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Abstract
Oil extraction may impact wildlife by altering habitat suitability and affecting stress levels and behavior of individuals, but it
can be challenging to disentangle the impacts of infrastructure itself on wildlife from associated noise and human activity at
well sites. We evaluated whether the demographic distribution and corticosterone levels of three grassland passerine species
(Chestnut-collared Longspur, Calcarius ornatus; Baird’s Sparrow, Centronyx bairdii; and Savannah Sparrow Passerculus
sandwichensis) were impacted by oil development in southern Alberta, Canada. We used a landscape-scale oil well noise-
playback experiment to evaluate whether impacts of wells were caused by noise. Surprisingly, higher-quality female
Chestnut-collared Longspurs tended to nest closer to oil wells, while higher-quality Savannah Sparrows generally avoided
nesting sites impacted by oil wells. Corticosterone levels in all species varied with the presence of oil development (oil wells,
noise, or roads), but the magnitude and direction of the response was species and stimulus specific. While we detected
numerous impacts of physical infrastructure on stress physiology and spatial demographic patterns, few of these resulted
from noise. However, all three species in this study responded to at least one disturbance associated with oil development, so
to conserve the grassland songbird community, both the presence of physical infrastructure and anthropogenic noise should
be mitigated.

Keywords Energy development ● Anthropogenic noise ● Habitat quality ● Stress ● Grassland birds ● Conservation

Introduction

Oil and gas development across the North American Great
Plains has resulted in the conversion of more than 1.5
million hectares of grassland to well pads, roads, and sto-
rage facilities (Allred et al. 2015). This constitutes
approximately 1% of all remaining intact grassland in the
Great Plains (World Wildlife Fund 2021). However, despite
this relatively small footprint, infrastructure may degrade
much larger areas of adjacent habitat through edge effects
and chronic noise (Sliwinski and Koper 2012; Francis and
Barber 2013). In Canada, severe habitat losses from con-
version of native grasslands to croplands in the last century
have left the Central Mixed-grass Prairie and Norther Fes-
cue Mixed-grass Prairie qualifying as Endangered accord-
ing to the IUCN’s criteria for the Redlist of Ecosystems
(Gage et al. 2016; Comer et al. 2018). Consequently, the
majority of grassland songbird species have experienced
range-wide population declines since 1966 (Sauer et al.
2017; Rosenberg et al. 2019). While land conversion to
crop agriculture was likely the primary driver of these
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declines and crop and biofuel production remains a sig-
nificant driver of grassland loss (Lark et al. 2015; Shaffer
et al. 2019), habitat conversion and degradation associated
with oil and gas development has also recently become a
significant threat to the integrity of remaining habitat for
grassland birds (Shaffer et al. 2019). While increasingly,
research has shown grassland birds avoid areas affected by
energy development (Nenninger and Koper 2018), or suffer
demographic consequences from nesting in affected habitat
(Bernath-Plaisted and Koper 2016), relatively few studies
have been able to experimentally identify the precise
mechanisms driving these observations (Rosa et al. 2015).
Understanding such mechanisms is critical to the con-
servation and management of grassland birds, as different
management solutions may be required to mitigate different
kinds of effects (Francis and Barber 2013).

Construction, industrial activities, infrastructure, and
vehicle traffic associated with oil development can cause
direct mortality of grassland songbirds (Northrup and Wit-
temyer 2013), or indirectly increase their predation risk
(Andersson et al. 2009; Campos et al. 2009). Noise from oil
extraction can simultaneously decrease an individual’s
ability to detect predators or identify the presence of con-
specifics. For example, energetic masking of cues used to
detect predators (Slabbekoorn and Ripmeester 2008) or
conspecific alarm calls (Antze and Koper 2018) may
increase chances of nest predation, or increase stress and
thus alter corticosterone levels (Kleist et al. 2018). Noise
might create an ecological trap (Robertson and Hutto 2006)
if it prevents birds from detecting predators in the area, but
the opposite consequence is also possible; acoustically
sensitive species may avoid noisy areas, even if oil devel-
opment has a neutral or positive impact on reproductive
output by decreasing predator abundance or activity
(Francis et al. 2009; Lendrum et al. 2017), or decreasing
resource competition (Francis et al. 2012).

Because anthropogenic noise normally co-occurs with
the presence of the physical infrastructure producing it, it
can be challenging to determine whether noise is respon-
sible for observed impacts of the built environment, and this
becomes a problem when attempting to develop effective
management solutions to problems resulting from anthro-
pogenic activities. A landscape-scale noise-playback
experiment has demonstrated that traffic noise per se results
in decreased mass gain of birds during migration (Ware
et al. 2015); conversely, nesting success can actually
increase as compressor station noise increases when nest
predators avoid noise (Francis et al. 2009). However, other
research on energy development has suggested that noise
plays a minimal role in explaining its impacts on grassland
birds; for example, negative impacts of oil wells on abun-
dance (Nenninger and Koper 2018) and nesting success
(Bernath-Plaisted and Koper 2016) of grassland passerines

did not decrease when wells were turned off and thus were
silent. Nonetheless, the mechanisms that explain impacts of
wells on abundance (site avoidance) and nesting success
(predator density and activity) differ from mechanisms that
impact health of adults and nestlings (e.g., physiological
stress), so further research is necessary to fully understand
impacts of noise per se from oil development on
grassland birds.

One mechanism by which species may respond to dif-
ferences in habitat quality is by differential selection.
However, such processes may be mediated by demo-
graphics or variation in individual quality. In such cases,
differences in perceived habitat quality may not be readily
apparent in studies of abundance or occupancy. Conversely,
in demographic studies, effects driven by individual quality
and habitat preference may be wrongly attributed to other
sources. The ideal despotic distribution model (Fretwell
1972) suggests that high quality, or competitive, birds
should choose the best habitat in which to breed and
exclude lower quality, or less competitive, individuals from
those breeding sites. The Great Plains are a spatially and
temporally heterogeneous landscape due to both human
disturbance and natural variation. Additionally, philopatry
among migrant grassland passerines is generally low (Jones
et al. 2007), possibly due to this high temporal unpredict-
ability in grassland patch productivity (Doligez et al. 2003).
Thus, selection should be particularly strong for high
quality individuals to accurately assess habitat quality at
breeding sites between years. Individual quality can be
independently assessed using metrics of productivity, such
as clutch sizes or nestling quality (Holmes et al. 1996).
Alternatively, young, naive breeders lack the experience or
social status to select or defend high quality breeding sites
(Holmes et al. 1996; Habib et al. 2007). Smaller individuals
may also lack the competitive ability to defend prime ter-
ritories or acquire high-quality mates (Linhart and Fuchs
2015). Therefore, if there is a high proportion of younger,
smaller, or less productive individuals in an area, that area is
likely perceived as low-quality habitat by dominant
individuals.

Individuals that breed in lower quality habitat may suffer
direct fitness costs including reduced nesting success (Lloyd
and Martin 2005; Bernath-Plaisted and Koper 2016),
reduced nestling quality (Potvin and MacDougall-
Shackleton 2015), or physiological stress (McEwen and
Wingfield 2003; Busch and Hayward 2009). In birds, the
primary hormone involved in mediating the stress response
is corticosterone, a glucocorticoid released from the
Hypothalmic-Pituitary-Adrenal (HPA) axis (Wingfield et al.
1992; Romero et al. 2009). Baseline stress levels can be
approximated by measuring circulating levels of corticos-
terone under normal allostatic conditions, and the magni-
tude of a stress response can be measured as the increase in
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circulating levels of corticosterone in response to a stressor
(Wingfield et al. 1998). Predation risk (real or perceived),
human disturbance (visual or auditory), and habitat degra-
dation (e.g. invasive species, toxicants) may all lead to
increased physiological stress (Boonstra et al. 1998; New-
comb Homan et al. 2003; Maron et al. 2012). In combina-
tion, the measures of basal corticosterone and stress
response can be useful indicators of an individual’s ability
to cope with its current environment and could be used to
identify individuals living in sub-optimal conditions (Kleist
et al. 2018).

Here we used a landscape-scale manipulative experiment
to evaluate the impacts of oil development and associated
noise on the demographic distribution and corticosterone
levels of three grassland songbirds found across the North-
ern Great Plains of North America: Chestnut-collared
Longspur (Calcarius ornatus), Baird’s Sparrow (Centronyx
bairdii), and Savannah Sparrow (Passerculus sandwichen-
sis). This design enabled us to directly assess the sublethal
effects of oil development on grassland bird populations and
determine if anthropogenic noise is their primary driver. Our
focal species were selected to encompass the range of habitat
preferences, population trends, Species at Risk listings, and
sensitivities to energy development typical of this grassland
songbird community. Chestnut-collared Longspurs are
mixed-grass prairie obligates that are Endangered in Canada
(COSEWIC 2019) and Birds of Management Concern in the
USA (Somershoe 2018). This species is area and edge-
sensitive (Davis 2004; Sliwinski and Koper 2012) has lower
nesting success in the presence of exotic vegetation (Lloyd
and Martin 2005), but surprisingly, recent studies have
reported few effects of oil and gas wells on their abundance
or productivity (Hamilton et al. 2011; Bernath-Plaisted and
Koper 2016; Yoo and Koper 2017; Rodgers and Koper
2017; Nenninger and Koper 2018). Baird’s Sparrow is a
species of Special Concern in Canada (COSEWIC 2012)
and Management Concern in the U.S. (Somershoe 2018),
and avoids oil wells (Nenninger and Koper 2018). Savannah
Sparrows are grassland generalists not listed as species at
risk in Canada or the U.S. In southeastern Alberta the pre-
sence of oil development does not negatively impact abun-
dance (Nenninger and Koper 2018), but their nesting success
is lower near oil wells (Bernath-Plaisted and Koper 2016).

Methods

This research was conducted under University of Manitoba
animal care protocol F15-005, Canadian bird banding per-
mit 10840(A), Canadian Wildlife Service permit #11-MB/
SKL/AB-SC007, and Alberta Environment and Sustainable
Research Development Research Permit #56016 and Col-
lection License #56017.

For further details regarding methods, see Supplemental
Information.

Study Design

During the breeding seasons (May 1 to July 31) of 2015 to
2017, we studied Chestnut-collared Longspurs, Baird’s
Sparrows, and Savannah Sparrows within 60 km of Brooks,
Alberta, Canada (50°33′51″N 111°53′56″W, 760 MASL)
on land owned by the Eastern Irrigation District, a private
landowner that primarily uses grasslands for grazing cattle
(Bos taurus). Grazing activities varied by year and by site
based on the operational needs of the EID, but not in a
structured way with any of the treatment types in this study.
Our study sites were native mixed-grass prairies intermixed
with a very low abundance of invasive grasses and forbs.
This region is relatively arid, receiving an average of
252.6 mm of rainfall annually (Environment and Climate
Change Canada 2017). Pastures were divided by three-wire
fences into Sections (1.6 × 1.6 km) or larger, which are
accessed by gravel, or occasionally paved, roads. Active
lease sites (~1 ha containing 1–3 well heads on 50 × 50 m of
level gravel) are operated for extracting subsurface oil and
natural gas in this region. We established study sites where
all three focal songbird species were confirmed to be pre-
sent, ensuring that site-scale vegetation was suitable for
each study species and was similar among treatments.

Study sites were centered on either an active oil well, a
playback unit with or without simulated oil well noise, or
were control sites with neither oil wells nor noise-playback
units. Oil well sites contained one of two commonly used
pump types that differ in their physical size and the noise
spectra and power they produce (Warrington et al. 2018).
Oil wells are visited by oil workers on a semi-regular basis
(every few days) via dirt or gravel service roads, which
comprises the majority of the traffic on the roads in our
study area. Screwpumps (n= 4, h= 2.7 m, ~80–90 dB(Z) at
<10 m) were shorter, moved less, and produced higher
sound pressure levels than pumpjacks (n= 3, h= 4.5 m,
~55–80 dB(Z) at <10 m). All oil wells were generator-
powered (pump mechanism powered by a generator) and
produce cyclic, predictable broad-band noise 24 h per day
(Warrington et al. 2018). To distinguish the effects of noise
from effects of the presence of physical infrastructure, in
2016 and 2017 we added sites with high-fidelity playback
units (n= 6) broadcasting recordings of generator-powered
screwpumps (simulated screwpump noise) 24 h a day prior
to territory establishment and throughout the breeding sea-
son (approx. May 1 to July 31). These units accurately
mimic the spectral composition, sound pressure levels, and
frequencies of real infrastructure noise (see Rosa et al.
2015a; Rosa and Koper 2018). Each playback unit included
a solar panel array, small housing unit for batteries, 8 GB
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iPod Nanos (Apple Inc., Cupertino, CA) playing WAV
files, two high-fidelity speakers facing in opposite direc-
tions, with total dimensions of 5 m (l) × 1.5 m (w) × 1.5 m
(h), and were surrounded by a ~1-m tall metal fence to
prevent cattle from accessing the equipment. We also
established silent playback sites (n= 6) with identical
equipment as the playback units, but without broadcasting
noise, to control for the potential impacts of the playback
equipment itself on habitat selection or quality. To ensure
no overlap with, other large or noisy nearby disturbances,
each site center was a minimum of 800 m from the next
nearest site center or active oil well. This effectively limits
the cumulative effects of noise for any given bird since the
majority of the real or simulated oil well noise in our study
has attenuated within that distance (Rosa et al. 2015).
Additionally, playback, silent, and control site centers were
a minimum of 400 m from the nearest road to control for
both the physical presence of infrastructure and the asso-
ciated industrial activity.

Field Methods

We captured adult birds to determine age as Second Year
(SY) or After Second Year (ASY) (Pyle et al. 2008), sex,
mass, and tarsus length. We used target nets (30 mm mesh
mist nets surrounding a painted model bird and speaker) for
actively displaying males or walk-in drop traps (mist netting
material over a wire frame propped over a nest) for nesting
pairs actively feeding 3–10 day old nestlings. All indivi-
duals were banded with a unique numbered Canadian
Wildlife Service metal band and a unique combination of
two or three colored plastic bands (Darvic) for subsequent
identification in the field. For any captured adults with a
known nest location, we measured nestling mass and
defined brood size as the number of young in the nest. For
all species, we measured the nestlings when they were
6–8 days old, or on the day they were found for nests
containing older nestlings (age range: 6–11 days, mean age:
7.98 days). Nestling age was assessed based on hatch date
(when known) and visual characteristics including primary
pin length and unsheathing (Jongsomjit et al. 2007).

To determine baseline levels of circulating corticosterone
(hereafter “basal cort”) and the capacity of an individual to
respond to a novel stressor (change in corticosterone level
during handling; hereafter “stress response”) we collected
two < 70 µL blood samples via brachial venipuncture using
heparinized micro-capillary tubes. The first sample was
collected within three minutes of capture to represent basal
cort (Romero and Reed 2005) and the second sample was
collected after 12 min post capture following a standardized
stress handling protocol (Wingfield et al. 1992; Lynn et al.
2003). The stress response was calculated as the difference
between the first and second samples. Blood samples were

collected and kept on ice (<6 h) until the plasma was
separated and frozen at −20 °C until extraction. Plasma
corticosterone concentrations were determined using a
radioimmunoassay after extraction using absolute ethanol.
For assay details see the Supplemental Information.

Landscape Characterization

We mapped all oil wells and range roads within 1000 m of
all territories (nest locations, if known, or capture location)
using handheld GPS units (Garmin etrex 20) and deter-
mined the locations of oil wells beyond that limit from a
GIS layer of all active oil lease sites in our study region. We
measured the minimum distance from each territory to the
nearest oil well, road, and experimental treatment (screw-
pump, pumpjack, simulated screwpump noise, silent play-
back, or the center of the control site).

Statistical Analyses

All analyses were conducted separately by species and sex.
We used null hypothesis significance testing (Mundry 2011)
and an alpha level of 0.1 to determine the statistical sig-
nificance of the effects of oil development and noise, as is
often used in conservation when the consequences of a Type
II error outweigh those of a Type I error (Taylor and Ger-
rodette 1993). We conducted all statistical analyses in R (R
Core Team 2019). We constructed generalized linear models
and mixed models with the package LmerTest (Kuznetsova
et al. 2017) to assess individual quality, and habitat selection
and physiological responses to physical infrastructure and
noise (Table 1). We used diagnostic graphs and deviance/df
ratios to ensure we met assumptions of statistical tests.

We evaluated effects of oil infrastructure at two spatial
scales: (1) to test for effects of roads and oil wells at a
landscape scale, we included the minimum distance from
each territory to the nearest oil well and the nearest road as
continuous fixed effects. Correlation between these vari-
ables was low (r < 0.50). Information on well type was not
available at this spatial scale. (2) To test for effects of well
type and noise per se at the site scale (within 1000 m of the
site center), we modelled treatment type (pumpjack,
screwpump, simulated screwpump noise, silent playback,
and control), distance to that experimental feature (or site
center for controls), and their interactions as fixed effects.
Fixed variables in models (1) and (2) were then included in
most of the analyses as described below (Table 1). We
tested whether the inclusion of year or site as random
variables improved model fit for all preliminary models
using AIC (Mundry 2011); this was not the case, so these
random variables were not included in any final models.

We assessed whether adult age, mass, and size varied
with distance to roads, wells, or noise. Fixed variables were
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those described above for the landscape (1) and site-scale
(2) models (Table 1). Ordinal day was also included for all
mass models to account for changes in mass across the
breeding season. As no previous studies have evaluated
what characteristics of Chestnut-collared Longspurs are
correlated with quality of individuals, to allow us to inter-
pret any spatial demographic distributions we detected, we
also used our morphometric data to determine which phy-
sical characteristics of adults were indicative of higher
productivity (more or heavier offspring; hereafter, “high-
quality individuals”). We tested whether adult age (SY or
ASY), mass (g), and size (tarsus length in mm) were cor-
related with nestling mass, brood biomass (mass of all
nestlings combined). As not all nests were found during the
laying or egg stage, we were not able to confidently analyze
differences in brood size per se. Models for nestling mass
included as fixed effects, adult age, mass, and size; nestling
age; and nest ID as a random effect (Table 1). Models for
brood biomass included adult age, mass, and size, brood

size, and average nestling age as fixed effects (Table 1). In
addition to productivity, we also explored whether larger or
heavier males were social mates with higher quality
females. We used the female traits that were significantly
associated with productivity as dependent variables, and her
socially paired male’s age, mass, and size as independent
variables.

Before determining if there was an effect of oil-related
disturbances on basal corticosterone and the stress response,
we determined whether additional biologically important
factors that might influence levels of corticosterone by
species and sex should be included in our oil well and noise
models. These variables included mass, age, day of season,
and time of day as independent variables, and the stress
response model also contained basal corticosterone as an
independent variable. We then added any of these variables
that were significant to the landscape (1) and site-scale (2)
models described above (Table 1). We ran two linear
models for each species-sex group; one with basal

Table 1 Generalized linear
models and mixed models
constructed in R with package
LmerTest to assess individual
quality (female characteristics
associated with higher
productivity at the nest scale),
and habitat selection (age, size,
weight) and physiological
responses (basal cort and stress
response) to physical
infrastructure and noise ant the
landscape and site scale

Scale Response Species Model structure

Landscape Age All dist. to oil well + dist. to road

Size All dist. to oil well + dist. to road

Weight All dist. to oil well + dist. to road + day

Basal Cort CCLO (F), SAVS (F) dist. to oil well + dist. to road

CCLO (M) dist. to oil well + dist. to road + age

SAVS (M) dist. to oil well + dist. to road + age + day

BAIS (M) dist. to oil well + dist. to road + weight +day

Stress Resp. CCLO (M), SAVS (M) dist. to oil well + dist. to road

BAIS (M), CCLO (F) dist. to oil well + dist. to road + time

SAVS (F) dist. to oil well + dist. to road + basal cort

Site Age All dist. to site * treatment

Size All dist. to site * treatment

Weight All dist. to site * treatment + day

Basal Cort CCLO (F), SAVS (F) dist. to site * treatment

CCLO (M) dist. to site * treatment + age

SAVS (M) dist. to site * treatment + age + day

BAIS (M) dist. to site * treatment + weight +day

Stress Resp. CCLO (M) dist. to site * treatment

BAIS (M), CCLO (F) dist. to site * treatment + time

SAVS (F) dist. to site * treatment + basal cort

SAVS (M) dist. to site * treatment + basal cort + day

Nest Nest Biomass CCLO (F), SAVS (F) F. age + F. weight + F. tarsus + brood size + N.
Age

Nestling Weight CCLO (F), SAVS (F) F. age + F. weight + F. tarsus + N. Age+ (1|
nest id)

CCLO Chestnut-collared Longspur, BAIS Baird’s Sparrow, SAVS Savannah Sparrow, basal cort baseline
levels of circulating corticosterone, stress resp change in corticosterone level during handling, dist. to oil
well distance to the nearest oil well, dist. to road distance to the nearest road, day ordinal day, age adult age
as second year or after second year, weight bird weight at capture, time capture time, brood size number of
nestling in nest at measuring, N. age age of nestling in days post hatch, (1|nest id) nest identification code as
a random variable
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corticosterone as a response variable, and one with the
stress response as the response variable.

Results

We captured 456 adult birds and measured 214 nestlings
(Table 2) between May 10th and July 23rd in 2015–2017
(mean capture date across years was June 10th). While all
females were captured during the nestling stage, reproduc-
tive status was not known for all males. Our sample size of
female Baird’s Sparrows and their associated nests were too
small to analyze.

Adult Quality

Heavier females were more productive than lighter females
for both Chestnut-collared Longspurs and Savannah Spar-
rows. After accounting for brood size, heavier female
Chestnut-collared Longspurs produced broods with greater
biomass, suggesting females were able to provide superior
care evenly across all young in their broods (Fig. 1; detailed
results Table S1). We infer that this was trend was driven by
increased individual nestling weights, but that we did not
have sufficient statistical power to detect this difference.
Heavier female Savannah Sparrows had heavier individual
nestlings after accounting for nestling age at banding,
suggesting that their nestling grew faster than those of
lighter females. Since their brood biomass was not sig-
nificantly different than lighter females, we suspect that
heavier females were putting more effort into raising fewer
higher quality young (Fig. 1; detailed results Table S1). In
both cases, this suggests that heavier females were of higher
quality and lighter females were of lower quality. Male age,
mass, and size were not correlated with productivity for
either Chestnut-collared Longspurs or Savannah Sparrows

(p > 0.10), nor were these physical characteristics correlated
with the quality of their socially bonded female (p > 0.18).

Spatial Demographic Patterns

At the landscape scale (see detailed statistical results in Tables
S2-4), female Chestnut-collared Longspurs near oil wells
were older (β=−0.53, SE= 0.28, p= 0.06; Fig. 2) and
heavier (β=−0.26, SE= 0.14, p= 0.06; Fig. 2) but Long-
spurs were smaller near roads (β= 0.15, SE= 0.7, p= 0.03).
Female Savanah Sparrows did not show any spatial pattern in
age, mass, or size relative to oil wells or roads. Similarly, we
found no spatial pattern in age, mass, or size relative to oil
wells or roads for males of any species. Our sample size of
female Baird’s Sparrows was too small to analyze.

At the site scale (see detailed statistical results in Tables
S5–S7), female Savannah Sparrows near screwpumps were
smaller (β= 1.41, SE= 0.74, p= 0.074). Male Savannah
Sparrows were lighter near pumpjacks (β= 0.83, SE=
0.37, p= 0.028) and near simulated screwpump noise
(β= 0.89, SE= 0.49, p= 0.073), whereas male Baird’s
Sparrows were heavier near screwpumps (β=−0.82,
SE= 0.40, p= 0.044). Closer to silent playback infra-
structure, female and male Chestnut-collared Longspurs and
Baird’s Sparrows were all slightly heavier (β=−0.01,
SE= 0.01, p < 0.032); we speculate that this result is not
biologically meaningful, as the parameter estimate was
extremely small in all cases. There were no significant
spatial patterns in age for any species at the site scale.

Corticosterone

Chestnut-collared Longspurs had lower basal corticosterone
levels and smaller stress responses overall than either
sparrow species (Fig. S1). Sex was a strong predictor of
both basal corticosterone and magnitude of the stress
response for all species, so for all analyses we treated male
and females separately (Tables S8 and S9).

In several instances, birds living closer to oil wells,
simulated screwpump noise, or roads had altered levels of
corticosterone, though the influential stimulus and type of
response was not consistent (statistical results Tables S10-
13). In some cases, females had lower corticosterone levels
near the physical oil infrastructure; female Savannah Spar-
rows had lower stress responses near oil wells at the land-
scape scale (β= 6.88, SE= 3.56, p= 0.07), and female
Chestnut-collared Longspurs had lower basal corticosterone
near pumpjacks (β= 0.92, SE= 0.54, p= 0.095; Fig. 3).
This pattern differed from that observed near simulated well
noise; at the site scale, female Chestnut-collared Longspurs
had higher basal corticosterone levels near simulated
screwpump noise (β=−0.88, SE= 0.36, p= 0.016; Fig. 3).

Table 2 Sample sizes by species and sex for adult and nesting birds
handled during the 2015–2017 breeding seasons in southern Alberta

Species Chestnut-
collard
Longspur

Baird’s
Sparrow

Savanah
Sparrow

Sex Female Male Female Male Female Male

Birds captured 95 134 3 78 25 121

Basal cort 82 114 2 46 20 103

Stress response 79 110 2 45 19 101

Nests measured 40 0 12

Nestings measured 178 0 36

Basal cort (baseline levels of circulating corticosterone) and the stress
response (change in corticosterone level during handling) represent the
number of viable samples analyzed from those captured individuals
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Males of both sparrow species, by comparison, had
elevated corticosterone levels in the presence of dis-
turbances. Male Savannah Sparrows had higher stress
responses when close to pumpjacks (β=−10.6, SE= 6.16,
p= 0.09; Fig. 4a) and higher basal corticosterone near silent
playback infrastructure (β=−0.68, SE= 0.34, p= 0.047).
At the landscape scale, male Baird’s Sparrows had higher
stress responses close to roads (β=−13.6, SE= 4.81,
p= 0.01; Fig. 4b). Corticosterone levels of male Chestnut-
collared Longspurs were independent of infrastructure and
noise (p > 0.39). Other relationships were not significant.

Discussion

Some grassland songbirds may avoid energy infrastructure,
or experience reduced demographic success and provide
less parental care near oil wells and roads (Bernath-Plaisted

and Koper 2016; Nenninger and Koper 2018; Ng et al.
2019). This suggests that oil infrastructure may alter and
reduce habitat quality for these species. Here, we explore
two mechanisms that may help to explain these negative
effects by demonstrating the potential for physiological
impacts and changes in demographic distributions in
grassland songbirds breeding near oil infrastructure. Fur-
ther, we help to disentangle the impacts of physical infra-
structure from associated anthropogenic noise by showing
that noise per se does not appear to drive these effects.

Oil infrastructure, roads, or noise were correlated with
altered corticosterone levels for each of our study species.
Interpreting impacts of development on corticosterone
levels is complex, as the relationships between corticoster-
one and stress are nonlinear; as the intensity of stress
increases, corticosterone levels rise until the individual can
no longer maintain increased expression, at which point
corticosterone decreases as that individual is no longer able
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to cope with disturbance (Busch and Hayward 2009). As a
result, either negative or positive relationships between
disturbance and corticosterone levels can indicate physio-
logical stress (Injaian et al. 2020). Chronic noise from
energy development increased fecal corticosterone levels in
Greater Sage-Grouse (Centrocercus urophasianus) on leks
(Blickley et al. 2012), whereas female Tree Swallows
(Tachycineta bicolor) showed reduced stress responses
when exposed to chronic traffic noise (Injaian et al. 2018b).
Our results, such as a trend for male sparrows to have an
increased stress response near anthropogenic disturbances,
suggest that some individuals may experience physiological
stress when exposed to oil development and associated
roads, which in turn may result in short- or long-term health
effects (Busch and Hayward 2009).

We found that Savannah Sparrows and Baird’s Sparrows
both avoided habitats that had demographic or physiologi-
cal costs. For example, we found that Savannah Sparrows
that occurred near oil wells, where nesting success is lower
(Bernath-Plaisted and Koper 2016) and brood parasitism is
higher (Bernath-Plaisted et al. 2017), were more likely to be
low-quality individuals. This suggests that competitive
sparrows preferentially selected habitats farther from wells,
leaving the poor-quality habitat available for low-quality
individuals. Similarly, Baird’s Sparrows exist at lower
densities near roads (Nenninger and Koper 2018), a habitat
where we found their stress response to be higher. In con-
trast, our results suggest that Chestnut-collared Longspurs,
which are experiencing the steepest population declines of
our focal species (Sauer et al. 2017), preferentially settled
near infrastructure, since females captured there tended to
be older and heavier. We speculate that Chestnut-collared

Longspurs may be less sensitive to anthropogenically
modified landscapes or are more limited in the space they
are willing to occupy due to their specific habitat require-
ments. Cattle selectively graze near wells (Koper et al.
2014), which may create attractive habitat for short-grass
specialists such as longspurs (Davis 2005; Lloyd and Martin
2005). However, if nesting near infrastructure increases
physiological stress or decreases productivity, this mis-
match in perceived and realized habitat quality may func-
tion as an ecological trap (Robertson and Hutto 2006). In
contrast, Savannah Sparrows, a generalist that adapt readily
to anthropogenic environments (Wheelright and Rising
2008), clearly use the presence of infrastructure and noise
when making occupancy decisions. This further highlights
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the importance of taking a nuanced approach to managing a
group of species that respond uniquely to energy develop-
ment and habitat in general.

Males and females showed numerous differences in
habitat selection, physiological responses to stressors, and
in their relationship between morphology and productivity.
For example, although male Chestnut-collared Longspurs
showed no responses to wells or roads, we observed
numerous significant effects of physical infrastructure and
noise on female longspurs. While these results could have
been influenced by our sampling of all females during the
nestling stage, but not all males, there are also several
biological factors that could explain these differences.
Female longspurs appear to select the actual nest location
within the territory of the pair, and are the primary nest
builders and incubators (Lloyd and Martin 2005; Kirkham
and Davis 2013). While male longspurs play an essential
role in provisioning the female on the nest (Lynn and
Wingfield 2003), they may be less vulnerable to dis-
turbances than females as they can move away from the
disturbance source in between feeding visits. Females may
also be more susceptible to disturbances than males since
they are more physiologically taxed during the breeding
season from the investment of laying eggs, spending more
time thermoregulating the nest, and thus less time foraging
freely. These sex based differences in behavior, and inher-
ent differences in current reproductive investment and
future reproductive potential, affect the relative costs and
benefits of reproduction in risky situations (Bókony et al.
2009). This could increase the overall cost of reproduction
near oil infrastructure by creating conflicts in optimal
reproductive strategies for each member of the parental pair.

Simulated oil well noise had few impacts on demo-
graphic distributions, basal corticosterone, or stress
responses, and when we observed apparent effects of
simulated oil well noise, they differed from effects of real
wells. These findings contradict many previous studies that
have concluded that noise influences productivity, stress,
and settlement patterns in birds (Habib et al. 2007; Bayne
et al. 2008; Francis et al. 2012; Kleist et al. 2016, 2018;
Injaian et al. 2018a). In some of these studies, this dis-
crepancy may result from a conflation of physical infra-
structure and associated noise effects. Nonetheless, in situ
manipulative noise experiments have demonstrated ecolo-
gical effects of noise per se on birds (Blickley et al. 2012;
Ware et al. 2015; Kleist et al. 2018). We suggest that birds
might be able to adapt to oil well operating noise specifi-
cally because it is predictable and continuous (Blickley
et al. 2012; Francis and Barber 2013; Curry et al. 2018).
This is of key relevance to conservation and management
because if noise is not the mechanism driving most of the
ecological impacts observed in this system, then there
would be little value in its mitigation. Similarly, Bernath-

Plaisted and Koper (2016) and Nenninger and Koper (2018)
both found that inactive oil wells had similar ecological
effects to active oil wells, suggesting that neither noise nor
human activity around wells explains their observed eco-
logical effects. However, it is important to note that in some
cases, there may be small additive effects of noise as well.
We observed higher basal corticosterone of female
Chestnut-collared Longspurs in proximity to simulated oil
well noise, and longspurs have also been observed to
decrease parental care of nests in noisy compared with quiet
sites (Ng et al. 2019). This is important from a management
perspective, as the negative impacts of anthropogenic noise
could facilitate further declines of this species at risk.
Additionally, the idiosyncratic response of many species to
infrastructure and noise further emphasizes the importance
of including species of management concern in studies such
as ours.

A recent study on impacts of noise on three cavity-
nesting bird species found that basal corticosterone was
consistently lower near chronic anthropogenic noise from
natural gas compressor stations and attributed the associated
declines in productivity to that increased noise (Kleist et al.
2018). This differs from our results, suggesting a more
pervasive impact of noise than we detected. Natural gas
compressor stations are much louder than oil wells (Rosa
et al. 2015; Kleist et al. 2018), so perhaps this disturbance is
enough to push the surrounding individuals past the tipping
point of maximum corticosterone output. Cavity-nesting
birds are also distinct in both taxonomy and life history
from the families represented in our study (Passerellidae,
Calcariidae), so it is likely that their capacity to respond to
disturbances is bounded by different thresholds (Busch and
Hayward 2009). Finally, it is also possible that because
grasslands are filled with an abundance of natural noises
(e.g. wind, birdsong, insects) with which prairie songbirds
have evolved, our focal species are well adapted to noisy
environments and can compensate for some types of
anthropogenic noise (Curry et al. 2017, 2018).

Although physical infrastructure seems to be a stronger
driver of ecological effects than noise, these effects are not
consistent among structure types. Both screwpumps and
pumpjacks fulfill a similar function in bringing oil to the
surface, they have substantially different ecological impacts.
For example, female Chestnut-collared Longspurs had
higher basal corticosterone near simulated screwpump
noise, but lower basal corticosterone near pumpjacks.
Impacts of wells on abundance (Nenninger and Koper
2018), nesting success (Bernath-Plaisted and Koper 2016),
vocalizations (Warrington et al. 2018), and behavioral
adaptations (Curry et al. 2018) also vary with infrastructure
type, presumably as a result of moderate differences in
above-ground profile, height, and movement, as well as
acoustic characteristics of the sounds they emit (Warrington
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et al. 2018). However, neither type of pump is consistently
more problematic – for example, screwpumps have a
greater impact on nesting success (Bernath-Plaisted and
Koper 2016), whereas our present study demonstrated that
pumpjacks have a greater impact on Savannah Sparrow
stress responses. Consequently, neither well type can be
consistently recommended as having a smaller ecological
footprint, making it difficult to translate these differences
into management solutions.

Conclusions

The direct habitat loss and associated disturbances from oil
development in the Northern Great Plain of North America
pose a significant threat to birds that rely on the remaining
intact patches of grassland habitat, especially in Canada,
where habitat loss has been particularly severe (Gage et al.
2016; World Wildlife Fund 2021). Luckily, across several
grassland species, noise associated with oil wells appears to
be relatively unimportant in comparison with other effects
associated with the presence of physical infrastructure. For
those species, this would mean the size of the disturbance
footprint may not be as large or pervasive as for noise-
sensitive species (Francis and Barber 2013). However,
because corticosterone levels of female Chestnut-collared
Longspurs varied with noise per se, minimizing extent of
both physical infrastructure and noise would be beneficial.
We demonstrated that different species show different
responses to oil development, so a diversity of mitigation
strategies is required to mediate the risks to wildlife posed
by this industry. Clustering above-ground well heads onto
existing well pads and accessing oil reserves using direc-
tional drilling (Thompson et al. 2015), decommissioning
old well heads, and reclaiming rarely used roads would all
contribute to reducing disturbances from the built environ-
ment, while mufflers can decrease amplitude of operating
noise of wells. Ultimately, however, the best mitigation for
the effects of oil development would be to reduce our
dependence on fossil fuels, thereby limiting further envir-
onmental damage from oil extraction and human induced
climate change.

Acknowledgements The authors thank Claire Curry and Matt Strimas-
Mackey for their help with experimental design and analysis; Darcy
Childs, and Madison Earhart for their support in the lab; Alex
Heathcote, Marie-Ève Cyr, Hannah Carey, Jess Waldinger, and the
many field technicians, volunteers, and USRA students for their help
in the field. Cenovus Energy also provided information on locations of
wells and provided safety equipment and training. Funding was pro-
vided by the National Science and Engineering Research Council
(RGPIN-2017-04038), Cenovus Energy, Alberta Conservation Asso-
ciation (D000000563-S007), Canadian Foundation for Innovation
(18787), Manitoba Research and Innovations Fund, Clayton H. Rid-
dell Endowment Fund of the University of Manitoba.

Funding Open Access provided by Environment & Climate Change
Canada.

Compliance with Ethical Standards

Conflict of Interest The authors declare no competing interests.

Ethical Approval This research was conducted after the appropriate
ethics and other approvals were obtained: University of Manitoba
animal care protocol F15-005, Canadian bird banding permit
10840(A), Canadian Wildlife Service permit #11-MB/SKL/AB-
SC007, and Alberta Environment and Sustainable Research Devel-
opment Research Permit #56016 and Collection License #56017.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

Allred BW, Smith WK, Twidwell D et al. (2015) Ecosystem services
lost to oil and gas in North America. Science 348:401–402.
https://doi.org/10.1126/science.aaa4785

Andersson M, Wallander J, Isaksson D (2009) Predator perches: a
visual search perspective. Funct Ecol 23:373–379. https://doi.org/
10.1111/j.1365-2435.2008.01512.x

Antze B, Koper N (2018) Noisy anthropogenic infrastructure interferes
with alarm responses in savannah sparrows (Passerculus sand-
wichensis). R Soc Open Sci 5:172168. https://doi.org/10.1098/
rsos.172168

Bayne E, Habib L, Boutin S (2008) Impacts of chronic anthropogenic
noise from energy‐sector activity on abundance of songbirds in
the boreal forest. Conserv Biol 22:1186–1193. https://doi.org/10.
1111/j.1523-1739.2008.00973.x

Bernath-Plaisted J, Koper N (2016) Physical footprint of oil and gas
infrastructure, not anthropogenic noise, reduces nesting success
of some grassland songbirds. Biol Conserv 204:434–441. https://
doi.org/10.1016/j.biocon.2016.11.002

Bernath-Plaisted J, Nenninger H, Koper N (2017) Conventional oil
and natural gas infrastructure increases brown-headed cowbird
(Molothrus ater) relative abundance and parasitism in mixed-
grass prairie. R Soc Open Sci 4:170036. https://doi.org/10.1098/
rsos.170036

Blickley JL, Word KR, Krakauer AH et al. (2012) Experimental chronic
noise is related to elevated fecal corticosteroid metabolites in lek-
king male greater Sage-Grouse (Centrocercus urophasianus). PLoS
ONE 7:e50462. https://doi.org/10.1371/journal.pone.0050462

Bókony V, Lendvai ÁZ, Likér A et al. (2009) Stress Response and the
value of reproduction: are birds prudent parents? Am Naturalist
173:589–598

Boonstra R, Hik D, Singleton G, Tinnikov A (1998) The impact of
predator-induced stress on the snowshoe hare cycle. Ecol Monogr
79:371–394

402 Environmental Management (2023) 71:393–404

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1126/science.aaa4785
https://doi.org/10.1111/j.1365-2435.2008.01512.x
https://doi.org/10.1111/j.1365-2435.2008.01512.x
https://doi.org/10.1098/rsos.172168
https://doi.org/10.1098/rsos.172168
https://doi.org/10.1111/j.1523-1739.2008.00973.x
https://doi.org/10.1111/j.1523-1739.2008.00973.x
https://doi.org/10.1016/j.biocon.2016.11.002
https://doi.org/10.1016/j.biocon.2016.11.002
https://doi.org/10.1098/rsos.170036
https://doi.org/10.1098/rsos.170036
https://doi.org/10.1371/journal.pone.0050462


Busch DS, Hayward LS (2009) Stress in a conservation context: a
discussion of glucocorticoid actions and how levels change with
conservation-relevant variables. Biol Conserv 142:2844–2853.
https://doi.org/10.1016/j.biocon.2009.08.013

Campos DP, Bander LA, Raksi A, Blumstein DT (2009) Perch expo-
sure and predation risk: a comparative study in passerines. Acta
Ethol. 12:93–98. https://doi.org/10.1007/s10211-009-0061-x

Comer PJ, Hak JC, Kindscher K, et al (2018) Continent-scale land-
scape conservation design for temperate grasslands of the great
plains and chihuahuan desert. 38:196–211. https://doi.org/10.
3375/043.038.0209

COSEWIC (2019) COSEWIC assessment and status report on the
Chestnut-collared Longspur Calcarius ornatus in Canada. Com-
mittee on the Status of Endangered Wildlife in Canada. Ottawa.
xi + 46 pp.

COSEWIC (2012) COSEWIC assessment and status report on the
Baird’s Sparrow Ammodramus bairdii in Canada. Committee on
the Status of Endangered Wildlife in Canada. Ottawa. x + 32 pp.

Curry CM, Antze B, Warrington MH et al. (2017) Ability to alter song
in two grassland songbirds exposed to simulated anthropogenic
noise is not related to pre-existing variability. Bioacoustics
4622:1–26. https://doi.org/10.1080/09524622.2017.1289123

Curry CM, Des Brisay PG, Rosa P, Koper N (2018) Noise source and
individual physiology mediate effectiveness of bird songs
adjusted to anthropogenic noise. Sci Rep 8:3942. https://doi.org/
10.1038/s41598-018-22253-5

Davis S (2005) Nest-site selection patterns and the influence of
vegetation on nest survival of mixed-grass prairie passerines.
Condor 107(3):605–616

Davis SK (2004) Area sensitivity in grassland passerines: effects of
patch size, patch shape, and vegetation structure on bird abun-
dance and occurrence in Southern Saskatchewan. Auk
121:1130–1145. https://doi.org/10.1642/0004-8038(2004)
121[1130:ASIGPE]2.0.CO;2

Doligez B, Cadet C, Danchin E, Boulinier T (2003) When to use
public information for breeding habitat selection? The role of
environmental predictability and density dependence. Anim
Behav 66:973–988. https://doi.org/10.1006/anbe.2002.2270

Environment and Climate Change Canada (2017) Canadian climate
normals 1981-2010 station data - climate. In: Meteorological
Services of Canada. http://climate.weather.gc.ca/climate_normals/
results_1981_2010_e.html?searchType=stnProv&lstProvince=
QC&txtCentralLatMin=0&txtCentralLatSec=0&txtCentra
lLongMin=0&txtCentralLongSec=0&stnID=5415&dispBack=0

Francis C, Barber J (2013) A framework for understanding noise
impacts on wildlife: an urgent conservation priority. Front Ecol
Environ 11:305–313. https://doi.org/10.1890/120183

Francis C, Kleist N, Ortega C, Cruz A (2012) Noise pollution alters
ecological services: enhanced pollination and disrupted seed
dispersal. Proc R Soc B 279:2727–2735. https://doi.org/10.1098/
rspb.2012.0230

Francis C, Ortega C, Cruz A (2009) Noise pollution changes avian
communities and species interactions. Curr Biol 19:1415–1419.
https://doi.org/10.1016/j.cub.2009.06.052

Fretwell SD (1972) Populations in a seasonal environment. Princeton
University Press, Princeton, NJ

Gage AM, Olimb SK, Nelson J (2016) Plowprint: tracking cumulative
cropland expansion to target grassland conservation. Gt Plains
Res 26:107–116. https://doi.org/10.1353/gpr.2016.0019

Habib L, Bayne E, Boutin S (2007) Chronic industrial noise affects
pairing success and age structure of ovenbirds Seiurus aur-
ocapilla. J Appl Ecol 44:176–184. https://doi.org/10.1111/j.1365-
2664.2006.01234.x

Hamilton L, Dale B, Paszkowski C (2011) Effects of disturbance
associated with natural gas extraction on the occurrence of three

grassland Songbirds. Avian Conserv Ecol 6:7. https://doi.org/10.
5751/ACE-00458-060107

Holmes R, Marra P, Sherry T (1996) Habitat-specific demography of
breeding black-throated blue warblers (Dendroica caerulescens):
implications for population dynamics. J Anim Ecol 65:183–195

Injaian AS, Francis CD, Ouyang JQ, et al. (2020) Baseline and stress-
induced corticosterone levels across birds and reptiles do not
reflect urbanization levels. Conserv Physiol 8. https://doi.org/10.
1093/conphys/coz110

Injaian AS, Poon LY, Patricelli GL (2018a) Effects of experimental
anthropogenic noise on avian settlement patterns and reproduc-
tive success. Behav Ecol 29:1181–1189. https://doi.org/10.1093/
beheco/ary097

Injaian AS, Taff CC, Pearson KL, et al. (2018b) Effects of experi-
mental chronic traffic noise exposure on adult and nestling cor-
ticosterone levels, and nestling body condition in a free-living
bird. Horm Behav. https://doi.org/10.1016/j.yhbeh.2018.07.012

Jones SL, Dieni JS, Green MT, Gouse PJ (2007) Annual return raties
of breeding grassland songbirds. Wilson J Ornithol 119:89–94.
https://doi.org/10.1676/05-158.1

Jongsomjit D, Jones SL, Gardali T, Geupel GR, Gouse PJ (2007) A
guide to nestling development and aging in altricial passerines.
U.S. Department of Interior, Fish and Wildlife Service, Biological
Technical Publication, FWS/BTP-R6008-2007, Washington, DC

Kirkham CBS, Davis SK (2013) Incubation and nesting behaviour of
the Chestnut-collared Longspur. J Ornithol 154:795–801. https://
doi.org/10.1007/s10336-013-0945-4

Kleist NJ, Guralnick RP, Cruz A et al. (2018) Chronic anthropogenic
noise disrupts glucocorticoid signaling and has multiple effects
on fitness in an avian community. Proc Natl Acad Sci USA
115:E648–E657. https://doi.org/10.1073/pnas.1709200115

Kleist NJ, Guralnick RP, Cruz A, Francis CD (2016) Sound settle-
ment: noise surpasses land cover in explaining breeding habitat
selection of secondary cavity nesting birds. Ecol Appl
27:260–273. https://doi.org/10.1002/eap.1437

Koper N, Molloy K, Leston L, Yoo J (2014) Effects of livestock
grazing and well construction on prairie vegetation structure
surrounding shallow natural gas wells. Environ Manag
54:1131–1138. https://doi.org/10.1007/s00267-014-0344-5

Kuznetsova A, Brockhoff PB, Christensen RHB (2017) lmerTest
package: tests in linear mixed effects models. J Stat Softw
82:1–26. https://doi.org/10.18637/jss.v082.i13

Lark TJ, Meghan Salmon J, Gibbs HK (2015) Cropland expansion
outpaces agricultural and biofuel policies in the United States.
Environ Res Lett 10. https://doi.org/10.1088/1748-9326/10/4/
044003

Lendrum PE, Crooks KR, Wittemyer G (2017) Changes in circadian
activity patterns of a wildlife community post high-intensity
energy development. J Mammal 98:1265–1271. https://doi.org/
10.1093/jmammal/gyx097

Linhart P, Fuchs R (2015) Song pitch indicates body size and corre-
lates with males’ response to playback in a songbird. Anim Behav
103:91–98. https://doi.org/10.1016/J.ANBEHAV.2015.01.038

Lloyd JD, Martin TE (2005) Reproductive success of Chestnut-
collared Longspurs in native and exotic grassland. Condor
107:363. https://doi.org/10.1650/7701

Lynn S, Hunt K, Wingfield JC (2003) Ecological factors affecting the
adrenocortical response to stress in chestnut‐collared and
McCown’s longspurs (Calcarius ornatus, Calcarius mccownii).
Physiol Biochem Zool 76:566–576

Lynn SE, Wingfield JC(2003) Male chestnut-collared longspurs are
essential for nestling survival: a removal study Condor
105:154–158. https://doi.org/10.1650/0010-5422(2003)105[154:
MCCLAE]2.0.CO

Maron M, Goulding W, Ellis RD, Mohd-Taib F-S (2012) Distribution
and individual condition reveal a hierarchy of habitat suitability

Environmental Management (2023) 71:393–404 403

https://doi.org/10.1016/j.biocon.2009.08.013
https://doi.org/10.1007/s10211-009-0061-x
https://doi.org/10.3375/043.038.0209
https://doi.org/10.3375/043.038.0209
https://doi.org/10.1080/09524622.2017.1289123
https://doi.org/10.1038/s41598-018-22253-5
https://doi.org/10.1038/s41598-018-22253-5
https://doi.org/10.1642/0004-8038(2004)121[1130:ASIGPE]2.0.CO;2
https://doi.org/10.1642/0004-8038(2004)121[1130:ASIGPE]2.0.CO;2
https://doi.org/10.1006/anbe.2002.2270
http://climate.weather.gc.ca/climate_normals/results_1981_2010_e.html?searchType=stnProv&lstProvince=QC&txtCentralLatMin=0&txtCentralLatSec=0&txtCentralLongMin=0&txtCentralLongSec=0&stnID=5415&dispBack=0
http://climate.weather.gc.ca/climate_normals/results_1981_2010_e.html?searchType=stnProv&lstProvince=QC&txtCentralLatMin=0&txtCentralLatSec=0&txtCentralLongMin=0&txtCentralLongSec=0&stnID=5415&dispBack=0
http://climate.weather.gc.ca/climate_normals/results_1981_2010_e.html?searchType=stnProv&lstProvince=QC&txtCentralLatMin=0&txtCentralLatSec=0&txtCentralLongMin=0&txtCentralLongSec=0&stnID=5415&dispBack=0
http://climate.weather.gc.ca/climate_normals/results_1981_2010_e.html?searchType=stnProv&lstProvince=QC&txtCentralLatMin=0&txtCentralLatSec=0&txtCentralLongMin=0&txtCentralLongSec=0&stnID=5415&dispBack=0
https://doi.org/10.1890/120183
https://doi.org/10.1098/rspb.2012.0230
https://doi.org/10.1098/rspb.2012.0230
https://doi.org/10.1016/j.cub.2009.06.052
https://doi.org/10.1353/gpr.2016.0019
https://doi.org/10.1111/j.1365-2664.2006.01234.x
https://doi.org/10.1111/j.1365-2664.2006.01234.x
https://doi.org/10.5751/ACE-00458-060107
https://doi.org/10.5751/ACE-00458-060107
https://doi.org/10.1093/conphys/coz110
https://doi.org/10.1093/conphys/coz110
https://doi.org/10.1093/beheco/ary097
https://doi.org/10.1093/beheco/ary097
https://doi.org/10.1016/j.yhbeh.2018.07.012
https://doi.org/10.1676/05-158.1
https://doi.org/10.1007/s10336-013-0945-4
https://doi.org/10.1007/s10336-013-0945-4
https://doi.org/10.1073/pnas.1709200115
https://doi.org/10.1002/eap.1437
https://doi.org/10.1007/s00267-014-0344-5
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.1088/1748-9326/10/4/044003
https://doi.org/10.1088/1748-9326/10/4/044003
https://doi.org/10.1093/jmammal/gyx097
https://doi.org/10.1093/jmammal/gyx097
https://doi.org/10.1016/J.ANBEHAV.2015.01.038
https://doi.org/10.1650/7701
https://doi.org/10.1650/0010-5422(2003)105[154:MCCLAE]2.0.CO
https://doi.org/10.1650/0010-5422(2003)105[154:MCCLAE]2.0.CO


for an area-sensitive passerine. Biodivers Conserv 21:2509–2523.
https://doi.org/10.1007/s10531-012-0314-2

McEwen BS, Wingfield JC (2003) The concept of allostasis in biology
and biomedicine. Horm Behav 43:2–15. https://doi.org/10.1016/
S0018-506X(02)00024-7

Mundry R (2011) Issues in information theory-based statistical
inference-a commentary from a frequentist’s perspective. Behav
Ecol Sociobiol 65:57–68

Nenninger HR, Koper N (2018) Effects of conventional oil wells on
grassland songbird abundance are caused by presence of infra-
structure, not noise. Biol Conserv 218:124–133. https://doi.org/
10.1016/J.BIOCON.2017.11.014

Newcomb Homan R, Regosin JV, Rodrigues DM et al. (2003) Impacts
of varying habitat quality on the physiological stress of spotted
salamanders (Ambystoma maculatum). Anim Conserv 6:11–18.
https://doi.org/10.1017/S1367943003003032

Ng CS, Des Brisay PG, Koper N (2019) Chestnut-collared longspurs
reduce parental care in the presence of conventional oil and gas
development and roads. Anim Behav 148:71–80. https://doi.org/
10.1016/j.anbehav.2018.12.001

Northrup J, Wittemyer G (2013) Characterising the impacts of emer-
ging energy development on wildlife, with an eye towards miti-
gation. Ecol Lett 16:112–125. https://doi.org/10.1111/ele.12009

Potvin DA, MacDougall-Shackleton SA (2015) Traffic noise affects
embryo mortality and nestling growth rates in captive zebra fin-
ches. J Exp Zool Part A: Ecol Genet Physiol 323:722–730.
https://doi.org/10.1002/jez.1965

Pyle P, Jones SL, Ruth JM (2008) Molt and aging criteria for four
North American grassland passerines. U.S. Department of Inter-
ior, Fish and Wildlife Service, Biological Technical Publication,
FWS/BTP-R6011-2008, Washington, DC

R Core Team (2019) R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria

Robertson BA, Hutto RL (2006) A framework for understanding
ecological traps and an evaluation of existing evidence. Ecology
87:1075–1085. 10.1890/0012-9658(2006)87[1075:AFFUET]
2.0.CO;2

Rodgers JA, Koper N (2017) Shallow gas development and grassland
songbirds: The importance of perches. J Wildl Manag
81:406–416. https://doi.org/10.1002/jwmg.21210

Romero LM, Dickens MJ, Cyr NE (2009) The reactive scope model -
a new model integrating homeostasis, allostasis, and stress.
Hormones Behav 55:375–389. https://doi.org/10.1016/j.yhbeh.
2008.12.009

Romero LM, Reed J (2005) Collecting baseline corticosterone samples
in the field: is under 3min good enough? Comp Biochem Physiol
140:73–79. https://doi.org/10.1016/j.cbpb.2004.11.004

Rosa P, Koper N (2018) Integrating multiple disciplines to understand
effects of anthropogenic noise on animal communication. Eco-
sphere 9:e02127–e02127. https://doi.org/10.1002/ecs2.2127

Rosa P, Swider CR, Leston L, Koper N (2015) Disentangling effects
of noise from presence of anthropogenic infrastructure: Design

and testing of system for large-scale playback experiments. Wildl
Soc Bull 39:364–372. https://doi.org/10.1002/wsb.546

Rosenberg KV, Dokter AM, Blancher PJ et al. (2019) Decline of the
North American avifauna. Science 366:120–124. https://doi.org/
10.1126/science.aaw1313

Sauer JR, Pardieck KL, Ziolkowski DJ et al. (2017) The first 50 years
of the North American Breeding Bird Survey. Condor
119:576–593. https://doi.org/10.1650/condor-17-83.1

Shaffer JA, Roth CL, Mushet DM (2019) Modeling effects of crop
production, energy development and conservation-grassland loss
on avian habitat. PLoS ONE 14:e0198382. https://doi.org/10.
1371/journal.pone.0198382

Slabbekoorn H, Ripmeester E (2008) Birdsong and anthropogenic
noise: implications and applications for conservation. Mol Ecol
17:72–83. https://doi.org/10.1111/j.1365-294X.2007.03487.x

Sliwinski MS, Koper N (2012) Grassland bird responses to three edge
types in a fragmented mixed- grass prairie. Avian Conserv Ecol
7:6. https://doi.org/10.5751/ACE-00534-070206

Somershoe SG (ed.) (2018) A Full Annual-Cycle Conservation
Strategy for Sprague’s Pipit, Chestnut-collared and McCown’s
Longspurs, and Baird’s Sparrow. U.S. Department of the Interior,
Fish and Wildlife Service, Washington, D.C

Taylor BL, Gerrodette T (1993) The uses of statistical power in con-
servation biology: the vaquita and northern spotted owl. Conserv
Biol 7:489–500. https://doi.org/10.1046/j.1523-1739.1993.
07030489.x

Thompson SJ, Johnson DH, Niemuth ND, Ribic CA (2015) Avoidance
of unconventional oil wells and roads exacerbates habitat loss for
grassland birds in the North American great plains. Biol Conserv
192:82–90. https://doi.org/10.1016/j.biocon.2015.08.040

Ware HE, McClure CJW, Carlisle JD, Barber JR (2015) A phantom
road experiment reveals traffic noise is an invisible source of
habitat degradation. Proc Natl Acad Sci USA 112:12105–12109.
https://doi.org/10.1073/pnas.1504710112

Warrington MH, Curry CM, Antze B, Koper N (2018) Noise from four
types of extractive energy infrastructure affects song features of
Savannah Sparrows. Condor 120:1–15. https://doi.org/10.1650/
condor-17-69.1

Wheelright NT, Rising JD (2008) Savannah Sparrow (Passerculus
sandwichensis). The birds of North America 2173. https://doi.org/
10.2173/bna.45

Wingfield JC, Maney DL, Breuner CW et al. (1998) Ecological bases of
hormone-behavior interactions: the “emergency life history stage.”.
Am Zool 38:191–206. https://doi.org/10.1093/icb/38.1.191

Wingfield JC, Vleck CM, Moore MC (1992) Seasonal changes of the
adrenocortical response to stress in birds of the Sonoran desert. J
Exp Zool 264:419–428. https://doi.org/10.1002/jez.1402640407

WWF (2021) Plowprint report. World Wildlife Fund, Washington,
DC, USA

Yoo J, Koper N (2017) Effects of shallow natural gas well structures
and associated roads on grassland songbird reproductive success
in Alberta, Canada. PLoS ONE 12:e0174243. https://doi.org/10.
1371/journal.pone.0174243

404 Environmental Management (2023) 71:393–404

https://doi.org/10.1007/s10531-012-0314-2
https://doi.org/10.1016/S0018-506X(02)00024-7
https://doi.org/10.1016/S0018-506X(02)00024-7
https://doi.org/10.1016/J.BIOCON.2017.11.014
https://doi.org/10.1016/J.BIOCON.2017.11.014
https://doi.org/10.1017/S1367943003003032
https://doi.org/10.1016/j.anbehav.2018.12.001
https://doi.org/10.1016/j.anbehav.2018.12.001
https://doi.org/10.1111/ele.12009
https://doi.org/10.1002/jez.1965
https://doi.org/10.1002/jwmg.21210
https://doi.org/10.1016/j.yhbeh.2008.12.009
https://doi.org/10.1016/j.yhbeh.2008.12.009
https://doi.org/10.1016/j.cbpb.2004.11.004
https://doi.org/10.1002/ecs2.2127
https://doi.org/10.1002/wsb.546
https://doi.org/10.1126/science.aaw1313
https://doi.org/10.1126/science.aaw1313
https://doi.org/10.1650/condor-17-83.1
https://doi.org/10.1371/journal.pone.0198382
https://doi.org/10.1371/journal.pone.0198382
https://doi.org/10.1111/j.1365-294X.2007.03487.x
https://doi.org/10.5751/ACE-00534-070206
https://doi.org/10.1046/j.1523-1739.1993.07030489.x
https://doi.org/10.1046/j.1523-1739.1993.07030489.x
https://doi.org/10.1016/j.biocon.2015.08.040
https://doi.org/10.1073/pnas.1504710112
https://doi.org/10.1650/condor-17-69.1
https://doi.org/10.1650/condor-17-69.1
https://doi.org/10.2173/bna.45
https://doi.org/10.2173/bna.45
https://doi.org/10.1093/icb/38.1.191
https://doi.org/10.1002/jez.1402640407
https://doi.org/10.1371/journal.pone.0174243
https://doi.org/10.1371/journal.pone.0174243

	Oil Infrastructure has Greater Impact than Noise on Stress and Habitat Selection in Three Grassland Songbirds
	Abstract
	Introduction
	Methods
	Study Design
	Field Methods
	Landscape Characterization
	Statistical Analyses

	Results
	Adult Quality
	Spatial Demographic Patterns
	Corticosterone

	Discussion
	Conclusions
	Compliance with Ethical Standards

	ACKNOWLEDGMENTS
	References




