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As anthropogenic noise becomes increasingly widespread in natural habitats, noise 
addition and removal studies have become an important and commonly used 
method to assess the effects of noise on wildlife. Despite their wide implementation, 
it is difficult to determine whether the results from these studies translate to 
natural environments. Oil extraction operations provide a unique opportunity to 
conduct large-scale natural and experimental noise studies because they emit 
high-amplitude noise and are subject to interruptions or cessation of operations. 
We conducted a 6-year study aimed at identifying the effects of different types of 
oil infrastructure and noise on four species of grassland songbirds in the Canadian 
prairies. We measured abundance and nesting success of our focal species and 
compared between a large-scale playback experiment (i.e., noise addition) and in 
response to real infrastructure (i.e., noise removal). We also conducted an in-depth 
species analysis of reproductive output, stress, and population structure of an 
endangered species, Chestnut-collared Longspur (Calcarius ornatus). This multi-
species and species-specific approach enabled us to assess noise impacts that may 
vary among species and for different life-history traits. Overall, our comparative 
study suggests that noise addition experiments can result in different conclusions 
regarding the ecological impacts of noise generated from in situ field studies in 
sites with associated disturbances. While noise clearly impacts birds in many ways, 
when layered with the many other ecosystem changes associated with real-world 
oil extraction activity, the effects of noise may be less prominent. As such, caution 
must be  taken when applying results of noise experiments to conservation and 
management plans and regulations, as effects of noise predicted by lab and field 
noise addition experiments may simply not be realized under real-world conditions.
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Introduction

As anthropogenic noise becomes increasingly widespread in natural habitats (e.g., Barber 
et al., 2010; Shannon et al., 2016; Buxton et al., 2017), noise addition and removal studies have 
become an important and commonly used method to assess the effects of noise on wildlife. 
Noise addition studies that reproduce the anthropogenically disturbed soundscapes have 
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identified effects on wild populations of birds (e.g., Blickley et al., 
2012a; McClure et al., 2013; Cinto Mejia et al., 2019), bats (Finch et al., 
2020), and whales (e.g., Goldbogen et  al., 2013). Similarly, noise 
removal experimental setups that compare responses to real noise-
producing infrastructure when it is active and inactive (e.g., Bayne 
et  al., 2008; Francis et  al., 2009; Bunkley et  al., 2015) aid in 
disentangling observed impacts of noise from other disturbances. 
Both types of studies have provided a greater understanding of the 
mechanisms underlying the effects of noise on wildlife, such as 
changes in hormone levels (e.g., Kight and Swaddle, 2011; Blickley 
et al., 2012b) or shifts in community composition (e.g., Senzaki et al., 
2020). Thus, noise addition and removal experiments have been used 
as a tool for assessing the consequences of anthropogenic noise in 
many habitats.

Despite the broad application of noise addition and removal 
experiments, it is difficult to determine whether the results from these 
studies can translate to natural environments. In noise addition studies, 
the playback noise may not accurately recreate the spectral or temporal 
characteristics of the noise stimuli or may broadcast it at higher 
amplitudes, leading to altered behavioral and physiological responses 
not indicative of responses to the actual noise source (Francis and 
Barber, 2013; Shannon et  al., 2016). Conversely, species may have 
developed coping mechanisms or habituated to noise sources and their 
associated infrastructure (e.g., Francis and Barber, 2013; Potvin, 2017; 
Rosa and Koper, 2018). Hence, decoupling the actual source of the 
noise-producing infrastructure from the noise it produces may lead to 
impacts on wildlife that are not necessarily representative of natural 
conditions. While most noise addition studies aim to assess noise 
impacts on wildlife, the mitigation measures that stem from those 
studies may not be accounting for these discrepancies.

The increasing prevalence of noise may lead to greater impacts 
when compared to physical habitat disturbances (Francis et al., 2011), 
or conversely, species may have become habituated or employ effective 
coping mechanisms that enable them to minimize impacts related to 
human-generated noise (e.g., Warren et al., 2006; Francis and Barber, 
2013; Rosa and Koper, 2018). To develop effective mitigations to aid 
potentially vulnerable species, such as those heavily reliant on vocal 
communication, it is essential to disentangle effects from noise to 
those related to other anthropogenic disturbances (Francis and Barber, 
2013). Species may be more resilient than others, and noise addition 
studies may not be representative of actual noise impacts that noise 
removal studies could help uncover. By comparing the responses of 
wildlife in noise addition and removal experiments, researchers can 
not only better understand the effects of anthropogenic noise, but also 
propose more appropriate mitigative measures and use limited 
conservation efforts and funds more effectively.

Oil extraction operations provide a unique opportunity to 
conduct large-scale natural and experimental noise studies. These 
operations produce high levels of noise amplitude, particularly during 
drilling activities, which can have negative impacts on residing 
wildlife. Further, the oil industry’s lag as it relates to the reclamation 
of abandoned oil wells (e.g., Weber, 2021, 2022) and interruptions in 
activities during periods of low oil demand and service equipment 
allows researchers to test the effects of noise removal. Additionally, 
since noise is relatively cheap to mitigate when compared to other 
disturbances, such as physical habitat destruction or alterations, they 
have shown an interest in isolating impacts of noise from all other 
potential impacts when tasked with mitigating threats to migratory 

grassland songbirds. Hence, by grouping these two sets of 
circumstances, we were able to conduct a study that assessed the scale 
of noise impacts on migratory grassland songbirds, which is 
particularly important considering the increasing demand for oil 
globally (e.g., Cinto Mejia et al., 2019).

Here, we conducted a 6-year grassland songbird study aimed at 
identifying the effects of oil infrastructure and noise on grassland 
songbirds in the Canadian prairies. We conducted a large-scale noise 
addition experiment (i.e., Rosa and Koper, 2022), in which the 
anthropogenic soundscape is recreated without other associated 
disturbances (e.g., physical infrastructure, roads, pollutants), and a 
noise removal experiment with real oil infrastructure. We predicted 
that the effects of noise would be similar between the two types of 
experiments, while the impacts associated with the physical 
infrastructure would differ. We focused on comparing abundance and 
nesting success of four grassland songbird species declining in North 
America (Sauer et al., 2015), including two listed species: Chestnut-
collared Longspur (Calcarius ornatus; Endangered) and Sprague’s Pipit 
(Anthus spragueii; Threatened), and two unlisted species: Savannah 
Sparrow (Passerculus sandwichensis) and Vesper Sparrow (Pooecetes 
gramineus). Additionally, we conducted an in-depth species analysis 
of Chestnut-collared Longspur that focused on comparing the impacts 
of noise and associated infrastructure on reproductive output, stress, 
and population structure. Since noise impacts can vary among species 
and for different life-history traits, we provide a multi-species and 
species-specific perspective to better our understanding of the extent 
of oil extraction noise on migratory grassland songbirds.

Materials and methods

Study area and focal species

From 2012 to 2018, we conducted noise addition and removal 
studies during migratory grassland bird breeding season (i.e., May to 
August) near Brooks, County of Newell, Alberta (50°33′51″N, 
111°53′56″W), an area with a high concentration of oil activity 
(Figure 1). Sites spanned 64.7-ha (i.e., quarter section, 800 × 800 m) 
and consisted of mixed-grass prairies. Predominant grass were native 
species such as needle and thread (Hesperostipa comata), Junegrass 
(Koeleria macrantha), and western wheatgrass (Pascopyrum smithii; 
Nenninger and Koper, 2018). We chose to study Chestnut-collared 
Longspur, Savannah Sparrow, Sprague’s Pipit, and Vesper Sparrow 
because they were common enough for us to evaluate the effects of 
noise on abundance and nesting success, and represented a variety of 
habitat preferences, from short to tall grassland vegetation. These 
species also have different vocalizations, which may result in different 
responses to drilling and industrial noise. Additionally, we conducted 
an in-depth synthesis of the effects on Chestnut-collared Longspur as 
their status has recently changed from Threatened to Endangered 
(Committee on the Status of Endangered Wildlife in Canada 
(COSEWIC), 2019).

Study design

For the noise addition experiment, we selected sites without any oil 
infrastructure or activity. Instead, we broadcast high-fidelity recordings 
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throughout the duration of the breeding seasons using a solar-powered 
playback system (Rosa et al., 2015; Rosa and Koper, 2022). Broadcasting 
systems were installed at the center of the site, except controls that 
contained no infrastructure. We used a Brüel and Kjær 2,250 SPL meter/
frequency analyzer to measure sound pressure levels along transects in 
four cardinal directions at all study site types (see Rosa et al., 2015), 
opting for LCeq measurements of broadband sound due to its flatter 
frequency filter when compared to A-weighting to reduce bias towards 
human hearing frequencies (Pater et al., 2009). Noise addition consisted 
of drilling playbacks (88 ± 4.0 dB(C); n = 6), generator-powered pumpjack 
playbacks (73 ± 5.2 dB(C); n = 6), power-grid pumpjack playbacks 
(62 ± 2.8 dB(C); n = 6), infrastructure-only playbacks that mimicked the 
noise-producing ones, but did broadcast sound (n = 6), and controls 
(n = 17), with no infrastructure (i.e., playbacks or real oil wells; Rosa and 

Koper, 2022). During the approximately 90-day breeding season, 
pumpjack operating noise was broadcasted 24 h a day, while drilling 
noise was played back 24 h a day during two distinct 10-day periods, with 
at least 15 days between them (Rosa and Koper, 2022). The start of the 
drilling playback periods was staggered by 3 days among different 
replicates to distinguish the effects of date and drilling noise (Rosa and 
Koper, 2022). For the noise removal/real oil infrastructure experiment, 
we  identified sites that had minimal additional anthropogenic 
infrastructure (e.g., paved roads, buildings) or topographical features that 
could affect birds (e.g., wetlands, trees, hills; Nenninger and Koper, 
2018). Active, noise-producing wells were either powered by generators 
(73 ± 5.2 dB(C); n = 17) or were connected to the power-grid (quieter, 
62 ± 2.8 dB(C); n = 9), while inactive wells (n = 21) were silent and were 
not actively frequented by industry personnel (Nenninger and Koper, 

FIGURE 1

Map of general study area located within the County of Newell, and more specifically, areas surrounding Brooks, Alberta, Canada (scale 1:500,000). 
Blue lines show oil and gas wells [as of January 18, 2023 (Alberta Energy Regulator (AER), 2023)]. Government of Alberta, Esri Canada, Esri, HERE, 
Garmin, SafeGraph, FAO, METI/NASA, USGS, EPA, NRCAN, Parks Canada.
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2018) and control sites had no infrastructure (n = 25). It is important to 
note that we designed this experimental design using methods and data 
from previously published papers and theses. We carefully structured our 
study to integrate and analyze these data sources, allowing us to generate 
new insights into the overarching impact of noise on our focal species.

Field surveys

Abundance and nesting searching of four 
grassland songbird species

During the breeding seasons from 2012 to 2015, we conducted two 
surveys on each transect. The surveys took place between mid-May and 
early July, in conditions of winds no greater than 20 km/h, no 
precipitation, and little to no fog, from dawn to 1,000 h (Nenninger and 
Koper, 2018). Each survey was conducted by two observers who 
sampled half of the transect each, with each transect running 400-m 
from the infrastructure or center-point at control sites. The observers 
recorded all birds that they saw and heard along the center line of the 
transect during a period of 40 min (Leston et al., 2015).

We estimated the location of birds using the estimated distance and 
bearing of the bird from the observer along the transect line (Nenninger 
and Koper, 2018). We used the rope-dragging method (Winter et al., 
2003) to search for nests from late May to late July of each breeding 
season from 2012 to 2015. We conducted two (Rosa and Koper, 2022) 
or three rounds (Bernath-Plaisted and Koper, 2016) of nest searches at 
each site starting between 0630 and 0800 h and completing before 
1,200 h (Bernath-Plaisted and Koper, 2016). In 2016 and 2017, we used 
adult behavioral cues (i.e., singing, carrying nesting material or food, 
territorial displays) to locate nests at our study sites (e.g., Heathcote, 
2019). To determine the nest outcome, we  monitored nests every 
2–4 days (Winter et al., 2003) and used indices of predation, including 
indicators of predation incidents, for instance, an empty, damaged nest 
found during the early nest stage, while concurrently observing nestling 
development for around 10 days post-hatching (Ehrlich et al., 1988). 
These predation indices offered a dependable method for estimating 
nest outcomes, where a successful nest was defined as one in which a 
minimum of one juvenile fledged (Jones and Geupel, 2007).

Reproductive output, corticosterone, and age 
and size of Chestnut-collared Longspurs

For clutch size, we used the final number of eggs laid by the female 
or the number of nestlings as an estimate for nests found after hatching 
(Rosa and Koper, 2022). To determine nestling sex-ratio, we used 
blood samples to extract DNA from nestlings using methods 
developed by Ivanova et al. (2006) and PCR amplification of chromo-
helicase-DNA (CHD1) binding genes from avian W and Z sex 
chromosomes (Griffiths et al., 1998; Cyr, 2021). To estimate fledgling 
survival, we radio-tagged (PicoPicAG339; Lotek Wireless Inc., New 
Market Ontario) and analyzed data from 138 8-day-old nestlings 
(Jonsomjit et al., 2007) from 83 nests from May to July in 2017 and 
2018 (Carey, 2021). The location of tagged nestlings was tracked daily 
using receivers from Communications Specialist Inc. and Advanced 
Telemetry Systems Inc. until the battery of the radio tag ran out, or the 
individual died or went missing (see Carey, 2021). For corticosterone 
levels, we collected blood samples from females and males captured 
using mist nets (Des Brisay et  al., 2022) and 7-day-old nestlings 
(Heathcote, 2019) within 3-min of capture (Romero and Reed, 2005) 

for baseline levels of corticosterone (i.e., basal CORT) and another 
sample after 12-min following a capture-restraint protocol to 
determine stress levels of corticosterone (i.e., stress CORT; Wingfield 
et al., 1992; Lynn and Wingfield, 2003, see Heathcote, 2019; Des Brisay 
et  al., 2022). For adults, we  captured birds to determine age [i.e., 
Second Year (SY) or After Second Year (ASY; Pyle et al., 2008)], sex, 
mass, and tarsus length (Des Brisay et  al., 2022). For nestlings, 
we estimated age based on hatch date or using visual characteristics 
(Jonsomjit et al., 2007) and measured weight, tarsus length, and the 
length of the outer primary feather of 6–8 day old nestlings (see 
Heathcote, 2019; Des Brisay et al., 2022).

Statistical analyses

For abundance, we used unadjusted avian point-counts (Leston 
et al., 2015; Koper et al., 2016) and ran generalized linear mixed 
models (Bolker et al., 2009) to estimate the relative abundance of 
each focal species using the lme4 package (Bates et al., 2014) in 
Program R (R Core Team, 2014) and PROC GLIMMIX in SAS (SAS 
Institute, Inc., 2012; see Nenninger and Koper, 2018; Rosa and 
Koper, 2022). For nesting success, we used logistic-exposure models 
(Shaffer, 2004) using the lme4 package (Bates et al., 2014) in Program 
R (R Core Team, 2014) and PROC NLMIXED in SAS (SAS Institute, 
Inc., 2012; see Bernath-Plaisted and Koper, 2016; Des Brisay et al., 
2022; Rosa and Koper, 2022). For detailed species analysis of 
Chestnut-collared Longspur, we used generalized linear models and 
mixed models [e.g., package lmerTest (Kuznetsova et al., 2017) in 
Program R (R Core Team, 2019)] to measure reproductive output, 
corticosterone response, and differences in age and sex among the 
treatments (see Heathcote, 2019; Ng et al., 2019; Carey, 2021; Cyr, 
2021; Des Brisay et  al., 2022; Rosa and Koper, 2022). For each 
species, we compared the impacts of noise and infrastructure on 
abundance and nesting success, and determined whether the effects 
were larger closer to the source of disturbance or generalized across 
the entire site (e.g., Rosa and Koper, 2022). From a management 
perspective, distance-dependent effects of noise would imply that 
reducing noise amplitude at the source would benefit species 
negatively impacted by noise, while effects occurring across the site, 
the scale at which management occurs in our study area, would 
indicate that effects are related to the presence of noise, and even the 
type of noise produced.

Results

Abundance and nesting searching of four 
grassland songbird species

In the noise addition experiment, all 3 of the 4 focal species were 
affected by playback noise (Figure  2A). In the noise addition 
experiment, drilling noise (loudest playback) led to decreased 
abundance of Chestnut-collared Longspurs (distance) and Savannah 
Sparrows (distance and quarter-section), and reduced nesting success 
of Savannah Sparrows (quarter-section) and Sprague’s Pipits (quarter-
section; Figure 2A). We found no impacts of chronic generator oil well 
noise on abundance or nesting success of our focal species, however, 
Chestnut-collared Longspurs experienced decreased nesting success 
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in the chronic power-grid oil well noise (quieter) treatment (distance; 
Figure 2A). The presence of the playback unit had a negative impact 
on the abundance of Sprague’s Pipits (distance) and nesting success of 
Vesper Sparrows (quarter-section; Figure  2A). However, Vesper 
Sparrows were more abundant in the presence of silent playback units 
(distance and quarter-section; Figure 2A).

In the noise removal experiment, only effects of infrastructure 
were detected, and for 3 of the 4 focal species (Figure 2B). Savannah 

Sparrows and Vesper Sparrows had greater abundances in responses 
to oil well infrastructure (quarter-section and distance respectively), 
while they both experienced reduced nesting success in presence of 
the physical infrastructure (Figure  2B). Oil well infrastructure 
negatively impacted abundance of Sprague’s Pipits (distance and 
quarter-section), while no effects were detected for Chestnut-collared 
Longspurs (Figure  2B). See Supplementary Tables S1, S2 for 
additional details.

FIGURE 2

Comparison of effects on four species of grassland songbirds in a (A) noise addition and (B) noise removal/real oil wells experiment. For Vesper Sparrow 
(Pooecetes gramineus) abundance in B, nest density was used as a proxy for abundance. © 2023 Linden Pederson, St. George’s University CC-BY-ND.
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Reproductive output, corticosterone, and 
age and size of Chestnut-collared 
Longspurs

For the detailed comparison of impacts on Chestnut-collared 
Longspurs of noise playback and real oil wells, we found similar effects 
between the two experiments (Figure  3). In both experiments, 
generator oil well noise resulted in lower basal and stress corticosterone 
levels in nestlings, and older and heavier females (Figure 3). Also, the 
presence of physical infrastructure [i.e., playback unit (Figure 3A) and 
oil well (Figure 3B)] skewed nestling sex-ratio in favor of females (i.e., 
fewer males). However, in the presence of chronic oil generator noise, 
females had greater basal corticosterone levels closer to the source of 
the playback noise (Figure 3A) and lower basal corticosterone levels 
closer to the real oil well noise (Figure 3B) Additionally, oil generator 
noise did lead to a skewed nestling sex-ratio in favor of females (i.e., 
fewer males) in response to real oil well noise (Figure 3B), while that 
effect was not detected in the playback study (Figure  3A). Acute 
drilling rig noise led to increased clutch size (distance and quarter-
section) in the noise addition experiment (Figure 3A), however, we do 
not have a similar treatment with real infrastructure. See 
Supplementary Tables S3, S4 for additional details.

Discussion

Overall, our comparative study suggests that manipulative noise 
addition experiments can result in different conclusions regarding the 
ecological impacts of noise generated from in situ field studies in sites 
with associated disturbances. For example, we found no impacts of 
power-grid well noise on the abundance of Chestnut-collared 
Longspurs in our noise removal experiment (Figure  2B), despite 
detecting impacts in the noise addition experiment (Figure  2A). 
Additionally, impacts of generator-powered oil well noise on 
corticosterone levels of female Chestnut-collared Longspurs differed 
between noise addition and in situ oil well infrastructure studies 
(Figures  3A,B). This demonstrates the power of noise addition 
experiments in helping us understand the effects of noise per se on 
birds. However, it also demonstrates that impacts of noise on wildlife 
interact with real-world, cumulative effects of anthropogenic 
infrastructure and activities in complex ways such that impacts of 
noise may not carry over to individual or population-level declines. 
While noise clearly impacts birds in many ways, when layered with 
the many other ecosystem changes associated with real-world oil 
extraction activity, such as changes in vegetation structure, resource 
availability, display sites, human disturbance, and predator 
distributions, the effects of noise may be overwhelmed. This suggests 
that we must be cautious in applying results of noise experiments to 
conservation and management plans and regulations, as effects of 
noise predicted by lab and field noise-addition experiments may 
simply not be realized under real-world conditions.

Nonetheless, we  note some consistent conclusions among 
experiments regarding the impacts of noise on grassland birds. First, 
when evaluating the effects of chronic well noise (not drilling), it is 
clear from both noise addition and noise removal experiments that the 
physical presence of above-ground infrastructure has a substantially 
greater impact on abundance and nesting success than noise (Figure 2). 
Impacts of the presence of infrastructure, independent of noise, on 
abundance varied among species, such that Sprague’s Pipits consistently 

responded negatively to the presence of infrastructure, while Vesper 
Sparrows and Savannah Sparrows had higher abundances near 
infrastructure. However, the presence of infrastructure consistently 
negatively impacted nesting success, such that Vesper Sparrows were 
attracted to all types of infrastructure but had lower nesting success in 
these sites, suggesting that anthropogenic infrastructure in these prairie 
landscapes may function as ecological traps for this species, perhaps 
contributing to its negative population trends (Atuo et al., 2018).

Our conclusions about the impacts of chronic well operating 
noise also differ between our multi-species, community-based 
approach (e.g., Bernath-Plaisted and Koper, 2016; Nenninger and 
Koper, 2018; Rosa and Koper, 2022), compared with the species-
specific population analysis (e.g., Heathcote, 2019; Ng et al., 2019; 
Cyr, 2021). We found several characteristics related to health and 
long-term fitness that both noise playback and natural experiments 
suggest are impacted by noise (e.g., Bernath-Plaisted and Koper, 
2016; Des Brisay et al., 2022). Well operating noise (generator oil well; 
Figure 3) impacted corticosterone and the distribution of birds across 
the landscape. Surprisingly, in both types of experiment, noise from 
generator-powered oil wells was associated with decreased 
corticosterone levels in nestlings [positively correlated with nestling 
mass in this system (Heathcote, 2019; cf. Kleist et al., 2018)], as well 
as larger or heavier adult females. All of these characteristics are 
associated with outcomes we generally interpret as positive, such as 
longer lives and higher reproductive output (Kleist et al., 2018; Des 
Brisay et al., 2022), counterintuitively suggesting that generator oil 
well noise may positively impact individual health, or may attract 
better-quality, more dominant adults (e.g., Fretwell and Lucas, 1969). 
We speculate that consistent, chronic noise might mask acoustic cues 
from predators (e.g., Rosa and Koper, 2018), leading to the erroneous 
interpretation by birds that these areas are relatively safe; this could 
attract dominant females and result in lower corticosterone levels in 
nestlings that divert energy to rapid growth instead (Chin et  al., 
2009). However, our study was not designed to identify the reason for 
these patterns, and more research must be conducted to understand 
the mechanisms behind these patterns. Noise also affected 
corticosterone levels of adult females, but the direction of the effect 
differed between experiments. Effects of noise interact with other 
environmental cues and challenges to result in complex and 
sometimes unpredictable impacts on avian health, including 
hormone levels. Nestling sex ratio was surprisingly strongly impacted 
by both noise and the presence of infrastructure, which were 
correlated with the production of fewer male nestlings per brood 
(Figure 3; see Cyr, 2021). Again, the reason for this is unknown (i.e., 
Hasselquist and Kempenaers, 2002); reproductive output of males 
tends to be more variable than females (Griffith et al., 2002) and 
male-biased broods may be more costly to produce (Westneat et al., 
2002), so perhaps there is a selection pressure for producing more 
females in riskier environments. Cumulatively, these results suggest 
that noise per se has a range of effects on health, productive potential, 
and distribution of Chestnut-collared Longspurs across the 
landscape, and thus likely long-term fitness. Although an in-depth 
analysis of all focal species would have been ideal, our study does 
illustrate the importance of measuring the impacts of noise on health 
and fitness of individual birds as well as assessing its effects on 
wildlife communities, despite the challenges of doing so.

We note that it seems likely that there are substantially stronger 
negative impacts of oil well drilling noise on grassland birds 
compared with the effects of operating noise. We were unable to 
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safely monitor active and inactive drilling rig operations, and thus, 
must depend on noise playback experiments to understand the 
effects of drilling noise on our focal species. However, we  had 
evidence of impacts of well drilling noise on numerous species; 
drilling noise negatively impacted abundance, nesting success, or 
both, of three of our four focal species. Taken together with other 
research that has shown negative impacts of well drilling noise on 
wildlife, shown both through experimental playbacks (e.g., Blickley 
et  al., 2012a) and in situ well drilling activity on wildlife (e.g., 
Northrup et al., 2021), we conclude that ecological impacts of well 
drilling, and its associated noise are probably significant, albeit 
locally temporary. Larger clutch sizes in drilling noise playback 
conditions could indicate that nesting birds are less energetically 
stressed (Stearns, 1976), and previous studies have reported smaller 

clutch sizes in the presence of urban and traffic noise when compared 
to quieter environments (Halfwerk et al., 2011; Des Huet Aunay 
et al., 2017). Various hypotheses suggest that variations in the trade-
offs within and between species, particularly in the investment in 
offspring number, are often due to selective pressures arising from 
changes in environmental factors, availability of resources, the 
quality of the parents, and offspring mortality (e.g., Martin, 1987; 
Smith and Moore, 2003; Dillon and Conway, 2018). However, based 
on the theory of diversified bet-hedging (Olofsson et  al., 2009), 
larger clutch sizes could be a strategy employed in unpredictable 
environments to increase the likelihood of at least one offspring 
having a phenotype that will enable it to survive (Simons, 2007). 
Overall, birds are likely unable to habituate to unpredictable drilling 
noise (e.g., pipes banging, machinery turning on and off, trucks 

FIGURE 3

Comparison of effects on reproductive output, stress hormone (i.e., basal corticosterone for adults females and males, and basal and stress 
corticosterone for nestlings), and physiology (i.e., size and age) on Chestnut-collared Longspur (Calcarius ornatus) in a (A) noise addition experiment 
(i.e., landscape playback) and (B) noise removal/real oil wells experiment. © 2023 Linden Pederson, St. George’s University CC-BY-ND.
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backing up and honking; Rosa and Koper, 2022). With a projected 
increased drilling of 15% for 2023 (Canadian Association of Energy 
Contractors (CAOEC), 2022), reducing noise amplitude at drilling 
sites would likely benefit many species of wildlife.

Anthropogenic noise is often accompanied by many associated 
disturbances, to which species may positively or negatively respond 
to. We suggest that decoupling noise from its associated stimuli in 
manipulative experiments is extremely valuable for better 
understanding landscape-scale impacts on avian individuals and 
populations, and clearly, landscape-scale noise playback experiments 
have led to significant progress in increasing our understanding of 
ecological responses to anthropogenic noise (e.g., Blickley et  al., 
2012a; McClure et  al., 2013; Cinto Mejia et  al., 2019). However, 
playback experiments might also lead to an overestimation of the 
potential impacts of noise on wildlife in real, anthropogenically 
disturbed landscapes because they control for influential factors 
within the built environment that normally co-occur with 
anthropogenic noise. These factors may interact with noise in 
surprising ways, resulting in unpredictable outcomes, such as noise 
produced by the drilling rigs, which occurs during a short period, 
had greater impacts on nesting success than constant oil well noise 
produced by oil wells. While this study did not focus on disentangling 
the effects on life-history traits of interspecific interactions among 
our focal species, we  suggest future research should endeavor to 
evaluate the indirect effects of noise in relation to interactions within 
species communities (see Francis et al., 2009). Overall, we recommend 
that managers be  cautious when attributing findings from 
experimental research in controlled environments to real-world 
implications when developing management plans.
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