption of the alternate food no
longer fit within a binary choice framework. We also recorded other behaviors — including
time spent overtly sniffing a food (distinctly pointing nose at food or sampling air), if a
wallaby switched foods without finishing the first (yes/no), and if the food a wallaby first
visited was the food eaten first (yes/no) — in case treatment influenced any exploratory
behaviors, as found in Orlando et al. (2023). However, wallabies overtly sniffed food in <
10% of visits, a wallaby switched foods within the first minute in only one visit (1%), and a
wallaby ate the first food they walked to in 88% of visits with little differences between

treatments. We therefore did not consider these variables further.

13
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7. Statistical analyses for Phase 1 and Phase 3 Binary Preference Trials
All statistical analyses were carried out in RStudio (Team 2025). For Phase 1, we analysed each
binary preference trial based on instant choice. For a given trial, we selected one of the two foods
and quantified the response variable as whether it was eaten first (1 = yes, 0 = no). Weran a
generalised linear mixed model (glmm) with a logit link function and binominal‘distribution
using the glmer package Ime4 and anova function (package: car) to test significance of the fixed
effects. Day was included as a fixed factor and plot a random factor. Preferences were
considered significant if 95% confidence intervals (CI) did notioverlap 0.5. For Phase 3, first
choice was analysed as above, including treatment (matched for Volume or Mass) as a fixed
explanatory variable. Results were visualised with ggplot2 package, back-transformed into

probability of choosing one food over the other.

8. Statistical analyses for Phase 2 Phantom Decoy Experiment

2.8.1. Choice at Group Level
We first analysed the data atthe group level comparing instant choice across Binary,
Phantom, and Trinary treatments. We ran a glmm with a logit link function and binominal
distribution usingthe lme4 package to quantify if food first chosen (target or competitor)
was associated with treatment (Binary, Phantom, Trinary). Our response variable was food
first chosen (1 = Target, 0 = Competitor) with treatment as the fixed explanatory variable
andplot as a random factor. As the dominating decoy food was not available in Binary and
Phantom treatments, we excluded samples where the dominating decoy was chosen first
(n=8) from the Trinary. While this made the data unbalanced, our main interest here was

the comparison between Binary and Phantom treatments.

14
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2.8.2. Choice at Individual Level
A potential problem with a group-level approach to the analysis is cross-level bias where
overall group responses can mask individual changes (Edwards and Pratt 2009; Sasaki and
Pratt 2011). To overcome this problem, we also analysed the data at the individualplot

level (hereafter referred to as individual level) to test whether wallaby responses differed

between 1. Binary versus Phantom, and 2. Binary versus Trinary treatments. We considered

each plot to be a valid approximation for this individual level analysis for'several reasons.
First, despite some overlap in home ranges, these wallabiesare solitary, so visits are
independent among wallabies. Second, we spread the plots-out so no more than 1-2 plots
were likely to fall within any individual’s homerange (Kaufmann 1974; Troy and Coulson
1993). Third, throughout our preference trials we found a consistent two-day learning
period for a given food at a given plot. This finding strongly indicates that the same

individual, or small group of individuals, were visiting a given plot.

For each paired treatment comparison — 1. Binary versus Phantom, and 2. Binary versus
Trinary — we used the Ime4 package in R and fitted a glm with a logit link function and
binominal distribution. Our response variable was switch in choice between treatments (1
=yes, 0.=no) with food eaten in Binary treatment (target or competitor) as the fixed
explanatory variable. In 1. Binary versus Phantom at a given plot, for example, if the target
food was chosen in the Binary treatment, but the competitor was chosen in the Phantom
treatment, then switch in choice =yes and food eaten in Binary = target for that plot. In 2.

Binary versus Trinary at a given plot, for example, if the target food was chosen in the Binary

15
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treatment, but the phantom decoy was chosen in the Phantom treatment, then switch

in choice =yes and food eaten in Binary = target for that plot (as summarised in
supplementary table 2). We ran analysis of deviance on the model outputs using the car
package to test significance of treatment on switching food choice. A switching effect was
significant when the parameter estimates for the modelled log of the odds ratio was
significantly different from zero. Results were visualised with the visreg package, back-
transformed into probability of switching. As the experiment was run as a cross-over
design, with treatment allocation balanced across period and space, with no treatment
consistently preceding another treatment across plots, we avoided confounding period

with any directional change in response between one treatment and its comparison pair.

3. Results:

1. Phase 1: Preliminary Binary Preference Trials

Here, we focus on preferencetrials between foods we selected for the target, competitor,
and dominating decoy foods in Phase 2 (results for three other preference trials did not
yield appropriate foods for Phase 2; see supplementary information). In the binary
preference trial comparing choice between the dominating decoy and target, wallabies
were significantly more likely to choose the dominating decoy food (on Day 3, 95% Cl:
0.502 - 0.886, figure 4a). Similarly, in the binary preference trial comparing choice between
the dominating decoy and the competitor, wallabies showed a significant preference for
the dominating decoy (on Day 3, 95% CI: 0.502 —0.886 (by coincidence, exactly the same

as above), figure 4b). In the binary preference trial comparing choice between the target

16
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and competitor, across all trial days wallabies displayed no significant preference for either
option (on Day 3, 95% CI: 0.394 - 0.799, figure 4c). These binary preference trials
confirmed that actual food preferences of the wallabies were consistent with the relative

ranking of options described in conceptual models (i.e., DD > T = C).

2. Phase 2: Phantom Decoy Experiment
3.2.1. Choice at Group Level
Across the three periods, there were 110 independent swamp wallaby visits, with 39, 39,
and 32 visits to Binary, Phantom, and Trinary treatmentsrespectively. Using the Binary
treatment as the baseline, in the Phantom treatment there was a netincrease in choice for
the competitor. Unexpectedly, in the Trinary treatment, the available dominating decoy

food was chosen least (figure 5). However, there was no significant association in food first

chosen (target or competitor) and treatment (Binary, Phantom, and Trinary) (x2= 2.5162, df =

2, p=0.284, figure 6).

3.2.2. Choice at Individual Level

In the pairwise comparison of individual choices between Binary and Phantom treatments,

there was a significant effect of the food chosenin the Binary and the probability of

switching food choice from Binary to Phantom treatments ()(2 =4.067,df=1, p=0.044,
figure 7a). Wallabies that chose the target in the Binary treatment, were more likely to
switch choice to the competitor in the Phantom treatment. In contrast, wallabies that
chose the competitor in the Binary treatment, were more likely to continue to choose the

competitor in the Phantom treatment (figure 7b). Inthe pairwise comparison of individual
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choices between Binary and Trinary treatments, there was no evidence that the food

chosen in the Binary affected the probability of switching food choice from Binary to Trinary

treatments (x2=0.353, df =1, p = 0.552, figure 7c). Furthermore, and contrary to our
expectation based on binary preference trials in Phase 1, wallabies switched their choice
from either target or competitor foods to the available dominating decoy food.in only ~25%

of cases (figure 7d).

3. Phase 3: Follow-up Binary Preference Trials
In Phase 3 binary preference trials, wallabies showed.a significant preference for the
dominating decoy food over the target (on Day 3, 95% CI:'0.582 - 0.897, figure 4d) and

competitor (on Day 3, 95% CI: 0.700 — 0.984, figure 4e) as they did in Phase 1. There was no
effect of treatment (Volume/Mass) on choice between the dominating decoy and target ()(2

=0.08, df =1 p=0.77, figure S3a) or the dominating decoy and competitor ()(2 =3.11,df=1,

p =0.07, figure S3b).

4. Discussion:

By taking a.new approach to test individual level decisions, we demonstrate that an
unavailable phantom decoy significantly shifted choice by wallabies, with a stronger net
shiftaway from the target to the competitor food. Unexpectedly, in the Trinary treatment
individual choice changed again, with the most preferred food in binary tests (i.e. the
available dominating decoy food) chosen the least. These individual results were reflected
in patterns at the group level, but the group level changes were not significant, indicating

cross-level bias. Our findings directly build on a previous study with wallabies (Orlando et

18
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al. 2023), showing phantom decoys not only influence information processing behaviour by
wild mammals before they make a choice, but also in what they choose, i.e. the decision
outcome. Together, these findings extend our understanding of cognitive processes of
animals under realistic scenarios. They also have important implications for howwe

describe, understand, and ultimately predict foraging decisions of free-ranging animals.

Phantom decoy changes choice — a net reactance effect

Overall, the unavailable phantom decoy increased choice for the competitor, hence
decreased choice for the target food. This pattern is consistent with a net reactance effect
at the population level. From a cognitive perspective,the reactance effect is suggested to
arise from ‘annoyance’ or ‘attention’. In the first, an.individual may become frustrated
(annoyed) they cannot have what they want (the phantom decoy) so they ‘rebel’ and
choose the most different option—the competitor (Tversky 1972; Scarpi and Pizzi 2013). In
the second, adding the phantom decoy induces a salience bias so the individual focuses
on and attends to the‘most unique option (Tsetsos et al. 2012), once again the competitor
(Spektor et al. 2019).,Whether we could identify such psychological drivers underlying wild

animal decisions, especially without anthropomorphising, remains a challenge.

Tworadditional factors, relating to how the choice task s structured, may also cause shifts
in choice, towards either the competitor or the target. These non-mutually exclusive factors
are (1) attribute “concreteness” of the options, and (2) relative distance in value of the

decoy versus the target along their common dimension. When options have high attribute
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concreteness (i.e. theirvalues are explicit, e.g. stated or numeric) (Pettibone and Wedell
2000; 2007) people have been shown to shift choice towards the target. But when options
have low attribute concreteness (i.e. values/properties have to be inferred), people shift
choice towards the competitor (Trueblood and Pettibone 2017; Spektor et al. 2019; Spektor
et al. 2021). Our target and competitor foods likely had low concreteness as the two foods
had similar (but still distinct) odor profiles (see supplementary material).and wallabies use
odor to evaluate food quality (Stutz et al. 2016; Finnerty et al. 2017)..Their choice shift

towards the competitor therefore appears consistent with responses of people.

In terms of distance in value, a decoy “far”.in value from the target (> 50% separation on the
dominated attribute) can shift people’s choice towards the competitor, while a “close”
decoy can shift people’s choice towards the target (Scarpi and Pizzi 2013; Liao et al. 2021).
In this study, we classify the phantom decoy as “far” in value from the target. Food nitrogen
was the dominated.attribute, and the phantom decoy had 2.8 times as much as the target
(Figure 1). This difference is highly meaningful from a nutritional perspective for herbivores,
since plant (food)'nitrogen is often a limiting nutrient (Robbins 1993). The target food
nitrogen content (0.8%) was designed to mimic common low quality foliage whereas the
phantom decoy food nitrogen content (2.24%) mimicked high-quality young foliage (Loney
et al. 2006), a highly valuable resource. Furthermore empirical evidence shows that
wallabies harvest food with nitrogen matching the phantom decoy much more than food
with nitrogen matching the target (Bedoya-Perez et al. 2014b). As the “far” phantom decoy

shifted choice by wallabies towards the competitor, results are consistent with responses
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of people. Wild animals — not just people — may therefore be sensitive to the relative

value of options.

In contrast to our findings and human studies, in captive animal studies phantom decoy
effects have only resulted in a shift towards the target —in line with the similarity-
substitution hypothesis. Examples include food choice tasks with captive'capuchin
monkeys (Marini etal. 2024), honeybees (Tan et al. 2015) and domestic cats (Scarpi 2011),
and mate choice with captive tungara frogs (Lea and Ryan 2015). Untilmore phantom
decoy studies are done with wild animals in complex environments, it is unclear whether
this directional disparity is due to experimental simplicity. (captive) versus complexity

(wild), or other factors such as attribute concreteness and distance in value.

Binary-preference influences the phantom decoy effect

The net shift towards the competitor (reactance effect) by wallabies in the presence of the
phantom decoy arose from a mix of individual responses linked to their preferences inthe
Binary treatment. Specifically, those preferring the target over the competitor in the Binary
treatment were more likely to shift than those who initially preferred the competitor.
Individual shifts:that depend on binary-preference are often not considered as a defining
condition for switching choice in phantom decoy studies. But investigating the influence of
binary-preference on decisions may advance our understanding of decoy effects and what

influences or moderates them: binary-preference may be a crucial component

More options lead to suboptimal choice: due to cognitive overload?
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In the Trinary treatment in Phase 2, wallabies chose the available dominating decoy food
least often. We expected them to choose it most, giveniits high nutritional value and the
fact wallabies strongly preferred it over the target and competitor foods in binary
preference trials both before (in Phase 1) and after (in Phase 3) Phase 2. It is highly:unlikely
wallabies changed food preferences coincidentally in this middle three-week window of
Phase 2. Instead, the change seems linked to the increase in choice setsize, from two to
three. Such anincrease does not seem much in absolute terms, but it is'a 50% increase. In
addition, wallabies had to choose in an already noisy, complex environment, processing
and filtering information about the artificial foods and all other plants in the vicinity of the
plots. Too many options may have exceeded the.cognitive processing capacity of the
wallabies, leading to cognitive overload, in turn leading to slow or suboptimal choices
(Chernev et al. 2015). This explanation is.consistent with studies on choice overload in
people (Misuraca et al. 2024) and emerging research in non-human taxa (Tanner and
Hemingway 2025) and‘most notably findings with bumblebees, in which an increase in
flower choice, from two to four, led to higher constancy and decision-latency — associated
with foraging costs (Austin et al. 2019). Whether wallabies would respond similarly, using

only real plants, remains to be seen.

Decoys as a cue for making heuristic decisions

Taken together, our Phantom and Trinary results suggest a heuristic basis for decoy effects
in free-ranging wallabies. Heuristics or “rules-of-thumb” are strategies individuals can
employ that harness a subset of information to make fast, ‘good enough’ decisions

(Hutchinson and Gigerenzer 2005; Gigerenzer and Gaissmaier 2011). While wallabies
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made suboptimal choices in the Trinary treatment, in the Phantom treatment they may
have harnessed the unavailable phantom decoy food as a point of reference to compare
the available foods, thus eliciting a heuristic response (Tsetsos et al. 2012). Recent human
studies have found that decoy effects diminish as choice set size increases (2 to'3:and
beyond) (Stanley and Wedell 2024; Marini et al. 2025), perhaps because the decoy’s role as
a “point of reference” may become obfuscated with more comparisons (decoyvs option 1,
decoy vs option 2...). Future research could explore decoy effects in complex choice
scenarios with free ranging animals to further reveal when and how'decoys are harnessed

for heuristic decision making.

At the crossroads of cognition and foraging

This study provides the first empirical evidence of phantom decoys influencing decision
outcomes in free-ranging animals-in hatural environments. Such a phantom decoy effect
appears to contradict the fundamental premise of foraging theory — that individuals will
make optimal food choices using an absolute evaluation system (Marsh 2002; Hutchinson
and Gigerenzer.2005). Since they cannot be contradictory, there must be a logical way to
reconcile the two. Incorporating the influence — and presumably adaptive benefits — of
heuristic and.cognitive shortcuts into foraging theory should do just that. Investigating how,
when;.and why foraging animals harness decoy information — and the role of heuristics in
such decisions — will reveal cognitive mechanisms and shortcuts that influence foraging
decisions. Importantly, it should also improve our understanding of foraging behavior by

wild animals, improve traditional foraging models, and better reflect real-world foraging

Supplementary Material: Supplementary material can be found at http://www.beheco.

23

920z 8unp $0 uo 1sanb Agq 65£8698/6500818/000Ua0/S601 "0 | /I0p/3|01IB-80UBAPER/0088q/W00 dNo"0IWspeoe.//:sdny WoJj pepeojumoq



O O 0o N O O~ WOWN =

oxfordjournals.org/.

Funding: This work was supported by an Australian Research Council ARC Discovery Grant
ARC-DP250100022 awarded to CM AND PB.

Acknowledgements: We acknowledge the Darramuragal and Darug people the Traditional
Custodians of the Country where this fieldwork was conducted. We acknowledge their role
as the keepers of ancient knowledge whose cultures and customs continue to nurture this
land, and we pay our respect to Elders past, present, and emerging. Additionally, we thank
all the volunteers who assisted with this study, and two anonymous reviewers for their
constructive feedback.

Conflicts of Interest: The authors have no competing interests.

Animal Ethics Statement: Animal Ethics approval was granted by.the-University of
Sydney’s Animal Ethics Committee (protocol number 2018/1416) and work was conducted
under the approval of New South Wales Department of Climate Change, Energy, the
Environment and Water.

Data Accessibility: Analyses reported in this article can be reproduced using the data
provided by Jarvis, G. et al (2026).

24

920z 8unp $0 uo 1sanb Agq 65£8698/6500818/000Ua0/S601 "0 | /I0p/3|01IB-80UBAPER/0088q/W00 dNo"0IWspeoe.//:sdny WoJj pepeojumoq



OO O WN =

A ADMDMDRMNWWWWWWWWWWNDNDNDNDNDNNDNNN=S =2 A QA A
A WN_LOOCOONOOOVUOPMNWN-~AOCOONOOODOPPWN_,rOOCOONOOOUODMWN-=OO

References:

Austin MW, Horack P, Dunlap AS. 2019. Choice in a floral marketplace: the role of complexity
in bumble bee decision-making. Behavioral Ecology. 30(2):500-508.
doi:10.1093/beheco/ary190.

Bateson M. 2002. Context-dependent foraging choices in risk-sensitive starlings. Animal
Behaviour. 64(251-260. doi:10.1006/anbe.2002.3059.

Bateson M, Healy SD, Hurly TA. 2003. Context-dependent foraging decisions in rufous
hummingbirds. Proceedings of the Royal Society B-Biological Sciences.
270(1521):1271-1276. doi:10.1098/rspb.2003.2365.

Bateson M, Healy SD, Hurly TA. 2002. Irrational choices in hummingbird{oraging behaviour.
Animal Behaviour. 63(587-596. doi:10.1006/anbe.2001.1925.

Bedoya-Perez MA, Isler I, Banks PB, McArthur C. 2014a. Roles of the volatile terpene, 1,8-
cineole, in plant-herbivore interactions: a foraging odor cu¢ as well as a toxin?
Oecologia. 174(3):827-837. doi:10.1007/s00442-013-2801=x.

Bedoya-Perez MA, Issa DD, Banks PB, McArthur C. 2014b. Quantifying the response of free-
ranging mammalian herbivores to the interplay between plant defense and nutrient
concentrations. Oecologia. 175(4):1167-1177. doi:10.1007/s00442-014-2980-0.

Brown JS, Kotler BP. 2004. Hazardous duty pay and the foraging cost of predation. Ecology
Letters. 7(10):999-1014. doi:10.1111/j.1461-0248.2004.00661 .x.

Charnov EL. 1976. Optimal foraging, marginal value theorem. Theoretical Population Biology.
9(2):129-136. doi:10.1016/0040-5809(76)90040-X.

Cheng Y-H, Chuang S-C, Huang MC-J, Hsieh W-C. 2012. More than two choices: The influence
of context on the framing effect. Current Psychology 31(3):325-334. doi:10.1007/s12144-
012-9150-5.

Chernev A, Bockenholt U, Goodman J. 2015. Choice overload: A conceptual review and meta-
analysis. Journal of Consumer Psychology. 25(2):333-358.
doi:10.1016/j.jcps:2014.08.002.

Cote SD, Rooney TP, Tremblay JP, Dussault C, Waller DM. 2004. Ecological impacts of deer
overabundance. Annual Review of Ecology, Evolution, and Systematics. 35(1):113-147.
doi:10.1146/annurev.ecolsys.35.021103.105725.

Daskin JH, Stalmans M, Pringle RM, Gomez-Aparicio L. 2016. Ecological legacies of civil war:
35-year increase in savanna tree cover following wholesale large-mammal declines. The
Journal of Ecology. 104(1):79-89. doi:10.1111/1365-2745.12483.

Doyle JR; O'Connor DJ, Reynolds GM, Bottomley PA. 1999. The robustness of the
asymmetrically dominated effect: Buying frames, phantom alternatives, and in-store
purchases. Psychology & Marketing. 16(3):225-243. doi:10.1002/(sic1)1520-
6793(199905)16:3<225::Aid-mar3>3.0.Co;2-x.

Edwards SC, Pratt SC. 2009. Rationality in collective decision-making by ant colonies.
Proceedings of the Royal Society B : Biological Sciences. 276(1673):3655-3661.
doi:10.1098/rspb.2009.0981.

Fawcett TW et al. 2014. The evolution of decision rules in complex environments. Trends in
Cognitive Sciences. 18(3):153-161. doi:10.1016/j.tics.2013.12.012.

Finnerty PB, Stutz RS, Price CJ, Banks PB, McArthur C. 2017. Leaf odour cues enable non-
random foraging by mammalian herbivores. Journal of Animal Ecology. 86(6):1317-
1328. doi:10.1111/1365-2656.12748.

25

920z 8unp $0 uo 1sanb Agq 65£8698/6500818/000Ua0/S601 "0 | /I0p/3|01IB-80UBAPER/0088q/W00 dNo"0IWspeoe.//:sdny WoJj pepeojumoq



OCOoONOOOOOPA~AWN-=

A BADMBAEDRRDWWWWWWWWWWNDNDNNDNNNNNN=_2S A Ao
ah~rhowON—~rOCCOONOOVCOPRWON-rOCCOONOOCOPMWON_,rOOCOONOOUODMWN-=O

46

Foster CN, Barton PS, Sato CF, MacGregor CI, Lindenmayer DB. 2015. Synergistic interactions
between fire and browsing drive plant diversity in a forest understorey. Journal of
Vegetation Science. 26(6):1112-1123. doi:10.1111/jvs.12311.

Frederick S, Lee L, Baskin E. 2014. The limits of attraction. Journal of Marketing Research.
51(4):487-507. doi:10.1509/jmr.12.0061.

Friard O, Gamba M. 2016. BORIS: a free, versatile open-source event-logging software for
video/audio coding and live observations. Methods in Ecology and Evolution.
7(11):1325-1330. doi:10.1111/2041-210x.12584.

Gigerenzer G, Gaissmaier W. 2011. Heuristic decision making. Annual Review of Psychology.
62(1):451-482. doi:10.1146/annurev-psych-120709-145346.

Guldemond R, Van Aarde R. 2008. A Meta-Analysis of the Impact of African Elephants on
Savanna Vegetation. The Journal of Wildlife Management. 72(4):892-899.
doi:10.2193/2007-072.

Hemingway CT, Aversa JC, Ryan MJ, Page RA. 2021. Context-dependent preferences in wild
fruit bats. Animal Behaviour. 179(65-72. doi:10.1016/j.anbehav.2021.06.016.

Hemingway CT, DeVore JE, Muth F. 2024. Economic foraging ina fleral marketplace:
Asymmetrically dominated decoy effects in bumblebees. Proceedings of the Royal
Society B-Biological Sciences. 20240843 291(2031). doi:10.1098/rspb.2024.0843.

Herne K. 1997. Decoy alternatives in policy choices: Asymmetric domination and compromise
effects. European Journal of Political Economy. 13(3):575-589. doi:10.1016/S0176-
2680(97)00020-7.

Hutchinson JMC, Gigerenzer G. 2005. Simple heuristics and rules of thumb: Where
psychologists and behavioural biologists might meet. Behavioural Processes. 69(2):97-
124. doi:10.1016/j.beproc.2005.02.019.

Jackson SM, Roberts WA. 2021. Irrational behavior in dogs (Canis lupus familiaris): A violation
of independence from irrelevant alternatives. Behavioural Processes. 193(104512-
104512. doi:10.1016/j.beproc.2021.104512.

Jarvis G, Banks PB, Latty. T, Passell M, Orlando CG, McArthur C. 2026. APhantom Decoy
Shifts Wild Forager Decisions in a Natural Environment. Behav Ecol.
https://doi.org/10.5061/dryad.2jm63xt3w.

Kaufmann JH. 1974. Habitat Use and Social Organization of Nine Sympatric Species of

Macropodid Marsupials. Journal of Mammalogy. 55(1):66-80. doi:10.2307/1379257.

Kelman M, Rottenstreich Y, Tversky A. 1996. Context-dependence in legal decision making. The
Journal of legal studies. 25(2):287-318. doi:10.1086/467979.

Latty T, Beekman M. 2011. Irrational decision-making in an amoeboid organism: Transitivity
and context-dependent preferences. Proceedings of the Royal Society B-Biological
Sciences. 278(1703):307-312. doi:10.1098/rspb.2010.1045.

Lea AM, Ryan MJ. 2015. Irrationality in mate choice revealed by tingara frogs. Science
(American Association for the Advancement of Science). 349(6251):964-966.
doi:10.1126/science.aab2012.

Liao JJ, Chen YJ, Lin WJ, Mo L. 2021. The influence of distance between decoy and target on
context effect: Attraction or repulsion? J Behav Decis Mak. 34(3):432-447.
doi:10.1002/bdm.2220.

Locatello L, Poli F, Rasotto MB. 2015. Context-dependent evaluation of prospective mates in a
fish. Behavioral Ecology and Sociobiology. 69(7):1119-1126. doi:10.1007/s00265-015-
1924-y.

26

920z 8unp $0 uo 1sanb Agq 65£8698/6500818/000Ua0/S601 "0 | /I0p/3|01IB-80UBAPER/0088q/W00 dNo"0IWspeoe.//:sdny WoJj pepeojumoq



OCOoONOOOOOPA~AWN-=

A DRADAEADRMDMWWWWWWWWWWNDNDDNDNNDNDDNNDNDN=2A=S A A
AOWON_LOOCDOONOOODUOPMNWN_,LrOOCOONOOCOPMPWON-~rOCCOONOOOCOOPMWN=-=O

Loney PE et al. 2006. How do soil nutrients affect within-plant patterns of herbivory in seedlings
of Eucalyptus nitens? Oecologia. 150(3):409-420. doi:10.1007/s00442-006-0525-x.

Marini M, Ansani A, Cecere D, Paglieri F. 2025. Attraction effect in crowded decision spaces:
Exploring the impact of decoys in choices among numerous options. Journal of Cognitive
Psychology. 37(1):39-51. doi:10.1080/20445911.2024.2436363.

Marini M, Colaiuda E, Gastaldi S, Addessi E, Paglieri F. 2024. Available and unavailable decoys
in capuchin monkeys (Sapajus spp.) decision-making. Animal Cognition. 3 27(1).
doi:10.1007/s10071-024-01860-y.

Marini M, Paglieri F. 2019. Decoy effects in intertemporal and probabilistic choices the role of
time pressure, immediacy, and certainty. Behavioural Processes. 162(130-141.
doi:10.1016/j.beproc.2019.03.002.

Marsh B. 2002. Do animals use heuristics? Journal of Bioeconomics. 4(1):49-56.
doi:10.1023/a:1020655022163.

McArthur C, Banks PB, Boonstra R, Forbey JS. 2014. The dilemma of foraging herbivores:
dealing with food and fear. Oecologia. 176(3):677-689. doi:10.1007/s00442-014-3076-6.

Mclnnes PF, Naiman RJ, Pastor J, Cohen Y. 1992. Effects of moose browsing on vegetation and
litter of the boreal forest, Isle Royale, Michigan, USA. Ecology 73(6):2059-2075.
doi:10.2307/1941455.

McNamara JM, Green RF, Olsson O. 2006. Bayes' theoremand its applications in animal
behaviour. OIKOS. 112(2):243-251. doi:10.1111/.0030-1299.2006.14228 .x.

Misuraca R, Nixon AE, Miceli S, Di Stefano G, Abbate CS. 2024. On the advantages and
disadvantages of choice: Future research directions in choice overload and its moderators.
Frontiers in Psychology. 1290359.15(doi:10.3389/fpsyg.2024.1290359.

Mohr PNC, Heekeren HR, Rieskamp J. 2017. Attraction effect in risky choice can be explained
by subjective distance between choice alternatives. Sci Rep. 7(1):1-10.
doi:10.1038/s41598-017-06968-5.

Morgan JW. 2021. Overabundant native herbivore impacts on native plant communities in south-
eastern Australia. Ecological Management & Restoration. 22(S1):9-15.
doi:10.1111/emr.12437.

Morgan KV, Hurly TA; Bateson M, Asher L, Healy SD. 2012. Context-dependent decisions
among optionsvarying in a single dimension. Behavioural Processes. 89(2):115-120.
doi:10.1016/j.beproc.2011.08.017.

Morgan KV, Hurly TA, Healy SD. 2014. Individual differences in decision making by foraging
hummingbirds. Behavioural Processes. 109(195-200. doi:10.1016/j.beproc.2014.08.015.

Orlando CG, Banks PB, Latty T, McArthur C. 2023. To eat, or not to eat: A phantom decoy
affects information-gathering behavior by a free-ranging mammalian herbivore.
Behavioral Ecology. 34(5):759-768. doi:10.1093/beheco/arad057.

Parrish AE, Dawes J, Thompson HL. 2024. Exploring the impact of decoys on decision-making
by young children. J Behav Decis Mak. 2385 37(3). doi:10.1002/bdm.2385.

Pettibone JC, Wedell DH. 2000. Examining models of nondominated decoy effects across
judgment and choice. Organizational Behavior and Human Decision Processes
81(2):300-328. doi:10.1006/0bhd.1999.2880.

Pettibone JC, Wedell DH. 2007. Testing alternative explanations of phantom decoy effects. J
Behav Decis Mak. 20(3):323-341. doi:10.1002/bdm.557.

27

920z 8unp $0 uo 1sanb Agq 65£8698/6500818/000Ua0/S601 "0 | /I0p/3|01IB-80UBAPER/0088q/W00 dNo"0IWspeoe.//:sdny WoJj pepeojumoq



OCOoONOOOOOPA~AWN-=

A DRADAEADRMDMWWWWWWWWWWNDNDDNDNNDNDDNNDNDN=2A=S A A
AOWON_LOOCDOONOOODUOPMNWN_,LrOOCOONOOCOPMPWON-~rOCCOONOOOCOOPMWN=-=O

Pratkanis AR, Farquhar PH. 1992. A brief history of research on phantom alternatives: Evidence
for seven empirical generalizations about phantoms. Basic and Applied Social
Psychology. 13(1):103-122. doi:10.1207/s15324834basp1301 9.

Pyke GH. 1984. Optimal foraging theory: A critical review. Annual Review of Ecology and
Systematics. 15(523-575. doi:10.1146/annurev.es.15.110184.002515.

Ratkowsky DA, Evans MA, Alldredge JR. 1993. Cross-over experiments : Design, analysis, and
application. Marcel Dekker.

Ripple W1 et al. 2015. Collapse of the world’s largest herbivores. Science Advances.
1(4):e1400103. doi:10.1126/sciadv.1400103.

Robbins CT. 1993. Wildlife feeding and nutrition. 2nd ed. Academic Press.

Robinson WS. 2011. Ecological correlations and the behavior of individuals. International
Journal of Epidemiology. 40(4):1134-1134. doi:10.1093/ije/dyr082.

Rooney TP. 2001. Deer impacts on forest ecosystems: a North American perspective. Forestry
74(3):201-208. doi:10.1093/forestry/74.3.201.

Royle NJ, Lindstrom J, Metcalfe NB. 2008. Context-dependent mate choice in relation to social
composition in green swordtails Xiphophorus helleri. Behavioral Ecology. 19(5):998-
1005. doi:10.1093/beheco/arn059.

Sasaki T, Pratt SC. 2011. Emergence of group rationality from irrational individuals. Behavioral
Ecology. 22(2):276-281. doi:10.1093/beheco/arq198.

Sasaki T, Pratt SC. 2012. Groups have a larger cognitive capacity than individuals. Current
Biology. 22(19):R827-R829. doi:10.1016/j.cub:2012.07.058.

Scarpi D. 2011. The impact of phantom decoys on choices in cats. Animal Cognition. 14(1):127-
136. doi:10.1007/s10071-010-0350-9.

Scarpi D, Pizzi G. 2013. The impact of phantom decoys on choices and perceptions. Journal OF
Behavioural Decision Making:. 26(5):451-461. doi:10.1002/bdm.1778.

Schwartz JA, Chapman GB. 1999. Are more options always better?: The attraction effect in
physicians' decisionsabout medications. Medical Decision Making. 19(3):315-323.
doi:10.1177/0272989X9901900310.

Shafir S, Waite TA, Smith BH. 2002. Context-dependent violations of rational choice in
honeybees (dpis mellifera) and gray jays (Perisoreus canadensis). Behavioral Ecology
and Sociobiology. 51(2):180-187. doi:10.1007/s00265-001-0420-8.

Sharma M, Isvaran K. 2023. Spoilt for choice: Do female mosquitoes experience choice overload
when deciding where to lay eggs? Behavioural Processes. 213(104963-104963.
do1:10.1016/j.beproc.2023.104963.

Spektor MS, Bhatia S, Gluth S. 2021. The elusiveness of context effects in decision. Trends in
Cognitive Sciences. 25(10):843-854. doi:10.1016/j.tics.2021.07.011.

Spektor MS, Gluth S, Fontanesi L, Rieskamp J. 2019. How similarity between choice options
affects decisions from experience: The accentuation-of-differences model. Psychological
Review. 126(1):52-88. doi:10.1037/rev0000122.

Spektor MS, Kellen D, Hotaling JM. 2018. When the good looks bad: An experimental
exploration of the repulsion effect. Psychological Science. 29(8):1309-1320.
doi:10.1177/0956797618779041.

Stanley JM, Wedell DH. 2024. Impact of choice set complexity on decoy effects. J Behav Decis
Mak. €2373 37(2). doi:10.1002/bdm.2373.

28

920z 8unp $0 uo 1sanb Agq 65£8698/6500818/000Ua0/S601 "0 | /I0p/3|01IB-80UBAPER/0088q/W00 dNo"0IWspeoe.//:sdny WoJj pepeojumoq



OCOoONOOOOOPA~AWN-=

W WWWWWWWWWNNDNDNDNNNDNNN=_222 Ao aaa
©CoONOOCTOOPR~RWN-~rOCOONOOODOPMRWN_,rOODOONOOODUGDMNWN-=O0O

Stephens DW. 2008. Decision ecology: Foraging and the ecology of animal decision making.
Cognitive Affective & Behavioral Neuroscience. 8(4):475-484.
doi:10.3758/cabn.8.4.475.

Stoffel ST, Sun YN, Hirst Y, von Wagner C, Vlaev L. 2023. Testing the decoy effect to improve
online survey participation: Evidence from a field experiment. Journal of Behavioral and
Experimental Economics. 102103 107(doi:10.1016/j.socec.2023.102103.

Stutz RS, Banks PB, Proschogo N, McArthur C. 2016. Follow your nose: leaf odour as an
important foraging cue for mammalian herbivores. Oecologia. 182(3):643-651.
doi:10.1007/s00442-016-3678-2.

Sue O’Curry YP, Pitts R. 1995. The attraction effect and political choice in two-elections. Journal
of consumer psychology. 4(1):85-101. doi:10.1207/s15327663jcp0401 _04.

Tan K et al. 2015. Phantom alternatives influence food preferences in thee€astern honeybee (Apis
cerana). Journal of Animal Ecology. 84(2):509-517. doi:10.1111/1365-2656.12288.

Tanner JC, Hemingway CT. 2025. Choice overload and its consequences.for'animal decision-
making. Trends in Cognitive Sciences. 29(5):403-406..do1:10.1016/j.tics.2025.01.003.

Tanner JC, Simmons LW. 2022. Spoiled for choice: Number of signalets constrains mate choice
based on acoustic signals. Behavioral Ecology. 33(2):364-375.
doi:10.1093/beheco/arab136.

Team R. RStudio: Integrated Development Environment for-R. In:

Troy S, Coulson G. 1993. Home range of the swamp wallaby, Wallabia bicolor. Wildlife
Research. 20(5):571-577. doi:10.1071/wr9930571.

Trueblood JS, Brown SD, Heathcote A, Busemeyer JR. 2013. Not just for consumers: Context
effects are fundamental to decision. making. Psychological Science. 24(6):901-908.
doi:10.1177/0956797612464241.

Trueblood JS, Pettibone JC. 2017..The phantom decoy effect in perceptual decision making. J
Behav Decis Mak. 30(2):157-167. doi:10.1002/bdm.1930.

Tsetsos K, Chater N, Usher M. 2012. Salience driven value integration explains decision biases
and preference reversal: Proceedings of the National Academy of Sciences 109(24):9659-
9664. doi:10.1073/pnas.1119569109.

Tversky A. 1972. Elimination by aspects: A theory of choice. Psychological Review. 79(4):281-
289. doi:10.1037/h0032955.

Wedell DH. 1991. Distinguishing among models of contextually induced preference reversals.
Journal of Experimental Psychology: Learning, Memory, and Cognition. 17(4):767-778.
do1:10.1037/0278-7393.17.4.767.

Wu C, Cosguner K. 2020. Profiting from the decoy effect: A case study of an online diamond
retailer. Marketing Science. 39(5):974-995. doi:10.1287/mksc.2020.1231.

Yin HY, Wang PJ, Yang DS, Chou JY. 2025. Context-dependent food preferences and
comparative decision-making in slime mold Physarella oblonga. Journal of Basic
Microbiology. 65(7):¢70023-n/a. doi:10.1002/jobm.70023.

29

920z 8unp $0 uo 1sanb Agq 65£8698/6500818/000Ua0/S601 "0 | /I0p/3|01IB-80UBAPER/0088q/W00 dNo"0IWspeoe.//:sdny WoJj pepeojumoq



DD/PD

(N}

Nitrogen Concentration (%)
-

0 2 4 6
Sugar Concentration (%)
Figure 1: Location of artificial foods in nutritional space, as defined on two
dimensions: sugar.and nitrogen (% concentration in respective dry foods).
Dominating decoy (DD when available) / phantom decoy (PD when unavailable),

target (T).and competitor (C). The dotted line represents food locations of
equivalent nutrient value — not the relative value of nutrients is non-linear.
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Figure 2: Schematic Diagram of experimental study design. Dots represent food items with options being presented in
either a binary (Phase 1/Phase 3) or trinary (Phase 2) design per day. Across the three phases, the Learning period was on
Days 1 and 2, followed by the Treatment Period on Day 3, the valid treatment day. Phase 1 and Phase 3 depicts the format
for the binary preference trials and Phase 2 depicts the format for each treatment. Color of the dots represents the food
item, blue = target (T), green = competitor (C), pink = dominating/phantom decoy (DD/PD), clear = empty container with

no food (NA).

Figure 3: Experimental set upoftreatments at a given plot. a) Binary treatment: available
target and competitor foods are presented, as well as an empty container, for three days. b)
Phantom treatment: available target and competitor foods are displayed for three days, as
well as the dominating decoy food (the latter made unavailable for consumption on day 3
using a mesh lid). ¢) Trinary treatment: target, competitor and dominating decoy foods are
all availablefor three days. Each food is presented in a container, with the three containers
spaced 30 cm apart in a triangle. A camera at each plot recorded wallaby behaviors.
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Figure 4: Probability of wallabies choosing one food item over another in binary preference
trials over three trial days. .a) dominating decoy vs target in Phase 1, b) dominating decoy vs
competitor in Phase, c) target vs competitorin Phase 1, d) dominating decoy vs target in
Phase 3, e) dominating decoy vs competitor in Phase 3. Phase 1 and Phase 3 results are
presented together to highlight there is no change in preference and food ranking (DD >T/
DD>C) over time Dots (blue, green, pink) depict the food chosen per individual plot, points
(orange/yellow) are the medians, and error bars represent 95% Cls. Asterix indicates
significant difference (Cl doesn’t bound 0.5), hence significant preference.
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Figure 6: Probability of wallabies choosing target food over competitor on Day 3 in Binary,
Phantom and Trinary treatments across all periods in Phase 2.
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Figure 7: Probability of wallabies switching food choice at the individual level between a) Binary and Phantom treatments

and c) Binary and Trinary treatments.in Phase 2. Dashes show the number of choices for each food, the grey line depicts
the median, and the shaded regions represents the confidence intervals (95%). Counts of wallaby food choice for b)
target or competitor between Binary and Phantom treatments or, d) target, competitor, or dominating decoy between
Binary and Trinary treatments at an individual level. Straight arrows depict individuals switching food choice between

treatments and circular arrows depict individuals with consistent choices between treatments.
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