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Perceived predation risk can elicit strong behavioral responses in potential prey. During
nest building, songbirds exhibit anti-predator behaviors under experimental conditions.
Here, we hypothesized that females of two ground-nesting songbird species, the
Ovenbird (Seiurus aurocapilla) and the Hermit Thrush (Catharus guttatus), would use
naturally available cues of predation risk when selecting their nest site, thereby avoiding
activity hotspots of Eastern Chipmunks (Tamias striatus), a predator on songbird nests
and fledglings. Chipmunks are highly vocal, thus providing cues of their presence. We
mapped chipmunk detections and songbird nests over four successive years in study
plots located in mature deciduous forest of New Brunswick, Canada. Chipmunk activity
varied by an order of magnitude among study plots and years. Nests were built further
away from chipmunk detections than expected by chance in some, but not all, plot-
year combinations. When comparing study plots, the proportion of nests built within
hotspots of chipmunk activity was four times lower in the two plots where chipmunk
activity was highest. Yet, we did not find clear evidence that chipmunk avoidance
provided fitness benefits, possibly because this behavior procured little protection at
high chipmunk densities. The persistence of this avoidance behavior in our focal species
of ground-nesting songbirds might be linked to the benefits it procures at intermediate
chipmunk densities.

Keywords: avian productivity, behavioral response, landscapes of fear, resource pulses, northern hardwoods
forest, mast-seeding events, predator–prey relationships

INTRODUCTION

Variation in perceived predation risk can have profound effects on prey behavior or life-history
traits, including vigilance, movement patterns, habitat use, growth rate, reproductive effort and,
ultimately, population dynamics (Preisser et al., 2005; LaManna et al., 2015; Dröge et al., 2017).
Although individuals responding to perceived predation risk can increase their probability of
survival or make more strategic investment in reproduction (Zanette, 2011; LaManna and Martin,
2016), these responses still incur a cost in terms of access to resources and mates, or energy
investment in defense mechanisms or structures (Preisser et al., 2005). Yet, the persistence of such
behaviors in prey populations suggests that they are adaptive.

Natural selection favors individuals making optimal decisions when selecting their breeding
territory (Clark and Shutler, 1999; Germain and Arcese, 2014). Among other factors, perceived
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predation risk would be expected to influence habitat selection.
In songbirds, nest predation is the main cause of nesting failure
(Martin, 1992) and, thus, it should represent a strong agent
of natural selection because nest provisioning and care for
nestlings require high-energy investments on the part of adults.
Indeed, renesting can have negative effects on female body
condition (Morris et al., 2015) and potentially on their fitness,
through carry-over effects (Saino et al., 2017). Several studies
have suggested that birds avoid areas where nest predators are
abundant when selecting their breeding territory (e.g., Morton,
2005; Fontaine and Martin, 2006; Bonnington et al., 2015). Birds
might also respond to predation risk by gathering information
on nest predator abundance when selecting a nest site within
their territory (e.g., Forstmeier and Weiss, 2002; Emmering
et al., 2018). Schmidt et al. (2006) have documented fine-scale
(ca. 225 m2) spatial patterns in the relationship between a
nest predator (White-footed Mouse, Peromyscus leucopus) and
its prey (nests of Veery, Catharus fuscescens). Other studies
addressing songbird nest placement in response to nest predator
abundance have been conducted at broader spatial scales (e.g.,
2 ha, Kearns and Rodewald, 2017; 0.09 ha, Emmering et al.,
2018) or have specifically investigated shifts in nest height
(Peluc et al., 2008).

Nest site selection may or may not be adaptive, depending
on the study system. There are many examples of apparently
adaptive nest placement relative to vegetation composition
(Martin, 1998) or structure (Martin and Roper, 1988; Poulin
et al., 2008). Yet, in other systems, preferred nest sites may
not necessarily be those where nest survival rate is highest
(Martin, 1998; Latif et al., 2011). Low congruence between
habitat selection and fitness might reflect fluctuations in the
density of nest predators (Schmidt et al., 2008), year-to-year
changes in habitat quality due to precipitation and their effects
on microhabitat and food (Zanette et al., 2006), differences
in selection pressures acting on nest versus fledgling survival
(Streby et al., 2014), attraction to human-modified environments
(Hollander et al., 2011), or the limited availability of good-quality
nest sites (Holmes et al., 1996). Nonetheless, birds have been
shown to behave proactively to reduce nest predation risk under
natural conditions, for example through the selection of safer nest
sites (Hansson et al., 2000; Chalfoun and Martin, 2009), through
habitat selection at broader spatial scales (LaManna and Martin,
2016), or via a shift in their latitudinal distribution (McKinnon
et al., 2010). Birds may also actively seek safer nest sites among
those accessible to nest predators (Forstmeier and Weiss, 2004;
Schmidt et al., 2006) based on available cues of predator presence
or abundance (Eggers et al., 2006; Emmering and Schmidt, 2011).

Here, we performed an observational study to determine
whether the location of songbird nests was related to fine-
scale variation in nest predator activity. Rodents, including
chipmunks, are major nest predators and can account for up
to 75% of all nest predation events (Hethcoat and Chalfoun,
2015). The present study was conducted in a northern hardwood
forest of eastern Canada and focused on Eastern Chipmunk
(Tamias striatus), a known nest predator on ground- and shrub-
nesting passerines (King and DeGraaf, 2006; Fiola et al., 2017).
This species has also been shown to kill Ovenbird (King et al.,

2006; Haché et al., 2014), Cerulean Warbler (Setophaga cerulea,
Raybuck et al., 2020), and Wood Thrush (Hylocichla mustelina,
Schmidt et al., 2008) fledglings and, therefore, is a highly probable
predator on other thrush species. We also have photographic
evidence of a chipmunk predation event on an Ovenbird nest
(Fiola et al., 2017). In this study, we aimed to determine whether
ground-nesting songbird females respond proactively to nest
predation risk in the absence of artificial enhancement of stimuli.
We hypothesized that females would assess nest predation risk
when choosing a nest site.

In many migratory bird species, males arrive first from spring
migration. Hence, they would be expected to select a breeding
territory characterized, among other parameters, by low nest
predation risk. However, the timing of male return from spring
migration may not match the activity patterns of some nest
predators. For example, in our study area of northern New
Brunswick, Canada, it would seem almost impossible for male
Ovenbirds (Seiurus aurocapilla) and Hermit Thrush (Catharus
guttatus), the two most common ground-nesting songbird
species in our study plots, to assess nest predation risk because
above-ground activity and vocalizations of Eastern Chipmunks
are minimal until the last week of May. Male Ovenbirds settle on
a territory in mid-May and they appear to use private information
(their previous year’s reproductive success) and location cues
provided by conspecifics to select their territory (Thériault et al.,
2012). Successful males were more likely to return to the same
plot the following year than unsuccessful ones (Haché and
Villard, 2010), whereas unbanded males immigrating into a plot
seemed to rely on location cues, as they were never found to
settle into a site before the first returning male (Thériault et al.,
2012). Hermit Thrushes settle on territory slightly earlier than
Ovenbirds, but less is known about the cues they use to select
their territory.

Ovenbird females arrive on the breeding grounds 9–14 days
after males (Porneluzi et al., 2020) and then, presumably, proceed
to choose the best territory or the best male (Germain and
Arcese, 2014). They may also be able to assess nest predation
risk, using this information to select the safest territory available
and to determine the safest location within the chosen territory.
Indeed, in our study area, the emergence of Eastern Chipmunks
typically occurred between Ovenbird territory settlement and
nest building, although the precise timing varied as a function
of the previous year’s seed crop (Bergeron et al., 2011). Since
chipmunk activity can fluctuate up to one order of magnitude
between years (e.g., Fiola et al., 2017), females must use cues
from the current year to make adaptive choices to reduce nest
predation risk, and experimental evidence suggests that they do
(Emmering and Schmidt, 2011). In a playback experiment, the
latter authors found that nest-building females of two ground-
nesting species actively avoided speakers broadcasting Eastern
Chipmunk vocalizations. Similarly, Morton (2005) observed that
Ovenbirds preferred to settle in lower-quality habitat, because
prime habitat was characterized by high chipmunk density.
Emmering et al. (2018) also observed that Ovenbirds built their
nests away from clusters of chipmunk activity.

We mapped the nests of the two most common ground-
nesting songbird species in our study plots, Hermit Thrush and
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Ovenbird. Ovenbirds prefer deciduous and mixedwood stands
with an open understory (Porneluzi et al., 2020), like Eastern
Chipmunks (Bowers, 1995), whereas Hermit Thrushes use a
broader range of stand types (Dellinger et al., 2020). In both
songbird species, females build the nest alone. We predicted that
nests would be placed in areas characterized by lower Eastern
Chipmunk activity relative to the surroundings (coldspots). In
our study plots, the number of Eastern Chipmunk detections
was an order of magnitude higher than those of two other nest
predators: Red Squirrel (Tamiasciurus hudsonicus) and Blue Jay
(Cyanocitta cristata) (Supplementary Table 1). Barred Owl (Strix
varia) and American Marten (Martes americana), both generalist
predators also known to depredate songbird nests, were detected
in some of our study plots but at even lower densities. Hereafter,
we focused our attention on eastern chipmunks. This species was
not only the most abundant diurnal nest predator, but also the
most vocal, and its relatively small home range size (0.04–0.3 ha,
Lacher and Mares, 1996; 0.5–0.8 ha, Gharnit et al., unpublished
data) relative to the territory size of the focal songbird species
(Ovenbird: ca. 1 ha, Haché and Villard, 2010; Hermit Thrush:
0.7 ha, Dellinger et al., 2020), made it possible for songbird
females to avoid its hotspots of activity to some extent when
selecting their nest sites. In the same study area, we found that
nest survival in Ovenbirds was negatively related to an index of
Eastern Chipmunk activity (Fiola et al., 2017). Here, we predicted
that daily nest success of either focal species will be negatively
related to chipmunk activity at the nest.

MATERIALS AND METHODS

This study was conducted in a northern hardwood forest of
northwestern New Brunswick, Canada (47◦23′ N, 67◦40′ W).
For the purposes of this study, we focused on two of the five
plot pairs selected by Haché and Villard (2010) to quantify
the demographic response of songbirds to timber harvesting.
During the winter of 2006–2007, one plot of each pair was
treated through selection harvesting (30–40% basal area removal,
plots B and D). The average distance between paired plots was
4.2 ± 1.0 km (mean ± SD), and 23.8 ± 9.1 km among pairs.
All four 25-ha study plots (A, B, C, D) were located in well-
drained sites on glacial till deposits and dominated by shade-
tolerant deciduous tree species: Sugar Maple (Acer saccharum),
Yellow Birch (Betula alleghaniensis), and American Beech (Fagus
grandifolia) (Table S1 in Fiola et al., 2017). The four plots were
selected based on their relatively high abundances of Eastern
Chipmunks, as determined from detections during avian spot
mapping (Poulin et al., 2010). Because selection harvesting had
no significant effect on Eastern Chipmunk activity in those study
plots (Poulin et al., 2010), we did not include harvest treatment
in our models. We recorded Eastern Chipmunk locations and
songbird nest positions from 2012 to 2015.

Field Survey Methods
Songbird Surveys
We mapped all visual or aural detections of songbirds using a
standard spot-mapping method. Observers walked slowly along

transects located 100 m apart and recorded all individuals of all
species detected within a 50-m band on either side of the transect
line. Each detection was recorded on a detailed map of the grid
(scale: 1 cm = 25 m), including a 25-m buffer all around. Each year
(25 May–30 June), we conducted eight spot mapping visits per
plot between 0600 and 0900. Surveys were only conducted under
favorable weather conditions (no precipitation nor strong winds).
Territories were drawn based on a minimum of two detections
separated by at least 10 days (Bibby et al., 2000). In the case
of Ovenbirds, territorial males were individually identified using
color band combinations, which helped to confirm nest success.

Nest Searching and Monitoring
We performed intensive nest searches within mapped Ovenbird
territories and around locations where any sign of reproductive
activity of the focal species had been detected during spot
mapping. First, we followed Ovenbird males in each territory
to determine their pairing status (i.e., presence of a female or
signs of reproductive activity). Once a female was observed, we
followed her to detect cues suggesting the presence of a nest (e.g.,
agitated behavior, individuals carrying nest material or food). We
also followed males carrying food and we performed intensive
searches in areas where we had lost sight of them. For Ovenbirds,
nest searching was conducted every 2–3 days in each territory.

Hermit Thrush nests were found incidentally while spot
mapping birds or nest predators, or when conducting intensive
nest searching within Ovenbird territories. Study plots were
thoroughly surveyed, and nest-searching methods were
consistent among plots and years. In our study area, the timing
of Hermit Thrush nest building preceded that of Ovenbirds by
ca. one week (MLF, AV, MAV, personal observation).

All nests were monitored every 2–3 days until depredated,
abandoned, or all young had fledged. All nests found (n = 104)
were included in the analyses, and their fate was recorded as
abandoned, depredated, or successful. A nest was considered
abandoned if it was undamaged (before eggs were laid or if the
eggs were left untouched), but there were no signs of adult activity
at or around the nest after three visits. A predation event was
recorded when a nest was found empty or partially empty after
eggs had been laid and prior to the expected fledging date.

Chipmunk Surveys
We estimated nest predator activity using an intensive spot-
mapping protocol. To map nest predator locations, one observer
walked slowly and as silently as possible along transects located
50 m apart and recorded all visual or aural detections within
a 25 m band on either side of the transect line, for a total of
5.5 km and a duration of 3.5–4 h (Supplementary Figure 2).
This band width was selected to maximize detectability. Each
detection was recorded on a detailed map of the grid (scale:
1 cm = 25 m), including a 25 m buffer all around. Most of the
detections were visual, sometimes following an aural detection.
We recorded detections of Eastern Chipmunks, Red Squirrels,
and Blue Jays. Because Eastern Chipmunks were by far the most
common of the three, with a number of detections per visit an
order of magnitude higher (Supplementary Table 1), we only
used Eastern Chipmunk detections in the analyses. Each plot was
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surveyed between 900 and 1300, a period encompassing the peak
of Eastern Chipmunk activity (Snyder, 1982). We conducted six
surveys per plot each year, between 23 May and 21 June, except
in 2013, when only five visits were completed due to unusually
cold weather at the end of May. Because Eastern Chipmunks are
less active in cold weather (i.e., below 15◦C, Dunford, 1972), we
assumed the later start would not substantially affect the activity
index recorded that year, as we also observed a later start in
the Ovenbird nest building phase. Nest predator survey dates
were chosen to coincide with the peak in construction of first
nests or renests by female Ovenbirds (Supplementary Figure 3).
Surveys were only conducted when weather conditions did not
interfere with detection (no precipitation nor strong winds).
When analyzing each year separately, there was no observer effect
on the number of Eastern Chipmunk detections (Fiola et al.,
2017). Although the spot mapping method we used to estimate
Eastern Chipmunk activity does not yield an abundance estimate
like capture-mark-recapture techniques, it provides an estimate
of visual and aural cues available to songbirds.

All survey protocols were approved by Université de
Moncton’s Animal Care Committee. All manipulations were
performed in accordance with the guidelines and regulations of
the Canadian Council on Animal Care.

Statistical Analyses
We first calculated the 50 and 90% isopleths to determine
where most chipmunks were detected in each site for each year
using the isopleth function of Hawthorne’s Geospatial Modelling
Environment with ArcGIS. We tested whether bird nests showed
evidence for positive or negative association with 50% isopleths
of chipmunk activity using a bivariate Ripley’s K-function (Dale
and Fortin, 2014). An isopleth is a contour line that delineates
area where a concentration of locations can be found. Here, we
selected 50%, a value commonly used in animal ecology (e.g.,
Wilson et al., 2010). Bivariate Ripley’s K-function is a point-
event method that determines the scales at which two types
of events (here, bird nest locations and chipmunk detections)
are either spatially aggregated or segregated from each other.
For these analyses, we used the coordinates of each chipmunk
detection comprised within the 50% isopleth. Observed Ripley’s
K values are computed at increasing radius r and are depicted
as the black line in the plots of Ripley’s K against the radii, r).
Then, to assess the significance of Ripley’s K value calculated at
increasing window sizes, we used the null hypothesis of complete
spatial randomness (CSR) based on a Poisson distribution.
We then used 99% confidence envelopes based on the CSR
randomizations to determine the spatial relationship between
the two types of points. Observed Ripley’s K values (i.e., black
line) that are outside the confidence envelope (in gray) indicate
either spatial aggregation, when they are above the envelope, or
spatial segregation when they fall below the envelope. Bivariate
Ripley’s K-function was performed for each plot and year
separately because both nest and chipmunk locations varied
over time and space.

We then estimated chipmunk activity using the kernel density
function (Dale and Fortin, 2014) for each plot and for each
year. Kernel density function was computed using fixed Gaussian
kernels to map hotspots of chipmunk detections at a 10 m

resolution scale for an area of 1km × 1 km using the kde (kernel
density estimation) function of the Hawthorne’s Geospatial
Modelling Environment with ArcGIS. We used the estimated
value of chipmunk activity at each nest for our analyses on daily
nest survival rate.

Daily nest survival rate was calculated using logistic-exposure
models (Shaffer, 2004) and binomial distribution. To determine
whether chipmunk activity influenced fledging success of
songbird nests, we modeled daily nest survival rate as a function
of chipmunk activity (kernel value at the nest location), year,
songbird species, plot, and their interactions (fixed factors) with
generalized linear models. Year was included as a fixed factor
in our models as previous research in the same study plots and
during the same years showed strong fluctuations in daily nest
survival rate in Ovenbirds, which was negatively correlated with
an index of chipmunk activity.

In 2012, chipmunk activity peaked in plots A and B, so
there were virtually no coldspots in chipmunk activity that birds
could use to build their nests; in 2013, chipmunk activity was
virtually non-existent (Fiola et al., 2017; also Figure 1). Hence,
we reasoned that the benefit of nesting away from hotspots of
chipmunk activity would be highest in years with intermediate
chipmunk activity (2014, 2015) and therefore, we tested the same
set of models for those years only. We used AICc to assess
the fit of each model. Models were considered equivalent when
1AICc < 2.0 (Burnham and Anderson, 2002). We obtained
p-values for each fixed factor using likelihood ratio tests of the
model with the fixed factor of interest against the model without
the fixed factor of interest. Parameter estimation was achieved
using residual maximum likelihood.

Bivariate Ripley’s K statistics and generalized linear model
were obtained with R version 3.2.2 (R Core Team, 2015) using
spatstat (Baddeley and Turner, 2005) and AICcmodavg packages
(Mazerolle, 2015).

RESULTS

Over the four study years, there was considerable spatiotemporal
heterogeneity in Eastern Chipmunk activity (Figure 1 and
Supplementary Figure 1). The number of detections was highest
in 2012, and consistently higher in one pair of study plots (A–B;
Figure 1). Plots A and B were characterized by the presence
of geophytes (Erythronium americanum, Dicentra canadensis,
Claytonia caroliniana), whose rhizomes are consumed by Eastern
Chipmunks (Careau et al., 2013). The nests of the two focal
bird species were built further away from hotspots of chipmunk
activity than expected by chance, but only in some plot-year
combinations (Figure 2): in plots B and C (all years combined)
and in plot A when Eastern Chipmunk activity was highest
(2012). In the pair of plots that had a higher number of chipmunk
detections (i.e., plots A and B), five out of 46 nests (10.9%) were
built within the 50% isopleth of chipmunk activity, whereas in
the pair of plots with the lower number of chipmunk detections
(i.e., plots C and D), 24 out of 58 nests (41.4%) were built
within the 50% isopleth of chipmunk activity (Figure 1 and
Supplementary Figure 1).
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FIGURE 1 | Spatiotemporal variability in Eastern Chipmunk activity. Kernel densities of eastern chipmunk detections (expressed as number of detections per
hectare) in each study plot (25 ha) and year. Note that plot size was adjusted to allow direct comparisons. Black and white dots represent the locations of Ovenbird
and Hermit Thrush nests, respectively.

When considering all study years, the four best models
predicting daily nest survival rate for the two focal songbird
species included (1) the additive effects of chipmunk activity and
songbird species (1AIC = 0.00, Model Weight = 0.30), (2) the
effect of songbird species (1AIC = 0.19, Model Weight = 0.27),
(3) the additive effects of songbird species and study plot
(1AIC = 0.55, Model Weight = 0.23), and (4) the additive
effects of chipmunk activity, songbird species, and study plot
(1AIC = 0.16, ModelWeight = 0.16; Supplementary Tables 2–6).
When restricting the analysis to years of intermediate chipmunk
activity, the best model included chipmunk activity, study plot
and year (1AIC = 0.00, Model Weight = 0.67; Supplementary
Tables 7–8). However, parameter estimate values for chipmunk
activity indicated that this variable had a weak influence on
daily nest survival rate (Supplementary Tables 3, 6) when
considering all study years, and was only marginally non-
significant during years with intermediate chipmunk activity
(p = 0.056, Supplementary Table 8). Songbird species was the

main factor influencing daily nest survival rate: Ovenbird nests
tended to have a higher survival rate than those of Hermit Thrush
(Supplementary Tables 3–6), possibly reflecting differences in
nest detectability by chipmunks, the relative efficiency of nest
defense, or both. During years characterized by intermediate
chipmunk activity, daily nest survival rate was significantly lower
in the study plot where chipmunk activity was highest (i.e., Plot
A, p = 0.049). Across the two years, daily nest survival rate was
higher in 2015 (p = 0.010, Supplementary Table 8).

DISCUSSION

This study provides some evidence for the avoidance of a nest
predator by songbird females in a natural environment, where
cues of predator activity vary over space and time. Eastern
Chipmunk activity was indeed highly dynamic, with a peak in
2012 and clear activity hotspots in high abundance years. Some

Frontiers in Ecology and Evolution | www.frontiersin.org 5 November 2020 | Volume 8 | Article 571456

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-08-571456 November 12, 2020 Time: 18:52 # 6

Vernouillet et al. Songbird Response to Nest Predators

FIGURE 2 | Spatial aggregation between the Eastern Chipmunk locations and
the Hermit Thrush and Ovenbird nests. The gray 99% confidence envelope
and red line indicate the null hypothesis of complete spatial randomness
(CSR). The black line indicates the observed Bivariate Ripley K values against
Euclidean distance r. When the black line is below the confidence envelope, it
indicates a significant negative spatial aggregated pattern.

of those hotspots were spatially persistent over time, probably
reflecting the long-term use of specific burrow networks. In 2013,
there were virtually no detections in most of our plots, even in
those where Eastern Chipmunk activity had been very high the
previous year (i.e., plots A and B). That year, the density of Sugar
Maple seedlings was the lowest we recorded over the 2012–2015
period, suggesting a low seed crop the previous year (Fiola et al.,
2017). Sugar Maple seeds are an important component of Eastern
Chipmunk diet and during periods of mast failure, Eastern
Chipmunks may skip reproduction and spend more time in their
burrow relying on hoarded food accumulated in the previous
year (Munro et al., 2008; Bergeron et al., 2011). This may explain
the low activity level we recorded in 2013. In 2014 and 2015,
both the density of Sugar Maple seeds and Eastern Chipmunk
activity were intermediate between these two extremes (Fiola
et al., 2017). This spatial heterogeneity in chipmunk activity
provided opportunities for songbirds to build their nests in areas
with lower predation risk. However, these areas are not risk-free
as other nest predators have larger home ranges that encompass
those of songbirds.

Our focal species of ground-nesting songbirds showed a
tendency to avoid hotspots of Eastern Chipmunk activity, but
only in plot-year combinations where chipmunk activity was
relatively high. Additionally, most of the nests were built outside
of the core areas of chipmunk activity, especially in plots with the
highest chipmunk activity. This avoidance of chipmunk activity
by Ovenbirds has been documented at lower spatial resolutions
(Morton, 2005; Emmering et al., 2018) and experimentally tested
using playbacks of chipmunk and control (frog) vocalizations
(Emmering and Schmidt, 2011), but not at the fine resolution
considered in the present study. In our study region, nest
survival rates were exceedingly low in years of peak Eastern
Chipmunk activity, but they remained high and relatively stable
during years with low or intermediate activity (Fiola et al.,
2017). Abundance of seed-eating nest predators such as Eastern
Chipmunk and White-footed Mice (Peromyscus leucopus) are
known to fluctuate sometimes across huge ecoregions (Haynes
et al., 2009) in response to mast cycles (Schmidt et al., 2008;
Haynes et al., 2009). Yet, despite wide fluctuations in nest
predator abundance, behavioral responses to nest predation risk
associated with Eastern Chipmunk did not appear to substantially
reduce daily nest survival rate at the finer spatial resolution we
considered in this study. Kelly et al. (2017) have reported similar
results in Ovenbirds, and so did Bouffard et al. (2020) using
artificial nests.

How can we explain the persistence of an anti-nest predator
behavior in the absence of clear fitness benefits for the individuals
involved? Because nest predation risk may vary dramatically
between years through fluctuations in nest predator populations
or activity (Fiola et al., 2017; see also Schmidt et al., 2008), the
ability to assess the risk associated with Eastern Chipmunks may
become irrelevant in an environment that is virtually free of
them, as was the case in 2013 in our study area, or in plot-years
where coldspots of Eastern Chipmunk activity are extremely
restricted, as in plot A in 2012 (Figures 1, 3 and Supplementary
Figure 1). Behavioral plasticity in nest site selection has been
shown in Dusky Warblers (Phylloscopus fuscatus), individuals
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FIGURE 3 | Distribution of Ovenbird territories, kernel densities of Eastern Chipmunk activity, and songbird nests found in study plot A. See Figure 1 for meaning of
color coding. Ovenbird territory locations are shown by ellipses. Black dots represent Ovenbird nests and white dots, Hermit Thrush nests.

being more likely to choose safer nest sites, but only during years
when Siberian Chipmunk (Tamias sibiricus) densities were high
(Forstmeier and Weiss, 2004). Yet, the avoidance of hotspots
of nest predator activity would not be expected to persist in
a population unless females experience at least one year of
intermediate to high Eastern Chipmunk activity during their
lifetime, when there should be a fitness advantage to use this
strategy. When nest predation risk reaches a peak, it must also be
spatially heterogeneous so that females can find “safe havens” in
which to build their nest. In our study area, Eastern Chipmunk
activity varied by an order of magnitude between years and it
peaked approximately every five years (Fiola et al., 2017). In our
Ovenbird population, apparent survival rate was 2.7–2.9 years,
with a maximum lifespan of at least 11 years (Vernouillet et al.,
2014). As for Hermit Thrush, some individuals have been shown
to reach at least 9 years of age (Dellinger et al., 2020). Hence,
females of both focal species living at least 3 to 5 years would
be expected to encounter years of high or intermediate Eastern
Chipmunk activity during their lifetime.

Avoidance of chipmunk activity hotspots may have persisted
because it increases nest survival rate in years with intermediate

chipmunk densities, but statistical power may have been too
limited to detect such an effect. By pooling the nests of the
two species of ground-nesting songbirds, we assumed that in
spite of their body size difference [mean body mass: 30.1 g for
Hermit Thrush (Dellinger et al., 2020); ca. 22 g for Ovenbird
(Porneluzi et al., 2020)], they did not differ in their ability to
defend their nests against Eastern Chipmunks. That assumption
was based on video-monitoring data suggesting that nest defense
by adult Ovenbirds and Hermit Thrushes against White-footed
Mice is not successful (King and DeGraaf, 2006; Porneluzi et al.,
2020). Yet, our results suggest otherwise. Bird species influenced
daily nest survival rate, pointing toward differences in nest
detectability by, or efficacy of nest defense against chipmunks (see
also Emmering et al., 2018 for a comparison between Ovenbird
and Veery nests, and Linder and Bollinger, 1995 for artificial
Ovenbird-like nests). Ovenbird nests are shaped as a Dutch
oven (Porneluzi et al., 2020), whereas Hermit Thrush build
open-cup nests (Dellinger et al., 2020) that may be more easily
detected by nest predators. Alternatively, Ovenbirds may be more
efficient at selecting nest sites with lower nest predation risk than
Hermit Thrushes (Schmidt and Ostfeld, 2003; Kelly et al., 2017).
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However, we did not have enough nests to evaluate avoidance of
chipmunk activity for each bird species separately.

Unlike males, females may assess nest predation risk at two
different spatial scales. First, upon their arrival from spring
migration, when selecting a territory and a mate. Safer territories,
i.e., those with a lower perceived nest predation risk, should be
favored (Bonnington et al., 2015; Schmidt et al., 2015). Then,
females can assess fine-scale nest predation risk and select a
spatial refugium (coldspot of chipmunk activity), when available,
before building their nest. In our study system, we suspect that
females play the major role in nest predator avoidance, because
complete avoidance of Eastern Chipmunk activity is unlikely
at the scale of a male’s territory (Ovenbird: ca. 1 ha, Haché
and Villard, 2010; Hermit Thrush: 0.7 ha, Dellinger et al., 2020;
Figure 3).

Our results are broadly consistent with experimental evidence
on songbird nest site selection as a function of nest predation
risk (Eggers et al., 2006; Emmering and Schmidt, 2011), and are
consistent with those of a field study (Emmering et al., 2018). Nest
site selection may vary as a function of the main nest predator in
the system. Female songbirds have been shown to “eavesdrop”
on vocalizations of a nest predator and, in turn, to adjust the
location of their nest (Emmering and Schmidt, 2011) or its degree
of concealment by vegetation (Eggers et al., 2006) in response to
perceived nest predation risk. Cues provided by nest predators,
when available, may thus be an important component of nest site
selection in songbirds.

A mismatch between nest predator abundance and actual nest
predation risk has been reported elsewhere (Hollander et al.,
2015; Kearns and Rodewald, 2017). For instance, at the scale
of our study area, the survival rate of Ovenbird nests was
negatively related to Eastern Chipmunk activity (Fiola et al.,
2017), suggesting that eavesdropping on Eastern Chipmunk
vocalizations can be potentially adaptive, even though we did
not find evidence for this at the scale of our study plots.
Activity indices have previously been used in studies investigating
songbird nest survival rates (Schmidt et al., 2006; Hethcoat and
Chalfoun, 2015). Our activity index may not have provided an
accurate estimate of Eastern Chipmunk density, but our objective
was to obtain a good approximation of the cues available to
female songbirds when selecting their nest site.

In many fields of ecology, manipulative experiments are
considered as the gold standard when attempting to isolate
factors underlying observed phenomena. Here, we performed
an observational study to examine a phenomenon previously
described using manipulative experiments. We aimed to
determine whether avoidance of nest predators by nest-building
female songbirds could be observed in a system where access to
public information is highly variable through space and time,
in contrast with most manipulative experiments. Our results
suggest that ground-nesting songbirds do indeed make use of
the information provided by a nest predator. The fact that
Eastern Chipmunks may depredate nests at all stages of nesting
and even in the first days post-fledging might explain why
nest-building females respond to the auditory and visual cues
given by this predator. Such predator-prey dynamics may be
taking place over very large spatial scales, as Eastern Chipmunks

strongly respond to Sugar Maple mast-seeding events, at least
where this tree species dominates the canopy (Fiola et al., 2017).
Mast seed production by Sugar Maple appears to be spatially
autocorrelated over a very large area ranging at least from
our study area in New Brunswick to New Hampshire (Cleavitt
and Fahey, 2017) and eastern Québec. Large-scale, spatially
autocorrelated mast seeding has also been reported in a wide
range of other deciduous and coniferous tree species and its
influence of songbird productivity and predator-prey dynamics
can be profound (e.g., Schmidt et al., 2008; Hill et al., 2019).
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