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Abstract

Psychologists and behavioural ecologists use heophobia tests to measure behaviours ranging
from anxiety to predatory wariness. Psychologists typically focus on underlying cognitive
mechanisms at the expense of ecological validity, while behavioural ecologists generally
examine adaptive function but ignore cognition. However, neophobia is an ecologically
relevant fear behaviour that arises through a cognitive assessment of novel stimuli. Both
fields have accrued conflicting results using various testing protocols, making it unclear what
neophobia tests measure and what correlations between neophobia and other traits mean.
Developing cognitively and ecologically informed tests allows neophobia to be empirically
evaluated where appropriate and controlled for where it interferes with other behavioural
measures. We offer guidelines for designing tests and stress the need for interdisciplinary

dialogue to better explore neophobia’s proximate causes and ecological consequences.
Key words: neophobia, exploration, fear, cognition
Introduction

Many animals show an aversion to novelty; a behavior known as neophobia. In the
wild, avoiding novel predators, foods, objects and locations shapes life history [1] and
influences how animals react to new environments [2]. Neophobia was first studied by
comparative psychologists in the 1950s [3] to quantify non-human fear, anxiety, curiosity,
and memory, and is still commonly used in psychopharmacology and neurobiology for
testing drugs and mapping brain circuitry [4]. Only more recently have behavioral ecologists
studied neophobic behavior, focusing instead on the adaptive value, evolutionary trade-offs
and ecological consequences of variation in neophobia between species, populations and
individuals [1]. Boosted by growing evidence that non-human animals exhibit stable
individual differences in behavior (i.e. temperament, or personality [5]), neophobia tests have
become a common way of comparing variation in personality with other traits. For example,
neophobia levels have been reported to be negatively correlated with propensities for
behavioral innovation [6] and with decreased physiological stress responses [7]; and to have
implications for competitive ability [8], aggression [9] and fitness [10,11].

With so many potential implications, neophobia tests must be rigorous and valid.
However, there is no consensus across disciplines on how to measure neophobia or interpret

seemingly neophobic behavior. Similar tests—such as quantifying movement in a novel or
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aversive space—are interpreted variously as measures of context-specific exploration (e.g.
spatial neophilia [12]), of general “fearfulness” [13] or anxiety [14]. Conversely, very
different methods are used to test neophobia: such as measuring how often animals inspect
peep-holes to see novelty [15], measuring latencies to approach novel feeding platforms [16]
or consume novel foods [13]. Therefore current testing methods may fall prey to both sides of
the jingle-jangle fallacy [17,18]: of lumping together distinct behaviors, or of mislabeling the
same trait as two separate attributes. Additionally, there has been little attention to potential
differences between species in their perception and subsequent responses to the objects,
spaces or foods used for testing, and the choice of novel stimuli is rarely validated against
known fearful or known stimuli. These oversights have led to a confusing body of conflicting
results (see Table 1). For example, it is unclear how to compare a test that places a green
hairbrush in a common myna’s (Acridotheres tristis) home cage (e.g. [2]) with one that
exposes a fallow deer (Dama dama) to a mirror in an experimental arena (e.g. [19]),
particularly when they come to opposite conclusions about whether object neophobia

correlates with a latency to eat novel food.

Despite utilizing tests developed by psychologists, behavioral ecologists often ignore
the cognition underlying fear behavior, sometimes explicitly (e.g. [5]). Cognition
encompasses the mental processes behind perception, learning, decision making and memory
(sensu [20]); processes that underlie most behaviour. Crucially, responding to something
because of its novelty per se relies on classifying an encountered stimulus as novel.
Therefore, neophobia involves an additional cognitive process to other fear reactions and may
not serve as the best measure of overall fearfulness (e.g. [13]), or boldness (e.g. [21,22]).
Individuals may differ in how easily they are aroused by fear-inducing stimuli, differ in their
generalization and categorization abilities (i.e. whether they classify a stimulus as novel, and
therefore fear-provoking), and differ in their experiences from which they define novelty.
Neophobia tests that ignore cognition fail to address these distinct processes, and risk
misinterpreting both the proximate mechanisms and ultimate function of avoidance
behaviour, making apparent correlations between “neophobia” and other behaviors difficult
to interpret. For example, albatrosses (Thalassarche melanophrys) differ in how aggressively
they react when a pink volleyball approaches their nest [23]; an aggressive response being
interpreted as high boldness and related to foraging patterns. However, it is unclear whether

the “bolder” birds classify the object as a threat and the “shyer” birds do not, or whether the
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two groups genuinely differ in their neophobia; a crucial distinction for determining their

response to novelty in non-threatening situations.

Meanwhile, despite measuring an ecologically important behavior, psychologists
often ignore the adaptive context that favors attention towards and fear of novel stimuli. For
example, novel stimuli are rarely vetted to ensure they do not incidentally target ecologically
relevant cognitive biases towards certain colors, shapes or patterns. Since responses to
novelty are commonly used as indicators of memory [4], and stimuli that incidentally target
biases may be attended to in higher frequencies than those that do not, psychological tests can
be skewed by object design. For example, depending on the species, an object that
incorporates the color red may mimic dangerous aposematic prey [24] or an attractive,
sexually selected signal (e.g. [25]); thereby producing opposite patterns of avoidance or
approach that may be resistant to fatigue, regardless of memory. Additionally, whether fear
behaviors are specific to testing situations can be crucial to interpreting results, from the
efficacy of drug treatments to the consistency of brain activity across contexts and species.
Laboratory animal strains may differ, and even produce contradictory results in identical
neophobia tests [26]. Therefore animals’ selective history and the stimuli’s ecological
relevance must be considered to enable accurate comparisons. This paper highlights the
importance of considering the cognitive processes and ecological contexts underlying
neophobic behavior, and offers suggestions for improving neophobia tests. Ultimately, testing
neophobia consistently and accurately will depend on integrating methods from both fields to

better understand the proximate causes and ecological consequences of neophobia.
Problems with neophobia tests

Operationally, neophobia can be divided into the fear of novel objects, spaces, and
foods [6]. The fear of novel foods (i.e. dietary wariness) breaks down into two behaviours:
fearing the appearance of food (a form of object neophobia) and hesitating to incorporate it
regularly into the diet (i.e. dietary conservatism [27]). There is disagreement over whether the
types of neophobia correlate and measure the same underlying mechanism. Within the animal
personality literature, all types of neophobia are often classified under the same umbrella of
exploration-avoidance [5] and are used interchangeably to measure exploration [9,28], and
boldness [21,23].

However, whether animals interact with novelty depends on both their fear and their

interest (i.e. neophilia) in exploring it [1,4]. Neophobia can interfere with measures of
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exploration because the two motivations can in theory occur simultaneously to create
ambiguous behaviour [1]. Awareness of this issue is especially important in spatial
exploration tests, where response measures gauge movement in a novel environment (NE),
with higher movement interpreted as greater exploration [28]. Although these tests have been
proven repeatable [29], and to correlate with other traits [30], they require different
interpretations if movement stems from fear, curiosity or a combination of the two. For
example, object neophobia was found to correlate positively with NE movement in jackdaws
(Corvus monedula), suggesting that more fearful birds explored more ([31], Table 1); the
opposite of what is expected if movement in NE tasks measure a lack of fear. Perhaps a better
explanation is that jackdaws, like other corvids, often display fearfulness by hopping around
[32]; so movement may actually indicate spatial neophobia, not curiosity or exploration.
Since greater movement in the NE predicted lower reproductive success in this study [27],
the cause of the movement is critical to understanding why individual differences influence

jackdaw reproductive success.

Even if neophobia involves distinct processes across contexts, separating neophobia
tests into strict categories is not always straightforward. For example, coyotes respond
differently to novel objects in familiar or unfamiliar environments [33]. Therefore it is
unclear whether a novel object in a novel environment tests object neophobia, spatial
neophobia, or some interaction of the two. Furthermore, how do we classify neophobia that is
extended beyond the artificial objects, spaces, and foods created in the laboratory to more
ecologically valid stimuli, such as novel predators (e.g. [34])? Or stimuli that are neither
specifically objects nor foods such as aversions to novel odours [35]? The stimulus driven
definitions of neophobia seem very simple, yet they risk being arbitrary if not connected to
their ecological context and neurological underpinnings. The source of confusion becomes

clear when examining the cognitive steps that produce neophobic behaviour.
Combining the cognition and ecology of neophobia

Animals’ subjective experience of fear is unobservable. However, perceiving fearful
stimuli triggers measurable endocrine responses, generating observable physiological
changes (e.g. increased heartrate and reduced salivation [36]) and avoidance, flight and
withdrawal behaviours. The cascade of fear responses is prompted by a cognitive assessment
of risk because the sympathetic nervous system will not respond to injury if the brain is

experimentally disconnected or unconscious [37].
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Although current neurobiological evidence has not resolved whether separate types of
neophobia involve disparate brain regions, assessing and reacting to novelty involves
multiple cognitive processes. Perceiving novelty activates brain regions associated with
memory and decision making [38]. Areas within the prefrontal cortex and the hippocampus,
along with activity of the neurotransmitter acetylcholine have been implicated experimentally
in neophobic and exploratory responses, presumably because they process memory
formation, retrieval, and decision making [4,38,39]. Reacting negatively towards novelty
activates brain regions associated with fear. For example, lesions to the amygdala and the
administration of anxiolytic drugs tend to decrease neophobic behaviors, presumably by
dampening fear responses [4]. The physiological effects of activating fear circuitry during
neophobic as opposed to general fear behavior are largely unstudied. In linnets (Acanthis
cannabina), an increased heartrate has been documented with encountering novelty (H
GalBmann, PhD Thesis, Aachen University, 1991), and in great tits (Parus major), birds that
were slower to explore a NE exhibited a faster and higher peak glucocorticoid stress hormone
response after being handled [40]. However, these hormone measures were taken during a
fearful event that did not involve novel stimuli. Other work measuring corticosterone levels

immediately after encountering novel objects found no such increase [41]. Therefore more

[Comment [AG1]: Or mixed results

work is needed to determine how the cognitive appraisal of novelty leads to the physiological
expression of neophobic behavior. Detecting physiological correlates of fear does not imply
that behavioural responses stem from a fear of novelty per se; instead, they may result from

the categorization of novelty as a known danger (see Figure 1).

Determining the cause of seemingly neophobic behavior has critical ecological
implications. Whether animals respond aversively to all novelty or only to novelty that
closely resembles a known danger, such as a predator, can greatly impact survival. For
instance, in fathead minnows (Pimephales promelas) the more closely related a novel
predator is to a known one, the more likely it will elicit anti-predator behaviour [42]. In this
case neophobic behaviour may not play a major role in avoiding a novel, invading predator.
However, in neophobic species, such as juvenile whitetail damselfish, (Pomacentrus
chrysurus) [10], broader avoidance may facilitate naive individuals’ escape from predators

without a dangerous learning experience.

From an ecological perspective, each type of neophobia may be expected to evolve in
response to different selective pressures [1]. For example, high predation pressure may favour

object neophobia if avoiding new stimuli allows animals to escape [1,43]. The need to exploit
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different habitats or migrate may promote low spatial neophobia [e.g. 5]. Finally, a high
prevalence of dangerous foods may favour dietary wariness to prevent poisoning [44].
Studies testing multiple, closely-related species on various types of neophobia provide
evidence for differential selection on neophobia categories. For example different rat species
(Rattus norvegicus, Rattus fuscipes, and Rattus villosissimus) have similar levels of spatial
neophobia but the brown rat (R. norvegicus), which has an evolutionary history as a human
commensal species that regularly encounters rat poison, expresses considerably higher
levels of object neophobia [45]. Beyond within-family comparisons (e.g. [46]) , however, we
know very little about the greater phylogenetic constraints that influence the possible
expression of neophobic behavior. Broad, interspecific comparisons are largely absent from
the neophobia literature, apart from early studies that did not control for differences in
animals’ perceptual abilities (e.g. [47]), and therefore phylogenetically controlled analyses

are not yet possible.

If behavioural ecologists are interested in animals’ responses to novel predators, food,
or locations they may benefit from targeting a specific category of neophobia to increase the
ecological relevance of the test. Conversely, where the interest is in quantifying an
individuals’ propensity for overall risk taking, boldness, or general fear reactivity, then tests
that avoid the confound of novelty might be more appropriate [5]. While researchers should
consider whether neophobia tests or measures of general fear behaviour are more appropriate
for their research questions, they can take steps to increase the validity and accuracy of

neophobia tests (see Table 2).
How should we test reactions to novelty?

Novelty is not inherent to any stimulus, but arises through an interaction of perception
and memory [4]. In designing an object neophobia test, researchers would benefit from
considering whether the properties of an object could fall into an individual’s previously held
or evolutionarily relevant categories. Species can differ in the manifestation of their fear
behaviours (e.g. reacting with flight responses or tonic immobility [48]) and may also possess
differing cognitive biases as a result of their evolutionary history, predisposing them to find
certain stimuli or situations more frightening than others [17]. For instance, if animals find
certain stimulus characteristics, such as aposematic colours [24] or similarity to predator eyes
[49], intrinsically aversive, avoidance may not be due to novelty alone. Efforts should be

made to design test stimuli that do not inadvertently mimic known fear-related stimuli.
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Additionally, since the complexity of a novel object (e.g. patterning, textures and shape) can
influence how much animals interact with it [1,3,41,50], objects with greater complexity may
more likely elicit novelty responses. Unfortunately, often little justification is given for
choosing seemingly arbitrary objects in behavioural ecology (e.g. a pink plastic key chain
[51]; a battery [52]), and psychology (e.g. an aluminium painted cube [45]; see Table 1).
Also, despite there being individual consistency in some neophobic responses [53], reactions
to different objects can vary considerably [54-56]. Despite the potential variation in
responses towards different objects, relying on a single neophobia test is not advisable
because at least two measures of a temperament trait are needed to verify its reliability within
individuals [5]. Therefore neophobia tests should be repeated with a range of objects—not
repeats of the same object (e.g. [23,57]), which are no longer novel on subsequent
presentations—to create a more accurate measure of general novelty responses. Alternatively,
experiments that aim to test the limits and plasticity of an individual’s novelty categories
could systematically present objects designed to differ in small yet distinct ways to help

define which aspects of a stimulus contribute to its novelty.

Reactions to novelty may combine fear, interest and indifference. Several
methodological details can help tease apart fear from exploration interest (i.e. neophilia). For
example, tests that measure animals’ hesitancies to venture outside a familiar space may
differ critically from those in which animals are forced into novel environments, where
activity may be better explained by motivation to escape [17,58]. Both fearfulness and
curiosity can be assessed by combining these two types of tests: measuring animals’ latencies
to enter (neophobia), and their subsequent exploration of a novel space (e.g. [12]). Similarly,
neophobia can be measured through tests that compare approach latencies towards a reward
such as food with latencies towards food next to a novel object (e.g. [59]). Conversely, tests
where the only motivation for approaching an object is the object itself measure exploration
(e.g. [60]). These two tests do not always correlate [46]. Additionally, behaviour in a
neophobia test might be confounded by reactions to stressors other than the novelty
presented. For example, if spatial exploration negatively correlates with object neophobia
(e.g. [67])—the opposite relationship to that reported with jackdaws [31]—it could mean that
individuals classified as most explorative may be faster to recover and resume normal
behaviour following a general stressor (e.g. [40]), such as being handled. In the absence of a
control measurement of normal behaviour, (e.g. activity around a familiar object), it is harder

to determine whether avoidance behaviour is neophobia [51], or movement is explorative.
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Ultimately, the ability of neophobia tests to be predictive in future situations and
contexts depends on understanding what drives seemingly neophobic behavior: differences in
fear reactivity, information processing, or past experience. Pairing neophobia tests with
measures of behavior towards known fearful stimuli, or with other tests of general
fearfulness, such as startle tests that measure how long animals take to resume normal
behavior after being surprised [52], may help determine whether differences stem from
variation in fear reactivity. Accordingly, sometimes other fear-related behaviors correlate
with neophobia [61], and other times they do not [62,63], potentially indicating situations
where neophobic responses are influenced by information processing, not fear. Pairing
neophobia tests with cognitive measures, such as habituation, categorization, or memory tests
is rarely done, but could help determine whether differences stem from classifying novelty.
Just as general cognitive ability may best be determined though batteries of tests targeting
specific cognitive processes [64], neophobia tests will be more accurate with thoughtfully
constructed stimuli and multiple measures to determine an individual’s propensity for fear
across contexts. In future, such test batteries may help to determine why neophobic behaviors
correlate with other traits, and determine the extent of within- and between- individual
variation in different measures of neophobia, ultimately helping to reveal both the proximate

mechanisms and evolutionary consequences of neophobia.
Conclusions

Controlled laboratory studies and ecologically relevant field experiments have equal
importance in moving the study of neophobia towards more informed tests. We need
psychologists to ascertain the mechanisms, and behavioral ecologists to explain why
neophobic behavior exists. Greater communication between the fields, and between
overlapping disciplines such those connecting personality and potential “cognitive
styles”(e.g. [65]) will facilitate the development of more valid stimuli and of tests targeting
specific types of neophobia. With accurate neophobia tests, we can confirm whether
neophobia should be separated into distinct categories and whether all categories need to be
sampled to measure overall fearfulness. Ultimately, making these distinctions will help

determine why neophobia exists, and how its expression impacts individuals and species.
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Table 1. Sample of conflicting neophobia tests. W= Wild, C=Captive, WC=Wild-caught. Ob= latency to approach a novel object; Sp= amount
of movement in a novel space; DC = amount of time before incorporating a novel food into the diet (dietary conservatism); Cort=
magnitude of coricosterone response; Startle= latency to resume normal behavior after a sudden, frightening event; TI= time spent
immobile after being restrained; (+), (-), (/) refer to positive, negative, and no relationship between the two variables; ?= unknown.
NE=Novel environment. *Experimental outdoor ponds open to predation pressure.

. Forced Compared to
. Wild or . L . Reward near o
Species . _ Correlations Novel stimuli (# trials) entry to familiar
captive novelty I
NE stimuli
Jackdaw
(Corvus monedula) W Ob (+) Sp Sl ey (1) Y Y N
NE (1)
[31]
zebra finch Males: Ob (+)Sp  green woolly ball (1)
(Taeniopygia C Females: Ob (/)?s ﬁE 2) ’ N N N
guttata) [66] ' P
mountain
chickadee plastic pink panther key chain (1) Y (Ob)
(Poecile gambeli) Ob (/) Sp NE(1) N N N (Sp)
[51]
coloured clothes pins, styrofoam
mounted on cardboard, yellow
Starlings (Sturnus reflective material, white opaque Y (Ob)
vulgaris) [67] we Ob () SP tube cap ,white spool of purple Y N (Sp)
wire, green pen cap (variable)
NE (variable)
zebra .ﬁnCh. Ob (/) SP AA battery, green purse (2) N (Ob) N (Ob)
(Taeniopygia C Cort (+) Startle NE (2) Y Y (SP) N (SP)
guttata) [52] Y (Startle) Y (Startle)



Great tit (Parus
major) [28]

Great tit (Parus
major) [57]

Japanese Quail
(Coturnix
juponica)[61]
Japanese Quail
(Coturnix
Juponica)[68]

Pumpkinseed fish

(Lepomis
gibbosus) [69]

pied-flycatchers
(Ficedula
hypoleuca) [70]

Chacma baboons

(Papio ursinus)
[63]

WC, W

W*

wcC

W

Ob (-) Sp

Ob (-) Sp

Food neo (/) Tl
DC (+) Tl

Sp (/) DC

Ob (/) Food neo

Ob (+) predator
disturbance
Ob (/)Sp

Ob (/) Predator
wariness

penlight battery, pink panther toy

(variable)
NE (1)

Rigid black and white flag (1,2)

NE (1)

colored jackbean and field beans

(variable)

Seven spot ladybirds (Adalia

bipunctata) (5)
NE (1,2)

Metre stick (variable)
Aquatic vegetation (variable)

pink and yellow plastic duck (2)
Sparrow hawk mount(1)

NE (2)

Food pieces

?

NA

NA

NA

N

N (Ob)

N (Sp)

Y (predator
disturbance)

N
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Figure 1. Blending the cognitive processes with ecological pressures in the expression of
avoidance behaviour. Routes through which a stimulus can elicit avoidance behaviour; only
the route with boxes is neophobia. Previous experience with similar types of novelty can
influence the reaction towards subsequent encounters of novel things.

(see separate file)



Table 2. What to consider when designing a neophobia test.
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Test

Things to consider

Why

Object Neophobia

Careful selection of objects

Ecologically relevant stimuli
can trigger innate fear
responses. Novelty increases
with stimulus complexity
(patterns, colors, textures).

Conduct at least 2 replicates
each with a new object

Many animals show
repeatability, but can respond
to objects differently.

Responses to novelty will
decrease with repeated
presentations

Does test measure
exploration or fear?

Hesitancy to approach novelty
alongside a reward shows fear
responses.

Exploration is best measured
as an attraction to novelty
without other rewarding
stimuli present.

Is neophobic behavior
compared to normal
behavior?

Without a control it is difficult
to determine whether behavior
is particular to the novel
situation

Spatial exploration

Is the animal forced to enter
a novel space?

Forced entry can lead to fear,
not exploratory behavior

Was the animal handled
beforehand?

Minimize other fearful stimuli
where possible

Is it compared to a measure
of activity in a familiar
area?

Movement in novel space
could otherwise reflect
activity

Food Neophobia

Distinguish between
neophobia of the food and
dietary conservatism

Dietary wariness is made up
of two separate processes

General Neophobia

Consider species-specific
fear responses

Species differ in their
cognitive biases

If research questions are
specific to one type of
neophobia, specifically
target that type

Testing one type alone may be
more ecologically relevant

Pair neophobia tests with
other types of tests to tease
apart mechanisms

Pair with a general fearfulness
and an information-processing
test







