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Abstract
The dawn chorus of birds is an impressive display in which many individuals of a variety of species sing concurrently before 
sunrise. Brown Creeper (Certhia americana) is a small passerine bird that has not been well studied and is thought not to 
sing during the dawn chorus. Here, we used automated recordings to analyze Brown Creeper singing during the 2015–2017 
breeding seasons from April through August in order to identify patterns in the timing and quantity of singing. We found that 
Brown Creepers did sing before sunrise, most often between April and early June and then more sporadically through mid 
July. We did not find any seasonal changes in song rates before sunrise, but we did find non-linear seasonal trends in both the 
timing and total duration of dawn singing bouts. Dawn choruses began earlier and lasted longer from April through mid June 
after which they began later and became shorter. Our results highlight the benefit of using automated recording techniques to 
study natural history of difficult to study species and add to our understanding of Brown Creeper natural history.
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Introduction
During the breeding season, territorial males of 

many bird species participate in daily bouts of ex-
tended singing prior to sunrise, in a communica-
tion network commonly known as the dawn cho-
rus (Staicer et al. 1996; Gil and Gahr 2002; Burt 
and Vehrencamp 2005). Several hypotheses exist as 
to why birds sing before sunrise (see Staicer et al. 
1996), including environmental influences (e.g., low 
light levels could make for poor foraging; Kacelnik 
1979), intrinsic factors (e.g., circadian rhythms or 
hormones; reviewed in Staicer et al. 1996; Greives 
et al. 2015), or social explanations (e.g., territory de-
fence; Amrhein and Erne 2006; or maintaining rela-
tionships with neighbours; Foote et al. 2008). Song 
output during the dawn chorus is also often an honest 
signal of male quality (Gil and Gahr 2002), allowing 
females to compare the quality of their mate against 
his neighbours and make decisions about extra-pair 
copulations (e.g., Otter et al. 1997; Suter et al. 2009). 
The characteristics of the dawn chorus (e.g., start 
time, duration, and song rate) often show seasonal 
variation and may show distinct patterns. Different 
characteristics of the dawn chorus may: 1) peak early 
in the season and gradually decline (e.g., Mace 1987), 
2) remain relatively constant across the breeding sea-
son (e.g., Kunc et al. 2005), 3) build toward a mid-

season peak and then decline (e.g., Davis 1958), or 
4) peak in particular breeding stages (e.g., Bruni and 
Foote 2014).

Not all species sing extensively before sunrise, 
and, for some species, we lack knowledge about 
their singing habits and behaviours. Brown Creeper 
(Certhia americana) is one such species. A small, 
cryptically-coloured passerine in the Certhiidae fam-
ily, Brown Creeper is the only North American spe-
cies of treecreeper (Poulin et al. 2020). Brown 
Creepers are old forest specialists, and are common 
across much of North America, preferring to nest in 
habitats with high densities of large-diameter trees 
and snags (Poulin et al. 2008). While the syllables and 
song structure of Brown Creeper are fairly well de-
scribed (e.g., Baptista and Johnson 1982; Baptista and 
Krebs 2000), there is little previous research on its 
singing behaviour. Brown Creeper sing a single short 
song (~ 1.2 s) composed of 4–9 high-frequency notes 
that is thought to be sung only by males (Poulin et al. 
2020; Figure 1). Brown Creepers have not been iden-
tified singing before sunrise during the dawn chorus. 
However, there has not been a study of the phenology 
or daily pattern of singing (Poulin et al. 2020) and 
two congeneric European treecreeper species sing be-
fore sunrise (Santema et al. 2019). Much of what we 
do know about the singing behaviour comes from the 
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1978 nesting study by Davis, in which Brown Creeper 
nests were monitored and some general observa-
tions of vocal behaviour were made. Davis (1978) 
reports anecdotally that Brown Creepers sang terri-
torially and engaged in counter-singing with neigh-
bours, most often beginning in April through to early 
June. Singing rates were described as increasing dur-
ing territory establishment and with increased levels 
of intraspecific competition. Davis (1978) describes 
male Brown Creepers as singing one to eight songs 
per minute, with singing bouts lasting 1–22 minutes. 
These singing bouts occurred ‘sporadically’ through 
the day, with singing documented as early as 0450 
and as late as 1917, although there is no specific men-
tion of singing before sunrise. Singing was also docu-
mented during nest building; while females collected 
nesting material, males were noted singing close by 
(Davis 1978).

Here, we analyzed recordings made with auto-
mated recording units to examine the singing behav-
iour of Brown Creepers (C. americana americana) 
during the breeding season to determine if Brown 
Creepers sing before sunrise, and if so, to describe 
and quantify any seasonal changes in timing or pat-
terns of singing behaviour. Automated recording is 
advantageous when species are either sensitive to in-
trusions, such as those caused by human observers, 
or are difficult to locate and observe (Blumstein et 
al. 2011). Previous research did not identify Brown 
Creepers as being particularly sensitive to human 
disturbance (Gutzwiller et al. 1994); however, they 
are cryptic and have a soft high-frequency “tinkling” 
song (Tyler 1948) that may be difficult to hear, thus 
automated recordings could be an effective technique 
for recording Brown Creeper singing.

Methods
Study species and site description

We recorded in Hiawatha Highlands Conservation 
Area, Sault Ste. Marie, Ontario, Canada (46.588°N, 
84.292°W) from late March/early April through the 
end of August, 2015–2017 (see Table S1 for dates by 
recorder) as part of a project for long-term monitor-
ing of bird community composition and vocal behav-
iour. This conservation area is comprised primarily 
of mature Sugar Maple (Acer saccharum Marshall), 
Eastern White Pine (Pinus strobus L.), and Balsam Fir 
(Abies balsamea (L.) Miller; Sault Ste. Marie Region 
Conservation Authority 2015; see Foote et al. 2018 
for further habitat description). While some popula-
tions migrate, many populations of Brown Creeper, 
including our study population, are year round resi-
dents (Poulin et al. 2020).

We deployed four song meters in each year (model 
SM2+ in 2015; Model SM3 in 2016 and 2017; 
Wildlife Acoustics, Maynard, Massachusetts, USA) 
for a total of 12 different locations over three years. 
Recorders were spaced such that they were likely to 
pick up different birds. Within a year, the nearest-re-
corder distance averaged 425 ± 28.4 m (± SE) while 
among years, the nearest recorder distance averaged 
211 ± 14.9 m. Nest locations of adjacent pairs ranged 
from 100 to 200 m and territory size averaged 2.3 to 
6.4 ha (Davis 1978) such that locations were inde-
pendent and were likely several territories apart.

 Recorders were programmed to begin record-
ing at astronomical twilight (when the sun is 18° be-
low the horizon), before any species at our site begins 
their dawn singing bout and only nocturnal singing 
species are vocally active (Leopold and Eynon 1961; 
Perrault et al. 2014), and continued recording until 
on average 74.3 ± 2.02 min after sunrise (see mean 
post-sunrise recording time by recorder in Table S1). 
Recorders recorded for 59 min followed by a 1 min 
pause to write files. Recordings were made as wav 
files at 22 050 Hz (SM2) or 24 000 Hz (SM3) and 16-
bit accuracy. The batteries and memory cards in re-
corders were changed weekly.
Recording analysis

We scanned each recording using Syrinx software 
(John Burt, Seattle, Washington, USA), and visual-
ized spectrograms with a transformation size of 512 
FFT, frequency range of 1000–10 000 Hz, a setting 
of 10 ms per line, and spectral gain of +5. Recordings 
from each day at each location were combined using 
a series list text file that included a 1 min blank sound 
file between each 59 min recording to account for the 
pause for file writing and to keep the analysis in real-
time. Scanning each recording from beginning to end, 
we used the time and frequency cursors to annotate 

Figure 1. Spectrogram of Brown Creeper (Certhia amer
icana) song.
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all visible Brown Creeper songs (Figure 1), as well 
as the sunrise time each morning. Sunrise times were 
obtained from the National Research Council Canada 
website (National Research Council Canada 2017). In 
the event that we detected two Brown Creepers sing-
ing simultaneously, we annotated the songs of the 
loudest male. We added an annotation for the second 
bird as ‘bird2’ to keep track of instances of potential 
counter-singing. Eleven of the 12 recorders had sing-
ing Brown Creepers and we assume that a bird at a 
given site is the same individual. Winter (2020) se-
lected 10 songs from our annotations from seven of 
these locations and found higher spectrogram cross-
correlation scores for within location than among lo-
cations supporting that the primary singer at each site 
was a single individual. Once each file was annotated, 
we calculated the time of the first song relative to sun-
rise (min), the total duration of singing before sun-
rise (dawn bout; time of last − first song before sun-
rise [min]), song rate before sunrise (number of songs 
before sunrise/duration of dawn chorus [songs/min]), 
and song rate after sunrise (number of songs after sun-
rise/recording length post-sunrise [songs/min]) for 
each location. Our recording equipment failed on 214 
nights across the 11 recorders (see Table S1 for details 
by recorder). We excluded 41 recordings from analy-
sis (17 due to inclement weather making it impossible 
to transcribe recordings, and 24 due to premature bat-
tery failure causing the recordings to end before sun-
rise), leaving us with 1335 recordings from 11 loca-
tions for analysis.
Statistical analysis

We constructed generalized additive mixed-effects 
models (GAMMs) to look at the probability of de-
tection of Brown Creepers on the recordings and at 
the presence/absence of singing before sunrise (dawn 
bouts). These models included year and recording 
date (expressed as day of year, where January 1 = 1; 
2016 was a leap year hence the requirement to use 
Julian dates) as covariates, with recorder location as 
a random effect, with binomial distributions and logit  
link function. We also constructed GAMMs for sing-
ing start time relative to sunrise, total duration of dawn 
bout minutes), pre-dawn song rate (songs/min). These 
models also included year, recording date, and male 
ID as a random effect. An additional model for song 
rate included period of the day (before or after sun-
rise) to compare song rates between these two periods.

Best models were selected by backwards stepwise 
regression based on AIC, and in instances where the 
estimated degrees of freedom (edf) for the smooth 
terms were close to 1 (indicating a potential linear re-
lationship), we refit the models as generalized linear 
mixed-effects models (GLMM). We followed Zuur 
et al. (2014) to build and validate GAMMs, and our 

smooth terms were constructed using thin plate re-
gression with shrinkage. We identified three males 
that could be problematic in the analysis (one due to 
much greater song output and two due to fewer days 
with singing compared to other locations), however 
when we re-ran the analyses without these data, most 
of the resulting top models and significance of terms 
did not differ. We present the results from models in-
cluding all data, and in instances where the removal 
of any/all of these males changed the best model, we 
present results both with and without these males.

All analyses were done in R (v.3.4.2; R Core Team 
2017) using the ‘mgcv’ package (v.1.8-23; Wood 
2018) for GAMMs, with ‘lme4’ package (v.1.1-15; 
Bates et al. 2015) for GLMMs, and graphics made 
with ‘ggplot2’ package (v.2.2.1; Wickham 2016). We 
used the ‘lmerTest’ package (v.2.0-36; Kuznetsova 
et al. 2017) to calculate P-values for GLMMs via 
Satterthwaite’s degrees of freedom method. The 
P-values obtained for GAMM models are estimates, 
and as such, values that are marginally significant 
should be interpreted with caution (Zuur et al. 2009). 
For all results, we report means ± SE.

Results
We identified Brown Creeper songs on 54.4% 

(726/1335) of recordings, and of these, 64.2% 
(466/726) of recordings included Brown Creepers 
singing one or more songs before sunrise (Figure 2). 
Date had a non-linear relationship with both the prob-
ability of detecting a Brown Creeper (smooth term: r2 
= 0.163, F3.11 = 26.87, P < 0.0001; Table S2, Figure 
2a) and the probability of pre-dawn song (smoother 
term: r2 = 0.294, F5.42= 14.09, P < 0.0001; Table S2, 
Figure 2b).

The average start time of the first singing bout 
of the morning was 5.61 ± 1.10 min before sunrise 
(range: 80.6 min before dawn to 129.2 min after 
dawn, n = 726). For mornings with a dawn bout (song 
beginning before sunrise), the start time of singing av-
eraged 21.75 ± 0.47 min before sunrise (range: 0.50–
80.60 min before sunrise, n = 466). The start time of 
dawn bouts relative to sunrise changed through the 
season, with a strong non-linear relationship with date 
(smoother term: r2 = 0.17, F4.70 = 5.17, P < 0.0001; 
Table S3, Figure 3). Brown Creepers started singing 
well before sunrise in the early to mid-breeding sea-
son (April–mid June; Julian dates 89–160). By mid 
June (~Julian day 170), Brown Creepers began to 
sing closer to sunrise and eventually stopped sing-
ing a dawn bout (Figure 3). The latest dawn chorus 
was recorded on 12 August (Julian 224), however, the 
mean last chorus date among 11 recorders was 18–19 
July (Julian 200). Four males stopped singing a dawn 
bout for 17–39 days before resuming dawn song for 
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several days. The mean date of initial chorus cessa-
tion excluding these several late choruses was 8–9 
July (Julian 180).

The average duration of a Brown Creeper dawn 
chorus was 13.29 ± 0.45 min (range: 0.25–51.33 
min). Our best model for duration of singing in-
cluded significant terms for recording date and year 
(smoother term for date: r2 = 0.17, F3.96= 5.17, P < 
0.0001; Table S3). Similar to the pattern we found 
with start time, the total duration of singing appeared 
to change around mid June. During the early to mid-
breeding season (April through mid June; Julian 89–
160) there was a trend of increasing duration, peaking 
around mid June (~Julian 170), after which the total 
duration of Brown Creeper dawn singing activity de-
creased steadily (Figure 4).

As we found no evidence of non-linear relation-
ships between recording date and song rate, we con-
structed GLMMs to examine dawn chorus song rates. 
Song rate during the dawn chorus was not signifi-

cantly related to date (Table S4). We detected Brown 
Creeper less often after sunrise (n = 343 recordings) 
compared to before sunrise (n = 466 recordings). 
Brown Creeper sang at a significantly higher rate be-
fore (3.9 ± 0.15 songs/min) compared to after sunrise 
(3.6 ± 0.09 songs/min; Table S4).

To determine if the dawn bouts of different Brown 
Creeper overlapped, we plotted the number of males 
singing from the beginning to the end of record-
ing for a randomly chosen date (5 May 2017), from 
among dates when all recorders were working prop-
erly (Table S1) and in the period where most birds 
sing a dawn bout (Figure 2). Before sunrise, 2–3 birds 
often sang concurrently while after sunrise only one 

Figure 2. Probability of detecting Brown Creeper (Certhia 
americana) song a. at any time of day and b. before dawn 
by recording date. Open circles are the observed data, and 
black lines show the relationship between recording date 
(Julian day) and response variables obtained from GAMMs, 
with the grey areas representing the 95% CI for the smooth 
functions.

Figure 3. Start time of the dawn chorus of Brown Creeper 
(Certhia americana) relative to sunrise (dashed line indi-
cates sunrise). Open circles are observed data, while the 
black line represents the non-linear relationship between 
start time and recording date (Julian day), based on the out-
put of the GAMM; grey regions indicate the 95% CI.

Figure 4. The relationship between the duration of pre-
dawn singing of Brown Creeper (Certhia americana) and 
recording date (Julian day). Open circles are observed data, 
while the black line represents the non-linear relationship 
between duration of the dawn chorus and recording date, 
based on the output of the GAMM; grey regions indicate 
the 95% CI.
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bird was recorded singing at any given point in time 
(Figure 5). Additionally, we examined our annotation 
files to determine when we recorded a second distant 
Brown Creeper before sunrise. On average 2.4 ± 0.99 
% of recordings included two singing Brown Creeper 
before sunrise (range: 0–4.2%).

Figure 5. Number of Brown Creeper (Certhia americana; 
n = 4) singing in each minute of recording from the begin-
ning of singing before sunrise to the end of the recording on 
5 May 2017.

2015) including Spotted Towhee (Pipilo maculatus), 
a species that sings earlier relative to sunrise in the 
peak of the breeding season, which corresponds with 
males reaching maximum gonadal development (30–
60 min; Davis 1958). Other species show a more lin-
ear decline in dawn bout start time (e.g., Bruni et al. 
2014) or show no relationship between start time and 
date (e.g., Leopold and Eynon 1961; Pérez-Granados 
et al. 2018).

We also found that singing bouts tended to lengthen 
in the early breeding season, peaking around mid June, 
before shortening thereafter. While there are fewer 
studies of dawn bout length in relation to date, our 
results for Brown Creeper are similar to other spe-
cies. In Field Sparrow (Spizella pusilla), dawn bout 
length was related to breeding stage, increasing in the 
fertile stage and then decreasing afterward (Zhang et 
al. 2015). Although not related to date directly, the 
pattern is similar to our seasonal pattern of longer 
bouts mid-season. In Collared Flycatcher (Ficedula 
albicollis), dawn bout length declines toward the end 
of the breeding season, once young have hatched 
and in Cerulean Warbler (Setophaga cerulea), bout 
length decreased with date (MacDonald and Islam 
2019). The patterns in pre-dawn singing of Brown 
Creeper have an inflection point around early–mid 
June, which are likely tied to the hatching and fledg-
ing of young. Davis’ (1978) nesting study showed that 
young hatch typically in early–late June and all young 
were fledged by mid June to late July, which is when 
we see a significant change in the likelihood of sing-
ing (around hatching) and the end of singing (around 
fledging).

We did not find a seasonal pattern in average dawn 
song rates. Other studies have found relatively con-
sistent seasonal song rates while other chorus prop-
erties have remained constant (e.g., Olinkiewicz and 
Osiejuk 2003; Kunc et al. 2005). Dawn song rate has 
been linked to male quality and reproductive suc-
cess (e.g., Otter et al. 1997; Poesel et al. 2001) and 
is repeatable (Murphy et al. 2008) but also relates to 
the intensity of response to intruders later in the day 
(Poesel et al. 2004) and the likelihood of intrusion 
(Naguib et al. 2001). Perhaps we see that song rate re-
mains seasonally consistent because it is an indicator 
of quality to both mates and rivals in Brown Creeper. 
However, some studies have shown the song rate does 
also decline with date (e.g., Pärt 1991; Dolan et al. 
2007) and so the characteristics that remain consistent 
or change seasonally may vary among species.

The range of Brown Creeper song rate reported by 
Davis (1978) was 1–8 songs/min, which is consist-
ent with our observed song rates before dawn (range: 
0.13–8.32 songs/min). We found that song rates were 
significantly higher before sunrise than after sunrise 

Discussion
We show that Brown Creepers sing a pronounced 

bout before sunrise during the dawn chorus and sing 
at a rate that exceeds daytime singing. We show that 
the probability of detecting Brown Creeper singing 
before sunrise, and both start time and duration of the 
dawn bout are related to date with a pronounced drop 
in activity in mid June with birds mostly stopping 
singing before sunrise by mid July. Our results are 
similar to Davis’ (1978) general description of day-
time vocal behaviour from a similar latitude (~140 km 
south of our site). During the breeding season, song 
rate remains constant during the dawn bout. Brown 
Creepers are fairly cryptic and understudied and we 
provide the first seasonal study of dawn vocal activ-
ity in this species.

The average start time of Brown Creeper dawn 
bouts was nearly 22 min before sunrise and thus be-
gins in the middle to later period of the dawn cho-
rus (Allard 1930; Leopold and Eynon 1961; Staicer 
et al. 1996). Between approximately April 10 (Julian 
day = 100) and the first week of July (Julian day ≈ 
190), males began singing before dawn on most days 
(Figure 2a). The seasonal pattern of variation in start 
time of the dawn bout is similar to that observed in 
other species (e.g., Bruni et al. 2014; Zhang et al. 
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as has been shown in many other passerines (re-
viewed in Staicer et al. 1996). Davis (1978) observed 
that singing rates increased with increasing intraspe-
cific territorial competition but did not measure song 
rates or compare them among contexts. Our recorder 
density was not conducive to examining counter-sing-
ing interactions, however, we did detect two individ-
uals singing in just over 2% of recordings. Future 
studies with more densely spaced arrays of recorders 
(e.g., Mennill et al. 2012) covering mapped territories 
could be used to study counter-singing in this species.

Brown Creepers had already begun to sing when 
our study began. However, an earlier description by 
Tyler (1948) suggests that they begin to sing just as 
March ends. Some of the variation in the probabil-
ity of detecting a Brown Creeper on a recording was 
likely due to individuals moving as our recorders were 
at fixed locations. A further limitation of our study 
is that we did not identify or monitor individuals in 
the field, and thus lack information such as the pair-
ing status or reproductive stage of individuals in the 
population. Without these, our understanding of the 
singing behaviour of Brown Creepers is still incom-
plete, and further research is needed to explore the 
relationships between breeding stage and singing be-
haviour. Additional factors such as age (Poesel et al. 
2006), food availability (Berg et al. 2005), condition 
(Murphy et al. 2008), neighbourhood density (Liu 
2004), and social status (Otter et al. 1997) may also 
influence singing behaviour and should also be ad-
dressed in future research. Although many knowledge 
gaps remain, the results of this study help increase our 
understanding of Brown Creeper dawn singing and 
identify areas of inquiry for future research.
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Supplementary Material:
Table S1. Summary of recording dates from 11 autonomous recording units deployed 2015–2017 including recorder fail-
ures and the mean (± SE) length of post-sunrise recording.
Table S2. Results of binomial generalized additive mixed models for the presence/absence i) of Brown Creeper (Certhia 
americana) songs (n = 1335) and ii) pre-dawn singing (n = 726), including the estimated degrees of freedom (edf) for the 
smooth term, total variance explained (adjusted r2), SE, and F-, t-, and P-values.
Table S3. Results of generalized additive mixed models for i) start time relative to sunrise and ii) total duration of Brown 
Creeper (Certhia americana) dawn chorus, including the estimated degrees of freedom (edf) for the smooth term, total vari-
ance explained (adjusted r2), SE, and F-, t-, and P-values (n = 466).
Table S4. Results of generalized linear mixed models for Brown Creeper (Certhia americana) pre-sunrise song rate (songs/
min; n = 466) and comparison of pre- and post-sunrise song rate (songs/min; n = 808).
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