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Neophobia, aversive behaviour towards novel objects, foods
and environments, is a trait that affects the ability of animals
to adapt to new environments and exploit novel resources.
Our previous work demonstrated that individual responses of
house sparrows (Passer domesticus) to object neophobia trials
were not correlated with time spent in or latency to enter a
novel environment. However, because no positive stimulus
was present in the novel environment, this study may have
measured spatial neophilia. In the present study, we placed
familiar food dishes in a novel environment and assessed
whether an individual’s willingness to enter and feed was
significantly correlated with its willingness to feed from a
familiar dish containing a novel object in the home cage. We
exposed house sparrows (n = 26) to a novel environment and
measured their latency to enter and feed, total time spent
in the novel environment and total feeding time. Sparrows
were also assessed for object neophobia in their home cage.
Results indicated that there were no correlations between any
of the measured behaviours in the novel environment and
individual responses to novel object trials, suggesting that
even with food as a common motivator, spatial neophobia and
object neophobia represent two distinct traits.
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1. Introduction
As natural environments worldwide are replaced with novel urban and suburban environments, the
pressure on animals to consume novel foods, approach novel objects and explore new environments
increases [1]. Neophobia, the avoidance of novel foods, objects and environments, is a widespread
and often repeatable behaviour that directly influences an animal’s ability to respond to changes in
available resources, especially in new or human-altered environments [2,3]. In fact, several studies
have shown that neophobia may help explain why some species, populations or individuals persist in
urbanized landscapes while others do not [1,4], and neophobia may also be a factor in invasion success
[5,6].

Neophobia is usually measured in the laboratory or field by assessing an animal’s willingness to
approach a positive stimulus like food or a nesting site when it is paired with something novel and
potentially aversive [7]. Novel stimuli used to assess neophobia include objects, foods, environments,
sounds, smells and tastes [8–12], and researchers often assume that an animal’s response to one type
of novelty reflects its response to other types of novel stimuli (e.g. food neophobia correlating with
object neophobia). However, responses to novelty are often context-specific and can be affected by
factors such as sociality [13], season [14] and, in novel environments, habitat density [15]. Despite these
context-specific effects, it is generally assumed that different types of neophobia tests demonstrate
‘convergent validity’ and reflect the same underlying stable personality trait: responses to novel objects
or novel foods, for example, are considered to reflect an animal’s underlying neophobia, rather than its
‘object neophobia’ or ‘food neophobia’ [16].

This assumption of convergent validity has been tested in some studies, with somewhat mixed
results. In particular, research comparing animals’ responses to novel spatial environments and novel
objects sometimes shows positive correlations within individuals [17–20], but other studies find no
relationship between novel object and novel spatial environment responses [21–24]. This variation
suggests that these different tests may not be measuring the same underlying personality trait.
However, there are also inconsistencies in how different studies were conducted that may explain
some of this variation in results. For example, some studies placed animals into novel environments,
whereas others gave animals a choice of whether to enter [21,25]; some spatial neophobia tests also
exposed animals to novel objects like artificial trees [20], which could potentially confound object and
spatial neophobia.

Another potential inconsistency is between studies that assessed neophilia (novelty attraction
or preference) instead of neophobia (novelty avoidance). Some ‘neophobia’ studies have measured
animals’ willingness to approach novel objects or enter a novel environment in the absence of a
positive stimulus like food (e.g. [7,26]). However, in the absence of food or another motivator, the
only reason for animals to approach is if they show an interest or even a preference for novel over
familiar stimuli (i.e. neophilia) [8]. There is some evidence that neophobia and neophilia are distinct
traits [27,28], and many wild species do not show neophilia, though factors such as urbanization and
proximity to humans can affect whether a given population exhibits neophilia [29,30]. However, a
preference for novel over familiar stimuli is common in domesticated animals like laboratory rodents
and Japanese quail [31,32].

In this study, our goal was to determine if object neophobia was correlated with spatial neophobia
in wild-caught house sparrows (Passer domesticus) in a laboratory setting. House sparrows exhibit
large and repeatable variation in responses to novel foods, objects, environments and novel object
habituation responses [10,33–35], and some individuals display high levels of neophobia while others
appear indifferent towards novelty, making house sparrows an ideal organism to study intra-individ-
ual correlations among different kinds of neophobia tests [34,36]. A previous study evaluating house
sparrow neophobia in the context of novel objects and novel environments found no correlation
between individual responses to the two paradigms. However, no positive stimulus was present
in the novel environment, so this study may have compared spatial neophilia to object neophobia
[24]. By adding a familiar food dish to the novel environment as a positive stimulus, we sought to
compare spatial neophobia to object neophobia. If spatial and object paradigms are measuring the
same underlying personality trait [37], we expected an individual sparrow’s latency to enter a new
environment and total time spent in the new environment would be significantly correlated with its
latency to approach a novel object near food and feed from a dish containing a novel object.

2
royalsocietypublishing.org/journal/rsos 

R. Soc. Open Sci. 12: 250220

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

21
 M

ay
 2

02
5 

file:///Users/christinelattin/Desktop/royalsocietypublishing.org/journal/rsos


2. Methods
2.1. Study subjects
Adult house sparrows (n = 13 females, n = 13 males) were captured using mist nets at bird feeders
in East Baton Rouge Parish between April 2023 and January 2024. In a vivarium at Louisiana State
University, sparrows were singly housed in sets of three identical cages separated by solid metal
dividers and had unlimited access to mixed seeds, Mazuri small songbird diet (a vitamin-rich food
supplement), grit and water. Sparrows were allowed to acclimate for at least three weeks before the
start of experiments and were maintained at a day length of 13 L : 11 D during acclimation and trial
periods. Animals were collected under Louisiana State Scientific Collecting Permits, and all procedures
were approved by the Louisiana State University Institutional Animal Care and Use Committee under
protocol no. 2021-010. We used approved methods for bird capture, transport and husbandry as
specified in the Ornithological Council’s Guidelines to the Use of Wild Birds in Research [38]. After
project completion, sparrows were used for further studies.

2.2. Spatial and object neophobia trials
Sparrows were visually isolated from each other during behaviour trials to prevent influence from
conspecifics [33]. Three days prior to the beginning of trials, sparrows were moved to the centre cage
of each three-cage set with solid metal dividers separating the empty left and right cages from the
centre cage. Centre cages contained food and water dishes and three different types of perches: a
plastic perch, a manzanita branch and latex tubing. Left and right cages were set up with the same
objects placed in different locations to avoid conflating novel object and novel environment responses.
Object and spatial neophobia trials took place on separate weeks. The first group of sparrows (n = 7
females, n = 4 males) was tested for object neophobia before spatial neophobia, while the second group
of sparrows (n = 6 females, n = 9 males) underwent spatial neophobia trials prior to object neophobia
trials. Note that previous neophobia studies in house sparrows found no difference in neophobia
between sexes [24,33,36].

For all behaviour trials, sparrows were fasted overnight. The following morning, researchers
entered the room 30 min after lights turned on and began video recordings. Spatial neophobia trials
followed methods from Kimball & Lattin [7], except that during the spatial neophobia week, food
was placed in the back centre of left and right cages for experimental trials (n = 2 for each sparrow),
or in the centre cage for control trials (n = 2 for each sparrow). Researchers opened either the right
or left cage divider approximately 5 cm or wiggled the divider for control trials, then left the room
and recorded 1 h videos using pole-mounted security cameras (ZOSI Z18.5.T.2) located approximately
1.2 m from cages and connected to a DVR (ANNKE Model DM310). After 1 h, we stopped the
video recordings, moved experimental trial birds and their food back to the centre cages and closed
all dividers. Sparrows experienced four trials over 4 days consisting of two control trials and two
experimental trials in a random order.

During the object neophobia week, sparrows randomly received three of seven possible novel
objects presented with food and 2 days of control (food only; no object) trials. Object neophobia or
control trials took place over five consecutive days in a random order. For object neophobia trials (n =
3 for each sparrow), food dishes without objects were replaced with dishes containing food, grit and
a novel object (<10 cm2 in size) in, on, over or around the food dish. Novel objects used were white
paper covers, foam fans, glitter stars, green drink umbrellas, gold jingle bells, brown Lego arches,
multicoloured paperclip chains, pink puffs, yellow pipe cleaners, plastic purple eggs and red food
dishes. All novel objects were previously piloted in different groups of sparrows [24,33,39] and found
to significantly increase sparrows’ latency to feed compared to the food dish alone. Some sparrows had
participated in prior neophobia studies involving some of the objects, so not all sparrows saw the same
set of three objects to ensure that all the objects used were novel to each individual. For control trials (n
= 2 for each sparrow), normal food dishes were returned to the cage. We recorded 1 h of behaviour and,
after video recordings were stopped, we removed novel objects from food dishes.
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2.3. Behaviour analyses
Behaviour was measured using BORIS 7.10.2 [40]; all spatial neophobia videos were scored by the
same observer. Each spatial neophobia video was observed for an individual’s latency to enter the new
environment, its latency to approach its food, its latency to eat its food, total duration spent in the
new environment, total count of approaches to the entrance of the new environment before entering
and total duration spent eating. Ethograms were created as previously described to associate different
computer keys with state-type behaviours (table 1; [39]). Videos for object neophobia were observed
for an individual’s latency to approach its food dish, as well as its latency to feed from the food dish.
In previous studies, assessments of these behaviours have been highly consistent among different
observers [6].

2.4. Statistical analyses
All statistical analyses were conducted in R v. 4.3.3 [41]. Average responses for each sparrow across
each trial type (i.e. the three object neophobia trials and the two spatial neophobia trials) were used
to compute correlations. Neither novel environment nor novel object behavioural responses were
normally distributed (Shapiro-Wilks tests, all p < 0.05). As a result, correlations between spatial and
object neophobia were analysed using the ‘cor’ function in R to conduct Spearman’s rank correlation
analyses. Effects of sex and trial number were investigated using Cox proportional hazard models
through the ‘coxme’ function of the coxme package [42]. There was no effect of trial number (all p
> 0.60, z > 0.14) or sex (all p > 0.12, z > 0.60) on spatial or object neophobia responses. Because of
this, these variables were excluded from the final models. A Cox proportional hazard model was used
to confirm that the novel objects used significantly increased sparrows’ latency to feed compared to
the control condition. Another Cox proportional hazard model confirmed that placing food in either
the left or right cage significantly increased latency to feed compared to the control cage. We created
Kaplan-Meier survival curves using the ‘survfit’ function from the survival package [43] to visualize
these data. ANOVA-based repeatability [44] of response to object and spatial trials were calculated
using the ‘rpt.aov’ function from the ‘rptR’ package [45].

Table 1. Ethogram used for assessing house sparrow behaviours during spatial and object neophobia trials. (Each behaviour was
assigned a different key using BORIS software.)

spatial neophobia

key code description

n latency to enter a new
cage

time from the start of a trial for a sparrow to enter the new cage. Time was started at the beginning of trials after researchers
exited the room and stopped when a sparrow crossed the divider with its whole body

a latency to approach the
food dish

time from the start of a trial for a sparrow to approach the food dish. Time was started when researchers exited the room and
stopped when a sparrow was within one body length of the dish

f latency to feed time from the start of a trial for a sparrow to feed from the food dish. Time was started when researchers exited the room and
stopped when a sparrow first lowered its head and pecked at its food

d duration in the new cage total time spent in the new cage. Time was started every time a sparrow entered the new cage and stopped every time the
sparrow crossed the divider to return to its home cage

e eating duration total time spent eating. Time was started every time a sparrow first lowered its head and pecked at its food and stopped when
the sparrow left the dish or stopped eating for more than 2 s

t count of entrance
approaches

total number of times the sparrow approached and was within one body length of the entrance to the novel environment before
entering for the first time

object neophobia

key code description

a latency to approach the
food dish

time from the start of a trial for a sparrow to approach the food dish. Time was started when researchers exited the room and
stopped when a sparrow was within one body length of the dish

f latency to feed time from the start of a trial for a sparrow to feed from the food dish. Time was started when researchers exited the room and
stopped when a sparrow first lowered its head and pecked at its food
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3. Results
During the week of object neophobia trials, house sparrows’ feeding latency in the presence of all novel
objects was significantly longer compared to control trials (all z < −3.10, all p < 0.01; figure 1), as was
approach latency (all z < −2.7, all p < 0.01). House sparrows took longer to feed in the presence of the
Lego arch compared to the paperclip chain (z = −2.36, p = 0.018). There were no other differences in
feeding latency between different novel objects. During the week of spatial neophobia trials, there was
no effect of left versus right side on sparrows’ latency to enter a novel environment in the presence

Figure 1. House sparrows (n = 26) took significantly longer to feed in the presence of novel objects presented with the food dish
compared to the food dish alone (all z < −3.10, all p < 0.01). Average responses to control trials are represented by the red line and
average responses to each novel object are represented by all other lines. The shaded areas represent 95% confidence interval.

Figure 2. House sparrows (n = 26) took significantly longer to feed from a familiar food dish in a novel cage compared to the home
cage (all z < −5.45, all p < 0.01). Control trials are represented by the red line, and novel cages are represented by blue and green
lines. The shaded areas represent 95% confidence interval.
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of food (z = 0.47, p = 0.72; figure 2) or their latency to feed in a novel environment (z = 1.7, p =
0.088). For object neophobia, sparrows’ average latency to approach a novel object was significantly
correlated with average latency to feed in the presence of a novel object (r = 0.95, p < 0.0001; table 2). For
spatial neophobia, sparrows’ average latency to enter a novel environment was correlated with their
average latency to feed in a novel environment (r = 0.73, p < 0.0001; table 2). However, there were no
significant correlations between any object and spatial neophobia measures (all r < 0.4, all p > 0.1; table
2). Individual latency to feed in the two spatial neophobia trials (r = 0.67, p < 0.001) was slightly more
repeatable than during the three object neophobia trials (r = 0.62, p < 0.001).

4. Discussion
Our objective was to determine whether house sparrows’ responses to a novel environment were
correlated with their responses to novel objects when motivation was standardized. By adding a
familiar food dish into the novel environment, we introduced a positive stimulus to reduce the
risk of measuring spatial neophilia (an interest in or desire to explore a novel environment) and to
standardize motivation across object and spatial neophobia testing paradigms [46]. We predicted that
house sparrows which were neophobic towards novel objects near their food would exhibit the same
cautious behaviour when presented with familiar food in a novel environment. However, we found
no correlation between sparrows’ novel object and novel environment responses, suggesting that these
two tests do not show convergent validity and that they may measure two different traits [16]. Some
studies that have compared novel object and novel environment responses within individuals found
a similar lack of correlation [22,24], while others found correlated responses to the two paradigms
[17,19,47].

Inconsistent results across different species and studies may partly result from differences in
experimental design, such as how animals are introduced to the novel environment—either by forced
entry [19,25] or by allowing for choice of entry [24,48]—which could affect whether animals show
exploration as compared to escape responses. There could also be between-study differences in the
specific outcomes assessed. There is no set standard for how to measure the exploratory behaviour of
wild animals in spatial neophobia tests, but behaviours such as latency to enter the novel environment
and total time spent in the novel environment are often quantified [49]. Indeed, we found that most of

Table 2. While different measures of neophobia were correlated within each test type (e.g. latency to approach a novel object with
latency to feed in the presence of a novel object, two different measures from object neophobia trials), there were no correlations
between average object and spatial neophobia measures in house sparrows (n = 26). (Significant relationships are in bold. Top
numbers are p-values and bottom numbers are Spearman’s correlation coefficients. See table 1 for details on behaviours analysed.)

spatial
entrance
latency

spatial
approach
latency

spatial
feed
latency

spatial time
in novel cage

spatial time
feeding

count of
entrance
approaches

object
approach
latency

object
feed
latency

spatial entrance

latency

— <0.0001

(r = 0.79)

<0.001

(r = 0.68)

<0.0001

(r = −0.71)

<0.0001

(r = −0.73)

0.27

(r = 0.22)

0.18

(r = 0.27)

0.40

(r = 0.17)

spatial approach

latency

— — <0.0001

(r = 0.87)

0.01

(r = −0.49)

<0.0001

(r = −0.73)

0.74

(r = 0.07)

0.32

(r = 0.20)

0.22

(r = 0.25)

spatial feed

latency

— — — >0.01

(r = −0.53)

<0.0001

(r = −0.7)

0.77

(r = 0.06)

0.21

(r = 0.26)

0.094

(r = 0.33)

spatial time in

novel cage

— — — — <0.0001

(r = 0.72)

0.27

(r = 0.23)

0.76

(r = −0.06)

0.96

(r = 0.01)

spatial time

feeding

— — — — — 0.45

(r = −0.15)

0.36

(r = −0.19)

0.35

(r = −0.19)

count of entrance
approaches

— — — — — — 0.20

(r = 0.26)

0.33

(r = 0.20)

object approach

latency

— — — — — — — <0.0001

(r = 0.95)
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the measures we used to assess both spatial and object neophobia were correlated within each context
(e.g. time to enter a novel cage with time spent feeding in a novel cage).

Different testing paradigms may produce correlated results because the tests show convergent
validity (they measure the same underlying trait) or because they measure two different traits that are
correlated as part of a behavioural syndrome [50]. Behavioural syndromes among distinct personality
traits such as aggression and activity are found in some species and studies, but not in others [51–
53]. Therefore, it is also possible that some species show a behavioural syndrome that includes both
spatial and object neophobia, while others do not. However, meta-analysis approaches have found that
most correlated behaviours show small effect sizes, implying that very large sample sizes would be
necessary to find the (true) correlations between these different behaviours [54,55]. Therefore, it is also
possible that our sample size and resulting statistical power were not sufficient to find a behavioural
syndrome between object neophobia and food neophobia that may actually exist in house sparrows.

We used access to food after an overnight fast as a motivating stimulus. Without a way to standard-
ize motivation across different testing paradigms, it is difficult to determine whether tests measure
the same trait or two different traits. However, while the food placed in the novel environment was
intended to standardize motivation, there can also be individual variation in food motivation, or in
responses to other motivating stimuli, that could cause different results across different tests [56].

Further consideration of sparrows’ behaviours in this study led us to question whether the spatial
neophobia test might even be measuring different traits in different individual sparrows. Some birds
fed from the dish in the novel environment immediately upon entrance. For these birds, the test may
have been measuring food motivation versus fear of the new environment, a kind of approach-avoid-
ance behaviour [57]. Alternatively, for birds that immediately entered the novel environment but never
fed from the dish, this test may have measured escape or exploration behaviour. Exploration behaviour
is sometimes assessed as whether animals will choose a novel stimulus over a rewarded one [58].
However, it is difficult for an outside observer to distinguish between intrinsic exploration versus
escape behaviours [59]. For example, in this study, the behaviour of the birds that entered the novel
cage but did not eat could be interpreted as exploration (choosing to explore the novel environment
rather than approach the food) or as escape.

Even after introducing food as a common motivating factor, object neophobia was not correlated
with spatial neophobia in house sparrows. Our results suggest that the tests used to evaluate object
neophobia and spatial neophobia are not measuring the same underlying trait, although they may still
be linked by a behavioural syndrome that we did not have the sample size to detect. Although we
attempted to standardize motivation across paradigms, the behaviours of sparrows to novel objects
did not predict their responses to the novel environment. It would be useful to examine measures
of stress or anxiety such as circulating corticosterone or neuronal activity in brain regions like the
medial ventral arcopallium (thought to be analogous to the mammalian amygdala [60]) in birds that
immediately entered novel cages but did not feed (potential escapees/explorers) compared to those
that did not enter the novel cage at all or those that entered and immediately fed. This paradigm could
help distinguish between sparrows that enter the novel environment with the intention of exploring
and those that are motivated by food to enter. However, using this particular spatial neophobia
test to investigate ‘neophobia’ in house sparrows is probably not suitable, as we cannot definitively
distinguish between whether individuals showed exploratory, escape, or neophobic behaviours.
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