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Abstract

Urbanization results in novel ecosystems with unique challenges. These may lead to problems during song learning or
development and could result in the singing of atypical songs. During studies of Mountain Chickadees (Poecile gambeli)
and urbanization in British Columbia, Canada, we observed males singing atypical songs along an urbanization gradient.
We found that eight of 78 males consistently sang atypical songs and the odds of singing atypical songs increased with
urbanization. We explored several explanations including habitat quality, population density, and bioacoustics. Future stud-
ies investigating causes and consequences of atypical singing will clarify effects of urbanization on Mountain Chickadees.
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Introduction

Among songbirds, unusual songs are those that
differ from species-specific local song types. These
unusual songs may be (a) rarely heard ‘special’ songs
(such as whisper songs), (b) juvenile songs, the result
of early song development, (c) uncommon mimicry
of other species, or (d) dialectal songs in an abnormal
geographic location (Borror 1968). Unusual songs
that do not fit these four categories are considered
atypical (¢) and may be the consequence of errors in
learning or developmental problems (Borror 1968).

Occasionally, young males make ‘mistakes” when
learning their songs. Perhaps they have few tutors,
or cannot hear their tutors well, or perhaps their tu-
tors are a closely related species (e.g., Black-capped
Chickadees [Poecile atricapillus] and Carolina
Chickadees [P. carolinensis] learn each other’s songs;
Sattler et al. 2007). There may also be developmen-
tal problems, as poor-quality habitat can lead to poor-
quality songs (e.g., poor-quality Black-capped Chick-
adee songs appear less dominant to both males and
females; Grava et al. 2012, 2013a), which, in extreme
cases, could be considered atypical. Alternatively,
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changes to habitat acoustics may result in young
males incorrectly hearing their tutors’ songs or act-
ively modifying their own song to reduce interfer-
ence and increase transmission (e.g., Slabbekoorn
and den Boer-Visser 2000).

Many situations leading to atypical songs may
occur as a result of urbanization. Urbanization cre-
ates a novel ecosystem with unique challenges for
many species. Among birds, urbanization can lead to
changes in habitat quality that may be positive (e.g.,
increased food availability from bird feeders; Robb
et al. 2008) or negative (e.g., habitat loss, competi-
tion with invasive species, or environmental pollut-
ants; McKinney 2002), and may influence population
dynamics. Urbanization can also lead to altered habi-
tat acoustics (e.g., echoes and reverberation from
buildings and pavement; Warren et al. 2006) and
anthropogenic noise pollution, which can interfere
with vocal communication through masking of lower
frequencies (Patricelli and Blickley 2006; Shannon et
al. 2015).

Mountain Chickadees (Poecile gambeli) live in
montane forests in western North America. They are
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found in urban areas, although they occur at lower
densities than they do in rural areas (LaZerte 2015;
S.E.L. and K.L.D.M. pers. obs.) and may thus be less
urban-adapted than Black-capped Chickadees. Here
we present a short exploration of the relationship
between atypical songs and urbanization in Mountain
Chickadees using the combined data from Marini
(2016) and LaZerte (2015).

Methods

We analyzed recordings of 78 adult male Moun-
tain Chickadees vocalizing at dawn in the spring dur-
ing nest-building and egg-laying (2012 through 2015).
These recordings were obtained from two studies in-
vestigating effects of urbanization: communication
and individual condition (Marini et al. 2017a, n =
42), and vocal plasticity (LaZerte et al. 2017, n =
36). Recordings were made in and around the cit-
ies of Williams Lake (n = 12; 52.129°N, 122.138°W),
Kamloops (n = 60; 50.676°N, 120.341°W), and Ke-
lowna (n = 6; 49.884°N, 119.493°W), British Colum-
bia (BC), Canada. Each male was recorded a max-
imum of once per year. We used site territoriality
to distinguish among males within a year, but sites
in Kamloops were revisited between years. Known
duplicate recordings of males (if the male was banded
or identified by distinctive atypical singing) were
omitted. Habitat urbanization was evaluated as a con-
tinuous index (low = rural, high = urban) by compar-
ing satellite Google Earth images (Google Inc. 2012)
of territories (defined as a circular area 150 m in diam-
eter around the recording location of the focal male)
and scoring the amount of natural vegetation (natural
grass or trees) versus urban ground cover (pavement,
buildings, or lawn; for more details see LaZerte et al.
2017; for scripts and tutorial see https:/github.com/
steffilazerte/urbanization-index). The lowest habitat
urbanization value (—0.95) reflected sites with 100%
natural vegetation (no pavement, no buildings, no
lawns). The highest value (2.01) reflected sites with
only 11% natural vegetation cover, and 89% pave-
ment, buildings, or lawn.

We only included samples with a minimum of five
minutes of vocalization and 25 songs (as Mountain
Chickadees use both songs and calls during the dawn
chorus; McCallum et al. 1999; Grava et al. 2013b).
Part of LaZerte et al.’s (2017) experimental protocol
involved exposing males to five minutes of experi-
mental noise. Although they found no effect of this
exposure on song variation, we excluded all songs
recorded during the noise exposure period and in the
five minutes following.

Mountain Chickadees in BC typically sing songs
with 3—5 notes in descending order (Grava et al. 2013b;
Figure la). We therefore defined songs as atypical if
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they were monotone (multiple notes sung on a sin-
gle frequency; Figure 1b top), contained a reverse
frequency change (ascending note[s] as opposed to
descending; Figure 1b middle), or contained novel
notes (e.g., a note with an extreme upwards frequency
sweep; Figure 1b bottom). We used categorical desig-
nations for songs as opposed to measuring song char-
acteristics because our data were obtained from two
prior studies. In one study, songs had been categor-
ized, but there were no compiled data on individual
songs. Although atypical songs are unusual, it is not
uncommon for an individual to occasionally sing a
few atypical songs. Therefore, we classified males as
atypical singers only if they consistently sang atyp-
ical songs (>80% of all songs recorded were atypical,
most males sang <5% atypical songs).

To determine whether the odds of being an atyp-
ical singer increased with urbanization, we performed
alogistic regression of male singer type (atypical/typ-
ical) against the urbanization index using R statis-
tical software (version 3.3.2; R Core Team 2016). We
calculated bias-corrected and adjusted (BCa) boot-
strap 95% CI for coefficients. We performed 10000
replicates using the boot package for R (version 1.3-
20; Angelo and Ripley 2017). Figures were created
using the R package ggplot2 (version 2.2.1; Wickham
2009). Spectrograms were created with Hanning
window lengths of 1024 using the R packages ggplot2
and seewave (version 2.0.5; Sueur et al. 2008).

Results

Eight of 78 individuals consistently sang atyp-
ical songs. Roughly categorizing urban areas as those
with an urbanization index greater than the mean (0)
showed that 21% of urban males consistently sang
atypical songs whereas only 2% of rural males did
(Figure 2a).

The odds of a male consistently singing atyp-
ical songs increased significantly with the continu-
ous urbanization index (Log odds = 1.10, 95% CI =
0.28-2.30, SE = 0.42, z = 2.61, P = 0.009; Figure 2b);
expressed as an odds ratio, for every 1 unit increase
in the urbanization index, males were 3.00 (95% CI
= 1.32-9.95) times as likely to be atypical singers.
The probability of individuals in the most rural habi-
tats being atypical singers was 2.4% (95% CI = 0.3—
11.2%). In the most urban habitats, the probability
was 39.0% (95% CI = 11.6—68.0%).

Discussion

Consistently singing atypical songs was not com-
mon; however, the odds of doing so increased with in-
creasing urbanization. Because these recordings were
collected during the breeding period before juveniles
were present, it is highly unlikely that atypical songs
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FI1GURE 1. Variation in Mountain Chickadee (Poecile gambeli) songs in British Columbia, Canada. a. Typical regional
variation; all songs show descending frequencies. b. Some examples of atypical songs include monotone songs (top), songs
with a reverse frequency drop (middle), and songs with novel notes (bottom).
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F1GURE 2. Male Mountain Chickadees (Poecile gambeli) are more likely to consistently sing atypical songs in urban areas.
a. By categorizing urban sites as those with an urbanization index > 0 and rural sites as those with an urbanization index
<0, urban sites show 21% of males singing atypical songs versus 2% in rural areas. b. As urbanization increases, the like-
lihood of being an atypical singer increases. The line represents the predicted logistic regression, the grey area shows
the 95% CI interval around the predicted model. Each point represents a male Mountain Chickadee. The outlier (top left
panel b) was recorded in a rural area on the outskirts of Kamloops. There were no sources of water, nor any other obvious
sources of noise. It is possibly it could have been a windy location as it was on the side of a hill, but excessive wind was not
noted. It was up slope of the train tracks, ~1.5 km away, a distance unlikely to have had an effect. Possibly this individual

migrated to the area from an urban area.

represent early song development. Further, as these
cities are relatively small (the largest, Kamloops, has
a population of 90280; Statistics Canada 2017) and
are surrounded by rural habitat, it seems unlikely
that birds from different populations (and with dif-
ferent song types) would have exclusively settled
in urban areas, or that these urban habitats are iso-
lated enough to facilitate cultural evolution of song

(cf. Gammon and Baker 2004; Luther and Derryberry
2012). Consequently, atypical singers in urban areas
may result from differences in habitat quality, popula-
tion density, or environmental acoustics.
Poor-quality habitat may be associated with poor-
quality males, either because males in urban habitats
do not get enough resources or because only poor-
quality males will settle in urban habitats. This, in
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turn, may lead to poor-quality song (e.g., nutritional
stress hypothesis; Nowicki et al. 2002; male quality;
Grava et al. 2012) which could explain the increase
in atypical singers. However, our previous studies
of Mountain Chickadees in Kamloops suggest that
urban habitat seems to be of at least equivalent qual-
ity to rural habitat (Marini et al. 2017b). Thus, poor-
quality habitat may not fully explain the presence of
atypical singers we found.

Mountain Chickadees are less abundant in ur-
ban than in rural areas (LaZerte 2015; S.E.L. and
K.L.D.M. pers. obs.). In some species, greater urban
population densities affect song variation, by influen-
cing male-male interactions (e.g., Eurasian Blackbird
[Turdus merula]; Ripmeester et al. 2010; Great Tits
[Parus major]; Hamao et al. 2011). However, it is
unclear how reduced competition could lead to
singing atypical songs in Mountain Chickadees.
Alternatively, low population density may result in
fewer tutors or tutors that are farther away, making it
difficult for young chickadees to learn songs correctly
(similar to Laiolo and Tella 2005). Further, low dens-
ities may also result in the direct introduction of un-
usual song types by juveniles and less social pressure
to conform to local song types (Gammon et al. 2005;
Gammon 2007).

Urban areas are often noisy (LaZerte et al. 2015)
and more pavement and concrete leads to altered
acoustics (Warren et al. 2006). These changes may
interfere with vocal communication leading to ad-
justed songs and/or calls. Male Mountain Chickadees
are known to adjust their vocalizations in noisy habi-
tats and in response to noise exposure (LaZerte et
al. 2017). In a study on closely related Great Tits,
Slabbekoorn and den Boer-Visser (2006) found that,
throughout Europe, urban males sang more atyp-
ical song types (songs with fewer or more notes than
the typical 2—4) than rural males, and suggested this
could be due to noise interference. If, during song
learning, only un-masked and well transmitted as-
pects of tutor songs are learned properly, changes
in bioacoustics could result in atypical songs (Rabin
and Greene 2002; Slabbekoorn and den Boer-Visser
2006). Depending on the situation, these atypical
songs could be beneficial or detrimental. Atypical
songs, which are the result of learning only the least-
masked aspects of a normal song (e.g., Mountain
Chickadee monotone songs may represent songs
which have lost low-frequency notes), could result in
less noise-interference and better transmission, and
could thus be an adaptation to urban environments.
Alternatively, atypical songs may be a symptom of
poor learning in urban areas wherein young males
settling in urban areas are learning songs incorrectly
from tutors that results in poor quality songs.
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While atypical songs were uncommon overall,
urban Mountain Chickadees in BC were more likely
to consistently sing atypical songs than rural males.
However, it is not clear whether these songs repre-
sent a response to the urban acoustic environment,
or a symptom of low population densities. Studies in
progress suggest that atypical songs may transmit bet-
ter in noisier conditions than typical songs (S.E.L. un-
publ. data). However, Gammon et al. (2005) observed
more atypical songs in Black-capped Chickadees in
quiet, rural populations as opposed to presumably
noisier, urban populations, suggesting a stronger role
for population density than urban noise. There are
fewer studies on Mountain Chickadees and it is thus
less clear how prevalent atypical songs are in more
natural landscapes. Possibly, they might be more
common than in Black-capped Chickadees, simply
because their song varies more among populations
than do Black-capped Chickadees (e.g., Grava et al.
2013a). Further studies exploring the interaction be-
tween noise and population densities (such as in a 2x2
factorial design, varying density of birds and levels
of urban noise) could help clarify the potential mech-
anism. The research could be an observational study
or a manipulative experiment (e.g., alter population
density through removing birds, use audio speakers
to vary the amount of urban noise). It is also unclear
what consequences these changes may have on com-
munication or reproductive success, which further
studies may also help to clarify.
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