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Anthropogenic disturbances such as energy extraction may affect numerous behavioural strategies, including competition for optimal nesting sites and predation risk avoidance. Impacts may result either from the structures themselves, or associated anthropogenic noise and activity. Using surveillance cameras, we recorded behaviours of chestnut-collared longspurs (Calcarius ornatus), a threatened grassland songbird, at nests in a region of dense conventional oil development to determine if increasing proximity to oil structures and roads had an impact on parental care and productivity. After behavioural analyses, we recorded age and size of breeding longspurs to test the alternate hypothesis that infrastructure and roads alter population demographics, which could in turn affect parental care. Parental care was consistently reduced near oil structures and roads, with additional effects attributed to noise and human activity. Females reduced parental care near roads, while males were more sensitive to noise and activity. While adult females were heavier and older near wells, they were smaller near roads; male morphometrics were independent of distance to roads or wells. Fewer offspring successfully fledged at nests near roads, and these offspring fledged at an older age, perhaps as a result of decreased care. Our results suggest that energy development in grasslands impacts parental care and alters demographic distributions. Increased perceived risk may explain some of the observed decrease in parental care; songbirds’ reproductive strategies are altered near roads and energy infrastructure, potentially leading to decreased fitness. Mitigation measures should reduce effects of the presence of well infrastructure, roads, noise and activity to be effective.
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Temperate grasslands remain one of the most endangered biomes in North America, and are experiencing ongoing degradation in the form of anthropogenic disturbances such as energy extraction (Samson et al. 2004, Noss 1995). Many of the grasslands remaining in North America and world-wide are affected by oil and gas leases (Copeland et al. 2011), associated linear features (such as access roads, pipelines, and transmission lines), and edge effects (Copeland et al. 2011, Koper et al. 2014). Energy extraction negatively impacts density, community structure, and in some cases, productivity of breeding birds (Bayne et al. 2008, Francis et al. 2009, Blickley et al. 2012), but the mechanisms that lead to these patterns are not well known. 
Some impacts of energy extraction may result indirectly from real or perceived alterations in predator communities near energy infrastructure and roads (Blickley et al. 2012, Ware et al. 2015), potentially leading to behavioural modifications that could reduce reproductive success and productivity (Zanette et al. 2011, Pretelli et al. 2016, Dudeck et al. 2018). Species in environments characterised by diverse and unpredictable risks, such as grasslands, may be particularly likely to demonstrate behavioural plasticity in response to variable risks (Chalfoun and Martin 2010). Previous studies have demonstrated that nest predator communities may be altered near energy infrastructure; for example, rodents (Hethcoat and Chalfoun 2015) and raptors (Benítez-López et al. 2010) may be more abundant near energy development and roads, while conversely, corvids may avoid noise (Francis et al. 2009, 2012). These alterations in predation risk might affect breeding behaviours. However, male and female parents may show different responses to risk, as behaviour, investment in current broods, and future reproductive potential may differ between sexes (e.g. Ardia 2007, Bókony et al. 2009, Niederhauser and Bowman 2014). 
Economic models of antipredator trade-offs argue that nonlethal anthropogenic disturbances, such as traffic, anthropogenic noise, or activity near infrastructure, may artificially inflate perception of risk and thus trigger generalised antipredator behaviours such as increased vigilance (Frid and Dill 2002, Francis and Barber 2013, Shannon et al. 2014, Ware et al. 2015). Both chronic anthropogenic noise and intermittent traffic noise (Dooling and Popper 2007, Blickley et al. 2012) can have negative fitness consequences and result in fewer or lower-quality fledglings (e.g. Schroeder et al. 2012) by masking alarm and begging calls (McIntyre et al. 2014) or distracting birds from completing fitness-related behaviours (Ware et al. 2015), ultimately resulting in negative population trends (Frid and Dill 2002, Cresswell 2008). However, built features associated with infrastructure, including buildings, transmission lines, and roads, may also influence predation risk (Bernath-Plaisted and Koper 2016), and thus behaviour. For example, nesting success of Savannah sparrows (Passerculus sandwichensis) and vesper sparrows (Pooecetes gramineus) is reduced at some oil well sites in our study area even when infrastructure is inactive and thus silent (Bernath-Plaisted and Koper 2016). Industrial mitigation efforts have often been focused on reducing the amplitude and spatial footprint of noise (e.g. Bayne et al. 2008), but noise mitigation will not eliminate ecological footprints of industrial activities if some effects are caused by the presence of infrastructure. Effective management of risks to wildlife posed by energy infrastructure requires an understanding of whether those risks are caused by noise and human activity or the presence of infrastructure.
We used nest surveillance cameras to study effects of energy extraction on reproductive behaviour of the federally Threatened chestnut-collared longspur (Calcarius ornatus; hereafter “longspur”) in southeastern Alberta, Canada, a region heavily affected by oil and gas development (Askins et al. 2007). We hypothesised that if infrastructure or roads heightened perception of predation risk in breeding longspurs, parents would minimise visits to and from nests close to infrastructure and/or roads to reduce attraction of predators to nests (e.g., Martin et al. 2000a), and that reduced parental care may result in fewer offspring fledged. If heightened perception of risk resulted from noise, longspurs should reduce parental care in sites with active but not inactive infrastructure. We tested support for an alternate hypothesis, that parental care near infrastructure is reduced because smaller or younger parents are forced into suboptimal territories near infrastructure (sensu Fretwell and Lucas 1970), by evaluating whether distance to infrastructure and roads were correlated with age, size, and weight of adult male and female chestnut-collared longspurs.
METHODS
Study sites were within 60 km of Brooks, Alberta, Canada (50° 33' 51"N 111° 53' 56" W), a region dominated by native mixed-grass prairie, e.g. needle-and-thread (Hesperostipa comate), blue grama (Bouteloua gracilis), and occasional interspersions of silver sagebrush (Artemisia cana; Bailey et al. 2010). We focused on effects of conventional oil wells and compressor stations because these were the largest, noisiest energy development structures in the region. We studied nests in 14 sites (800 x 200 m), including 3 sites containing compressor stations, 7 sites containing oil wells (3 pumpjacks and 4 screwpumps), and 4 control sites that lacked oil wells or compressor stations (for map, see Appendix 1, Figure A1). Control sites were located at least 800 m from focal infrastructure. We measured ambient sound amplitude at 33 sites, including the 14 used in this study, during environmental conditions without wind or precipitation. Measures were time-averaged across one full cycle of the infrastructure (10 – 50 s) to encompass all the frequencies produced by the infrastructure when active, using a Brüel and Kjær (Nærum, Denmark) 2250 SPL metre. Compressor stations were loudest, at 82 ± 3.1 dB(C) at 10 m (n = 4). Active pumpjacks produced noise at an average amplitude of 68 ± 7.0 dB(C) at 10 m (n = 8), and screwpumps were similarly loud at 69 ± 10.7 dB(C) at 10 m (n = 10). Noise at 10 m from this active infrastructure was on average dB(C) = 71 ± 9.9 (n = 22), whereas ambient noise at control sites was an average of dB(C) = 52 ± 5.0 (n = 11). To distinguish effects of the presence of infrastructure from effects of the noise and human activity, five infrastructure sites (two compressor stations, three oil wells) were active (moving, noise-generating, visited for maintenance) and five were inactive (non-operational, quiet, not visited). Inactive wells were turned off temporarily; none were abandoned, derelict, or off for more than a year, as Canadian regulations require above-ground infrastructure of wells to be dismantled and removed if they are inactive for a year. Although active wells were attended by maintenance crews in addition to producing noise, vehicle visits were infrequent (up to once per day), so we speculate that impacts of well activity that we detected were probably caused by chronic noise rather than acute, unpredictable noise or disturbance from vehicles or human visitors. However, we note that it is possible that both disturbance and noise contribute to the observed patterns. Because of our small number of sites, we combined compressor stations and oil wells to analyse effects of “infrastructure” on parental care. For both infrastructure and control site nests, we measured “distance to infrastructure” to the nearest structure regardless of whether it was an active or inactive well or compressor station, while “distance to road” was the distance to the nearest road, and “noise” indicated whether active infrastructure was present. All nests were GPS-marked, and distances to infrastructure and roads were calculated to the centre of structures and nearest road edge using the measurement tool in ArcGIS 10.
We collected continuous digital video footage between May and July of 2013 and 2014 at 28 chestnut-collared longspur nests using surveillance cameras (Specto Technologies® model CVC-628M, Sherbrooke, Quebec, Canada). Nests were found through systematic nest-searching by rope-dragging (see Bernath-Plaisted and Koper 2016 for detailed field methods, including camera set-up). The nest cameras were placed approximately 20 cm from the nest and camouflaged with burlap and native vegetation. Whenever possible, the ammunition case containing the battery and recorder was concealed, usually in silver sagebrush Artemisia cana shrubs or depressions. Cameras recorded continuously, except for brief pauses at battery and SD card changes every 3 – 4 days during nest checks. We detected increased abandonment of incubation-stage nests with cameras compared with those without cameras during the 2014 field season, at which point we stopped placing cameras on nests until after incubation was completed. As a result, our sample size for incubation-stage nests (n = 12) is smaller than for nestling-stage nests (n = 25).
Footage recorded during incubation was watched in its entirety, excepting hours where a technician was present (e.g. nest checks). Footage recorded during the nestling stage was subsampled so that six staggered hours between 0500 and 2200, inclusive, of every day were watched when possible, with the initial hour of 0500, 0600, or 0700 randomised each day. A regularly staggered six hours could not be watched on the first day of recording and on nest termination days (i.e. depredation, or fledging), in which case a randomly selected, non-overlapping hour between 0500 and 2200 was used to replace incomplete or missing hours, such that a total of six hours were still watched for each day.
We calculated the length of each incubation session (incubation bout), the length of each break from incubation (recess bout), the proportion of each hour spent incubating (incubation attentiveness), and counted how many incubation bouts were initiated each hour (incubation frequency). We recorded male activity at the nest during incubation-stage, including all visits and mate provisioning, to determine incubation visit frequency and mate provisioning frequency. We also recorded the length of overnight incubation (nocturnal attentiveness). During the nestling stage, we recorded visit and provisioning frequencies and the proportion of hour either parent was present (nest attentiveness). As it was sometimes difficult to distinguish between brooding (sitting on the nest to shield and warm nestlings) and shading (protecting nestlings from the heat of direct sunlight) activity, we did not differentiate between the two behaviours, and recorded all time spent in and directly above the nest as brood-and-shade bouts when calculating cumulative time spent in and above the nest (cumulative brood-and-shade) and mean brood-and-shade bout length (brood-and-shade mean). Excluding nest attentiveness, all nestling stage behaviours were analysed by sex as well as with sexes combined (total).
Between May and July of 2015 – 2017, we captured and banded male (n = 102) and female (n = 73) longspurs at 18 (7 infrastructure, 11 control) non-overlapping 800 x 800 m sites in the same study area. We determined sex and age based on plumage characteristics (Pyle et al. 2008), measured tarsus to approximate body size (tarsus is not influenced by age, unlike wing chord), and measured weight to approximate body condition (results were the same for body condition indicated by the residuals of a mass~tarsus regression; for conciseness, only weight is presented; see Appendix, Table A2).
We used R 3.3.2 for all statistical analyses. First, to determine whether we should include potentially biologically important variables that were not the focus of our study, including quadratic hour, date, and year (see Appendix 1, Table A3), we conducted preliminary analyses to assess the effect of these nuisance variables on model fit, using AICc (see Mundry 2011 for rationale). We compared all possible combinations of these nuisance variables, but required that models including quadratic hour also included hour. We also used this approach to test whether male visit frequency or male mate provisioning frequency improved fit of daytime incubation models, because female incubation behaviours may be significantly influenced by male activity (e.g. Matysioková et al. 2011). We selected the model with the fewest terms within ΔAICc < 2 (Arnold 2010), using AICc values generated by package AICcmodavg (Mazerolle 2016). We also used AIC to test whether the inclusion of year or site as random variables improve model fit when assessing our alternate hypothesis; however, in both cases random variables did not improve model fit, and thus random variables were not included in final models (Arnold 2010). 
For all other analyses we followed a null-hypothesis significance testing approach, not an information theoretic approach, because we wanted to evaluate whether specific individual variables (distance to wells, distance to roads, or noise and activity) influenced behaviour (Mundry 2011). We evaluated significance using an alpha value of 0.1 to help compensate for small sample sizes and to avoid a Type II error, which presents significant risks in conservation biology (Taylor and Gerrodette 1993). We tested whether the fixed effects of distance to infrastructure, distance to roads, and presence/absence of anthropogenic noise and activity significantly influenced incubation-stage behaviours, nestling-stage behaviours, mean fledging age, and number of nestlings fledged per nest (response variables). We used linear mixed-effects models, which helped to account for unequal sample sizes among treatments and nests (Wu et al. 1999), with packages lme4 (Bates et al. 2014) and lmerTest (Kuznetsova et al. 2016). Nest ID was a random effect in all behavioural models, and all distances were log-transformed (see Appendix 1, Table A3 for full models). To distinguish between effects of initial clutch size versus nestling care on number of fledglings, we also tested for effects of infrastructure, roads, and noise and activity on clutch size. We tested for the fixed effects of distance to infrastructure and distance to roads on the spatial structure of age class (binomial: second year, after second year), tarsus, and weight of adults using linear and generalised linear models using lmerTest. While Type I errors are always a risk in ecological research, the probability of making numerous Type I errors that all suggest the same trends is extremely small (for mathematical and logical explanations, see Moran 2003); this suggests the trends across our data that we detected here are likely to reflect underlying patterns in our biological system.
Ethical Note
This project followed guidelines set by the University of Manitoba Animal Care Committee (protocols F12-010 and F15-005), and was conducted under Canadian bird banding permit 10840, Canadian Wildlife Service permit #11-MB/SKL/AB-SC007, and Alberta Environment and Sustainable Research Development Research Permit #56016 and Collection License #56017. We minimised disturbance due to camera set-up as much as possible by limiting the time spent at the nest. Handling of birds, including capturing, measuring, and banding, was carried out by trained technicians under the supervision of a Canadian bird banding permit holder. Birds were captured on the nest using decoys and call playback (males) or while feeding nestlings (females). Nets or traps were monitored at all times from a nearby blind, and captured birds were immediately processed and released. None of the captured birds showed adverse effects after release, and all returned to the nest subsequently.
RESULTS
We reviewed 564 hours of daytime incubation-stage footage, 30 nights of nocturnal incubation footage, and 962 hours of nestling-stage footage (Appendix 1, Table A1). Females took longer breaks from incubation when closer to both infrastructure and roads (Table 1; Fig. 1a). Nocturnal attentiveness was lower by approximately 20 minutes per night at active sites (2 outliers removed due to abnormal behaviour: one case of female absence overnight and one case of sustained overnight recess, Table 1). Male visit frequency and mate provisioning frequency were higher farther from infrastructure (Fig. 1b), but males mate provisioned more frequently at active than inactive sites (Fig. 1c). Male behaviours were not affected by roads. Nestling-stage nest attentiveness was higher farther from infrastructure (Fig. 2a), likely driven by increased female brood-and-shade bouts (Fig. 2b). Females visited and provisioned nestlings less frequently closer to roads, while males provisioned nestlings less frequently at active sites (Fig. 2c,d).

Table 1. Effects of infrastructure, roads, and noise on reproductive behaviours, fledging, and clutch size of chestnut-collared longspurs in southeastern Alberta, Canada, 2013 – 2014. Statistically significant parameter estimates are bolded.
	
	Distance to Oil and Gas Infrastructure
	Distance to Road
	Presence of Noise

	 
	β
	SE
	p
	Β
	SE
	p
	β
	SE
	P

	Incubation Stage
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Incubation Frequency
	0.625
	0.564
	0.283
	0.427
	0.313
	0.197
	-0.153
	0.344
	0.664

	Incubation Attentiveness
	5.410
	6.451
	0.414
	-0.345
	3.859
	0.930
	1.221
	3.833
	0.755

	Incubation Bout Mean
	-2.304
	6.797
	0.740
	-6.389
	3.754
	0.115
	4.586
	4.127
	0.287

	Recess Bout Mean
	-7.750
	3.301
	0.039
	-3.925
	1.814
	0.062
	0.025
	1.839
	0.990

	Nocturnal Attentiveness (outlier)
	-1.214
	1.149
	0.299
	0.087
	0.727
	0.905
	-0.609
	0.810
	0.458

	Nocturnal Attentiveness (no outlier)
	-0.268
	0.297
	0.374
	-0.039
	0.186
	0.836
	-0.389
	0.202
	0.065

	Male Visit Frequency
	0.390
	0.155
	0.036
	0.116
	0.092
	0.241
	0.152
	0.101
	0.168

	Male Mate Provisioning Frequency
	0.272
	0.085
	0.001
	0.070
	0.051
	0.172
	0.094
	0.055
	0.091

	Nestling Stage
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Visit Frequency
	
	
	
	
	
	
	
	
	

	Total
	0.391
	1.118
	0.730
	-0.458
	1.123
	0.687
	-0.327
	1.051
	0.758

	Male
	-0.087
	0.825
	0.917
	-1.098
	0.826
	0.197
	-0.980
	0.776
	0.220

	Female
	0.224
	0.560
	0.693
	1.467
	0.606
	0.023
	0.515
	0.526
	0.339

	Provisioning Frequency
	
	
	
	
	
	
	
	
	

	Total
	-0.018
	1.091
	0.987
	-0.354
	1.095
	0.749
	-0.790
	1.026
	0.449

	Male
	-0.115
	0.701
	0.871
	-1.020
	0.704
	0.162
	-1.308
	0.660
	0.060

	Female
	-0.104
	0.600
	0.864
	1.409
	0.648
	0.040
	0.408
	0.564
	0.477

	Nest Attentiveness
	
	
	
	
	
	
	
	
	

	Total
	0.178
	0.099
	0.087
	-0.110
	0.099
	0.280
	-0.017
	0.093
	0.861

	Cumulative Brood-and-Shade
	
	
	
	
	
	
	
	
	

	Total
	0.336
	0.178
	0.073
	-0.120
	0.178
	0.507
	-0.045
	0.167
	0.790

	Male
	-0.334
	0.240
	0.180
	-0.088
	0.240
	0.718
	-0.321
	0.226
	0.171

	Female
	0.430
	0.173
	0.022
	-0.107
	0.174
	0.544
	-0.060
	0.163
	0.716

	Brood-and-Shade Mean
	
	
	
	
	
	
	
	
	

	Total
	0.241
	0.151
	0.125
	-0.112
	0.151
	0.467
	-0.029
	0.142
	0.838

	Male
	-0.294
	0.202
	0.162
	-0.066
	0.202
	0.748
	-0.278
	0.190
	0.161

	Female
	0.292
	0.149
	0.064
	-0.078
	0.149
	0.607
	-0.075
	0.140
	0.595

	Fledging
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Fledging Age
	0.078
	0.770
	0.923
	-3.221
	1.584
	0.088
	-2.104
	1.291
	0.154

	Number Fledged
	-0.047
	0.719
	0.949
	2.509
	0.830
	0.009
	0.244
	0.855
	0.780

	Clutch Size
	0.131
	0.435
	0.766
	0.151
	0.398
	0.707
	-0.119
	0.399
	0.769






Figure 1. During incubation stage, chestnut-collared longspurs’ (a) female recess bout length was higher closer to infrastructure and roads, (b) male nest visitation and mate provisioning frequencies were lower closer to wells, and (c) male mate provisioning was affected by infrastructure and presence of anthropogenic noise and activity in southeastern Alberta, 2013 – 2014. Grey fill indicates 95% confidence intervals. Analyses were conducted using log(distance) as the independent variable, but were back-transformed to an arithmetic scale for clarity in these graphs.

Fig 2. During nestling stage, chestnut-collared longspurs’ (a) nest attentiveness and (b) cumulative and female brood-and-shade were lower closer to infrastructure, (c) female visitation and provisioning frequencies (number of visits and provisioning visits per hour, respectively) were lower closer to roads, and (d) male provisioning frequency was negatively affected by presence of anthropogenic noise and activity in southeastern Alberta, 2013 – 2014. Grey fill indicates 95% confidence intervals. Analyses were conducted using log(distance) as the independent variable, but were back-transformed to an arithmetic scale for clarity in these graphs.


Nestlings that were closer to roads fledged at an older age (Fig. 3a); nests 600 m away from roads fledged almost a day earlier than nests closest to roads. Nests farther from roads produced more fledglings (Fig. 3b); nests within 50 m of roads typically failed or produced only one fledgling. Clutch size was unaffected by any disturbance (Table 1), suggesting that impacts on numbers of nestlings fledged may result from parental care of nestlings.
Females nesting near oil infrastructure were older and heavier (Table 2; Fig. 4). In contrast, females nesting near roads were smaller (Table 2). We found no evidence of an effect of distance to roads or infrastructure on morphometrics of males (Table 2).


Fig 3. (a) Mean fledging age and (b) number fledged of chestnut-collared longspurs per nest were both affected by proximity to roads in southeastern Alberta, 2013 – 2014. Grey fill indicates 95% confidence intervals. Analyses were conducted using log(distance) as the independent variable, but were back-transformed to an arithmetic scale for clarity in these graphs.
Fig 4. The effect of distance to oil infrastructure on age (solid line) and weight (dashed line) for adult chestnut-collared longspur females in southeastern Alberta, 2015 – 2017. Grey fill indicates 95% confidence intervals. Analyses were conducted using log(distance) as the independent variable, but were back-transformed to an arithmetic scale for clarity in this graph.

14

Table 2. Effects of infrastructure and roads on age, size, and weight of adult male and female chestnut-collared longspurs in southeastern Alberta, Canada, 2015 – 2017. Statistically significant parameter estimates are bolded.
	
	Distance to Oil Infrastructure
	Distance to Road

	 
	Β
	SE
	p
	Β
	SE
	p

	Males
	 
	 
	 
	 
	 
	 

	Age
	-0.108
	0.250
	0.665
	0.011
	0.196
	0.954

	Size
	-0.048
	0.072
	0.504
	0.069
	0.059
	0.243

	Weight
	-0.080
	0.096
	0.403
	0.033
	0.077
	0.672

	Females
	 
	 
	 
	 
	 
	 

	Age
	-0.589
	0.282
	0.060
	0.204
	0.254
	0.423

	Size
	0.050
	0.070
	0.482
	0.149
	0.069
	0.029

	Weight
	-0.264
	0.140
	0.064
	-0.016
	0.134
	0.906





DISCUSSION
Industrial activity can trigger detrimental behaviours in songbirds that ultimately impact their productivity. Our results support the hypothesis that this may result from altered perception of risk, which may have long-term fitness consequences (e.g. Zanette et al. 2011, Schroeder et al. 2012, Dudeck et al. 2018). This can result from two scenarios: first, perceived, rather than actual, predation risk may be heightened, as longspur nest success, defined as proportion of nests that produced at least one fledgling, is apparently unaffected by infrastructure, roads, and anthropogenic noise in our study area (Bernath-Plaisted and Koper 2016). Heightened perceived risk from anthropogenic disturbances such as chronic noise can trigger antipredator behaviours and increase reactivity to potential threats (e.g. Zanette et al. 2011, Meillère et al. 2015). Alternatively, actual predation risk may be higher in the presence of oil wells and compressor stations (e.g., vesper sparrows and Savannah sparrows; Bernath-Plaisted and Koper 2016), but longspurs’ behavioural plasticity may allow them to successfully compensate for this change. Longspurs may have been able to avoid similarly increased nest predation rates by reducing activity and presence at nests. It is also possible that both hypotheses contribute to the observed patterns; further research would be required to distinguish between them.
Our data provide little support for the hypothesis that the reduced parental care near infrastructure we observed resulted from parents near wells or roads being younger, lighter or smaller. We found no effect of distance to infrastructure or roads on size, weight or age of males. We found opposite effects of distance to roads and wells on females, which were smaller near roads but older and heavier near wells. Nonetheless, both males and females reduced parental care near infrastructure, and females reduced care near both infrastructure and roads. Although these results do not explain our observations regarding parental care, they do suggest that infrastructure and roads alter demographic distributions in this grassland landscape, perhaps resulting from competition for optimal sites (Fretwell and Lucas 1970), as smaller, younger or lighter birds are sometimes subdominant (e.g., Holmes et. al. 1996, Habib et. al. 2007). Further research is required to better understand the implications of the observed patterns.
Another alternate hypothesis that could explain the observed patterns is that food availability might be lower near wells, leading to longer foraging trips. However, we believe this explanation is less likely than those related to risk. First, there is little evidence that grassland songbird populations are regulated by food availability (including chestnut-collared longspurs; Wiens and Rotenberry 1979); consistent with this, another study in Alberta found that reductions in prey availability of 90% failed to reduce chestnut-collared longspur food delivery rates, clutch sizes, nestlings weights, or other measures of nesting success (Martin et al. 2000b). Second, in northern climates, key invertebrate prey items to chestnut-collared longspurs such as Orthoptera (Wiens and Rotenberry 1979) are typically both more abundant and more accessible to predators where vegetation is shorter and less dense (Anderson 1964, Capinera and Horton 1989), which is the case near wells and roads in our system (Koper et al. 2014); this trend would be expected to result in the opposite behavioural patterns to those we observed. However, a greater abundance or availability of prey items in the short vegetation around infrastructure may explain why females are heavier near infrastructure. Though we did not see a corresponding difference in males, this may be because males are able to travel farther from the nest to forage, whereas females must minimise their length of time away from nests with eggs and young nestlings. Nonetheless, we encourage further research to rule out the role of food availability in explaining decreases in parental care at nests. 
Besides predator risk avoidance, the longer incubation-stage recess bouts by females may also result from lower mate provisioning rates near infrastructure (e.g. Matysioková et al. 2011). Mate provisioning behaviour can also change with predation risk (Fontaine and Martin 2006, Matysioková et al. 2011) and habitat quality (Zanette et al. 2000), both of which may be impacted by the presence of infrastructure (Koper et al. 2014, Bernath-Plaisted and Koper 2016). However, mate provisioning cannot explain all of the observed trends in female incubation behaviour as females lengthened their recess bouts near roads without a corresponding reduction in mate provisioning.
Surprisingly, none of the effects of proximity to infrastructure could be attributed to anthropogenic noise and human activity as there was no overlap in observed behavioural modifications between the two disturbances. For example, while males mate provisioned less near infrastructure, they mate provisioned more frequently at active infrastructure sites. This suggests that impacts of noise and/or human activity on behaviour differ from impacts of the presence of the infrastructure on behaviour. Male longspurs provisioned nestlings less frequently in the presence of noise, a response that to the best of our knowledge has not been documented elsewhere; in contrast, female, but not male, house sparrows (Passer domesticus) alter behaviour in noisy sites (Schroeder et al. 2012). Decreasing male provisioning rates may have fitness consequences, as male provisioning impacts nestling body mass (Ardia 2007). While males showed a mix of positive and negative responses at active sites, the detrimental impact of reduced male provisioning at the nestling-stage in noisy sites probably outweighs the benefits of increased mate provisioning during incubation, especially as the latter did not result in females increasing daytime incubation duration at active sites. We note that in this study we assessed effects of infrastructure activity that resulted in predictable, chronic noise; we would predict much more significant impacts of acute or unpredictable noises (Blickley et al. 2012; Francis and Barber 2013), which may be perceived as a threat.
Male and female longspurs appear to be sensitive to different impacts of energy extraction. For example, at nests near roads females consistently reduced parental care while males did not adjust their behaviour, perhaps because females spend more time at their nests during incubation, and thus are at more risk of disturbance. Negative impacts of roads on nest site quality is consistent with the observation that females near roads were also relatively small. However, males were more sensitive to anthropogenic noise and activity. Male longspurs are responsible for maintaining territories, and chronic noise may impact their ability to respond appropriately to acoustic cues (e.g., Kleist et al. 2016). This may require males to spend more time on territory defence rather than parenting. Additionally, as chronic noise and intermittent traffic noise likely pose distinct forms of disturbance (e.g. Dooling and Popper 2007, Blickley et al. 2012, Francis and Barber 2013), future research could examine how these two disturbances affect breeding males and females using playback experiments.
Reduced provisioning over extended periods is likely to have negative impacts on offspring (e.g. Dudeck et al. 2018). Nests that are left unattended may be vulnerable to predation, experience more thermoregulatory stress, and receive less food, possibly leading to slowed development (Zanette et al. 2011). Less parental care may increase offspring mortality (Zanette et al. 2011, Greggor et al. 2017), result in smaller and weaker fledglings (Dunn et al. 2010, Zanette et al. 2011, Dudeck et al. 2018), or prolong the vulnerable nesting period (our results; Bjørnstad and Lifjeld 1996). Ultimately, as we found here, this may result in fewer offspring fledging per nest.
Because the presence of wells and compressor stations, roads, and anthropogenic noise and activity had separate impacts on behaviour, all three types of disturbance must be addressed to mitigate negative impacts of energy extraction. Overground structures of disused wells and access roads should be removed as soon as possible following capping, though not during the breeding season. Infrastructure should be clustered on well pads to leave larger tracts of land undisturbed (Thompson et al. 2015, Bernath-Plaisted and Koper 2016). Mufflers and sound barrier walls can be used to reduce noise amplitudes (Francis et al. 2011). As we learn more about how anthropogenic disturbances and reproductive behaviour intersect to impact reproductive fitness, it becomes obvious that nonlethal trade-offs have the potential to cause cascading effects on long-term population health. Therefore, impacts of anthropogenic activities on animal behaviour should be assessed as an integral component to environmental monitoring.
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Appendix 1

Figure A1. Distribution of sites where chestnut-collared longspur nest footage was collected across County of Newell, in southeastern Alberta, between 2013 and 2014, as part of a study on the effects of oil and gas infrastructure and roads on reproductive behaviour. Brooks, Alberta is marked with a star. Map data © 2016 Google, Landsat, Copernicus.

Table A1. Summary of footage collected from chestnut-collared nests from a study on the effects oil and gas infrastructure, roads, and noise on reproductive behaviour in southeastern Alberta in 2013 and 2014. 
	Type
	Site
	Noise
	Nest ID
	Year
	Infrastructure Distance (m)
	Road Distance (m)
	Incubation Days
	Incubation Hours
	Incubation Nights
	Nestling Days
	Nestling Hours

	Control
	C1
	Quiet, control
	JSD14
	2014
	802
	338
	5
	66
	4
	8
	48

	Control
	C34
	Quiet, control
	JSD50
	2014
	252
	527
	0
	0
	0
	4
	22

	Control
	C34
	NA†
	NS23
	2013
	760
	14
	2
	27
	1
	8
	44

	Control
	C34
	NA†
	RC27
	2013
	374
	413
	0
	0
	0
	9
	51

	Control
	C35
	Quiet, control
	HN25
	2014
	1158
	400
	0
	0
	0
	7
	40

	Control
	C38
	Quiet, control
	JSB77
	2014
	1398
	84
	0
	0
	0
	7
	39

	Compressor
	59
	Quiet, disassembled
	KH33
	2013
	494
	604
	0
	0
	0
	7
	41

	Screw pump
	129
	Quiet, inactive
	CN80
	2014
	206
	214
	0
	0
	0
	4
	24

	Screw pump
	129
	Quiet, inactive
	JSB72
	2014
	48
	176
	0
	0
	0
	3
	18

	Screw pump
	129
	Quiet, inactive
	JSD22
	2014
	24
	127
	0
	0
	0
	6
	30

	Screw pump
	247
	Quiet, inactive
	GV2
	2014
	298
	39
	0
	0
	0
	1
	5

	Screw pump
	247
	Quiet, inactive
	JRK3
	2014
	358
	57
	2
	17
	1
	2
	12

	Pumpjack
	79
	Quiet, inactive
	JSB35
	2013
	166
	15
	3
	33
	2
	10
	57

	Pumpjack
	79
	Quiet, inactive
	JSB44
	2013
	325
	31
	0
	0
	0
	1
	6

	Pumpjack
	363
	Quiet, inactive
	JSB38
	2013
	170
	182
	2
	32
	1
	10
	60

	Pumpjack
	363
	Quiet, inactive
	KP11
	2014
	138
	156
	1
	2
	0
	9
	54

	Pumpjack
	402
	Quiet, disassembled
	JW55
	2014
	190
	199
	0
	0
	0
	7
	42

	Pumpjack
	402
	Quiet, disassembled
	LL3
	2013
	196
	207
	5
	67
	4
	0
	0

	Compressor
	34
	Active
	GV4
	2014
	374
	141
	0
	0
	0
	9
	52

	Compressor
	34
	Active
	RC44
	2013
	363
	45
	1
	2
	0
	11
	66

	Compressor
	53
	Active
	TS25
	2014
	237
	23
	0
	0
	0
	7
	42

	Screw pump
	80
	Active, generator
	CN82
	2014
	200
	151
	0
	0
	0
	4
	24

	Screw pump
	80
	Active, generator
	GV20
	2014
	54
	155
	0
	0
	0
	3
	16

	Screw pump
	247
	Active, generator
	JD28
	2013
	68
	50
	3
	35
	2
	11
	60

	Screw pump
	247
	Active, generator
	LV24
	2013
	312
	11
	6
	98
	5
	0
	0

	Screw pump
	247
	Active, generator
	LV27
	2013
	108
	58
	3
	33
	2
	10
	66

	Screw pump
	247
	Active, generator
	RC48
	2013
	316
	14
	9
	152
	8
	0
	0

	Screw pump
	401
	Active, electric
	JW16
	2014
	110
	115
	0
	0
	0
	8
	43

	Total per quiet sites†
	
	
	
	
	18
	217
	12
	86
	498

	Total per active sites
	
	
	
	
	22
	320
	17
	63
	369


† Two control site nests were excluded from noise analyses due to their relative proximity to non-focal infrastructure. 


Table A2. Effects of infrastructure and roads on body condition index (calculated using residuals of a mass~tarsus regression) of adult male and female chestnut-collared longspurs in southeastern Alberta, Canada, 2015 – 2017. Significant results are bolded.
	
	Distance to Oil Infrastructure
	Distance to Road

	
	Β
	SE
	p
	Β
	SE
	p

	Male
	-0.075
	0.095
	0.435
	0.024
	0.077
	0.759

	Female
	-0.249
	0.139
	0.077
	-0.065
	0.133
	0.628







Table A3. Best-fit behavioural and nesting models from a study on the effects oil and gas infrastructure, roads, and noise (“IRN”) on chestnut-collared longspur reproductive behaviour in southeastern Alberta in 2013 and 2014. 
	Response Variable
	Fixed Effects
	Nuisance Variables
	Random Effect
	ΔAICca
	wib

	Incubation Stage
	
	
	
	
	

	Incubation frequency
	IRNc, Hour, Clutch size
	Hour2, Date, Male incubation visits
	Nest ID
	0
	0.86

	Incubation attentiveness
	IRN, Hour, Clutch size
	Hour2, Year, Male mate provisioning
	Nest ID
	0
	0.99

	Incubation bout mean
	IRN, Hour, Clutch size
	
	Nest ID
	0.8
	0.26d

	Recess bout mean
	IRN, Hour, Clutch size
	Year, Male mate provisioning
	Nest ID
	0
	0.95

	Nocturnal attentiveness
	IRN, Clutch size
	
	Nest ID
	0
	0.70

	Male incubation visit frequency
	IRN, Hour, Clutch size
	
	Nest ID
	0
	0.47

	Male mate provisioning
	IRN, Hour, Clutch size
	
	Nest ID
	0
	0.47

	Nestling Stage
	
	
	
	
	

	Visit Frequency
	
	
	
	
	

	Total
	IRN, Hour, Age, Brood size
	
	Nest ID
	0.9
	0.28d

	Male
	IRN, Hour, Age, Brood size
	
	Nest ID
	0
	0.45

	Female
	IRN, Hour, Age, Brood size
	Year
	Nest ID
	0
	0.91

	Provisioning Frequency
	
	
	
	
	

	Total
	IRN , Hour, Age, Brood size
	Hour2
	Nest ID
	0
	0.61

	Male
	IRN, Hour, Age, Brood size
	
	Nest ID
	0
	0.39

	Female
	IRN, Hour, Age, Brood size
	Hour2, Year
	Nest ID
	0
	0.94

	Nest Attentiveness
	IRN, Age, Brood size
	Hour2
	Nest ID
	0
	1.0

	Cumulative Brood-and-Shade
	
	
	
	

	Total
	IRN, Hour, Age, Brood size
	Hour2
	Nest ID
	0
	1.0

	Male
	IRN, Hour, Age, Brood size
	Hour2
	Nest ID
	0
	0.96

	Female
	IRN, Hour, Age, Brood size
	Hour2
	Nest ID
	0
	1.0

	Brood-and-Shade Mean
	
	
	
	
	

	Total
	IRN, Hour, Age, Brood size
	
	Nest ID
	0
	0.32

	Male
	IRN, Hour, Age, Brood size
	Hour2
	Nest ID
	0
	0.95

	Female
	IRN, Hour, Age, Brood size
	
	Nest ID
	0
	0.39

	Fledging
	
	
	
	
	

	Fledging Age
	IRN
	
	
	0
	1.0

	Number Fledged
	IRN
	Year
	
	0
	0.85

	Clutch Size
	IRN
	
	
	0
	0.73



a Difference in AICc value between this model and the model with the smallest AICc.
b Akaike weight.
c All models include the three anthropogenic disturbance variables: Infrastructure (proximity), Roads (proximity), and noise (presence/absence).  
d This model was within ΔAICc < 2 of the most supported model, but with fewer terms. 
