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Anthropogenic noise has been shown to impact animal behaviour. Most studies investigating anthropogenic
noise, and the detrimental eﬀect it has on behaviour, have been conducted in the ﬁeld, where a myriad of
covariates can make interpretation challenging. In this experiment, we studied the eﬀects of an approximation of
anthropogenic noise, simulated with brown noise, on the feeding behaviour of wild-caught black-capped
chickadees in a laboratory setting. We measured the amount of time spent eating while subjects heard either
conspeciﬁc calls, brown noise, or a combination of calls and brown noise. We found that subjects fed more in the
silence following playback than during the playback itself for all types of stimuli, suggesting that chickadees may
shift their feeding behaviour to avoid feeding during periods of noise. The ability to adapt to changing environments (e.g., varying noise levels) may allow species to thrive in the presence of anthropogenic noise. Our
ﬁndings outline a laboratory-based method that could be adopted and adapted to examine a variety avian
species and of types anthropogenic noise.

1. Introduction
As the global population and level of urbanization increase, so too
do the levels of noise associated with human activity. This humanproduced noise, or ‘anthropogenic noise’, has extensively changed environmental soundscapes world wide. Background noise exists in all
habitats, but the sounds of urban environments and other areas of
human activity exceed natural levels and include novel sounds not
heard in a natural habitat. Anthropogenic noise tends to be composed of
low frequency sounds from sources such as road vehicles, airplanes,
industrial machinery, and air movement machinery (Tempest, 1985;
Leventhall, 1988). Transportation networks (including rail, air, and
road) are a widespread source of anthropogenic noise outside of urban
areas. For example, 83% of the land in the continental U.S. is within
1 km of a road, highlighting the pervasiveness of noise pollution to our
natural environments (Ritters and Wickham, 2003). High amplitude,
low frequency noise is particularly damaging as it can be propagated at
much longer distances, and therefore have farther reaching eﬀects
(Buxton et al., 2017).
Anthropogenic noise levels in the range of 40–100 dB have been
shown to cause disturbances in both humans and non-human animals
⁎

depending on the source and its proximity (Shannon et al., 2016). In
humans, chronic noise exposure has been shown to cause a reduction in
cognitive function (Szalma and Hancock, 2011) and sleep quality (Fyhri
and Aasvang, 2010), as well as an increased risk of cardiovascular
disease (Babisch et al., 2005; Hansell et al., 2013). In non-human animals, the impairments associated with chronic noise exposure include
physical or physiological damage, masking of communication signals,
and/or reduced available attention (Shannon et al., 2016; Slabbekoorn
and Ripmeester, 2008).
While much is known about how noise impacts habitat selection
(Slabbekoorn and Ripmeester, 2008), vocal behaviour (Francis and
Barber, 2013), and population dynamics (Shannon et al., 2016), less is
known about how it impacts daily foraging patterns in songbirds. Because songbirds often retain only enough fat to survive each night,
reduced foraging - whether due to fear or to novelty - might have
catastrophic impacts on individual survivorship. One recent study by
Ware et al. (2015) found that migratory birds were less capable of
gaining weight throughout the day when artiﬁcial noise was added to
the habitat. However, Van Donselaar and colleagues (2018) found that
urban black-chickadees were less likely than rural chickadees to avoid a
feeder when noise was added. This suggests that some birds may
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negative eﬀects.

become accustomed to noise, and resume normal foraging behaviour.
Making adjustments that reduce the impacts of noise has been well
documented in other songbird behaviours. For example, individuals can
shift their spatial patterns of behaviour (e.g., avoid areas with increased
noise levels), shift their temporal pattern of behaviour (e.g., sing earlier
in the day to avoid noises associated with rush hour traﬃc; Fuller et al.,
2007), alter the quality of their vocalizations (e.g., change frequency or
amplitude; Brumm, 2004; change frequency and duration; Gentry et al.,
2017), or change their behaviour entirely (e.g., singing a diﬀerent song
type; Quinn et al., 2006; Fuller et al., 2007; Nemeth and Brumm, 2010;
Rios-Chelen et al., 2015).
Although many bird species alter their behaviour in response to
noise, some do not. The eﬀectiveness of intentional mitigation strategies, other than noise reduction, has not been well studied. The most
common means of reducing intensity of anthropogenic noise is the use
of physical barriers and while there are other, more eﬀective, means of
reducing anthropogenic noise (such as restricting road traﬃc and reducing speeds) there is evidence that these barriers reduce noise in both
urban and rural environments (Murphy and King, 2011; Slabbekoorn
and Ripmeester, 2008). The downside of these barriers are that their
beneﬁts only extend short distances and their presence can cause habitat fragmentation, making them better used near especially sensitive
roadside habitats or surrounding localized noise sources (Summers
et al., 2011). Costs for constructing barriers can also be prohibitive.
Recently, Proppe et al. (2017) suggested that perhaps behaviour could
be manipulated to increase songbird productivity in moderately noisy
areas where aversion might be due to novelty rather than ﬁtness costs.
They demonstrated that playing conspeciﬁc calls (a known acoustic
attractant) near low-use roads increased the density of birds in noisy
habitats (Schepers and Proppe, 2017); however, density does not necessarily correlate with survivorship. For example, if foraging is less
eﬃcient in noisy habitats, birds drawn to these habitats may be less
likely to survive and reproduce.
While a number of well-designed ﬁeld experiments have tested the
eﬀects of noise on bird behaviour (e.g., Templeton et al., 2016; Bayne
et al., 2008), it can be diﬃcult to determine how particular behaviours
are aﬀected in isolation. For example, in a 20-year review of noise research Shannon and colleagues (2016) found that, while 88% of the 242
studies showed a signiﬁcant biological response to noise, few studies
took into account that the activities that cause anthropogenic noise are
themselves a kind of disturbance (e.g., traﬃc, construction, agriculture,
etc.). Although ﬁeld studies are excellent at assessing behaviour within
the myriad of signals and cues found in the natural environment, laboratory-based studies provide a more controlled environment, allowing the eﬀects of anthropogenic noise on individuals to be studied
without some of the confounding factors that must be accounted for in
the ﬁeld. For example, conspeciﬁc and heterospeciﬁc interactions, climactic events, and variations in natural and anthropogenic noise can all
be tightly controlled in laboratory studies (e.g., Lohr et al., 2003; Potvin
et al., 2016).
In the present study, we sought to investigate the eﬀects of anthropogenic noise (as approximated by brown noise, a noise spectrum
with more energy at lower frequencies) on the feeding behaviour of
black-capped chickadees (Poecile atricapillus). Living primarily in
forested areas, black-capped chickadees communicate mainly through
acoustic signals (e.g., not visual or olfactory). Black-capped chickadees’
ability to thrive in both urban and rural locations means that they inhabit environments with varying levels of anthropogenic noise. In addition to synthetic noise, we embedded chick-a-dee calls within noise
tracks to determine if this potential mitigation strategy, as suggested by
Proppe et al. (2017), altered foraging behaviour. We exposed 12 blackcapped chickadees to either brown noise, chick-a-dee calls, or a combination of brown noise and chick-a-dee calls, and evaluated how this
aﬀected their feeding behaviour. We predicted that the presence of lowfrequency noise would have a negative impact on feeding behaviour
and that the presence of conspeciﬁc chick-a-dee calls may mitigate those

2. Methods
2.1. Subjects
Twelve wild-caught black-capped chickadees (six males, six females) were used in this experiment. Subjects were caught in January
2016 in Edmonton, AB (North Saskatchewan River Valley, 53°53 N,
113°53 W) or Stony Plain, AB (53°46 N, 114°01 W) and determined to
be at least one year of age at time of capture by referencing the shape
and colour of their outer tail retrices (Pyle, 1997). Sex was determined
using DNA analysis (Griﬃths et al., 1998). All subjects had experience
with the experimental apparatus for auditory GO/NOGO operant conditioning tasks (e.g., Hahn et al., 2017), but had no experience with the
acoustic stimuli used (i.e., chick-a-dee calls, brown noise). Testing occurred between August 1 and September 17, 2017.
2.2. Housing
Prior to the experiment, individual chickadees lived in Jupiter
Parakeet cages (30 × 40 × 40 cm, Rolf C. Hagen, Inc., Montreal, QB,
Canada) in a communal colony room having visual and auditory contact with other chickadees, but no physical contact. Birds had free access to food (Mazuri Small Bird Maintenance Diet; Mazuri, St Louis,
MO, USA), water (supplemented with vitamins three days a week;
Prime vitamin supplement; Hagen, Inc.), grit, and cuttlebone. They also
received three to ﬁve sunﬂower seeds each day, one superworm
(Zophobas morio) three days a week and a mixture of hard-boiled egg
and spinach or parsley two days a week. Subjects were kept on a light/
dark cycle that approximated the natural light cycle for Edmonton, AB.
During the experiment, chickadees were individually housed in the
experimental apparatus (see Apparatus below). They had free access to
water (vitamins added three days a week), grit, and cuttlebone and
received a superworm twice a day. Mazuri food was provided following
visits to the feeder. While in the experimental apparatus, subjects were
kept on a 15:9 h light:dark cycle to match the average natural summer
day:night cycle for Edmonton, AB, Canada.
2.3. Apparatus
Chickadees were housed in modiﬁed Jupiter Parakeet cages
(30 × 40 × 40 cm) that were singly enclosed in ventilated sound-attenuating chambers. Each chamber was lit with a full spectrum LED
bulb (3 W, 250 lm E26, Not-Dim, 5000 K; Lohas LED, Chicago, IL, USA).
The modiﬁed cages had an 11 × 16 cm opening that allowed access to a
motorized feeder (described in Njegovan et al., 1994). The feeder
contained infrared beams that signalled feeder visits. A personal computer connected to a single-board computer (Palya and Walter, 2001)
recorded feeder visits and triggered the food cup to rise upon each visit,
allowing the bird access to food. Acoustic stimuli played from a fullrange speaker (Fostex FE108 R or FE108E R; Fostex Corp., Japan; frequency response range 80–18,000 Hz) located next to the feeder after
passing through an integrated ampliﬁer (Cambridge A300, Azur 640 A
or Azur 351 A; Cambridge Audio, London, England). See Sturdy and
Weisman (2006) for a detailed description of the apparatus.
2.4. Procedure
On the ﬁrst day of the experiment, birds were moved to the apparatus and provided with free access to food from both a food cup and
from the raised feeder cup. This allowed birds to acclimatize to the
apparatus. This acclimatization period was followed by three days of
silence, which served as the baseline for establishing normal feeding
behaviour in each bird. Following baseline, birds received three days of
each of the three conditions (Call Stimulus, Noise Stimulus, Call and
54
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Fig. 1. A ﬂowchart showing order and number
of days for each stage of treatment.

Noise Stimulus) separated by one day of silence, which allowed the
bird’s feeding behaviour to return to baseline (see Fig. 1). Order of
stimulus presentation was randomly assigned such that two individuals
were assigned to each of the six possible stimulus presentation orders.
Three subjects had an extra day of silence added between treatments to
account for the loss of the data from the planned day of silence due to
an error. This extra silence did not aﬀect their performance.
Chamber houselights turned on each morning at 09:00. Stimulus
playback started at 09:30 (average 09:29 ± 00:12) once the previous
days’ data was saved and the recording program was restarted. Seven
hours of stimulus presentation was followed by silence until lights out
at 24:00. Birds could access food by visiting the feeder at any time
between lights on and lights out.
2.5. Stimuli
This experiment used three types of stimuli: (1) black-capped
chickadee chick-a-dee calls, (2) brown noise, and (3) a combination of
chick-a-dee calls and brown noise (see Fig. 2). All stimuli consisted of
30 min of sound followed by 30 min of silence repeated for seven hours.
After this seven-hour stimulus, no sounds played for the rest of the day.
Background sound levels in experimental chambers were approximately
60 dB and the stimuli were presented at approximately 75 dB (measured approximately 20 cm from the speaker by a Brüel & Kjær Type
2239 decibel meter; Brüel & Kjær Sound and Vibration Measurement A/
S, Nærum, Denmark; A weighting, slow response).
2.5.1. Chick-a-dee calls
Twenty adult black-capped chickadees (10 males, 10 females) captured in Edmonton, Alberta (North Saskatchewan River Valley,
53°53 N, 113°53 W; Mill Creek Ravine, 53°52 N, 113°47 W) and at
Barrier Lake Field Station (51°02 N, 115°03 W) provided a total of 60
chick-a-dee calls (three calls per bird) for stimuli. Calls were randomly
selected using a random number generator (i.e., random.org) from
available recordings of those birds, however only calls that fell within
the average number of notes per call plus or minus two standard deviations were used (4–9 notes; avg = 6.93, s.d. = 1.23; from previous
acoustic study, Campbell et al., 2016). Birds that provided calls for
stimuli were housed in a separate colony room from birds that were
subjects so that subjects were not familiar with the stimuli. The calls
were recorded in 2014 in individual sound-attenuating chambers (Industrial Acoustics Corporation, Bronx, NY, USA) using Marantz
PMD670 digital recorders (Marantz America, Mahwah, NJ, USA). Calls
were then bandpass ﬁltered in GoldWave (version 6.30; GoldWave,
Inc., St. John’s, NL, Canada) to remove frequencies outside the range of
the calls (500 – 13,000 Hz) and both ends of the stimulus were tapered
at 5 ms to remove transients. Five ms of silence was added before and
after each call in SIGNAL software (version 5.05.02, Engineering Design, Belmont, MA, USA).
Prepared calls from diﬀerent individuals were randomly paired.
Each pair was combined in SIGNAL software with three seconds of silence between the ﬁrst and second calls, then silence was added following the second call to bring the total ﬁle length to 60 s. Two calls per
minute is comparable to rates observed in the wild (15 calls/hour
during summer days; Avey et al., 2008) and used in other playback
experiments (2 calls/minute: Scully et al., 2018; 4 partial calls/minute:
Avey et al., 2014). The 30 ﬁles created from the paired calls were
concatenated in a randomly determined order to create a 30-minute
ﬁle; silence was added at the end to bring the total ﬁle length to 60 min.
This hour-long stimulus played seven times to make up the Call

Fig. 2. A sound spectrogram (window size = 256 points, time resolution =
5.8 ms) showing the three stimulus types used for playback: (A) black-capped
chickadee chick-a-dee calls, (B) brown noise, and (C) a combination of chick-adee calls and noise.

Stimulus.
2.5.2. Brown noise
Patange and colleagues (2013) conducted a spectral analysis of
samples of traﬃc noise, concluding that it tends to behave as low frequency pink noise (1/f noise) with random ﬂuctuations. Brown noise
(also called red noise or Brownian noise) refers to a broadband spectrum of noise that has more energy at longer wavelengths than at
55
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shorter wavelengths and whose sounds randomly change from one
moment to the next. Audacity (version 2.1.3; Audacity Team) was used
to create a 30-minute noise ﬁle using the generate function to make
amplitude 0.8 Brownian noise. Silence was added to the end of the
stimulus in SIGNAL to bring the total length to 30 min. As with the Call
Stimulus, this ﬁle was played seven times to make up the seven-hour
Noise Stimulus.
2.5.3. Chick-a-dee calls and brown noise
To make a seven-hour Call and Noise Stimulus, the Call Stimulus
and Noise Stimulus were combined in GoldWave by moving each stimulus into one of two channels in a stereo ﬁle.
2.6. Statistical analyses
The time of each visit to the feeder was recorded and matched with
the time of stimulus playback start. Visits were summed per 30-minute
period for each bird for each day; lined up with 30 min playback and
30 min silence between. For analysis, the feeds from the seven 30minute playback periods were summed and treated as a single time
period called Stimulus Playback. Similarly, the feeds from the seven 30minute periods of silence immediately following playback were
summed and the time period was called Silence between Playback. The
feeds from the remaining silence at the end of the day were also
summed, with the time period called Late Silence.
To allow for comparison of feeding between diﬀerent individuals
with varying feeding patterns (total feeds ranged from 413 to 1359 per
day with average of 1026), the ﬁrst three days of silence were used to
establish baseline feeding behaviour in the absence of playback. The
feeds for silent baseline days were summed in the same manner as the
treatment days, with the Stimulus Playback time period starting at the
beginning of the day, even though no stimulus was used in the Silence
condition. Using the same pattern of 30 min “Playback” followed by
30 min of Silence between Playback as during the stimulus playback
conditions, the average feeds for each of the three time periods
(Stimulus Playback, Silence between Playback, and Late Silence) were
calculated. These baseline measures were subtracted from the number
of feeds for the corresponding time period in each treatment day to
scale each individual’s performance.
Diﬀerences in feeding behaviour, as measured by baseline-scaled
feeds, were analyzed using a repeated measures analysis of variance
(rmANOVA) with Time (Stimulus Playback, Silence between Playback,
and Late Silence) and Condition (Silence, Calls, Noise, Calls and Noise)
as the between-subject factors. Sex of the individual and Order of stimulus presentation were included as within-subject factors. Tukey’s
post hoc tests were conducted to evaluate the nature of interactions
between variables.

Fig. 3. Mean ± SE of diﬀerence in total feeding across all subjects between
each playback Condition (Calls, Noise, Calls and Noise) and Baseline. Here, a
negative number means birds fed less during a treatment condition than during
the baseline (silent) condition.* indicates a signiﬁcant diﬀerence (p ≤ 0.05)
between group means.

subject heard the types of playback. There was a signiﬁcant eﬀect of
Condition on feeding behaviour (F2, 24 = 11.62, p < 0.001) such that
birds visited the feeder fewer times on days when Calls were played
than they did on days when Noise or Calls and Noise were played (p =
0.025; p < 0.001; see Fig. 3). Time also had a signiﬁcant eﬀect on
feeding behaviour (F3, 23 = 22.59, p < 0.001), where birds fed less
during Playback than they did during Silence between Playback (p <
0.001; see Fig. 4).
There was a signiﬁcant Time × Condition interaction (F6,
20 = 11.89, p < 0.001). When looking at the Silence between Playback,
birds fed less on days when Calls were played than on days when Noise,
or Calls and Noise, were played (p = 0.001; p = 0.001). There was no
signiﬁcant diﬀerence in feeding between Noise, and Calls and Noise,
conditions (p ≥ 0.454). Birds also fed less during Late Silence than
would be expected if they fed at a constant rate (expected: 53.33%;
observed: 46.78%).
There was no overall signiﬁcant main eﬀect of Sex (F1, 25 = 0.28,
p = 0.599), meaning that the proportion of feeds was similar between
males and females. Similarly, there was no signiﬁcant main eﬀect of
presentation Order (F5, 25 = 0.74, p = 0.599). However, the three-way
eﬀects Condition × Time × Order (F30, 120 = 1.71, p < 0.001),
Condition × Sex × Order (F8, 50 = 2.47, p = 0.024), and Time × Sex

2.7. Ethical note
Studies were conducted with approval from the Animal Care and
Use Committee for Biosciences for the University of Alberta (AUP 108)
and all procedures were in accordance with the Canadian Council on
Animal Care (CCAC) Guidelines and Policies and the ARRIVE (Animal
Research: Reporting of in vivo Experiments) guidelines. Chickadees
were captured under an Environment Canada Canadian Wildlife Service
Scientiﬁc permit, Alberta Fish and Wildlife Capture and Research permits, and City of Edmonton Parks Permit.
3. Results
Fig. 4. Mean ± SE of diﬀerence in total feeding across all subjects between
each time period (Playback, Silence between Playback, Late Silence) and
Baseline. Here, a negative number means birds fed less during a time period
during treatment condition than at the equivalent time period during the
baseline (silent) condition.* indicates a signiﬁcant diﬀerence (p ≤ 0.05) between group means.

We conducted a rmANOVA on the baseline-scaled feeds to determine the relationship between the type of playback heard (Silence,
Calls, Noise, or Calls and Noise) and the time relative to the playback
(during Playback, Silence between Playback, or Late Silence) while
accounting for both the sex of the subject and the order in which the
56
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to ward oﬀ predators) when the calls were played in combination with
anthropogenic noise. They suggest that anthropogenic noise may mask
vocalizations, limiting their eﬀectiveness. These results, taken together
with our own, suggest that playback of conspeciﬁc calls embedded
within noise may not enhance feeding behaviour by simulating safety
through the presence of conspeciﬁcs.
We observed that birds fed signiﬁcantly less during the silent period
at the end of the day (i.e., Late Silence) than during either stimulus
playback or the silence between stimulus playback, regardless of
playback condition, order of playback exposure, or sex. We believe this
to be due to natural feeding tendencies in black-capped chickadees as
during baseline birds were observed to feed primarily between 9:00 and
16:00 with feeder visits steadily declining until lights out. In nature,
midday hours would be optimal for feeding to ensure appropriate caloric intake before nightfall.
Here, we have demonstrated the importance of conducting research
in both the ﬁeld and in a controlled laboratory. Having conducted research with species as diverse as pigeons (e.g., Columbia livia), chickadees (e.g., Poecile atricapillus and P. gambeli; Batty et al., 2009), ants
(e.g., Melophorous bagoti and Veromessor pergandei), and humans (i.e.,
Homo sapiens), Dr. Marcia Spetch seeks the best model for each research
question. This results in a spectrum of research methods, ranging from
ﬁeld studies investigating natural behaviours with controlled manipulations (e.g., navigational abilities in both humans and desert ants;
Spetch et al., 1997; Legge et al., 2014, respectively), to lab studies investigating speciﬁc biological capacity for a behaviour (e.g., risky decision making in pigeons and humans, or timing in pigeons and
chickadees; Ludvig et al., 2014; McMillan et al., 2016, 2017, respectively), and anywhere in between. Marcia Spetch’s extensive body of
work clearly demonstrates the value of studying human and non-human
animals in both the wild and the laboratory in an attempt to investigate
perception and cognition. For example, Spetch and colleagues (1997)
conducted several experiments comparing pigeons and humans on a
searching task. When searching for a hidden goal, as the square array
increased, pigeons searched according to the distance and direction
from a landmark. However, humans instead searched the middle of the
table top as the array increased (i.e., a location that was similar to the
goal in comparison to the original landmark array). To determine how
human participants would respond on a larger scale, a comparative task
was designed in an outdoor grassy ﬁeld. Responding in the diﬀerent
settings was similar even though the participants had to physically
move through space to ﬁnd the goal (i.e., unlike the laboratory setting).
This provided further evidence of the diﬀerences between pigeon and
human search behaviour, conﬁrming that humans’ search strategy was
not conﬁned by size or a lack of physical movement. In this case, a
laboratory research question was taken from the laboratory to the ﬁeld,
but there are many reasons to bring ﬁeld research questions into the
laboratory.
In conclusion, we found that black-capped chickadees fed signiﬁcantly less when presented with conspeciﬁc calls than when presented with brown noise (with or without calls). Chickadees also fed
signiﬁcantly more during the periods of silence between stimulus
playback than during the playback itself, regardless of playback type.
Our experiment helps demonstrate the value of conducting research
under the correct conditions for the research question. Our results
provide evidence supporting research (e.g., in chaﬃnches Quinn et al.,
2006) that has demonstrated songbirds are capable of adjusting their
behaviour in response to anthropogenic noise and that some of these
observed behaviours may be due to stress-driven changes in metabolism. The ability to adapt both feeding and communication behaviours
allows species to exist in the presence of anthropogenic noise and thrive
in the ever-growing urban landscapes.

× Order (F12, 75 = 4.40, p < 0.001) were signiﬁcant. Neither the
three-way Condition × Time × Sex interaction (F6, 20 = 2.66, p =
0.133046) nor the four-way Condition × Time × Sex × Order interaction were signiﬁcant (F24, 92 = 1.68, p = 0.091).
4. Discussion
In this experiment, we looked at the eﬀects of brown noise on the
feeding behaviour of captive black-capped chickadees in the absence of
other factors associated with the production of anthropogenic noise. We
predicted that the presence of anthropogenic noise, approximated by
brown noise, would have a negative impact on feeding behaviour in
black-capped chickadees and that the presence of conspeciﬁc chick-adee calls may mitigate those negative eﬀects. Instead, we observed that
individuals fed signiﬁcantly less on days when chick-a-dee calls were
played than on days when either brown noise or the combination of
chick-a-dee calls and brown noise were played. Though we did not
predict higher feeding during playback of noise than during call playback, there is some evidence that songbirds experiencing stress and
variable feeding (both of which may here be caused by the pattern of
playback and silence) increase feeding and associated activity to compensate for increased metabolism (Fokidis et al., 2012). The increase
observed in this experiment, therefore, could indicate that noise is
elevating stress hormones or other internal processes that are not immediately observable.
We also observed that birds fed signiﬁcantly less during stimulus
playback than during the periods of silence between the playback.
When considering the type of stimulus being played, we found that
birds who had heard playback of conspeciﬁc chick-a-dee calls fed less
during the subsequent period of silence than did birds who heard either
brown noise or a combination of calls and brown noise. Quinn and
colleagues (2006) found that chaﬃnches (Fringilla coelebs) decrease
feeding behaviour in favour of vigilance behaviours in the presence of
anthropogenic noise. While we did not monitor what behaviours
chickadees were engaging in when not feeding, this may provide evidence that black-capped chickadees prefer to feed when anthropogenic
and other sources of noise are not present to mask important auditory
cues from their surroundings (e.g., sound of an approaching predator).
Our results show that black-capped chickadees are capable of altering their foraging behaviour in response to noise cues, preferring to
feed when noise is not present. This ability could be part of what allows
these and other species to thrive in environments with variable noise
levels, like cities. This feeding behaviour could be adaptive, akin to
birds shifting singing behaviour to avoid rush hour noise. Bergen and
Abs (1997) found that urban songbird species sing earlier in the day
than those in the forest. Similarly, Brumm (2004) found that nightingales (Luscinia megarhynchos) sing louder when traﬃc noise is present, increasing song amplitude during the week but not on weekends.
Proppe and colleagues also found that black-capped chickadees sing at
higher frequencies (2012) and sing shorter songs as levels of anthropogenic noise increase (2011). Overall, Barber and colleagues (2010)
suggest that the ability to adapt may determine which species thrive in
urban environments and which are forced to ﬁnd new habitats.
We had predicted that the presence of conspeciﬁc calls would mitigate the eﬀects of anthropogenic noise on feeding behaviour, however, our results did not support this. Schepers and Proppe (2017) found
that playback of conspeciﬁc vocalizations in a wooded roadside environment increased the population density of a number of bird species
in that habitat, suggesting that song playback could provide a means of
fortifying species density and diversity near roads. In looking at feeding
behaviour, we found that black-capped chickadees behaved similarly to
both noise and noise with calls, altering their behaviour after the
playback rather than during. Damsky and Gall (2016) found that both
black-capped chickadees and the tufted titmouse (Baeolophus bicolor),
another small North American songbird, did not attend to tufted titmouse mobbing calls (calls used to recruit both con- and heterospeciﬁcs
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