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Anthropogenic noise levels are globally rising with profound impacts on
ecosystems and the species that live in them. Masking or distraction by
noise can interfere with relevant sounds and thereby impact ecological inter-
actions between individuals of the same or different species. Predator—prey
dynamics are particularly likely to be influenced by rising noise levels, with
important population- and community-level consequences, as species may
differentially adapt to noise disturbance. Acoustic noise can, however, also
impair the use of visual information by animals through the process of
cross-sensory interference, possibly impacting species interactions that
have so far been largely ignored by noise impact studies. Here, we assessed
how noise affected the performance of great tit (Parus major) foraging on
cryptic prey. Birds trained individually to search for paper moths differing
in the level of camouflage with the test background were tested in the pres-
ence and absence of noise. We found that noise significantly increased
approach and attack latencies, but that the effect depended on the level of
crypsis. Noise increased latencies for cryptic prey targets, but not for con-
spicuous and colour-matched prey targets. Our results show that noise
can interfere with the processing of visual information, particularly in diffi-
cult tasks such as separating objects from a similar looking background.
These results have important ecological and evolutionary implications as
they demonstrate how globally rising anthropogenic noise levels can
influence the arms race between predators and prey across sensory domains.

1. Introduction

Human activities such as industry and urbanization are rapidly transforming
terrestrial and aquatic ecosystems on Earth [1,2]. A recently recognized global
disturbance concerns the effect of anthropogenic noise impacts on animals
[3-5]. Our current knowledge on noise is mainly restricted to reduced detection
of relevant sounds and how this, in turn, can alter intra- and interspecific
relations of a wide range of taxa [6-8]. For example, acoustic communication
in many species of birds, frogs, mammals and insects is impaired by overlap-
ping levels of traffic noise [9-12]. Similarly, noise can reduce the detection
and use of acoustic cues generated by predators or their prey [13-15]. The
majority of animal species, however, rely on more than one sense and often
combine new information with previously obtained knowledge to make appro-
priate decisions [16-18]. Therefore, acoustic noise has the potential to interfere
with processing of information from other sensory modalities or cognitive
domains [19-22].

Such cross-modal impact of anthropogenic acoustic noise can be mediated
via direct and indirect pathways. Noise can directly impair multisensory
perception via masking within the acoustic channel and thereby affect beha-
viours such as multimodal communication [23,24]. Noise may also require
increased processing capacity by auditory nuclei and thereby interfere with
the detection and use of information derived from other sensory inputs
[20,25], a process referred to as cross-sensory interference [17]. Finally, noise
can indirectly affect higher level cognitive processing through feedback from
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behavioural or physiological responses [14,26,27]. Noise
could, for example, increase perceived predation risk, leading
to physiological changes such as circulating stress hormones
[28-30]. These physiological responses may in turn affect cog-
nitive processing, alter decision-making and ultimately lead
to a notable difference in an animal’s behaviour [17]. Impor-
tantly, all of the three different processes listed above can
translate into reduced performance for a given task and
thus force animals to adapt or suffer long-term consequences.

Foraging birds provide an excellent system for an in-depth
study on the impact of noise on non-acoustic information pro-
cessing. Many bird species are specialized in finding visually
cryptic prey, such as nocturnal moths that mimic the visual
backgrounds on which they rest during the day [31,32]. Pre-
senting foraging birds tasks that differ in the amount and
type of visual information processing can thus be used to
quantify a cross-sensory noise impact with a high level of
detail. A wide range of studies has experimentally documen-
ted noise impacts on the behaviour and physiology of birds
[33-36], including in a foraging context [14,30]. However,
we often lack knowledge on the underlying mechanism of
these impacts, which hampers our understanding of their
long-term consequences.

Great tits (Parus major) are a very suitable model system to
assess whether anthropogenic noise can impact avian insecti-
vores that are foraging for cryptic prey. Great tits are
considered visual specialists and are often tested on visual
foraging tasks [37,38]. Furthermore, the impact of anthropo-
genic noise on the behaviour and reproduction of great tits
is well documented [36,39]. On the short term (minutes or
hours), noise has been shown to affect the behaviour and
perception of both male and female birds [40—42]. On the
long term (days to weeks), birds have been shown to adapt
behaviourally [43], though the link to long-term fitness conse-
quences is less clear [44]. Long-term nest-box exposure found
no effect of noise on breeding performance, suggesting that
any long-term effects of noise could be owing to an impact
on foraging efficiency away from the nest-box [44].

Here, we present data on the effect of anthropogenic noise
on a captive population of great tits consisting of males and
females originating from two lines selected for divergent
levels of exploratory behaviour (fast or slow) and that conse-
quently differ in their average personality traits [45,46].
Animals that differ in these behavioural traits are known to
differ in how they assess and respond to environmental con-
ditions, including anthropogenic noise pollution [42,47].
Furthermore, birds from our selection lines differ in their gen-
etic make-up, and demonstrating a difference in performance
under noisy conditions between these lines would be a first
indication of adaptive phenotypic variation that could be
linked to genomic variation.

We exposed individual birds to quiet and noisy con-
ditions in an experimental room where they could freely
search for prey items, namely moths made out of colour-
printed triangular piece of paper with a mealworm attached
to it. Birds were trained to approach and attack one or two
prey targets attached to an experimental board with two
large oak tree backgrounds printed on it (figure 14). In a
first experiment, we tested birds on their latency to approach
and attack conspicuously coloured prey items (either black or
white print) in order to assess a general impact of noise. In a
second experiment, we tested birds on their latency to
approach and attack one of three prey targets differing in

their level of camouflage with the background (i.e. crypsis, [ 2 |

figure 1b) in the presence and absence of anthropogenic
noise exposure to assess cross-sensory interference. In a
final experiment, we presented two prey types differing in
camouflage and tested birds on their attack latency in the
presence and absence of noise.

2. Material and methods

(a) Study location and species

We relied on captive great tits (P. major) that originated from
a bidirectional selection experiment and were housed at the Neth-
erlands Institute for Ecology (NIOO-KNAW). Experiments as
described here did not involve animal experiments as described
in the law, which was confirmed by the Institute for Animal
Experiments of NIOO-KNAW. Lines were selected for three gen-
erations for divergent levels of exploratory behaviour, with a
high line for fast exploratory behaviour and a low line for slow
exploratory behaviour. Selection was conducted on a combination
of the reactions to a novel environment and a novel object (either
fast or slow) in a novel environment (see [45] for details on their
background and selection regime). We started off with 24 great
tits (12 males, 12 females and 12 of each line evenly divided
over the sexes) and managed to train 17 birds to carry out the
experimental tasks repeatedly and within a set amount of time
during the training phase (less than 20 min).

(b) Experimental set-up and training scheme

The birds were trained and tested in a room (4.0 x 2.4 x 2.5 m) that
was situated adjacent to their housing cages. Birds were first
trained to get a food reward by approaching a board (1.5x
2.0 m) placed at the far side of the room (opposite the entrance
door). The board contained several small wooden perches (4 cm
length) with visual targets and food reward pinned to the board
(see below). The room was lit by two full spectrum daylight
high-frequency fluorescent lights (Activa 172, Philips, Eindhoven,
The Netherlands), with the one closest to the board being blocked
with white paper to avoid the casting of a shadow that could pro-
vide the birds with an alternative target cue. In the morning, prior
to training, birds were exposed to their visual targets (all types) in
their housing cages (50 x 90 x 90 cm) to familiarize them with the
prey items. Birds would enter the experimental room individually
and voluntarily from their cage when we opened a small slide and
turned on the lights inside the test room.

During the first training round, birds were forced to land on
the small wooden perches (no other landing perch provided)
with the target directly above it. During subsequent training
rounds, we provided a single, central landing perch (large pole
with two orthogonal 0.45 m long horizontal perches attached at
1.20 and 1.45 m height) situated at different distances from the
board with the targets. Birds were trained on conspicuous targets
(half of them on black targets on a white background, the other
half on white targets on a coloured background, see below for
stimuli descriptions). To avoid familiarization with these con-
spicuous targets, we switched colours between training and
testing rounds. Birds varied greatly in the number of training
trials they needed to land on the perches with the target stimuli.
The training phase ended when the bird would approach and
attack the targets on the board from the central landing perch
at least once. The testing phase always started 1 or more days
after the end of the training phase.

(c) Visual target and background stimuli
We used moths as our visual targets that consisted of triangular-
shaped printed pieces of paper (2.5 cm width, 2.0 cm height)
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Figure 1. Noise consistently affects foraging for artificial prey in great tits. (a) Photo of the experimental room showing the perch from which birds started to search
for prey targets on one of two life-size printed oak trees. Targets were either presented on one of the trees or on hoth (in which case, their position was mirrored).
(b) Close-up of the three different prey types used during the experiments. A triangular piece of paper was pinned together with a food reward (mealworm or wax
moth) to one of the background trees. We provided eight wooden landing perches per oak tree from which birds could attack the target. We either used a con-
spicuous pattern (black or white), a pattern matching the average colour of the background (colour), or a pattern that was copy-pasted from another background
tree (cryptic). (c) Results of experiment 1 demonstrating that noise increases latency to approach conspicuous prey, irrespective of the selection line from which birds
were taken (see text for details on selection line birds). Boxplots depict model estimates. Lines depict raw data per individual. Note that latency on the y-axis is
log10 transformed. (d) Results across experiments demonstrate that noise consistently and repeatedly increases attack latencies. Note that test conditions differed
across experimental days. Between the first and second run of experiment 2 (indicated with a and b), only the number of targets per trial was reduced from two to
one, which may explain the strong drop in attack latency as birds got presumably better at the task between these two consecutive testing days. See text for full

statistics. (Online version in colour.)

with a mealworm or waxmoth larvae attached to the back and
sticking out underneath the paper by roughly one-third of their
body. These moth targets were pinned on either a white back-
ground (black targets during the training phase only) or a life-
sized printed picture of the base of an oak tree (83.4 cm height,
50-55 cm wide, printed using a Canon Colourwave on HVO
130 gram paper). Tree bark pictures were taken from eight
large oaks (greater than 1 m diameter at the base) from two
different locations in the vicinity of Leiden in January/February
in 2017. Pictures were taken with a Canon EOS 7D mark II
camera (Canon Inc.) and a Canon EF 100 mm F/2.8 L USM iS
macro, with ISO-values of 400-800 and diaphragm of 5.6-7.1.
Pictures were colour and white-balance calibrated with a colour-
checker (x-rite, colourchecker passport) and digitally adjusted in
Protosnor CS6 (Adobe Inc.). We created three different visual
stimuli: (i) a conspicuous stimulus, which consisted of a paper
moth target (either white and without print, or black-printed);
(i) a colour stimulus, consisting of a paper moth target with a
homogeneous print matching the averaged coloration of the

printed background tree; and (iii) a cryptic stimulus, consisting
of a paper moth target with printed bark pattern (thus matching
with the background in both pattern as well as coloration). For
the cryptic stimuli, we copy-pasted parts of the life-sized tree
images from the centre of the stem. We used the colour average
tool in PHoTosHOP CS6 to create the colour stimuli from the cryp-
tic stimuli (thus creating matching stimuli that only differed in
patterning, not in average coloration).

(d) Noise exposure treatment

We tested birds on their foraging behaviour for different prey tar-
gets during traffic-like noise exposure and control sound
conditions. The exposure treatment consisted of 1h of pink
noise (artificial filtered white noise with a spectral bias towards
the low frequencies, with the same amount of energy in each
octave band) created in Aupaciry. The spectral and temporal
properties of the noise files matched recordings made approxi-
mately 100 m from a busy highway (see Halfwerk et al. [39,40]
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for power spectra). Sound was broadcast through a full-range
speaker (Peerless TG9FD10-08, 3.5 inch, 8 ohm), placed 1m
from the landing perch and 2 m from the board on the ground.
The speaker was attached to a stereo integrated amplifier
(renkforce SAP-702) connected to a laptop outside the exper-
imental room. An additional speaker was placed in the room
with the housing cages and also played noise during the exper-
iment. We did this with the aim to avoid the birds associating
the noise only with the experimental room. Sound levels were
set to 65 dB (using a RadioShack SPL-meter at 0.5 m distance,
set to fast response, C-weighing, max). Control sound conditions
consisted of playback of silence (ambient noise levels in the
experimental room ranged from 43 to 48 dB[A]). On each exper-
imental day, we started with a 1 h playback of noise to let the
bird acclimatize to the noise treatment while still in their cages.

(e) Experimental procedures

We tested birds on foraging trials with different noise as well as
visual target treatments. The order of the trials was randomized
and balanced across individuals and birds received a maximum
of six trials per experimental day. Each trial started with a 30's
period of either control playback or playback of noise with
gradually increasing noise levels. After this phase, we opened
the slide to an individual’s cage from inside the room and
turned on the lights after having left the room. We noted the
time from the start of the experiment (lights on) to landing on
the central perch. When a bird landed on the nearest perch to
attack the target, or when it hovered in front of the target, we
stopped the trial. When a bird would immediately fly to the
board from its cage, we would abandon the trial. In all these
cases, birds would land on the top of the board and move
from perch to perch to find the target. When a bird would fly
to the ground and search for food for more than several seconds,
we also abandoned the trial. Abandoned trials were repeated
only once at the end of the day.

We used eight different oak trees as a source for target
stimuli and test background. Targets were never tested on the
background image they were made from (natural cryptic prey
would also never perfectly match its background) and each
stimulus was only used once. To ensure that birds were paying
attention to the target and not the background tree when search-
ing for food, we started training them on two background trees
separated by 30 cm with the training targets placed either on
the left or right tree (figure 1a). During the experiments, we
kept using this set-up, although we randomized the eight back-
ground trees between experimental days.

We attached wooden perches in four rows and two columns
on each of these trees (thus 16 possible target locations in total)
with rows and columns being 20 cm apart from each other. All
target locations were placed at least 8 cm from the edge of the
printed tree. For experiments 1 and 3, we placed two targets
on each of the background trees, keeping row number (1-4)
and column number (1-2) the same between the left and right
tree. Row number and column were randomized between
trials. For experiment 2, we ran two sets of six trials (three tar-
gets x two noise conditions). On the first day of experiment 2,
we tested birds on two targets placed on both trees, whereas
on the second day of experiment 2, we tested birds on one of
the trees (with the side randomly chosen). All birds moved
directly to the tree with the target during this second round of
trials, demonstrating that they were paying attention to the
visual target cues.

For our first experiment, birds were tested for their foraging
with conspicuous targets that were either white (paper only) or
black (black ink printed on white paper). Half of the birds were
trained to approach and attack a black target and tested on a
white target during noise and quiet playback treatments, whereas

the other half was trained on white and tested on black targets. For n

this experiment, we managed to test 17 birds (10 from the slow and
seven from the fast selection line, nine females and eight males) on
their foraging efficiency in noise and in relation to the selection line
they came from. The central starting perch was placed 50 cm away
from the board with the targets.

After the first experiment, we included another training
round in which birds had to initiate their attack from the central
perch at a distance of 1 m. Furthermore, we trained birds on the
two other stimuli (colour and cryptic) to ensure that individuals
had been equally exposed to the different visual targets. We con-
tinued with a subset of birds (1 = 12) that had attacked the targets
and obtained the food reward during this additional training
round at least once. One bird was removed a posteriori from
our dataset as it turned out that this bird always flew to the
same spot of the experimental board and started searching for
the target from there.

For our second experiment, we tested 12 birds (six from the
slow and six from the fast selection line) on conspicuous (only
white), coloured and cryptic targets in the presence and absence
of noise. Birds were tested using a balanced full-factorial design.
This experiment spanned two experimental rounds, carried out
on different days. On the first day, birds were tested on two of
the same targets, their location on the two background trees
matched within a trial. On the second day, birds were tested on
only one target, with target side (left or right tree) randomized.

For the third experiment, we presented 12 birds three differ-
ent combinations of our target stimuli (white—colour/white-
cryptic/colour—cryptic) and scored their attack latency and
choice of first attack in the presence and absence of noise. This
final experiment also acted as a probe test to ensure birds had
been trained to use the visual cues and not some non-visual
cue to find and attack the target.

(f) Behavioural measurements

Birds were observed and video-recorded with a Panasonic
WV-CP500 Super Dynamic 5 camera connected to a desktop pc
running EtHovisioN XT (v. 11, Noldus) fixed onto the door of the
experimental room. Individual behaviour was scored directly on
screen by one of the experimenters as well as from videos by some-
one blind to the noise treatment. We scored the start time of the
experiment (defined as the moment the lights were switched on
inside the test chamber) and the time taken to land on the central
perch, the time taken (in seconds) to approach the experimental
board (from start of the experiment). Furthermore, we scored
the time taken (from the perch) to attack the prey target, defined
as an individual landing on, taking the food reward, or hovering
in front of one of the 16 small perches with the target. In some
cases, birds would approach the board, land on a small perch
without the target and hop from perch to perch until the target
was reached. In these cases, attack time refers to the time it took
until they reached the target perch. The scores taken by the exper-
imenter and blind observer matched in all but a few cases (less
than 2%), in which case the values from the blind observer were
taken as correct. In the few cases (less than 5%) where the
video was lost owing to a program crash, the scores from the
experimenter were taken.

(g) Statistical analyses

We analysed the data by constructing generalized linear mixed
models (GLMM) using the package Ime4 (v. 1.1-19) in the pro-
gram R (v. 3.5.2; [48,49]). For latency data, we used models
with a Poisson error distribution and logit-link function. For
choice data, we created models with a binomial error structure
and log-link function. We first explored various null models
(excluding fixed effects of interest) to find the random structure
that best fitted our data (following [50]) based on their Akaike
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Figure 2. Effect of noise on foraging for cryptic prey. Attack latencies were highest for cryptic (a), intermediate for coloured (b), and lowest for conspicuous () prey
targets. Noise exposure increased attack latencies, but its impact depended on the type of prey target. Noise only consistently increased attack latencies for cryptic
prey (a) and not for colour-matched (b), or conspicuous prey (c). Lines depict raw data averaged per individual over treatment conditions. Data are shown for the
10 individuals that responded during all treatment conditions. ***p < 0.01. See text for full statistics.

information criterion (AICc, corrected for small sample size).
Random intercept terms included individual or order of trials.
Additionally, we modelled individual as random slope effect,
regressing latencies against trial order. This latter approach was
based on our observations that individual birds differed greatly
in their behaviour in relation to the trial order. Finally, we
explored models with individuals nested in one of the two selec-
tion lines. We selected the null model that best fitted our data
and added various fixed terms, depending on the experiment
(see the electronic supplementary material for information for
the results of this model selection procedure and comparison
of the best fitted model, the random slope model, with the
random intercept model).

For experiment 1, we created full models with latency to
approach and attack as dependent variable and noise treatment
(control/noise) and selection line (fast/slow) as fixed effects.
For experiment 2, the full models on latency data had noise treat-
ment (control/noise) and prey target (conspicuous/colour/
cryptic) as fixed effects. During experiment 3, birds were pre-
sented one of three possible target combinations (white-
colour/white—cryptic/colour—cryptic). Models on latency data
from experiment 3 had only noise treatment (control/noise) as
fixed effects, as models including the interaction between
attack choice and noise treatment failed to run.

We compared models using likelihood ratio tests and Wald
statistics to assess the significance of single effects and their inter-
actions [50]. Effect sizes and standard errors of final models are
reported in the electronic supplementary material, information.
For experiment 2, two birds had only approached the targets
during one or two treatment conditions. Adding or removing
these birds did not change the test results.

3. Results
(a) Anthropogenic noise reduces foraging efficiency

In a first experiment, we tested whether noise can affect great
tit foraging for conspicuous prey (white paper or black-
printed paper). Individual birds (n = 17) varied substantially
in their latency to approach and attack prey targets during
the experiment. Although this variation was to some extent
explained by selection lines (figure 1c), latencies between
the two groups were not significantly different (GLMM;
approach: y7=1.72, p=0.19, figure 1c; attack: y7=0.89, p=
0.35). Noise exposure significantly increased, however, both
approach (y7=8.52, p=0.003; figure 1c) and attack latency
(¥7=4.13, p=0.042, exp 1 in figure 1d), but the impact did

not differ between the selected lines for exploration (no sig-
nificant interaction of noise x selection line: all p > 0.44).

(b) Anthropogenic noise impairs visual perception of
cryptic prey

In a second experiment, we continued with the subset of
birds (n =12) that repeatedly attacked prey items across mul-
tiple training days. These birds were additionally trained to
attack conspicuous (black or white),
(colour) and colour- and pattern-matched (cryptic) prey tar-
gets (figure 1b) in the absence of the oak tree test
background. Birds were tested in two rounds, first on two tar-

colour-matched

gets of the same level of crypsis (exp 2a in figure 1d),
followed by one target (exp 2b in figure 1d), randomly
placed on the left or right tree in our set-up. During this
second round, all birds approached the tree containing
the target first, demonstrating they were paying attention to
the target. When we averaged the responses over the 2
days of experiment 2, we found the latency to approach
and to attack different prey targets to be dependent on the
level of crypsis (GLMM; approach: x3=686.0, p<0.001;
attack: ;(%:656.6, p<0.001; figure 2). Great tits were fastest
in attacking the conspicuous prey, intermediate in the
colour-matched prey and slowest in attacking the prey that
matched both colour and pattern of the oak tree background
(figure 2). As in experiment 1, noise exposure increased
approach (y7=13.80, p<0.001) and attack latencies (yi=
595.0, p <0.001), but importantly, the noise impact depended
on the type of prey target (interaction noisextarget stimuli;
approach: 3 =545.9, p<0.001; attack: x5 =457.6, p <0.0001;
figure 2). A post hoc comparison revealed that noise exposure
significantly increased attack latencies for cryptic prey targets
(z-value =2.83, p=0.014; figure 2a), but not for the colour-
matched (z-value =-0.25, p=0.99; figure 2b) and conspicu-
ous prey targets (z-value = —1.58, p =0.25; figure 2c).

(c) Noise repeatedly impacts foraging behaviour

In a third experiment, we presented birds (1 =12) with two
different prey targets simultaneously and found attack
latencies to increase during noise exposure (y7=386.2, p <
0.001; figure 14).
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Our results demonstrate that anthropogenic noise affects the
foraging behaviour of great tits that were trained to visually
hunt for prey. Birds took longer to approach and to attack
artificial prey targets during trials with increased noise
levels. Importantly, noise had the strongest impact when
birds were tested on the most difficult visual task, namely
searching for our cryptic prey stimuli. Interestingly, noise
did not significantly reduce foraging performance during
trials where the prey was only camouflaged in one stimulus
dimension, namely when our stimulus matched the overall
background coloration. Furthermore, noise reduced foraging
for conspicuous prey during experiment 1, but not during
experiment 2. These data suggest that great tits can habituate
to repeated noise exposure for relatively simple visual tasks,
but not for more complex tasks, such as detecting prey that
are camouflaged in more than one dimension (at least com-
bined colour and pattern). We also found that birds took
longer to attack during noise exposure when presenting
them two targets that differed in their level of crypsis. The
latter finding may suggest that noise can also influence the
decision-making process, though careful experimental
design is needed to discriminate between effects of visual
detection and the actual choice for a given target. For
example, some birds may not have seen the less conspicuous
target during experiment 3, and therefore did not actually
chose which target to attack.

Studies on a range of taxa have shown that anthropogenic
noise can impact animals on the short term by masking
important acoustic signals and cues, by distraction, or by mis-
leading their risk-assessment systems [20,40]. Whether noise
has within-individual long-term effects or can lead to adap-
tive evolutionary responses remains less clear [3]. One of
the few long-term field studies also carried out on great tits
revealed that noise can mask male-female communication
on the first day of exposure, but that males can adapt by
moving closer to their mate over the course of several days
[43]. Contrarily, long-term exposure to greater sage-grouse
during the mating season revealed chronic levels of corticos-
terone, suggesting that individuals were continuously
stressed by the increase in perceived predation risk caused
by noise [29]. Although we exposed birds to four experimen-
tal days of noise and although test conditions differed across
day, our data suggest at least that birds do not quickly habitu-
ate to the presence of noise during a foraging task. A long-
term impact on performance can lead to reduced survival
and reproduction, especially in situations where animals
may not be able to cope behaviourally, for instance, by avoid-
ing noisy areas, or by changing their communicative or
perceptual mechanisms [23,36]. Importantly, populations
found in noise-polluted areas are forced to adapt or go extinct

when animals cannot adjust individually. Interestingly, recent [ 6 |

common garden experiments with frogs collected near roads
or from urban areas suggested that populations can adapt to
sensory pollution, although breeding experiments are
required to reveal causal (onto)genetic mechanisms [51,52].

In our first experiment, we demonstrated an impact of
noise on the attack of conspicuous prey, which disappeared
during the second experiment. These observations suggest
that birds can habituate to noise exposure, at least for rela-
tively simple visual perception tasks. We tested birds on a
similar number of trials to cryptic prey and found no habitu-
ation over the subsequent testing days. Noise exposure also
increased attack latencies in our third experiment, although
the complex experimental design makes interpretation of
these results difficult. Our breeding lines that had been
selected for fast and slow exploratory behaviour varied lar-
gely in approach and attack latency to conspicuous prey,
but did not differ in their response to noise.

In conclusion, we have shown that noise can interfere with
visual processing during foraging tasks, making it harder for
birds to find cryptic compared to less-cryptic prey in noise-
polluted areas. These results have important ecological and
evolutionary consequences. On the one hand, noise could
alter the arms race between visual predators and visually
camouflaged prey. Areas that mainly differ in background
noise, either natural or anthropogenic, may selectively
favour one prey species over the other, depending on their
coloration and patterning. On the other hand, noise may
force animals to adapt by changing the way they process
environmental information. In noisy areas, such as cities, we
might expect local predators to be less distracted by noise.
Changes to any perceptual or cognitive process will probably
come at additional costs and any adaptation to noise as well as
their associated consequences for species interactions, such as
predator—prey dynamics, will ultimately depend on a whole
suite of environmental factors.
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