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CHAPTER 2

EffECTS Of NOiSE POLLUTiON ON biRdS:  
A bRiEf REViEw Of OUR kNOwLEdgE 

Catherine P. Ortega
Ecosphere Environmental Services, 776 E. Second Avenue, Durango, Colorado 81301, USA

Abstract.—Many avian species have long been exposed to loud natural sounds such as 
streams, waterfalls, and wind. However, anthropogenic noise pollution is a relatively recent 
phenomenon that birds now have to cope with throughout much of the world. Early investiga-
tions on bird responses to noise tended to focus on physical damage to ears, stress responses, 
flight or flushing responses, changes in foraging, and other behavioral reactions. These studies 
were often conducted under laboratory conditions because determining effects of noise on free-
ranging birds is particularly difficult, in that we rarely have the opportunity to isolate noise as 
a single testable variable. by coupling introduced noise on the landscape (e.g., from gas well 
compressors) with ecologically similar controls, investigators have recently found additional 
responses, including avoidance of noisy areas, changes in reproductive success, and changes 
in vocal communication. Numerous investigators have compared urban birds with their rural 
counterparts in quieter surroundings and found that at least some birds can compensate for the 
masking effect of noise through shifts in vocal amplitude, song and call frequency, and song 
component redundancies, as well as temporal shifts to avoid noisy rush-hour traffic. Sounds 
have presumably always been part of the environment, but noise pollution has escalated over 
the past century, especially the past few decades, disturbing the integrity of natural ecosystems. 
This review provides general background information, updates on the most current literature, 
and suggestions for future research that will enhance our comprehensive knowledge and ability 
to mitigate negative effects of noise.
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Efectos de la Polución Sonora en Aves: una Breve Revisión de Nuestro 
Conocimiento

Resumen.—Muchas especies de aves han sido expuestas prolongadamente a sonidos naturales 
fuertes, como arroyos, cascadas y viento. Sin embargo, la polución sonora antropogénica es un 
fenómeno relativamente reciente con el que las aves tienen que lidiar ahora en casi todo el mundo. 
Las primeras investigaciones sobre la respuesta de las aves al ruido tendían a enfocarse en el 
daño físico a los oídos, las repuestas de estrés, las respuestas de vuelo o huída, los cambios en el 
forrajeo y otras reacciones de comportamiento. Estos estudios fueron frecuentemente conducidos 
bajo condiciones de laboratorio porque determinar los efectos del ruido sobre aves libres es par-
ticularmente difícil, ya que rara vez se tiene la oportunidad de aislar el ruido como única variable 
que se pone a prueba. Al acoplar el ruido introducido en el paisaje, como el de los compresores 
de pozos de gas, con controles ecológicamente similares, los investigadores recientemente han 
encontrado respuestas adicionales, incluyendo la evasión de áreas ruidosas, cambios en el éxito 
reproductivo y cambios en la comunicación vocal. Numerosos investigadores han comparado 
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aves urbanas con sus contrapartes rurales que ocupan áreas más silenciosas, y encontraron que 
al menos algunas aves pueden compensar el efecto de enmascaramiento del ruido por medio de 
cambios en la amplitud vocal, la frecuencia del canto y los llamados, y las redundancias en los 
componentes del canto. Las aves también exhiben cambios temporales para evitar el ruido de las 
horas pico del tráfico. Presumiblemente, los sonidos siempre han sido parte del ambiente, pero la 
polución sonora ha crecido a lo largo del siglo pasado y especialmente durante las últimas déca-
das, perturbando la integridad de los ecosistemas naturales. Esta revisión provee información 
general de base, información de la literatura más reciente y sugerencias para investigación futura 
que va a mejorar nuestro conocimiento y la habilidad para mitigar los efectos negativos del ruido.

The word noise dates back to the 13th century, 
and its etymology reveals the disdain that 
humans have long felt for noise. it originates 
from the Latin word nausea and is defined as 
unwanted sound or sound that interferes with 
hearing other sounds. Sound is typically defined 
as vibrations that move through the environment 
(e.g., air, water, or another medium) and provide 
an auditory sensation. Noise is a subjective per-
ception with intra- and interspecific variation. 
One person may perceive a symphonic piece as 
glorious music while another perceives the same 
piece as disturbing noise. Similarly, important 
communication for one species may be perceived 
as noise by another species. for example, a loud 
chorus of frogs may interfere with the ability of 
owls to hear their prey, and cicadas (Slabbekoorn 
and Smith 2002) or colonies of seabirds (feare 
et al. 2003) create a “deafening” experience to 
any other listener. The sounds of nature can be 
unwanted at times and can interfere with hearing 
or interpreting other sounds (Coates 2005), but 
the term “noise pollution” generally refers to un-
wanted sounds resulting from human activities.

Anthropogenic noise is related to human 
population density; therefore, we can assume 
that it has and will continue to increase as 
human populations increase. Cities have always 
been noisy (Rosen 1974), but noise pollution 
has dramatically increased since the industrial 
revolution. More recent technologies, especially 
recreational vehicles and modern conveniences, 
have exacerbated the problem. Although urban 
and suburban areas are noisier than less devel-
oped areas, natural areas are becoming increas-
ingly noisy. No place on Earth is free from noise 
pollution because aircraft noise penetrates even 
the most remote locations. Noisy off-highway 
vehicles have also become common, even in for-
merly secluded areas (barton and Holmes 2007).

Although noise has escalated over many de-
cades, published studies on the effects of noise on 
birds have surged only in the past decade, possi-
bly as a result of new instruments, song analysis 

programs, and opportunities to control noise. 
Most of this recent work has occurred in the field 
of vocal communication, often within the context 
of evolution of communication. Many papers 
have reviewed the effects of noise pollution on 
birds and other wildlife (Larkin et al. 1996, war-
ren et al. 2006, dooling and Popper 2007, Slab-
bekoorn and bouton 2008, Slabbekoorn and 
Ripmeester 2008, brumm and Naguib 2009, bar-
ber et al. 2010), but no recent review has covered 
the wide range of established and possible effects 
on birds. Therefore, the purpose of the present re-
view is to (1) provide a general background for 
those unfamiliar with noise literature, (2) provide 
an update on the most current literature, and (3) 
suggest areas in need of future research that will 
enhance our comprehensive knowledge and abil-
ity to mitigate negative effects of noise.

How Sound Moves and Is Measured

Sound travels through air or other media in com-
pression and expansion waves. The intensity of 
these waves produces a sound pressure level, 
which can be measured with a sound pressure 
meter. Sound pressure levels are typically mea-
sured over a period of time and expressed as a 
mean, which is most useful for studies of rela-
tively continuous noise. for studies of intermit-
tent noise, maximum sound levels may provide 
more meaningful measurements, as might other 
noise metrics that are reviewed in detail by Pa-
ter et al. (2009). The commonly used unit of mea-
surement of sound pressure is the decibel (db), a 
logarithmic measurement that can accommodate 
a wide range of frequencies. To put the db scale 
in perspective, in the absence of environmental 
interference, an increase of 6 db represents a dou-
bling of loudness. 

Not all sound pressures are perceived as equally 
loud because the ear (human or nonhuman) does 
not respond to all frequencies equally. for our con-
venience, we use a filter on sound level meters that 
respond to frequencies similarly to the human ear 
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(fig. 1). This filter provides measurements on the 
“A scale,” weighted for the range of human hear-
ing. it is the most commonly used scale because 
much of our concern about noise is anthropocen-
tric. in studies of potential effects of noise on non-
human animals, especially those able to hear low 
frequencies, the C scale can be useful. for example, 
compared with humans, doves have ~40 db more 
sensitivity at 1–10 Hz (Yodlowski et al. 1977, krei-
then and Quine 1979, warchol and dallos 1989, 
Schermuly and klinke 1990); therefore, sounds 
in this range must be louder for us to hear them. 
The C scale used in conjunction with the A scale 
is useful to identify low-frequency sound because 
if the sound pressure levels consistently measure 
higher on the C scale than on the A scale, the differ-
ence might be explained by low-frequency noise. 
Alternatively, the distribution of acoustic energy 
can be assessed via analysis of recordings of the 
sound. 

degradation of sound structure differs with 
habitat as a result of differences in atmospheric 
spread, air turbulence, reflections, and scatter 
through materials such as vegetation (brumm 
and Naguib 2009). This occurs through three 
main mechanisms: attenuation, reverberations, 
and irregular fluctuations in amplitude (Slab-
bekoorn et al. 2007). Attenuation is frequency 
dependent, with lower frequencies (sounds with 
longer wavelengths) being less affected by small 
objects (even molecules in the air) than higher 
frequencies; therefore, higher-frequency sounds 
usually attenuate faster, and lower frequencies 

travel farther. Reverberations, or echoes, reflect 
off surfaces in the environment numerous times 
and almost always arrive at the receiver later 
than the original signal, producing a variety of 
effects (warren et al. 2006). irregular fluctuations 
in amplitude are caused by air turbulence and ac-
cumulation of reverberations.

Under conditions without disruption of sound 
waves, sound levels decrease by 6 db(A) with 
every doubling of distance from the sound source 
(Larkin et al. 1996). Therefore, if the study aims 
to identify effects of noise on birds, distance of 
a bird to the sound source must be considered. 
for a nest study, this involves measuring sound 
pressure level at the nest. for bird surveys, it 
requires taking Universal Transverse Mercator 
coordinates, compass bearing, and distance from 
the survey location to each bird detected; these 
values can be used with trigonometric functions 
to determine distance from each bird to the noise 
source. However, this method does not consider 
topography, vegetation, and other conditions that 
could alter noise attenuation. if it is practical, the 
investigator can also measure the sound level at 
the location of a bird after survey completion.

Effects of Noise on Birds

Many studies have focused on effects of land-
scape-scale conversions of visually differentiated 
habitat, but noise has received far less attention. 
Larkin et al. (1996:8) noted that 

Like other related fields such as effects of vehicles 
or recreation on wildlife…, effects of noise on 
wildlife often appear in the “gray literature” of 
conference proceedings and unpublished reports 
and manuscripts, rather than in the refereed sci-
entific literature.

we have come some distance since 1996, but rela-
tively few investigators currently work on this 
challenging new field of study.

Noise pollution affects birds in myriad 
ways, including (1) physical damage to ears; 
(2) stress responses; (3) fright–flight responses; 
(4) avoidance responses; (5) changes in other 
behavioral responses, such as foraging; (6) changes 
in reproductive success; (7) changes in vocal com-
munication; (8) interference with the ability to 
hear predators and other important sounds; and 
(9) potential changes in populations. Reactions 
to noise depend on the type of noise produced, 
including frequency, loudness, consistency, and 

fig. 1. A (thick line), C (thin line), and flat (black 
dashed line) decibel weighting systems.



EffECTS Of NOiSE POLLUTiON ON biRdS: A REViEw 9

duration. Some species react more negatively to 
noise than others. Colonial birds are highly suscep-
tible to noise because when one bird reacts, many 
or all birds in a colony will react similarly (burger 
1998), whether the group responds directly to the 
noise or to the first bird(s) that responded.

Physical damage to ears.—Exposure to loud sounds 
damages sensory hair cells. in mammals, this re-
sults in permanent hearing loss. However, birds 
regenerate these hairs to some extent (Niemiec et 
al. 1994); therefore, damage is more temporary but 
with species-specific variation in recovery times 
(Ryals et al. 1999). Niemiec et al. (1994) reported 
increased recovery time with repeated exposure, 
which may have important implications for birds 
exposed to chronic or repeated noise. Physical dam-
age to birds’ ears occurs either with short-duration 
but very loud sounds (>140 db[A] for single blasts 
or 125 db[A] for multiple blasts; e.g., construction 
noise) or continuous (>72 h) exposure to noise >110 
db(A) (dooling and Popper 2007). Some federal 
agencies set noise standards within buffer zones for 
nests of high-priority species such as eagles, hawks, 
and owls; however, little else protects wild animals 
from noise. 

Stress and fright–flight responses.—Chronic stress 
causes numerous physiological responses, includ-
ing elevated heart rate, changes in hormone lev-
els, and weight loss. Chronic stress also impairs 
the ability of birds to resist diseases and reduces 
their reproductive success (blickley and Patricelli 
2010). Some studies on noise and domesticated 
and laboratory animals have demonstrated fright–
flight, avoidance, and agitation responses to noise 
(Environmental Protection Agency [EPA] 1980, 
bowles 1995), yet these laboratory approaches to 
studying the effects of noise provide very little in-
sight regarding how natural populations respond 
to noise. Much of the work conducted on stress 
and fright–flight responses under natural condi-
tions focused on moving vehicles, such as aircraft 
(brown 1990, Conomy et al. 1998, Trimper et al. 
1998, ward et al. 1999, goudie 2006) and water-
craft (burger 1998, Rodgers and Schwikert 2002), 
which introduces confounding variables, espe-
cially visual disturbance.

Avoidance responses.—Avoidance appears to be 
the most common response to human disturbance, 
but some species are surprisingly tolerant and even 
seek out association with humans and disturbed 
habitats, including noisy habitats (e.g., House finch 
[Carpodacus mexicanus] and black-chinned Hum-
mingbird [Archilochus alexandri]; francis et al. 2009). 

Anthropogenic noise is almost always associated 
with other confounding disturbance variables (e.g., 
visual disturbances, vegetation, food resources, pol-
lutants, concrete or asphalt effects on temperature, 
and perceived risks), which are difficult, if not im-
possible, to control.

Even though studies of road traffic noise are 
severely confounded by other variables, the effects 
of road-associated variables, including noise, mea-
sured by occupancy and densities, are consistently 
negative for most birds. brotons and Herrando 
(2001), forman and deblinger (2000), and fernán-
dez-Juricic (2001) found lower occupancy of birds 
near roads and attributed the lower numbers, in 
part, to traffic noise. in the Netherlands, Reijnen 
et al. (1995) controlled for visual aspects of the 
highway and found that noise was an important 
variable explaining lower occupancy near major 
roads. Although roads negatively affect a variety 
of taxa (Haskell 2000, brotons and Herrando 2001, 
Reijnen and foppen 2006), the overall effect of 
traffic noise on nesting birds, measured through 
lack of habitat occupancy, may extend >300 m on 
both sides of roadways (forman and deblinger 
2000). from these and similar findings in the 
Netherlands (Reijnen et al. 1995), forman (2000) 
and forman and Alexander (1998) estimated that 
one-fifth of the United States is directly affected 
by traffic noise. Clearly, these studies have dem-
onstrated that fragmentation and its associated 
variables, including noise, produce environmental 
and ecological impacts well beyond the edge of 
the physically altered habitat. 

A few studies that controlled for noise as a single 
testable variable found species-specific avoidance 
of noisy areas. in New Mexico, Mourning doves 
(Zenaida macroura) avoided gas-well-compressor 
noise, and several species nested significantly far-
ther from well pads with noisy compressors than 
from gas well pads without compressors, includ-
ing the gray flycatcher (Empidonax wrightii), gray 
Vireo (Vireo vicinior), black-throated gray warbler 
(Setophaga nigrescens), and Spotted Towhee (Pipilo 
maculatus) (francis et al. 2009). during surveys, 
western Scrub-Jays (Aphelocoma californica) and 
several other species were detected significantly 
more often on sites without compressors (francis 
et al. 2009, Ortega and francis 2012). in Canada, 
bayne et al. (2008) found avoidance of noisy areas 
by Red-eyed Vireos (V. olivaceus), Yellow-rumped 
warblers (S. coronata), and white-throated Spar-
rows (Zonotrichia albicollis); furthermore, they 
found 1.5× greater density of breeding birds near 
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noiseless energy facilities than near sites with 
noisy compressors.

Changes in foraging responses.—Results of a few 
studies have suggested negative effects of noise on 
foraging behavior. in florida, burger and gochfeld 
(1998) observed significantly reduced foraging in 
five species with the presence of people compared 
with the absence of people, and the percentage of 
time spent foraging decreased with increased noise 
made by people. Similarly, but under laboratory 
conditions, Quinn et al. (2006) observed that Com-
mon Chaffinches (Fringilla coelebs) experienced 
reduced foraging with added white noise up to 
68 db(A). Canaday and Rivadeneyra (2001) found 
that machinery noise from petroleum exploration 
affected foraging guilds in Ecuador.

Changes in reproductive success.—Noise may af-
fect egg production, incubation, brooding, preda-
tors, brood parasites, and abandonment, as well as 
the ability to find or attract a mate and the ability 
of parents to hear and respond to begging calls. 
Any species that regularly experience fright–flight 
responses (Southern and Southern 1979, burger 
1998) or an inability to attract mates and defend 
territories (Slabbekoorn and Ripmeester 2008) be-
cause of noise likely suffer reproductive loss. for 
some species, this may result in population de-
clines.

Results of studies designed to determine effects 
of noise on reproductive success suggest species-
specific variation. in francis et al.’s (2009) study 
in northwest New Mexico, we found higher nest 
success near noisy gas well compressors than in 
quiet control sites because predators and cow-
birds avoided noisy sites. However, as previously 
mentioned, many species avoided noisy areas 
and did not benefit from the lower level of preda-
tors and parasites. black-chinned Hummingbirds 
preferred noisy sites, and House finches often 
used gas-well-compressor equipment for nest 
sites where the sound pressure levels reached 85 
db(A) at the nest. 

Noise may interfere with the ability to attract 
mates and maintain pair bonds. for example, in 
Alberta, Canada, male Ovenbirds (Seiurus auro-
capilla) near gas well compressors experienced 
a 15% decrease in mate attraction (Habib et al. 
2007). Additionally, Habib et al. (2007) found 
18% more inexperienced (first-year) Ovenbirds 
at noisy compressor sites than at quieter control 
sites, which suggests that noise reduces the 
quality of habitat for these birds. Reproduc-
tive failure or reduced reproductive success can 

result in pair-bond degradation. in a laboratory 
experiment, Swaddle and Page (2007) reported 
that female Zebra finches’ (Taeniopygia guttata) 
preferences for their pair-bonded males de-
creased significantly with background noise. 
They suggested that in areas of high-amplitude 
environmental noise, birds may develop extra-
pair behaviors because of weakened pair bonds.

barton and Holmes (2007) reported reduced 
nest success close (<100 m) to trails with noisy off-
highway vehicles compared with more distant lo-
cations in California. As in francis et al.’s (2009) 
study, predators appeared to avoid the noisier 
sites. barton and Holmes (2007) found 4× more 
nest abandonment near trails, whereas abandon-
ment did not differ between noisy treatment sites 
and control sites in francis et al.’s (2009) study  
(C. P. Ortega and C. d. francis unpubl. data); the 
difference might be explained by chronic (24 h 
per day, 7 days per week) noise in the latter study 
compared with intermittent loud noise in the for-
mer. if birds select nest sites with chronic noise, to 
some degree they accept the conditions and may 
not abandon their nests in response to the noise. 
in areas with off-road vehicles, birds may select 
nest sites during the week when the immediate 
environment seems quiet compared with week-
ends, or they may select nest sites before the on-
set of the recreation season. in these cases, birds 
may not accept noisy conditions as part of the 
nest selection process, and this may result in nest 
abandonment.

Changes in vocal communication.—Across taxa, 
social relationships rely on communication, and 
vocal communication dominates much of the first-
order contact in birds. Even though background 
noise can critically impair vocal communication, 
historically investigators did not focus on noise 
in studies of animal communication (brumm and 
Slabbekoorn 2005). Over the past decade, many 
ornithological studies have focused on the effect 
of noise on communication.

Although we have a good understanding of 
a few species-specific responses—for example, 
in the domestic fowl (Gallus gallus domesticus; 
brumm et al. 2009), Little greenbul (Andropadus 
virens; Slabbekoorn and Smith 2002), gray fly-
catcher (E. wrightii) and Ash-throated flycatcher 
(Myiarchus cinerascens; francis et al. 2011), great 
Tit (Parus major; Slabbekoorn and Peet 2003, Slab-
bekoorn and den boer-Visser 2006, Pohl et al. 2009), 
gray Shrike-thrush (Colluricincla harmonica; Par-
ris and Schneider 2009), gray fantail (Rhipidura 
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fuliginosa; Parris and Schneider 2009), Common 
Nightingale (Luscinia megarhynchos; brumm and 
Todt 2002; brumm 2004, 2006), Eurasian blackbird 
(Turdus merula; Nemeth and brumm 2009, Rip-
meester et al. 2010), Common Chaffinch (brumm 
and Slater 2006), Song Sparrow (Melospiza melo-
dia; wood and Yezerinac 2006), dark-eyed Junco 
(Junco hyemalis; Slabbekoorn et al. 2007), and 
House finch (badyaev et al. 2008)—we still have 
a great deal to learn about the responses of most 
species. However, many investigators have laid 
the groundwork for additional studies of noise. 

Numerous studies have shown that environ-
mental conditions constrain sound transmission. 
Vegetation affects the way that sound moves 
through different habitats (Ryan 1986, Slabbekoorn 
and Smith 2002, Hansen et al. 2005, boncoraglio 
and Saino 2007, Simons et al. 2007, Pacifici et al. 
2008) and different topographic environments 
(brumm 2004, warren et al. 2006, Slabbekoorn et 
al. 2007). Natural sounds (e.g., insect and other an-
imal vocalizations, rain, wind, streams, and thun-
der) and anthropogenic noise can interfere with 
the detection and discrimination of vocal signals 
(often referred to as “masking”). Therefore, both 
natural sounds and anthropogenic noise play an 
essential role in determining the efficacy of vocal 
communication and also exert a selective pressure 
on the evolution of communication, often resulting 
in song frequencies that transmit most efficiently 
through a given environment (Morton 1975, Ryan 
and brenowitz 1985).

Sound transmission differs with habitat (Slab-
bekoorn and Smith 2002, Slabbekoorn et al. 2007), 
but at least some birds compensate for these dif-
ferences. for example, Slabbekoorn and Smith 
(2002) reported that song frequency of the Little 
greenbul varies across habitat gradient in Afri-
can rainforests. On an evolutionary scale, urban 
habitat is relatively novel, but some investigators 
pointed out that some urban settings are acousti-
cally similar to cliffs, canyons, and other natural 
environments (brumm 2004, warren et al. 2006, 
Slabbekoorn et al. 2007). However, canyons and 
cliffs do not exist throughout all landscapes; 
therefore, many species are not adapted for the 
acoustics of canyons and cliffs. furthermore, 
canyons and cliffs have not been well studied as 
selection pressures for communication in birds. 
because urban areas are expanding on a global 
basis (Slabbekoorn et al. 2007), anthropogenic 
noise exerts an evolutionarily novel pressure on 
many birds worldwide. 

in addition to environmental conditions, 
other selective pressures and constraints, such 
as body size (Morton 1975), vocal apparatus 
size (e.g., syrinx and bill characteristics; Ryan 
and brenowitz 1985, badyaev et al. 2008), and 
phylogeny (Ryan and brenowitz 1985), influence 
evolution of bird song, with a trend of lower 
frequencies produced by larger birds (Ryan 
and brenowitz 1985). when environmental 
conditions change, including background noise 
levels, natural selection will favor vocalizations 
that move effectively through the local habitat. 
Thus, changes in noise will affect both vocaliza-
tions and sensory drives (Ryan and brenowitz 
1985, Endler 1992). Other constraints, however, 
may preclude changes in vocalizations. for 
example, badyaev et al. (2008) suggested that 
urban background noise should favor higher-
frequency songs, but bill morphology, which 
is influenced by available food resources, may 
limit changes in song characteristics. in Ari-
zona, they found that urban House finches feed 
on larger, harder foods than their counterparts 
in the less disturbed Sonoran desert (e.g., sun-
flower seeds vs. cacti and grass seeds, respec-
tively); they suggested that directional selection 
has favored larger bills in the urban population, 
resulting in a tradeoff between bill size and song 
characteristics important in courtship, particu-
larly trills. 

Noise can mask communication.—Masking occurs 
when sounds hide or interfere with the detection 
of a biologically relevant sound, such as vocal 
communication or sounds made by predators. An-
thropogenic noise that masks vocal communica-
tion among birds can have serious consequences 
because birds use vocal communication to attract 
mates and defend territories (Slabbekoorn and 
Smith 2002, wood and Yezerinac 2006, barber et 
al. 2010); furthermore, noise can mask begging and 
alarm calls (warren et al. 2006). Contact calls con-
tribute to maintaining group cohesion, and if noise 
masks these calls, it can potentially result in lost in-
dividuals or breakdown of group cohesion. Exacer-
bating this problem, the “dawn chorus” temporally 
overlaps with one of the heaviest commuter-traffic 
rush hours. Therefore, noise may determine both 
habitat quality and reproductive success.

for effective communication, sounds trans-
mitted by the sender must be detected by the re-
ceiver in forms with unaltered meaning. On the 
basis of data from 49 avian species tested both 
physiologically and behaviorally, dooling and 
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Popper (2007) reported that birds hear, on av-
erage, best at frequencies between 1 and 5 kHz 
and hear well at the most sensitive frequencies of 
2–4 kHz (dooling 1982). in comparison, humans 
hear better over a broader frequency (20 Hz to 
20 kHz, with most sensitivity 0.5–4.0 kHz; dool-
ing and Popper 2007); in other words, in general, 
birds must hear sounds at higher amplitudes 
than humans. Owls represent an exception and 
can hear much softer sounds than passerines 
and many nonpasserines (dooling and Popper 
2007), and some birds can hear in the ultrasonic 
range (boncoraglio and Saino 2007). dooling and 
Popper (2007) reported a general trend in which 
passerines and smaller birds also hear better at 
high frequencies whereas larger birds hear better 
at low frequencies. Long-distance communica-
tion ranges from 0.5 to ~6.0 kHz for typical birds; 
therefore, studies of masking communication 
should focus on this range (dooling and Popper 
2007). it may also be useful to provide a signal-to-
noise ratio because detection and discrimination 
depend on both the signal and the background 
noise (brumm and Todt 2002; brumm 2004, 2006). 

in Australia, Haff and Magrath (2010) investi-
gated responses of nestling white-browed Scrub-
wrens (Sericornis frontalis) to various sounds; even 
though they responded (by ceasing begging calls) 
more strongly to natural predators than to white 
noise, they responded to broadband (both smooth 
and erratic) sounds more than to tonal sounds. 
Earlier, Maurer et al. (2003) had reported that nest-
ling white-browed Scrubwrens begged to parental 
alarm calls, but they obtained their results under 
laboratory food-deprivation conditions. Magrath 
et al. (2007) also reported that adults emit a “food 
call” when they arrive with food, presumably to 
reduce the risk of erroneous begging. in Canada, 
Leonard and Horn (2008) found that nestling Tree 
Swallows (Tachycineta bicolor) responded to experi-
mentally added white noise by emitting begging 
calls at higher minimum frequency and narrower 
frequency range, but added noise did not affect 
nestling growth. However, they used nest boxes, 
whereas Tree Swallows in natural conditions use 
cavities. Nestling–parent communication is likely 
muffled by wood, which differs between boxes and 
natural cavities. Little work has been done on re-
sponses of nestlings to various anthropogenic noise 
sources (but see Swaddle et al. 2012); however, the 
studies cited above suggest that noise pollution 
may affect communication between parents and 
nestlings.

Very little work has been conducted on birds’ 
responses to what i would call “vocal com-
munication interference levels.” This has been 
extensively studied in humans and is referred 
to as “speech interference level” (kryter 1994). it 
differs from the complete masking phenomenon 
that covers up or hides sounds; with speech inter-
ference, the sound (speech, song, call, etc.) can be 
heard (it may even be very loud), but the sounds 
are unintelligible. for example, one can hear 
people talking very loudly in a room next door 
yet not understand one word of the conversation. 
Habib et al. (2007) proposed “song distortion” 
as an alternative hypothesis to complete mask-
ing of vocalization to explain why 15% fewer 
Ovenbirds experienced successful pairing near 
noisy compressors compared with quieter control 
sites. The effects of, or responses to, these garbled 
sounds may or may not be similar to the effects 
of complete masking (sounds that cannot even 
be heard). Pohl et al. (2009) tested this with great 
Tits under laboratory conditions and found that 
noise interfered with signal detection; interest-
ingly, detections were worse during simulations 
of the dawn chorus compared with both urban 
and woodland noises.

birds can change their vocalizations to compen-
sate for the masking effect through (1) changes in 
song or call frequency, (2) changes in amplitude, 
(3) changes in song component redundancies, and 
(4) temporal shifts to avoid morning rush hour or 
other noise. birds might also respond to masking 
by changing their position within the vegetation 
layer to maximize vocal transmission, but this has 
not, to my knowledge, been investigated. How-
ever, Patricelli et al. (2007, 2008) found that male 
Red-winged blackbirds (Agelaius phoeniceus) ori-
ent themselves to maximize the intent or message 
of their vocalizations.

Changes in song frequency.—Patricelli and blick-
ley (2006) suggested two ways in which birds ad-
just frequency in response to low-frequency noise: 
(1) by increasing the lowest frequency with no 
change in the highest frequency, or (2) by shifting 
the entire vocalization to higher frequency. Slab-
bekoorn and Peet (2003), Slabbekoorn and den 
boer-Visser (2006), and Mockford and Marshall 
(2009) discovered that great Tits sing at a higher 
minimum frequency in noisy locations than in 
quieter locations. great Tits apparently have plas-
ticity in their vocal repertoires that enables them 
to breed successfully in locations with varying 
noise levels. Halfwerk and Slabbekoorn (2009) 
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also demonstrated that great Tits responded to 
experimentally added low-frequency noise with 
songs consisting of higher minimum frequency, 
and they responded to experimentally added 
high-frequency noise with songs consisting of 
lower maximum frequency. At least some birds 
respond to noise with vocal repertoires consist-
ing of songs that differ in frequency (Arcese et al. 
2002) and by singing the songs least masked by 
background noise or by changing the frequency 
of particular songs in their repertoire (wood and 
Yezerinac 2006, Halfwerk and Slabbekoorn 2009). 
individuals may learn, during their own sensitive 
periods, particular songs least masked by noises 
around them (wood and Yezerinac 2006). 

Many species have shown the same pattern 
in different parts of the world. wood and Yezeri-
nac (2006) reported that Song Sparrows in urban 
areas in and near Portland, Oregon, sing higher-
frequency low notes compared with their counter-
parts living in rural areas. Slabbekoorn et al. (2007) 
found that dark-eyed Juncos in urban California 
sing at higher minimum frequency than popula-
tions living in forests. in Vienna, Austria, Nemeth 
and brumm (2009) found higher song frequencies 
and shorter, albeit not statistically significant, in-
tervals between singing bouts among urban Eur-
asian blackbirds. Ripmeester et al. (2010) reported 
that city-dwelling Eurasian blackbirds in the Neth-
erlands sang at a higher peak frequency than their 
counterparts in forests. in Australia, gray Shrike-
thrushes increased the frequency of their songs 
in response to traffic noise (Parris and Schneider 
2009). individual black-capped Chickadees (Poecile 
atricapillus) also shift the frequency of their song, 
but this has been reported in social contexts rather 
than in the context of background noise (Ratcliffe 
and weisman 1985, Hill and Lein 1987). Nemeth 
and brumm (2009) suggested, as an alternative to 
masking, that motivational states of higher arousal 
from higher urban bird densities may also explain 
the faster-paced, higher-frequency songs. Nemeth 
and brumm (2010) further suggested that among 
urban great Tits and Eurasian blackbirds, vocal 
amplitude had a much larger effect on transmis-
sion distance than vocal pitch, and that song fre-
quency shifts might be a side effect of singing at 
higher amplitudes.

Changes in amplitude.—Amplitude shifts, also 
referred to as the “Lombard effect” and first 
described as a human response (brumm and 
Todt 2002, warren et al. 2006; name derived from 
Lombard 1911), may allow birds to be heard in 

noisy areas. for example, Common Nightingales 
increase the volume of their singing with traffic 
noise (brumm 2004) and white noise (brumm 
and Todt 2002). This response has also been 
reported in blue-throated Hummingbirds (Lamp-
ornis clemenciae), Zebra finches and budgerigars 
(Melopsittacus undulatus; reviewed in warren 
et al. 2006), and domestic fowl (brumm et al. 
2009). Some birds may already produce songs 
or portions of songs at maximum levels; for 
example, although brumm and Todt (2002) found 
that Common Nightingales sing at higher ampli-
tudes in noisy environments, some elements or 
portions of their song did not increase in response 
to increased noise because, presumably, those 
elements were already at the highest possible 
amplitude. 

Changes in song components and redundancies.—
brumm and Slater (2006) found that in naturally 
noisy areas, male Common Chaffinches sing 
some song components for longer bouts than 
their counterparts in quieter areas. However, 
they delivered fast trills in shorter bouts, which 
perhaps suggests a tradeoff between attracting 
females (attracted to trills) and reducing neu-
romuscular fatigue. beyond this study, to my 
knowledge, very little work has been conducted 
in this area.

Temporal changes in singing.—we do not know 
much about species-specific reactions to noise 
that involve temporal shifts in singing. However, 
brumm (2006) found that Common Nightingales 
can adjust the timing of their peak singing to 
avoid acoustic interference (in this case, play-
backs of other species’ songs), and ficken et al. 
(1974) reported that Least flycatchers (Empidonax 
minimus) and Red-eyed Vireos shifted their tim-
ing to avoid heterospecific overlap. fuller et al. 
(2007) reported shifts from diurnal to noctur-
nal singing among European Robins (Erithacus 
rubecula). Similar temporal shifts have also been 
reported in frogs (Zelick and Narins 1982, 1983; 
Schwartz and wells 1983; Narins 1995). 

Interference with the ability to hear predators and 
other important sounds.—in addition to commu-
nication, hearing is critical for detecting preda-
tors and other dangers and opportunities in the 
environment (Quinn et al. 2006, Slabbekoorn and 
Ripmeester 2008, barber et al. 2010). if sounds made 
by predators, such as footsteps, breathing, and rus-
tling leaves, are masked by noise, the immediate 
situation becomes considerably more risky for po-
tential prey. Also, even in the absence of noise made 
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by predators (e.g., aerial predators; Leavesley and 
Magrath 2005), if noise masks warning calls (by 
conspecifics or heterospecifics), the perception of 
danger may be underestimated, resulting in inap-
propriate, perhaps lethal responses. Conversely, 
from a predator’s perspective, many birds and 
other animals find food resources through listening 
(goerlitz et al. 2008). for example, American Robins 
(Turdus migratorius) listen for sounds of worms 
underground (Montgomerie and weatherhead 
1997), and many raptors depend on noises made by 
their prey (knudsen and konishi 1979, Rice 1982). 
This seems a relatively unexplored topic. 

Sounds are also critical for an animal’s ability 
to determine its orientation and move across a 
landscape. The contribution of sounds to the envi-
ronment is referred to as a “soundscape,” and the 
use of perceived sounds for general orientation 
within a landscape is referred to as “soundscape 
orientation” (Slabbekoorn and bouton 2008). for 
example, animals use sounds to find water sources 
and protected areas. Soundscapes are particularly 
important for nocturnal animals and animals that 
move through caves or dense vegetation. 

Challenges, Needs, and Opportunities

Isolating noise from confounding variables.—deter-
mining effects of noise on free-ranging birds and 
other wildlife is particularly challenging because 
we rarely have the opportunity to isolate noise 
as a  single testable variable. Numerous studies 
have suggested that human disturbances nega-
tively affect birds and other wildlife species in a 
variety of ways. in many of these studies, noise 
is coupled with human disturbance, including 
snowmobiles (Creel et al. 2002, Seip et al. 2007), 
all-terrain vehicles (barton and Holmes 2007), 
trails (Taylor and knight 2003, Trulio and Sokale 
2008), boating (Rodgers and Schwikert 2002, Pe-
ters and Otis 2006, Rojek et al. 2007), roads and 
traffic (Reijnen et al. 1995, brotons and Herrando 
2001), aircraft (Carney and Sydeman 1999, giese 
and Riddle 1999, goudie 2006, Rojek et al. 2007), 
and ski resorts (ballenger and Ortega 2001). 

However, none of these earlier studies sepa-
rated noise from the effects of other disturbance. 
for example, studies on the effect of human noise 
(talking, laughing, etc.) are confounded with dis-
turbance caused by physical presence of people 
(burger and gochfeld 1998) and with foraging 
opportunities provided by people (fernández-
Juricic 2001). Similarly, studies on the effects of 

road or highway noise (brotons and Herrando 
2001) are confounded with effects of habitat frag-
mentation caused by the roads themselves, the 
physical movement of traffic, perceived risks of 
traffic and increased predators, and vehicular ex-
haust. A few studies have demonstrated that birds 
and other wildlife can also be negatively affected 
by nonmotorized human recreational activities—
for example, hiking with or without dogs on and 
off leash, horseback riding, cycling, and ski-slope 
activities—and some species are more disturbed 
by humans on foot than by motorized vehicles 
(Mallord et al. 2007, Patthey et al. 2008, Reed and 
Merenlender 2008, Stankowich 2008). The most 
definitive conclusion from most of these studies 
is that some aspect or several aspects of human 
disturbance negatively affect birds.

Our ability to detect birds with noise during sur-
veys.—Ortega and francis (2012) determined that 
sound pressure levels above 45 db(A) signifi-
cantly impaired our ability to detect birds; there-
fore, surveys in noisy areas likely underestimate 
bird occupancy. This is particularly relevant in 
studies aimed at comparing sites that differ in 
noise levels. for example, studies of fragmenta-
tion are often coupled with noisy activities, such 
as roads and other development. The effects of 
background noise clearly vary among observers’ 
abilities to aurally detect birds, and species vary 
in their detectability. Pacifici et al. (2008) reported 
at 100 m, detection probabilities ranged from 0 to 
1, and 3–99% of birdsongs were detected during a 
birdsong simulation experiment. They suggested 
that surveys focused on particular species might 
yield the best results. However, when the objec-
tive is to compare communities between or among 
sites, surveyors need to count all birds. in another 
simulated experiment, Simons et al. (2007) found 
that observers overcount within 50 m and under-
count beyond that distance, and the mean num-
ber of birdsongs detected decreased by 41% with 
10 db(A) of added white noise.

Indirect effects that could change landscapes.—The 
indirect effects of noise, to my knowledge, have 
not been well studied, but at least one study has 
suggested potential effects on habitat because 
some birds that provide ecological services, such 
as pollination and seed dispersal, are affected 
either positively (e.g., black-chinned Humming-
birds) or negatively (e.g., western Scrub-Jays) by 
noise (francis et al. 2009, 2012; Ortega and francis 
2012). francis et al. (2009) reported on the poten-
tial of noise pollution from gas well compressors 
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to alter the future distribution of piñon–juniper 
(Pinus edulis–Juniperus osteosperma) forests be-
cause at least one of the main dispersers (western 
Scrub-Jays) of piñons were notably absent from 
the noisy compressor sites. Currently, we do not 
know how noise indirectly affects other habitats.

Who regulates noise, where, and how?—The fed-
eral Office of Noise Abatement and Control (under 
the authority of the Environmental Protection Act) 
closed in 1981 because they concluded that noise 
issues would be better handled at the local level. 
Currently, states, counties, and municipalities reg-
ulate noise from an anthropocentric perspective 
with little or no consideration for wildlife species, 
although some federal land management agencies 
set their own noise tolerance levels for the benefit 
of wildlife, but usually for charismatic species sen-
sitive to disturbance. Local regulations are often 
very lenient, with many loopholes, exclusions, and 
exemptions that promote special interests (for links 
to state regulations, see www.epa.gov/epahome/
state.htm). for example, in Colorado, under Article 
12, Noise abatement, section 25-12-103, Maximum 
permissible noise levels: “This article is not applica-
ble to the use of property for the purpose of manu-
facturing, maintaining, or grooming machine-made 
snow.” Other exclusions include athletic, entertain-
ment, cultural, and patriotic events. 

Sound pressure levels are also very lenient. for 
example, in Colorado, the limit set for motorized 
vehicles measured from 50 feet (15.2 m) from the 
center line of a road is 86 db(A) and 90 db(A) 
for speeds less than and exceeding, respectively, 
35 mph (56.3 kph). Limits for off-road vehicles are 
almost as lenient, at 82 db(A) and 86 db(A) for 
below and above 35 mph (56.3 kph), respectively. 
Additionally, the same regulations state that

in all sound level measurements, consideration 
shall be given to the effect of the ambient noise 
level created by the encompassing noise of the 
environment from all sources at the time and 
place of such sound level measurement.

This does not take into account the cumulative ef-
fects of noise pollution and makes for regulation 
with little or no teeth, set within a framework of 
ambiguity. 

without more stringent and enforceable regula-
tions, reducing noise pollution will require citizen 
consciousness and compliance. with increasing 
urban sprawl and its associated noise pollution, 
louder and more frequent noises throughout the 

world, and bird population declines, the responsi-
bility rests with researchers to provide useful infor-
mation on the effects of noise pollution on birds and 
other wildlife and how noise can best be mitigated.

What kind of mitigation is possible?—in order 
to plan mitigation for noise, we need to under-
stand the major sources of noise. Anthropogenic 
noise is nothing new, but the sounds of outdoor 
markets and horses clopping along cobblestone 
streets have been traded for more contemporary 
noises that now dominate our soundscape. Noise 
can conveniently be categorized as (1) long-term 
and relatively constant, such as noise from in-
dustry and business as well as housing (e.g., air 
conditioning and exhaust fans); (2) regular but 
intermittent, such as air and road traffic; and 
(3) temporary noise, such as military activities, 
special events, and domestic conveniences (e.g., 
lawn mowers, chainsaws, weed trimmers, leaf 
blowers, snow blowers, cell phones, car horns 
and alarms). Many temporary noises, however, 
collectively produce a constant urban hum. 

Most noises can be muffled better; others are 
unnecessary (e.g., car horns to confirm activated 
alarms). Noise from industry can also be muffled, 
but unless regulations require it, industries may 
not volunteer to pay the high cost of current 
mitigation technology, such as noise reduction 
barriers. bayne et al. (2008) estimated that retro-
fitting a compressor station with sound reduction 
equipment would cost $35,000–50,000. They also 
compared the estimated $175–250 million cost to 
reduce noise by 4 db(A) throughout the energy 
sector in boreal Alberta with the $100 billion in-
flux from the energy sector over the next 5 to 10 
years (Habib et al. 2007, bayne et al. 2008); they 
suggested that it would be a cost-effective best 
management practice. 

Mitigation measures that have been suggested 
to reduce traffic noise include (1) using road sur-
faces that absorb more sound (Slabbekoorn and 
Ripmeester 2008, blickley and Patricelli 2010); (2) 
reducing speed, especially during the breeding 
season (Makarewicz and kokowski 2007, Parris 
and Schneider 2009, Slabbekoorn and Ripmeester 
2008); (3) shuttle buses, especially in parks (bar-
ber et al. 2010); and (4) seasonal road closures in 
important breeding areas to the extent feasible 
(Slabbekoorn and Ripmeester 2008). Parris and 
Schneider (2009) and blickley and Patricelli (2010) 
pointed out that sound barriers for roads would 
reduce noise pollution but hinder wildlife move-
ments. This is a management area in need of 
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further investigation. for many species, sound 
barriers make movement across roads difficult 
or impossible, but they may also prevent animal–
vehicle collisions. Sound barriers do not necessar-
ily have to extend to the ground and, coupled with 
wildlife overpasses, could be a potential solution, 
at least in some areas. Research on solutions as 
well as potential implementation might be funded 
by a noise tax (Sandberg 1991).

Mitigation measures will come with a financial 
burden; therefore, it is unlikely that industry will 
adopt them voluntarily or that citizens will will-
ingly accept mitigation costs passed on by indus-
try. As blickley and Patricelli (2010) suggested, 
reduction of noise pollution will take policy ac-
tion in terms of adjusted noise-level standards 
and mitigation measures to meet new standards. 
before policy makers can make these important 
and perhaps controversial decisions, they will 
need compelling scientific evidence that noise 
negatively affects some species of birds and other 
wildlife, especially species of concern. 

Although variation exists among species, the 
difference in masking threshold is ~6 db(A) less 
in humans than in birds; in other words, humans 
can detect sounds with 6 db(A) greater back-
ground noise compared with the typical bird 
(dooling and Popper 2007). This has important 
implications for potential mitigation. Sound 
pressure levels decrease by ~6 db(A) for every 
doubling of distance from the sound source. This 
implies that at least some birds can no longer de-
tect a sound at half the distance from the noise 
source as a human can hear it. Therefore, hu-
mans are poor judges of what masks sounds for 
birds. in other words, compared with humans, 
birds may be less disturbed by noise closer to the 
source (e.g., highway noise, compressor noise, 
etc.), but the masking effects are greater. 

Future research needs.—The EPA identified a need 
for research in three major areas involving the ef-
fects of noise on wildlife: (1) effects of long-term 
exposure to moderate noise levels, (2) whether 
wild animals experience the same adverse reac-
tions to noise as laboratory animals, and (3) the 
ecological consequences of masking and altered 
behavioral patterns (EPA 1980). Thirty years have 
passed since the agency made these suggestions; 
however, relatively few research efforts since have 
addressed these three areas of need. 

More recently, warren et al. (2006) also sug-
gested three, albeit different, areas in need of 
research: (1) the relationship between spatial 

distribution of noise and variation in communi-
cation, (2) potential relationship between timing 
of noise levels and the dawn chorus, and (3) the 
acoustics of canyons. They pointed out that, in 
addition to contributing to knowledge that ben-
efits conservation and management planning 
strategies, these research topics would have the 
additional benefit of contributing to our overall 
knowledge of avian communication.

we are still on the forefront of our understand-
ing of how at least some birds can adjust their vo-
calizations in response to noise pollution. but to 
my knowledge, in addition to the above research 
suggestions, we do not yet know the answers to 
many other critical questions (outlined below) 
and how all the information (known and un-
known) interconnects.

(1) we know that some species change fre-
quency or loudness of their songs in response to 
noise, but our knowledge comes from relatively 
few species. in order to generalize about com-
mon responses of birds to noise, we must increase 
our understanding of species-specific responses, 
covering at least the major taxonomic groups of 
birds. it may also be useful to know whether spe-
cies within the major taxonomic groups of birds 
respond to noise in similar ways.

(2) Most research on effects of noise on bird com-
munication has focused on song. However, other 
important vocalizations (e.g., alarm calls, contact 
calls, begging vocalizations, and invitation-to-cop-
ulation calls) have not been studied as much.

(3) we know little about how females respond 
to changes in vocalization or whether noise inter-
feres with their ability to orient themselves in a 
spatially appropriate manner. Most of our knowl-
edge comes from a few studies of frogs. for exam-
ple, bee and Swanson (2007; cited in barber et al. 
2010) reported that female gray Treefrogs (Hyla 
chrysoscelis) take longer to orient themselves to 
male signals in the presence of traffic noise play-
backs. Parris et al. (2009) pointed out a tradeoff 
between audibility and mate attraction in frogs 
that may apply to at least some bird species. They 
suggested that female Common Eastern froglets 
(Crinia signifera) prefer lower-frequency songs be-
cause they indicate larger males, yet males call at 
a higher frequency in areas of traffic noise.

(4) in natural habitats, sound does not attenu-
ate in a symmetrical spherical pattern because of 
permanent (e.g., topography) and temporary (e.g., 
atmospheric conditions) features. in general, lower 
frequencies degrade less in dense vegetation than 
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higher frequencies; however, lower frequencies 
attenuate more rapidly when emitted close to the 
ground (boncoraglio and Saino 2007). Animals can 
spatially orient themselves to maximize hearing 
and vocalizing. for example, some birds direction-
ally orient themselves in ways that maximize trans-
mission of communication (boncoraglio and Saino 
2007, Patricelli et al. 2008). Therefore, one might ex-
pect that birds can change their position within the 
vegetation layers in addition to directional orienta-
tion to maximize their vocal transmissions. 

(5) There may be an interesting relationship 
between abundance of certain species in noisy 
areas and their song frequency; birds with higher 
dominant song frequency may be more abundant 
near roads and other noisy areas (Rheindt 2003). 
further investigation would help us predict ef-
fects of noise, particularly with new roads, indus-
try, and energy extraction activities. 

(6) Very little work has teased apart two major 
elements of noise masking: detection (signal not 
heard) and discrimination (signal heard but un-
intelligible). distinction between these elements 
might be important if birds can still respond to 
certain components of a garbled song or call. 

(7) we do not have an understanding of how 
noise has affected, or might affect in the future, 
birds at the population level. A necessary compo-
nent of this would be to gain a better understand-
ing of the effects of noise on the communication 
system between nestlings and their parents. 
Potential population changes will likely have 
to be modeled using soundscape information 
in geographic information systems (giS). This 
will open up opportunities for interdisciplinary 
collaboration with giS experts, planners, archi-
tects, acoustical physicists, agencies, and biolo-
gists in various disciplines. Many workgroups 
are already working on soundscape maps; for 
example, noise contours are regularly mapped 
for airports (warren et al. 2006), and the National 
Park Service is developing a soundscape pro-
gram. giS maps with context options (e.g., time 
of day, seasons, and when particular events such 
as train trips or sporting events occur) should be 
invaluable tools for predicting bird population 
changes due to noise.

(8) we do not, to my knowledge, know how 
noise might affect competition for resources. for 
example, Ortega and francis (2012) found that 
Violet-green Swallows (Tachycineta thalassina) are 
significantly more common on treatment sites 
(with noisy compressors) than on control sites (gas 

wells without compressors). One hypothesis is that 
the compressor noise eliminates bats that might 
overlap with swallows during the dawn and dusk 
hours, leaving more food resources for swallows.

(9) in order to determine the role of noise in 
predator–prey relationships, we need to bet-
ter understand how noise affects the success of 
predators by masking sounds of their prey. Con-
versely, we need to understand how noise affects 
the ability of prey to detect predators.

(10) As mentioned above, noise is often difficult 
to study as a single testable variable. Several studies 
have used noise from gas well compressors because 
the noise can be turned off, and these sites can easily 
be compared with ecologically similar habitat adja-
cent to or surrounding gas wells without compres-
sors. Conversely, adding noise is relatively easy but 
has both advantages and disadvantages of creating 
a situation that birds did not choose. it is easier to 
study human-created noise—at least in some situ-
ations, such as the energy sector—than to study 
the effects of noise in the natural world. However, 
it is not impossible to isolate naturally occurring 
noises. One opportunity to isolate naturally oc-
curring noise as a single testable variable involves 
noise from flowing water. This may be logistically 
challenging but not impossible. Regulated streams 
can be “turned off” long enough to conduct bird 
surveys or experiments. These periods can be com-
pared with times when streams flow and are noisy. 
dam operators might be willing to cooperate as 
long as the requested times do not significantly in-
terfere with water delivery. it could even be as sim-
ple as coordinating research activities with already 
scheduled dam operations. 

(11) Many birds provide ecological services, 
such as seed dispersal, pollination, and pest con-
trol. At this point in time, we have a poor under-
standing of how noise affects these birds and how 
these effects may, in turn, affect the future distri-
bution of certain habitats. 

(12) Many birds incorporate songs of other spe-
cies into their vocal repertoires. for example, david 
Attenborough hosted a revealing video of a Superb 
Lyrebird (Menura novaehollandiae) imitating sounds 
of camera shutters, car alarms, and chainsaws 
(www.youtube.com/watch?v=OfddtRd5Ed8). 
Similar accounts exist on the internet of other 
birds, especially Northern Mockingbirds (Mimus 
polyglottos) and Eurasian blackbirds (Stover 2009), 
imitating various cell phone rings and tones, am-
bulances, and other common urban noises. Pre-
sumably, incorporation of these anthropogenic 
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noises increases their overall repertoires, yet we 
do not know how females respond to these novel 
vocalizations.

The Future for Birds in a Noisier World

Noise is nothing new to many avian species, es-
pecially colonial species that collectively make 
deafening noises themselves. Some species have 
presumably lived with natural sound, such as 
streams, waterfalls, and wind, for a very long 
time. Anthropogenic noise pollution will continue 
to challenge many other species, and whether or 
not they can coexist with noise will depend on (1) 
the degree of sound spectrum overlap between 
anthropogenic noise and important acoustic cues 
in their world; (2) the degree to which other sen-
sory forms can compensate for reduced hearing; 
(3) how other organisms (e.g., predators, compet-
itors, parasites, seed dispersers, pollinators, and 
other organisms that provide ecological services) 
in the community respond to noise pollution; and 
(4) the extent to which males and females can co-
ordinate their responses. 

Sounds have always been an integral part of the 
environment, but changes by humans, resulting 
in noise pollution, have disturbed the integrity of 
natural ecosystems. barber et al. (2010:8) suggested 
that “Taken collectively, the preponderance of 
evidence argues for immediate action to manage 
noise in protected natural areas.” Management of 
noise will be necessary to maintain or restore the 
integrity of natural ecosystems. This will require 
numerous actions: (1) sound scientific research to 
better understand the complicated and sometimes 
seemingly underlying effects of noise pollution; 
(2) raising the collective consciousness of society 
about the harmful effects, including information 
on how citizens can reduce their contribution to 
noise pollution; and (3) working with policy mak-
ers to tighten regulations and enforcement of noise 
sources. 
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