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Understanding the mechanisms that explain why oil infrastructure has an effect on wildlife, and comparing effects of different types of infrastructure, is necessary for determining how we may minimize or mitigate those effects. We compared the abundances of five grassland songbird species at oil well sites with different pump mechanisms and power sources, and determined the effects of exotic vegetation, perch sites, and road densities. We compared effects of wells that were active with effects of wells that were turned off to evaluate whether effects of wells were caused by noise or human activity at wells. We conducted 800-m abundance transects at 42 sites twice per year in 2013 and 2014 in Alberta, Canada. Two species at risk, Baird’s sparrows (Ammodramus bairdii) and Sprague’s pipits (Anthus spragueii), had significantly lower abundances at all sites that contained oil infrastructure. However, there was little evidence that noise, human activity, or traffic explained these effects. Effects of active and inactive wells were the same, and grid-powered wells had a greater effect than did generator-powered wells, although generator-powered wells are louder. Our research suggests that reducing noise, human activity or traffic would not reduce the effects of wells on grassland songbirds, and, therefore, mitigation must focus on minimizing the extent of above-ground infrastructure.
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Innumerable studies have documented the massive impacts that humans have had on our planet. However, we are too often faced with uncertainty in understanding why wildlife may be affected by some human activities but not others, or why effects seem to be negative under only certain circumstances. This greatly hampers our ability to develop actions that can be taken to minimize negative impacts of humans. For example, studies that have evaluated effects of oil and natural gas wells on grassland songbirds have sometimes produced contradictory results (e.g., Hamilton et al., 2011; Ludlow et al., 2015; Thompson et al., 2015), resulting in uncertainty for both regulators and industry. It is critical that we identify specific mechanisms that explain negative effects of anthropogenic developments so that we can better understand how we might mitigate effects on taxa that are experiencing alarming population declines due to many interacting anthropogenic factors, such as grassland songbirds (Knopf, 1992; Sauer et al., 2015).
The temperate grasslands that provide habitat for North America’s grassland songbirds have been greatly affected by energy development, and this impact is predicted to increase over the coming decades (McDonald et al., 2009). Since 2000, over 170,000 conventional oil and natural gas wells have been drilled in Alberta (Government of Alberta, 2017). Despite this disturbance, southern Alberta is still occupied by many endemic grassland species, including breeding populations of three songbird species that are federally or provincially at risk: Sprague’s pipit (Anthus spragueii), Baird’s sparrow (Ammodramus bairdii), and chestnut-collared longspur (Calcarius ornatus) (SARA, 2016).
Energy development may contribute to the decline of grassland songbirds, though relatively few studies have investigated this (Askins et al., 2007). Energy extraction has been documented to negatively affect greater sage-grouse (Centrocercus urophasianus), waterfowl, and forest songbirds (see review in Riley et al., 2012).  Additionally, increased density of oil and gas wells has been correlated with lower abundances of sage-brush obligate songbirds (Gilbert and Chalfoun; 2012), and habitat loss associated with energy development has been correlated with increased predation (Hethcoat and Chalfoun; 2015a) and lowered nest success (Hethcoat and Chalfoun; 2015b). These results suggest that grassland songbirds might also be sensitive. Given the known effects on other species and the lack of consensus about effects on grassland songbirds, more studies on the effects of conventional oil wells and related infrastructure are necessary. 
There are a number of reasons why oil infrastructure would be predicted to affect habitat suitability for grassland birds. Anthropogenic noise may disrupt or mask songbird communication (Habib et al., 2006; Schroeder et al., 2012), which may lead songbirds to avoid noisy energy infrastructure (Bayne et al., 2008). Increased human activity includes a rise in traffic, which can increase songbird mortality and disturbance to nesting birds (Trombulak and Frissell, 2000; Ingelfinger and Anderson, 2004; Jack et al., 2015). Taller structures may lead to an increase in collision mortalities (Mabey and Paul, 2007), or may simply be avoided (Grant et al., 2004; Thompson et al., 2014). Further, linear features associated with oil infrastructure, including roads, power lines, and fences, may act as perch sites, travel corridors, or attractants for predators (Frey and Conover, 2006; DeGregorio et al., 2014). Disturbances to the soil from construction may lead to an increase in exotic vegetation around those areas, which can further hinder songbird populations by creating unsuitable habitat (Bergquist et al., 2007; Riley et al., 2012). Determining which of these mechanisms explain effects of oil wells on grassland songbirds is necessary for developing effective mitigation strategies, and may help us understand why oil wells in some regions have apparently greater effects on wildlife than oil wells in other regions.
Different types of oil well infrastructure might also have different effects. For example, pumpjacks and screw pumps are both pumping systems used to draw oil to the surface, but their visual profiles differ significantly as pumpjacks are much taller than screw pumps. Therefore, species that avoid tall infrastructure might be more likely to avoid pumpjacks than screw pumps. Wells may also be powered either by connecting them to the provincial power grid via distribution lines, or by on-site generators. Grid-powered wells are significantly quieter than generator-powered wells, but have more perch sites. Therefore, species that avoid anthropogenic noise would be more likely to avoid generator-powered wells, while species that select territories to avoid sites that attract perching predators would be expected to avoid grid-powered wells. Understanding effects of different types of wells makes important contributions to conservation by allowing us to identify currently available engineering solutions to environmental problems, and by helping us to identify the reasons why wells influence songbirds so that we can refine future mitigation strategies.
We addressed three questions to better understand the effects of conventional oil development on grassland songbirds. First, we evaluated whether grassland songbird abundance differed at sites with oil infrastructure versus control sites. Second, we determined whether different types of oil well pumps, or wells with different power sources, had varying effects on songbird abundance and distribution. This allowed us to identify whether some oil extraction methods could minimize ecological effects of wells. Third, we addressed the reasons for effects of wells on birds by evaluating the roles of perches, roads, exotic vegetation, noise, traffic, and human activity. We hypothesized that if effects of wells are caused by noise, we would observe greater effects of active infrastructure than inactive infrastructure, and greater effects of generator-powered than grid-powered wells (noise hypothesis). If effects of wells are caused by avoidance of tall structures, we would expect no difference in effects of active and inactive infrastructure, and greater effects of pumpjacks than screw pumps (tall-structure hypothesis). If effects of wells are caused by the presence of perch sites in this habitat usually devoid of such, we would expect no difference in effects of active and inactive infrastructure, greater effects of grid-powered than generator-powered wells, greater effects close to perches, and no difference between screw pumps and pumpjacks (perch-site hypothesis).
[bookmark: _Toc457468051]2. Methods
[bookmark: _Toc457468052]2.1 Study area
This study took place at 42, 800x800 m sites within 100 km of Brooks, Alberta (50°33’51” N 111°53’56” W). The area around Brooks is primarily comprised of native mixed-grass prairie (Bailey et al., 2010), agriculture lands, and a 66-km2 human-made lake. This area receives an average of 34.8 cm precipitation annually (Environment Canada, 2010). Common native grass species included needle and thread (Hesperostipa comata), western wheatgrass (Pascopyrum smithii), and Junegrass (Koeleria macrantha). Prairie silver sagebrush (Artemisia cana cana) and wild rose (Rosa acicularis) were the dominant shrub species in the area. To minimize confounding variables, we chose sites without paved roads, wetlands, trees, or steep topography. Sites were located on private lands that were predominately native mixed-grass prairie, although exotic vegetation, such as goatsbeard (Tragopogon dubius) and crested wheatgrass (Agropyron cristatum), were present within sites at low abundances (cover of exotic vegetation averaged 7% within plots; remaining vegetation was native). 
[bookmark: _Toc256265468][bookmark: _Toc297107692]2.1.1 Sites
Each site consisted of a quarter section in the center of which we established a 100x800-m plot (transect) oriented North-South or East-West, with an oil structure or control point in the center of each transect. We further divided each transect into 8 1-ha blocks. All control sites were at least 800 m away from any oil structures, and the perimeter of sites, whether oil or control, were at least 300 m from other site perimeters. 
Fourteen sites were controls and 28 sites contained an oil structure. All of the oil wells that we used were conventional wells owned and operated by Cenovus Energy Incorporated, and were typical of oil infrastructure in the region. Sites were classed according to activity (active/inactive), well type (pumpjack/screw pump) and power source (grid- or generator-powered). Active wells produced noise and were visited at least once a day, sometimes more (S. Patey LeDrew, Cenovus, personal communication); in contrast, inactive wells were silent, still, produced no emissions, and were rarely visited by vehicles or personnel. Pumpjacks (sucker rod pumps) and screw pumps (progressive cavity pumps) produced noise at similar decibels (averaged 68-69 dB(C); Koper et al., 2016), but pumpjacks were taller than screw pumps (7 m in height versus 2-3 m in height); pumpjacks also moved vertically, with their pump mechanism swinging 2-3 m, while screw pumps have a much smaller mechanism that spins quickly and horizontally. Thus, visual stimuli differed between well types. Power distribution lines linked grid-powered wells to the provincial power grid; in contrast, distribution lines were absent at generator-powered wells. Wells with generators were noisier than grid-powered wells (73 dB(C) versus 62 dB(C) 10 m from pumpjack wells; Rosa et al., 2015).  
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We gathered bird abundance data by conducting two transect abundance surveys, separated by at least 10 days, at each site in both 2013 and 2014. We conducted surveys from May 26 until July 1 and in conditions with no sustained winds more than 20 km/h, no precipitation, and little to no fog. We surveyed transects between dawn and 1000 hours. To follow provincial safety regulations and maintain the required minimum distance from infrastructure, observers had to stop an average of 23 m away from the center point of each transect. Two observers sampled each transect per round, one-half of the transect each, over 40 minutes; surveys were started either at the center or perimeter of the site, to ensure that start location did not drive observed patters. No observers sampled the same transect twice in a year. During transects, we recorded all birds heard or seen within 50 m of the center line (Pacifici et al., 2008; Leston et al., 2015). We recorded observer locations on the transect line, the bird’s distance from observer, and the bird’s bearing from the observer, which allowed us to estimate the location of each bird observed. We then used the five most abundant grassland songbird species in our analyses.	
At each site, beginning in July, we measured vegetation structure using 24 to 38 1-m2 plots per site. On each transect, we sampled plots at 1, 5, 10, and 20 m away from the edge of the gravel pad at infrastructure sites, or from the center point at control points. In 2013, we also took vegetation measurements every 50 m, up to 400 m from the center point. In 2014, we sampled vegetation at the 1, 5, 10, and 20-m increments again, and then took additional measurements at 25-m increments up to 400 m from wells. At all of our sites we measured seven vegetation structure indices: density, litter depth, maximum vegetation height, and percent basal cover of bare ground, forbs (Fisher and Davis, 2010), biocrust (mosses and lichens) (Pipher, 2011), and occurrence of exotic species (Wilson and Belcher, 1989; Dale et al., 2009; Davis et al., 2013). 
Using a GPS unit (Garmin eTrex 10), we mapped all aboveground anthropogenic features such as roads, power lines, natural gas wells, and fences that were within our sites or within 200 m of the outer boundary of a site. Hereafter, power lines, natural gas wells, and fences are referred to as perches. We defined roads as hard-packed dirt and gravel surfaces. The majority of roads mapped in the study were either county range and township roads or roads required to access oil infrastructure. We did not include grass 2-tracks or trails in this category, as there were relatively few of these at our sites and they were structurally smaller and less distinct compared with larger roads (Sutter et al., 2000). Perch density was calculated as the sum of linear meters of fences, power lines, and natural gas wells within 600 m of the center point of each site. Likewise, road density was the sum of linear meters of road within 600 m of the center point.
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2.3.1 Detectability
We used unadjusted relative abundance estimates as an index of abundance for our 5 focal species. This choice was made for several reasons: (1) we used an experimental deployment of song playbacks hidden in the grass to determine that noise from wells did not decrease detectability or accuracy in localization of bird songs in this study (Koper et al., 2016); (2) perceptibility of our focal species within 50 m of the observer in this study area was very high (P > 0.98; Leston et al., 2015); (3) Henderson and Davis (2014) also demonstrated that unadjusted counts are appropriate for estimating relative abundances of grassland songbirds in the northern mixed-grass prairie; and finally, (4) we did not meet assumptions of distance sampling and removal sampling (Leston et al., 2015), and not meeting these assumptions increases index bias (Marques, 2004; Johnson, 2008).
2.3.2 Models
We used Program R (R Core Team, 2014) for all statistical analyses, and evaluated significance using an alpha value of 0.1 to minimize the risk of a Type II error (Taylor and Gerrodette, 1993). We calculated upper and lower 90% confidence intervals for all estimates using the ez package (Lawerence, 2013). We used generalized linear mixed models (GLMM) (Bolker et al., 2009) from the lme4 package (Bates et al., 2014) for all models. Except for comparing model fit, we used a frequentist, null-hypothesis significance-testing approach for all analyses (Mundry, 2011).
We modeled the abundance of each of the 5 focal species separately. Prior to running models, we used diagnostic tests including q-q plots, residual-predictor plots, and the degrees of freedom/residual deviance ratio to determine the distribution family that best fit our data. We used a Poisson distribution for all models besides those for chestnut-collared longspurs and site-scale Savannah sparrow abundances. For the latter, we used a Guassian distribution. Data from chestnut-collared longspurs were too sparse to allow us to evaluate effects on their abundance; instead, we converted observations to presence/absence data and analyzed occurrence using a binomial distribution. We ran models at two spatial scales for each question: the hectare scale, to evaluate local effects of distance to infrastructure on birds, and the site scale, to evaluate effects of the presence of infrastructure at the scale of the quarter-section (a quarter of a square mile, approximately 64.7 ha), which is the scale at which many management decisions are made. 
 In preliminary analyses, we found that log (distance) was a better fit (delta Akaike information criterion (AIC) > 1.1, see Appendix A) than an arithmetic scale for distance; therefore, subsequent models used log (distance to infrastructure). Similarly, log (perch density) and log (road density) fit data better than non-logged measures (delta AIC > 0.7, see Appendix B). Preliminary modeling also revealed an outlier in site-scale exotic vegetation. There was no change in significance when we ran the models with and without the outlier, so for conciseness we only show models without this outlier. In preliminary analyses, we ran models both with and without vegetation variables, but as there was no change in significance of the oil infrastructure variables, we did not include the vegetation variables in our final models. If interaction terms were not significant, we removed them from the model and ran the model again, to reduce problems with collinearity (Quinn and Keough 2002). For site-scale models, we used the random variable site, and we used both site and hectare block as random variables for the hectare-scale models. We tested whether including random variables resulted in a better fit by running models both with and without random variables and comparing their AIC scores. 
We grouped analyses into categories to answer three types of question:
Is bird abundance affected by the presence of oil infrastructure?
To determine if the presence of oil well structures at the site scale influenced songbird abundance, we modeled abundance as a function of site type (oil well or control). To determine whether abundance of birds was different close to infrastructure, we modeled abundance as a function of site type, log (distance), and site type*log (distance).
Do different types of infrastructure have different effects?
To determine whether different types of wells affected songbird abundance differently, we ran two models at each scale. The first evaluated effects of power source on abundance, and included control sites and oil wells that were either generator-powered screw pumps or a grid-powered screw pumps. Because we had only generator-powered pumpjacks, we did not include pumpjacks in this model. At the site scale, the model had one independent variable, power type, while power type, log (distance), and power type*log (distance) were included in the hectare-scale model. 
The second model compared abundance at different well types, and included control sites and oil wells that were either generator-powered screw pumps or generator-powered pumpjacks. Because we did not sample at any grid-powered pumpjacks, grid-powered screw pumps were not included in this model. The model for the site scale had one independent variable, well type, while the model at the hectare scale included well type, log (distance), and well type*log (distance).
Why does infrastructure affect abundance? 
To determine if the presence of noise or activity influenced songbird abundance at the site scale, we compared abundance at control sites, sites with active oil wells, and sites with inactive oil wells. At the local scale, we modeled songbird abundance with the independent variables activity (on, off, or control), log (distance), and activity*log (distance).
To determine whether the abundance of exotic vegetation, perch density, or road density influenced abundance of birds, we used exotic cover, log (perch density), and log (road density) as independent variables in site-scale models. For the hectare scale, we used exotic cover within each 1-ha subsection of the transect, log (perch distance), and log (road distance) as independent variables.
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Is bird abundance affected by the presence of oil infrastructure?
At the site scale, Sprague’s pipit and Baird’s sparrow abundances were nearly 2.5 and 3 times, respectively, greater at control sites compared with sites with oil infrastructure (Table 1; Fig. 1i). Abundances of both species increased with distance to infrastructure. Sprague’s pipit density was 31% higher 400 m from the center point at sites with oil infrastructure (Fig. 1ii) and Baird’ sparrow density more than doubled 400 m from the center point at oil sites (Fig. 1iii). The abundances of the other species did not show a response to the presence of oil wells when types of wells were combined.
Do different types of infrastructure have different effects?
At the site scale, effects of pumpjacks and screw pumps were similar for most species, but several differences between each well type were evident at the local scale. Sprague’s pipits and Baird’s sparrows responded similarly to pumpjacks and screw pumps (Fig. 2i, Table 1) at the site scale. However, western meadowlark abundance was over 40% greater at screw pump sites compared to pumpjacks and control sites. At the hectare scale, Sprague’s pipit density increased by 51% when 400 m away from pumpjacks, compared to abundances within 100 m of pumpjacks (Fig. 3i), while abundance remained low across all distances for screw pumps. Baird’s sparrow density increased by 2.2 times 400 m away from pumpjacks and by 1.6 times 400 m away from screw pumps (Fig. 3ii). In contrast, abundance of western meadowlark was higher close to screw pumps but not pumpjacks (Fig. 3iii). The probability of chestnut-collared longspur presence increased by 2.6 times close to pumpjacks, although there was no effect of screw pumps (Fig.3iv). Savannah sparrows showed no change in abundance relative to either pumpjacks or screw pumps.
For most species, effects of grid-powered wells were greater than effects of generator-powered wells. Control sites had greater than 2 and 4 times more Sprague’s pipits and greater than 3 and 5 times more Baird’s sparrows than at generator- and grid-powered well sites, respectively (Fig. 2ii, Table 1). Sites with generator-powered wells had nearly 2 times more Sprague’s pipits and nearly 3 times more Baird’s sparrows than grid-powered wells. Western meadowlark abundance was 60% higher at generator-powered wells compared to grid-powered wells and control sites. Savannah sparrow abundance at grid-powered sites was 40% and 46% higher than at control sites and generator-powered wells. At the hectare scale, Baird’s sparrow density increased by 56% over 400 m from generator-powered wells and by 2.8 times from grid-powered wells (Fig. 3v). Western meadowlark density was significantly higher near generator-powered but not grid-powered wells (Fig. 3vi). Chestnut-collared longspurs showed no change in abundance.
Why does infrastructure affect abundance? 
There was no difference in abundance of any species at sites with active compared with inactive wells, suggesting that noise is unlikely to explain the negative effects of wells we detected at the site scale (Fig. 4i, Table 1). 
Presence of perch sites and other linear disturbances were correlated with abundances of 4 species. Total linear meters of perch was negatively correlated with Sprague’s pipit and Baird’s sparrow abundance at the site scale (Fig. 5i, Table 1), consistent with our observation that abundance of both species was lower at grid-powered than generator-powered sites (Fig. 2ii). Baird’s sparrow and chestnut-collared longspur density were both positively correlated with distance to the nearest perch (Fig. 5ii); western meadowlark density was negatively correlated. Similarly, distance to the nearest road was positively correlated with Sprague’s pipit and Baird’s sparrow density (Fig. 5iii), but negatively correlated with chestnut-collared longspur density. Abundance of Savannah sparrows was not correlated with availability of perches or roads; western meadowlarks were also not correlated with roads.
Baird’s sparrow abundance was negatively correlated with percent cover of exotic vegetation within sites (Fig. 5iv), whereas abundance of other species was independent of amount of exotic vegetation (Table 1). There was no effect of exotic vegetation on abundance or occurrence of birds at the hectare scale. 

[bookmark: _Toc457468056][bookmark: _Toc297233602]4. Discussion
	The mechanisms that explain effects of oil wells on grassland songbirds are not always intuitive. While many studies have emphasized the potential effects of anthropogenic noise (e.g., Francis and Barber, 2013) and traffic (e.g., Reijnen et al., 1996) on birds, we found that none of these factors explained effects of oil wells on grassland songbirds. Further, the taller pumpjacks did not have a greater effect than screw pumps. Instead, effects of wells were caused by the physical footprint of infrastructure and were exacerbated by the presence of linear features such as perch sites and roads. Consistent with this result, we demonstrate elsewhere that effects of oil wells on nesting success of grassland songbirds are caused by the presence of infrastructure, not noise or traffic (Bernath-Plaisted and Koper, 2016). This has clear implications for conservation. Reducing noise and human activity around wells, or switching between pumpjacks and screw pumps, would be unlikely to benefit the grassland songbirds we studied. Instead, minimizing perch sites, the presence of above-ground infrastructure, and roads by clustering well heads on existing well pads is necessary to reduce effects of the oil industry. 
While Sprague’s pipits and Baird’s sparrows were found at lower abundances across well sites (see also Thompson et al., 2015), occurrence of chestnut-collared longspur, another grassland obligate, was independent of the presence of or distance to wells. This result is inconsistent with those of Thompson et al. (2015), who found negative effects of wells on both chestnut-collared longspurs and Savannah sparrows. This discrepancy might be because Thompson et al. (2015) studied unconventional oil wells, which often have additional infrastructure such as natural gas flares, and also have a larger footprint. Ludlow et al. (2015) also found a negative effect of natural gas and oil wells on Sprague’s pipits and Baird’s sparrows, although they concluded that the lower abundances were due to the high presence of crested wheatgrass around the wells in their study area, rather than the presence of wells per se.  
The presence of anthropogenic perch sites effected several species. This is consistent with previous studies that have shown that Baird’s sparrows and Sprague’s pipits are negatively affected by vertical structures emerging from the relatively planar prairie environment, such as natural gas wells, while Savannah sparrows were more likely to use sites with more vertical structures (Dale et al., 2009; Hamilton et al., 2011). Several studies have also shown that grassland songbirds have lower abundances near woody vegetation (Robbins and Dale, 1999; Davis, 2004; Grant et al., 2004; Thompson et al., 2014). Our results suggest many grassland songbirds may avoid sites with vertical anthropogenic structures in the same manner in which they avoid natural vertical structures, perhaps to avoid areas of increased predation risk (Grant et al., 2006; Klug et al., 2010) or brood parasitism (Clotfelter, 1998; Saunders et al., 2003). Indeed, grassland songbird nesting success in our study area was lower at oil well sites with more perches (Bernath-Plaisted and Koper, 2016). Similarly, Rodgers and Koper (2017) attributed many effects of conventional shallow gas wells to their potential function as anthropogenic perch sites. Our results suggest that the patterns we observed were probably caused by the presence of perch sites rather than avoidance of tall structures, because we found no evidence that the much taller pumpjacks were avoided more than screw pumps. Regardless, it is of some concern that Savannah sparrow nesting success was lower at sites with grid-powered wells in the same study area (Bernath-Plaisted and Koper, 2016), to which they were attracted, as this may result in an ecological trap for this species (Battin, 2004).
Roads also contributed to some effects of wells. Chestnut-collared longspur occurrence increased closer to roads, which might be due the preference by this species for shorter, sparser vegetation (Hill and Gould, 1997; Davis, 2005). Conversely, Sprague’s pipit and Baird’s sparrow abundances both decreased closer to roads; this is consistent with previous studies (Sutter et al., 2000; Koper and Schmiegelow, 2006, but see Sliwinski and Koper, 2012). Traffic along roads may discourage songbirds from using roadside habitat (Reijnen et al., 1996); increased mortality along roads may also explain this trend (Trombulak and Frissell, 2000; Clevenger et al., 2003; Lloyd et al., 2009) . The presence of exotic vegetation also played little role in explaining distributions of our five focal species, perhaps because exotic vegetation was rare in our sites. It may have a greater effect where its abundance is more extensive (Ludlow et al., 2015).
Many ecologists have pointed out the ecological effects of anthropogenic noise (e.g., Francis and Barber, 2013), and thus it may seem surprising that noise and human activity did not increase well avoidance by Sprague’s pipits and Baird’s sparrows. While noise can clearly affect a variety of avian behaviors (e.g., Francis et al., 2011; Ware et al., 2015), there are also a number of strategies that can be adopted by individuals to compensate for anthropogenically altered soundscapes (e.g. Wood and Yezerinac, 2006; Brumm and Zollinger, 2013). These strategies may decrease the ultimate consequences of noise. Grassland songbirds have evolved in an acoustically heterogeneous environment with abundant natural noise from wind and other elements, and so may have evolved sufficient behavioral plasticity to compensate for environmental noise (Curry et al., 2017). However, it is also possible that our study design might underestimate effects of noise. Industrial noise may result in legacy effects that remain after it ceases; for example, songbirds may avoid historically noisy sites due to interannual philopatry, or mammalian predators that were attracted to noisy sites might develop hunting routes that are then maintained for years or generations, even after cessation of noise. If that is the case, then turning off infrastructure would not eliminate effects of earlier noise. Therefore, we still encourage further research on potential effects of anthropogenic noise on grassland songbirds.
Our results suggest that the most effective way to minimize effects of oil extraction on Sprague’s pipits and Baird’s sparrows would be to minimize abundance of aboveground infrastructure including roads. Mitigation could include burying power distribution lines, dismantling and reclaiming inoperative oil wells, and horizontally drilling of new wells from existing well pads to avoid unnecessary aboveground infrastructure and roads. One study has already provided evidence that grassland songbirds do not react more strongly to multi-bore compared with to single-bore well pads (Thompson et al., 2015). However, the ecological benefits of minimizing the surface footprint of infrastructure must be balanced with the increased risk of spills associated with horizontal drilling (Watson and Bachu 2009). Although Alberta’s current legislation requires that capped, abandoned wells must have all surface equipment, cement, and debris removed within 12 months (Alberta Energy Regulator 2016), energy companies may circumvent this requirement by leaving wells open, and thus wells are not legally considered abandoned. Thus, government agencies must enforce policies that require clean-up of above-ground infrastructure. We also argue that evaluating the mechanisms that explain effects of wells on wildlife is necessary to developing effective management and mitigation strategies, and that this approach should be emphasized in future research. 
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Table 1. Responses of five species of grassland songbirds to different types of oil wells and related infrastructure in southern Alberta, Canada in 2013 and 2014. Beta value indicates how the second variable listed in the “Test” column relates to the first variable. SP = Screw pump, PJ = Pumpjack, D = distance to center point. *Denotes significance (p < 0.1).
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Figure 1. Effects of the presence of oil wells on Sprague’s pipit and Baird’s sparrow abundance at the i) site scale and ii) - iii) hectare scale in southern Alberta, Canada, from 2013-2014. Within a species, statistical significance is denoted by different letters (column A is significantly different than column B). There were no significant effects of oil wells or distance to oil wells on abundances of chestnut-collared longspurs, western meadowlarks, or Savannah sparrows. Error bars and dashed lines denote 90% confidence intervals.

Figure 2. Effects of different types of oil infrastructure on Sprague’s pipit, Baird’s sparrow, western meadowlark, and Savannah sparrow abundance in southern Alberta, Canada, from 2013-2014. i) Effects of different oil pump types (pumpjacks or screw pumps) at the site scale. ii) Effects of different power sources (generator or power grid) at oil wells at the site scale. Statistical significance is denoted by different letters. Error bars denote 90% confidence intervals. There were no significant effects of pumpjacks or screw pumps on chestnut-collared longspurs or Savannah sparrows, and no significant effects of grid- or generator-powered pumps on chestnut-collared longspurs. 

Figure 3. Effects of different types of oil infrastructure on Sprague’s pipit, Baird’s sparrow, western meadowlark, and chestnut-collared longspur distribution in southern Alberta from 2013-2014. i)-iv) Effects of distance to different oil pump types (pumpjack or screw pump). v)-vi) Effects of distance to different power sources (propane generator or electric grid) at oil wells. Statistical significance is denoted by different letters. Dashed lines represent 90% confidence intervals. There were no significant effects of distance to pumpjacks or screw pumps on Savannah sparrows, and no significant effects of distance to grid- or generator-powered pumps on Sprague’s pipits, chestnut-collared longspurs, or western meadowlarks.

Figure 4. Effect of oil pumps’ activity (on/off) on Sprague’s pipit and Baird’s sparrow abundance at the site scale (i) and (ii) hectare scale in southern Alberta, Canada from 2013-2014. iii) Effect of oil pumps’ activity (on/off) on Savannah sparrow distribution at the hectare scale. Statistical significance is denoted by different letters. Error bars and dashed lines represent 90% confidence intervals. There were no significant effects of activity on chestnut-collared longspurs or western meadowlarks.

Figure 5. i) Effect of total linear meters of perch on the abundance of Sprague’s pipit and Baird’s sparrow. ii) Effect of distance to perch on the distribution of Baird’s sparrows, western meadowlarks, and chestnut-collared longspurs. iii) Effect of distance to road on the distribution of Sprague’s pipit, Baird’s sparrows and chestnut-collared longspurs. iv) Effect of exotic vegetation cover on Baird’s sparrow abundance at the site scale. Dashed lines denote 90% confidence intervals. There were no significant effects of perch on Savannah sparrows, no significant effects of road on western meadowlarks or Savannah sparrows, and no significant effects of exotic vegetation on Sprague’s pipits, chestnut-collared longspurs, western meadowlarks, or Savannah sparrows. All results are from southern Alberta from 2013-2014.



9. Tables
Table 1.
	 
	 
Sprague's pipit

	 
Baird's sparrow
 
	 
Western meadowlark
 
	 
Savannah sparrow
 
	 
Chestnut-collared longspur
 

	Test
	Beta
 
	Standard
error
	P-value
 
	Beta
 
	Standard
error
	P-value
 
	Beta
 
	Standard
error
	P-value
 
	Beta
 
	Standard
error
	P-value
 
	Beta
 
	Standard
error
	P-value
 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	                      Site scale

Control vs. Oil wells
	-0.869
	0.196
	<0.001*
	-1.041
	0.227
	<0.001*
	0.187
	0.189
	0.321
	1.216
	1.593
	0.45
	0.218
	1.244
	0.861

	Control vs. Gen.-powered PJ
	-0.619
	0.197
	0.002*
	-0.930
	0.219
	<0.001*
	-0.039
	0.215
	0.855
	-0.126
	1.757
	0.943
	-0.703
	2.129
	0.741

	Control vs. Gen.-powered SP
	-0.790
	0.268
	0.003*
	-0.589
	0.280
	<0.001*
	0.507
	0.259
	0.05*
	-0.514
	2.294
	0.824
	3.310
	3.121
	0.289

	Gen-powered PJ vs. Gen.-powered SP
	-0.167
	0.256
	0.515
	0.348
	0.319
	0.276
	0.561
	0.288
	0.052*
	-0.436
	2.229
	0.847
	3.387
	2.697
	0.209

	Control vs. Grid-powered SP
	-1.465
	0.291
	<0.001*
	-1.629
	0.315
	<0.001*
	0.297
	0.217
	0.171
	4.803
	2.167
	0.036*
	-0.055
	1.503
	0.971

	Control vs. Generator-powered SP
	-0.798
	0.301
	0.008*
	-0.591
	0.291
	0.043*
	0.501
	0.234
	0.033*
	-0.524
	2.419
	0.830
	2.184
	1.854
	0.239

	Grid- vs. Generator-powered SP
	0.677
	0.386
	0.079*
	1.095
	0.453
	0.016*
	0.209
	0.274
	0.445
	-5.373
	2.718
	0.071*
	1.632
	1.173
	0.164

	Control vs. Active
	-0.922
	0.220
	<0.001*
	0.954
	0.258
	<0.001*
	-0.032
	0.214
	0.882
	-1.473
	1.779
	0.412
	0.440
	1.498
	0.769

	Control vs. Inactive
	-0.803
	0.194
	<0.001*
	-1.138
	0.250
	<0.001*
	0.301
	0.202
	0.136
	1.279
	1.592
	0.428
	0.258
	1.883
	0.891

	Active vs. Inactive
	0.097
	0.181
	0.591
	-0.165
	0.237
	0.487
	0.275
	0.183
	0.132
	-0.476
	1.434
	0.741
	1.222
	1.083
	0.260

	Total perch
	-0.131
	0.058
	0.025*
	-0.108
	0.058
	0.059*
	0.031
	0.056
	0.576
	0.288
	0.434
	0.511
	-0.272
	0.396
	0.492

	Total road
	-0.174
	0.217
	0.423
	-0.225
	0.214
	0.295
	0.226
	0.230
	0.281
	2.128
	1.571
	0.184
	0.112
	1.332
	0.933

	Exotic vegetation
	-0.018
	0.016
	0.261
	-0.068
	0.021
	0.001*
	-0.002
	0.015
	0.900
	0.099
	0.118
	0.400
	0.019
	0.086
	0.826

	Hectare scale
	 
	
	 
	
	
	
	 
	
	 
	
	
	
	 
	
	 

	Control*D vs. Oil wells*D
	0.439
	0.164
	0.007*
	0.823
	0.222
	<0.001*
	-0.247
	0.298
	0.407
	0.101
	0.152
	0.506
	0.062
	0.515
	0.904

	Control*D vs. Gen.-powered PJ*D
	0.540
	0.192
	0.005*
	0.867
	0.279
	0.002*
	-0.142
	0.345
	0.967
	-0.024
	0.109
	0.826
	1.368
	0.691
	0.048*

	Control*D vs. Gen.-powered SP*D
	0.400
	0.283
	0.164
	0.659
	0.342
	0.054*
	-1.082
	0.403
	0.007*
	0.164
	0.150
	0.273
	-0.451
	0.657
	0.492

	Gen.-powered PJ*D vs. Gen.-powered SP*D
	-0.145
	0.306
	0.635
	-0.222
	0.412
	0.590
	-1.066
	0.392
	0.007*
	0.188
	0.155
	0.227
	-1.890
	0.799
	0.018*

	Control*D vs. Grid-powered SP*D
	0.124
	0.314
	0.694
	0.650
	0.342
	0.534*
	-1.075
	0.403
	0.008*
	0.157
	0.141
	0.268
	-0.434
	0.602
	0.470

	Control*D vs. Generator-powered*D
	0.394
	0.283
	0.163
	1.000
	0.478
	0.037*
	0.193
	0.387
	0.619
	0.163
	0.110
	0.140
	-1.117
	0.685
	0.103

	Gen.-powered SP*D vs Grid-powered SP*D
	-0.271
	0.393
	0.491
	0.368
	0.608
	0.545
	1.269
	0.422
	0.003*
	0.006
	0.147
	0.965
	-0.676
	0.730
	0.355

	Control*D vs. Active*D
	1.408
	0.567
	0.013*
	1.343
	0.316
	<0.001*
	0.014
	0.356
	0.969
	0.224
	0.104
	0.032*
	0.176
	0.552
	0.750

	Control*D vs. Inactive*D
	0.383
	0.194
	0.048*
	0.414
	0.266
	0.120
	-0.411
	0.330
	0.214
	-0.053
	0.101
	0.598
	-0.034
	0.574
	0.953

	Inactive*D vs. Active*D
	0.133
	0.249
	0.594
	0.929
	0.365
	0.011*
	0.420
	0.327
	0.199
	0.279
	0.102
	0.006*
	0.211
	0.568
	0.711

	Distance to perch
	0.098
	0.072
	0.173
	0.239
	0.095
	0.012*
	-0.170
	0.086
	0.048*
	-0.044
	0.032
	0.164
	0.295
	0.176
	0.093*

	Distance to road
	0.233
	0.063
	<0.001*
	0.229
	0.085
	0.007*
	-0.014
	0.081
	0.867
	0.038
	0.031
	0.207
	-0.433
	0.182
	0.017*

	Exotic vegetation
	-0.005
	0.005
	0.322
	-0.008
	0.008
	0.307
	0.000
	0.005
	0.979
	0.001
	0.002
	0.703
	-0.012
	0.013
	0.373
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11. Appendices

Appendix A
Preliminary analyses showing the difference in fit between arithmetic and log distance to infrastructure. df = residual degrees of freedom 
	
	
	
	Sprague's pipit
	Baird's sparrow
	Western Meadowlark
	Savannah sparrow
	Chestnut-collared longspur

	
	Test
	
	AIC
	Deviance/df
	AIC
	Deviance/df
	AIC
	Deviance/df
	AIC
	Deviance/df
	AIC
	Deviance/df

	Distance to infrastructure
	2001.0
	1.52
	1518.9
	1.15
	1512.3
	1.15
	1982.6
	1.51
	1291.9
	0.98

	log(Distance to infrastructure)
	1999.5
	1.52
	1516.1
	1.15
	1511.0
	1.15
	1981.5
	1.51
	1290.6
	0.98



	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	




Appendix B
Preliminary analyses showing the difference in fit between arithmetic and log perch length, distance to nearest perch, road length, and distance to nearest road. df = residual degrees of freedom 
	
	
	
	Sprague's pipit
	Baird's sparrow
	Western meadowlark
	Savannah sparrow
	Chestnut-collared longspur

	
	Test
	
	AIC
	Deviance/df
	AIC
	Deviance/df
	AIC
	Deviance/df
	AIC
	Deviance/df
	AIC
	Deviance/df

	Site-scale
	
	
	
	
	
	
	
	
	
	

	Total perch length
	241.1
	1.46
	229.8
	1.39
	223.8
	1.35
	177.3
	1.06
	257.7
	1.57

	log(Total perch length)
	239.5
	1.45
	226.6
	1.37
	223.0
	1.35
	176.6
	1.06
	356.9
	1.57

	Total road length
	242.7
	1.47
	231.4
	1.40
	224.9
	1.36
	178.2
	1.06
	247.4
	1.57

	log(Total road length)
	241.1
	1.46
	228.2
	1.38
	221.7
	1.34
	176.7
	1.06
	256.4
	1.57

	Hectare-scale
	
	
	
	
	
	
	
	
	
	

	Distance to nearest perch
	1813.0
	1.38
	1526.8
	1.16
	1504.4
	1.14
	1264.4
	0.96
	1977.9
	1.51

	log(Distance to nearest perch)
	1809.8
	1.38
	1525.5
	1.16
	1503.3
	1.14
	1262.7
	0.96
	1976.1
	1.51

	Distance to nearest road
	1786.9
	1.36
	1530.8
	1.16
	1509.3
	1.15
	1265.3
	0.96
	1979.5
	1.51

	log(Distance to nearest road)
	1786.1
	1.36
	1523.7
	1.16
	1508.4
	1.15
	1259.9
	0.96
	1978.8
	1.51



Control sites	1.4017773	0.98924480000000004	1.4017773	0.98924480000000004	Sprague's pipit	Baird's sparrow	4.8220619999999998	2.9518019999999998	Oil sites	0.4533681	0.29443609999999998	0.4533681	0.29443609999999998	Sprague's pipit	Baird's sparrow	2.0223149999999999	1.0419130000000001	Birds per site

Control sites	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	0.72558800000000001	0.71270809999999996	0.70005680000000003	0.68763010000000002	0.67542400000000002	0.66343450000000004	0.65165790000000001	0.6400903	0.62872810000000001	0.61756750000000005	0.60660510000000001	0.59583719999999996	0.58526049999999996	0.57487149999999998	0.56466700000000003	0.55464360000000001	0.54479809999999995	0.53512740000000003	0.52562830000000005	0.51629789999999998	Well sites	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	0.2140649	0.21712229999999999	0.22022340000000001	0.2233687	0.22655900000000001	0.22979479999999999	0.2330769	0.2364058	0.2397823	0.24320700000000001	0.2466806	0.25020379999999998	0.25377739999999999	0.25740200000000002	0.26107829999999999	0.26480720000000002	0.26858929999999998	0.27242539999999998	0.27631640000000002	0.28026279999999998	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	0.54394480000000001	0.53730460000000002	0.53048010000000001	0.52346550000000003	0.51625679999999996	0.50885170000000002	0.50124999999999997	0.4934538	0.48546820000000002	0.47730040000000001	0.46896090000000001	0.4604626	0.45182060000000002	0.44305260000000002	0.4341776	0.42521609999999999	0.41618949999999999	0.40711930000000002	0.39802700000000002	0.3889338	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	0.16409869999999999	0.16798080000000001	0.17186270000000001	0.17573	0.17956649999999999	0.18335470000000001	0.18707579999999999	0.1907102	0.19423789999999999	0.1976397	0.20089770000000001	0.20399639999999999	0.2069232	0.2096692	0.21222930000000001	0.2146026	0.2167914	0.2188013	0.22064049999999999	0.2223185	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	0.27924539999999998	0.2806399	0.28219240000000001	0.28392200000000001	0.28584939999999998	0.28799730000000001	0.29038940000000002	0.29305049999999999	0.29600589999999999	0.2992802	0.30289709999999997	0.30687779999999998	0.31124089999999999	0.31600149999999999	0.32117089999999998	0.32675680000000001	0.33276329999999998	0.33919179999999999	0.3460414	0.3533096	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	0.96788859999999999	0.9453722	0.92384160000000004	0.90327849999999998	0.88366400000000001	0.86497769999999996	0.84719809999999995	0.83030179999999998	0.81426339999999997	0.79905570000000004	0.78464889999999998	0.77101160000000002	0.75811019999999996	0.74590979999999996	0.73437419999999998	0.72346619999999995	0.71314869999999997	0.70338429999999996	0.69413659999999999	0.68536980000000003	Distance from center point (m)
Sprague's pipits per hectare
Control sites	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	0.46704236999999998	0.45644230000000002	0.44608281999999999	0.43595845999999999	0.42606388000000001	0.41639387	0.40694332999999999	0.39770728	0.38868086000000002	0.37985930000000001	0.37123795999999998	0.36281227999999999	0.35457783999999998	0.34653029000000002	0.33866538000000002	0.33097897999999998	0.32346703999999998	0.31612558000000002	0.30895074	0.30193874999999998	Well sites	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	8.4022650000000004E-2	8.7213609999999997E-2	9.0525750000000002E-2	9.3963669999999999E-2	9.7532160000000007E-2	0.10123618	0.10508085	0.10907155	0.11321378999999999	0.11751335	0.12197619	0.12660852	0.13141678000000001	0.13640763	0.14158803	0.14696517000000001	0.15254651	0.15833981999999999	0.16435315	0.17059484	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	0.33589437	0.33076377000000001	0.32549239000000002	0.3200751	0.31450824999999999	0.30879008000000002	0.30292103999999997	0.29690411	0.29074503000000002	0.28445241999999998	0.27803772999999998	0.27151512	0.26490107000000002	0.25821399	0.25147367999999998	0.24470077000000001	0.23791612000000001	0.23114027000000001	0.22439302	0.21769301999999999	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	5.8350359999999997E-2	6.1490799999999998E-2	6.4758200000000002E-2	6.8148979999999998E-2	7.1657390000000001E-2	7.5275229999999999E-2	7.8991610000000004E-2	8.2792840000000006E-2	8.6662450000000002E-2	9.0581599999999998E-2	9.4529710000000003E-2	9.8485470000000006E-2	0.10242808	0.10633859	0.1102011	0.11400367	0.11773867	0.12140275	0.1249963	0.12852276000000001	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	0.1209899	0.1236968	0.1265463	0.1295569	0.13275010000000001	0.13615050000000001	0.13978679999999999	0.14369119999999999	0.1478998	0.15245249999999999	0.1573917	0.1627623	0.1686097	0.1749792	0.1819144	0.18945670000000001	0.19764480000000001	0.20651510000000001	0.21610199999999999	0.22643930000000001	100	107.590039741846	115.75616767408201	124.54210680418292	133.99490354590191	144.16516997708428	155.10736522331868	166.88007588629904	179.54634176275556	193.1739804575796	207.83596442357566	223.61079672117427	240.58294746519971	258.84328878991323	278.48960006306521	299.62707138476026	322.36888840388218	346.83681514908454	373.16187098987228	401.4850052994201	0.64939630000000004	0.62987420000000005	0.61135030000000001	0.59379740000000003	0.57718809999999998	0.56149420000000005	0.54668660000000002	0.53273459999999995	0.51960580000000001	0.5072662	0.4956796	0.48480820000000002	0.4746128	0.4650532	0.45608850000000001	0.44767770000000001	0.43978070000000002	0.43235820000000003	0.42537219999999998	0.41878700000000002	Distance from center point (m)
Baird's sparrows per hectare

Control	1.2136149000000001	0.80281270000000005	0.41038350000000001	1.2136149000000001	0.80281270000000005	0.41038350000000001	Sprague's pipit	Baird's sparrow	Western meadowlark	4.8902279999999996	3.0417450000000001	1.436035	Pumpjack	0.71325859999999996	0.39528760000000002	0.405279	0.71325859999999996	0.39528760000000002	0.405279	Sprague's pipit	Baird's sparrow	Western meadowlark	2.6332520000000001	1.2002189999999999	1.3805879999999999	Screwpump	1.0374730000000001	0.83400180000000002	0.9847861	1.0374730000000001	0.83400180000000002	0.9847861	Sprague's pipit	Baird's sparrow	Western meadowlark	2.2193960000000001	1.6873720000000001	2.3836870000000001	Birds per site
Control	1.3902559999999999	0.8431786	0.38038670000000002	2.1542150000000002	1.3902559999999999	0.8431786	0.38038670000000002	2.1542150000000002	Sprague's pipit	Baird's sparrow	Western meadowlark	Savannah sparrow	4.8265940000000001	3.0221353	1.460008	12.103490000000001	Grid-powered	0.56723570000000001	0.35497849999999997	0.63033070000000002	2.84049	0.56723570000000001	0.35497849999999997	0.63033070000000002	2.84049	1.1150150000000001	0.59283470000000005	1.9648909999999999	16.90625	Generator-powered	1.160785	0.86807570000000001	0.87970459999999995	3.3448799999999999	1.160785	0.86807570000000001	0.87970459999999995	3.3448799999999999	2.1727919999999998	1.6738521	2.4092660000000001	11.579969999999999	Birds per site
Pumpjack	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331871	166.88007588629901	179.54634176275559	193.1739804575796	207.83596442357569	223.6107967211743	240.58294746519971	258.84328878991317	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.25750410000000001	0.2631135	0.2688451	0.27470149999999999	0.28068549999999998	0.2867999	0.29304750000000002	0.29943110000000001	0.3059539	0.31261870000000003	0.31942870000000001	0.32638699999999998	0.33349689999999999	0.3407617	0.34818480000000002	0.35576960000000002	0.3635195	0.3714383	0.37952960000000002	0.38779720000000001	Screwpump	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331871	166.88007588629901	179.54634176275559	193.1739804575796	207.83596442357569	223.6107967211743	240.58294746519971	258.84328878991317	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.24566470000000001	0.24836130000000001	0.25108750000000002	0.2538436	0.25663000000000002	0.25944689999999998	0.26229479999999999	0.26517390000000002	0.26808460000000001	0.27102730000000003	0.27400229999999998	0.27700989999999998	0.28005059999999998	0.2831246	0.2862324	0.28937429999999997	0.2925507	0.29576190000000002	0.29900840000000001	0.30229050000000002	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331871	166.88007588629901	179.54634176275559	193.1739804575796	207.83596442357569	223.6107967211743	240.58294746519971	258.84328878991317	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.1452734	0.1499839	0.15467110000000001	0.1593001	0.16383120000000001	0.16821939999999999	0.17241580000000001	0.17636830000000001	0.1800242	0.18333240000000001	0.18624669999999999	0.18872929999999999	0.1907528	0.1923029	0.19337840000000001	0.19399089999999999	0.19416249999999999	0.1939236	0.1933098	0.19235949999999999	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331871	166.88007588629901	179.54634176275559	193.1739804575796	207.83596442357569	223.6107967211743	240.58294746519971	258.84328878991317	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.41543160000000001	0.41126629999999997	0.40760639999999998	0.40449790000000002	0.40199259999999998	0.40014810000000001	0.39902700000000002	0.39869520000000003	0.39922059999999998	0.40067009999999997	0.40310649999999998	0.40658509999999998	0.41115180000000001	0.41684019999999999	0.42367189999999999	0.4316567	0.4407951	0.45108029999999999	0.4625013	0.47504570000000002	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331871	166.88007588629901	179.54634176275559	193.1739804575796	207.83596442357569	223.6107967211743	240.58294746519971	258.84328878991317	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.35812549999999999	0.36128329999999997	0.36470710000000001	0.36843379999999998	0.37250499999999998	0.3769672	0.38187159999999998	0.3872737	0.39323229999999998	0.399808	0.40706160000000002	0.41505160000000002	0.4238323	0.433452	0.44395180000000001	0.45536510000000002	0.46771780000000002	0.48102980000000001	0.49531649999999999	0.51058979999999998	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331871	166.88007588629901	179.54634176275559	193.1739804575796	207.83596442357569	223.6107967211743	240.58294746519971	258.84328878991317	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.18515400000000001	0.19161890000000001	0.1981801	0.20481540000000001	0.21149879999999999	0.2181999	0.2248841	0.23151330000000001	0.23804700000000001	0.24444340000000001	0.25066149999999998	0.25666319999999998	0.26241560000000003	0.26789249999999998	0.27307609999999999	0.27795710000000001	0.28253460000000002	0.28681469999999998	0.2908095	0.2945352	Control	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331871	166.88007588629901	179.54634176275559	193.1739804575796	207.83596442357569	223.6107967211743	240.58294746519971	258.84328878991317	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.73641849999999998	0.72334529999999997	0.71050420000000003	0.69789109999999999	0.6855019	0.67333259999999995	0.6613793	0.6496383	0.63810560000000005	0.62677780000000005	0.61565099999999995	0.60472170000000003	0.59398649999999997	0.58344180000000001	0.57308429999999999	0.56291069999999999	0.55291769999999996	0.54310210000000003	0.53346070000000001	0.52399059999999997	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331871	166.88007588629901	179.54634176275559	193.1739804575796	207.83596442357569	223.6107967211743	240.58294746519971	258.84328878991317	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.56961890000000004	0.56306670000000003	0.55629289999999998	0.54928619999999995	0.54203659999999998	0.53453660000000003	0.52678130000000001	0.51876949999999999	0.51050359999999995	0.50199059999999995	0.49324180000000001	0.48427290000000001	0.47510380000000002	0.4657578	0.45626109999999998	0.44664209999999999	0.43693009999999999	0.4271549	0.41734559999999998	0.40753060000000002	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331871	166.88007588629901	179.54634176275559	193.1739804575796	207.83596442357569	223.6107967211743	240.58294746519971	258.84328878991317	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.95206139999999995	0.92924779999999996	0.90746479999999996	0.88669980000000004	0.86693920000000002	0.84816780000000003	0.83036849999999995	0.81352100000000005	0.79760220000000004	0.78258510000000003	0.76843879999999998	0.75512860000000004	0.74261650000000001	0.73086119999999999	0.7198194	0.70944600000000002	0.69969539999999997	0.69052210000000003	0.68188179999999998	0.67373130000000003	Distance from center point (m)
Sprague's pipits per hectare
Pumpjack	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	9.2932749999999995E-2	9.6771579999999996E-2	0.10076897999999999	0.1049315	0.10926597	0.11377949	0.11847944000000001	0.12337354	0.1284698	0.13377658000000001	0.13930256999999999	0.14505682	0.15104877	0.15728823	0.16378541999999999	0.17055100000000001	0.17759605000000001	0.18493212000000001	0.19257121999999999	0.20052586999999999	Screwpump	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.15782154000000001	0.16185886999999999	0.16599948	0.17024601	0.17460117999999999	0.17906775	0.18364859	0.18834661999999999	0.19316483000000001	0.19810630000000001	0.20317416999999999	0.20837169	0.21370217999999999	0.21916901999999999	0.22477572000000001	0.23052584000000001	0.23642305999999999	0.24247114	0.24867394000000001	0.25503542000000001	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	8.6027210000000007E-2	9.0705499999999994E-2	9.5525410000000005E-2	0.10046491	0.10549498	0.11057868	0.11567065	0.12071709999999999	0.12565672	0.13042285000000001	0.13494696	0.13916328	0.14301407999999999	0.14645449999999999	0.14945591	0.15200722	0.15411370999999999	0.15579423000000001	0.15707742	0.15799779999999999	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.28953210000000001	0.28882809999999998	0.2884659	0.28849580000000002	0.28897650000000003	0.28997689999999998	0.29157620000000001	0.29386430000000002	0.29694120000000002	0.30091430000000002	0.3058961	0.31199870000000002	0.31932949999999999	0.32798620000000001	0.33805370000000001	0.34960289999999999	0.36269240000000003	0.37737120000000002	0.39368310000000001	0.4116707	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.14849000000000001	0.1511305	0.1539384	0.15694130000000001	0.16017290000000001	0.1636735	0.1674919	0.17168549999999999	0.17632200000000001	0.18147869999999999	0.18724189999999999	0.1937044	0.20096259999999999	0.20911160000000001	0.21824180000000001	0.22843620000000001	0.23976919999999999	0.25230809999999998	0.26611560000000001	0.28125299999999998	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	5.8162140000000001E-2	6.1964569999999997E-2	6.5963980000000005E-2	7.0157570000000002E-2	7.4538549999999995E-2	7.9095079999999998E-2	8.3809309999999998E-2	8.8656460000000006E-2	9.360425E-2	9.8613069999999997E-2	0.10363711	0.10862674999999999	0.11353224000000001	0.11830807	0.12291715	0.12733377000000001	0.13154467	0.13554814000000001	0.13935177000000001	0.14296959000000001	Control	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.48126173999999999	0.47033833000000003	0.45966285000000001	0.44922968000000002	0.43903331000000001	0.42906838000000003	0.41932962000000001	0.40981191	0.40051023000000002	0.39141967	0.38253544	0.37385287	0.36536735999999997	0.35707445999999998	0.34896978000000001	0.34104906000000001	0.33330810999999999	0.32574287000000002	0.31834933999999998	0.31112362999999998	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.36262914000000002	0.35756507999999998	0.35231771000000001	0.34687351	0.34122037999999999	0.33534846000000001	0.32925111000000001	0.32292579999999999	0.31637503	0.30960686999999998	0.30263525000000002	0.29547982	0.28816526999999997	0.28072037999999999	0.27317673999999997	0.26556737000000002	0.25792537999999998	0.25028283000000001	0.24266979	0.23511373999999999	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.63870450000000001	0.61867939999999999	0.59971419999999998	0.58178929999999995	0.56488490000000002	0.54898020000000003	0.53405239999999998	0.52007550000000002	0.50701989999999997	0.49485129999999999	0.48353049999999997	0.47301359999999998	0.46325260000000001	0.4541963	0.44579160000000001	0.43798480000000001	0.43072260000000001	0.4239541	0.41763050000000002	0.41170669999999998	Distance from center point (m)
Baird's sparrows per hectare
Pumpjack	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.14358889999999999	0.1438797	0.14417099999999999	0.14446300000000001	0.14475550000000001	0.1450487	0.14534240000000001	0.14563670000000001	0.14593159999999999	0.1462271	0.1465233	0.14682000000000001	0.14711730000000001	0.1474152	0.1477137	0.1480128	0.14831259999999999	0.14861289999999999	0.14891380000000001	0.1492154	Screwpump	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.50539520000000004	0.4683812	0.43407800000000002	0.40228710000000001	0.3728244	0.34551959999999998	0.32021450000000001	0.29676269999999999	0.27502840000000001	0.2548859	0.2362187	0.21891849999999999	0.20288539999999999	0.18802650000000001	0.17425589999999999	0.16149369999999999	0.1496663	0.1387051	0.12854660000000001	0.1191321	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.31454168999999998	0.29880732999999998	0.2832635	0.26786975000000002	0.25259488000000002	0.23742269999999999	0.22235851000000001	0.20743460999999999	0.19271252999999999	0.17828018000000001	0.16424330000000001	0.15071279000000001	0.13779162	0.12556424999999999	0.11409075	0.10340545	9.3519039999999998E-2	8.4422549999999999E-2	7.6091939999999997E-2	6.8492490000000003E-2	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.81205249999999995	0.73418870000000003	0.66518880000000002	0.60415509999999994	0.55028060000000001	0.50283219999999995	0.46113510000000002	0.4245583	0.39250499999999999	0.36440869999999997	0.33973530000000002	0.31799100000000002	0.29873	0.2815608	0.26614870000000002	0.25221329999999997	0.2395234	0.2278905	0.2171614	0.20721200000000001	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.21964429999999999	0.2152345	0.2111268	0.20734440000000001	0.20391529999999999	0.20087250000000001	0.19825419999999999	0.1961021	0.19445970000000001	0.1933687	0.19286500000000001	0.19297349999999999	0.19370509999999999	0.1950549	0.19700400000000001	0.19952259999999999	0.20257430000000001	0.2061212	0.21012639999999999	0.21455640000000001	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	9.3868930000000003E-2	9.6180520000000005E-2	9.8449320000000007E-2	0.10065165	0.10275917	0.10473863	0.10655215	0.10815822	0.10951393	0.11057825	0.11131653	0.11170497	0.11173424999999999	0.11141086	0.1107558	0.10980110999999999	0.10858539	0.10714952	0.1055333	0.10377335	Control	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.14790110000000001	0.1483546	0.14880950000000001	0.1492658	0.14972350000000001	0.1501826	0.1506431	0.15110499999999999	0.15156829999999999	0.1520331	0.1524992	0.15296689999999999	0.15343589999999999	0.1539064	0.1543783	0.15485170000000001	0.15532650000000001	0.15580279999999999	0.15628049999999999	0.1567597	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	9.750093E-2	9.9956939999999994E-2	0.10237435	0.1047293	0.10699313000000001	0.10913218	0.11110792999999999	0.11287799	0.11439823	0.11562612999999999	0.11652514	0.11706937000000001	0.11724737	0.11706368	0.11653775	0.11570063	0.11459046000000001	0.11324811999999999	0.11171375	0.11002454	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.224354	0.22018560000000001	0.21630669999999999	0.2127415	0.20951919999999999	0.2066741	0.20424580000000001	0.20227780000000001	0.20081560000000001	0.19990340000000001	0.19957939999999999	0.19987170000000001	0.200794	0.2023443	0.20450589999999999	0.20725070000000001	0.21054390000000001	0.21434800000000001	0.2186266	0.22334660000000001	Distance from center point (m)
Western meadowlarks per hectarre
Pumpjack	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	7.0478083999999996E-2	7.3756890000000006E-2	7.7175568999999999E-2	8.0738893000000006E-2	8.4451685999999998E-2	8.8318807999999999E-2	9.2345150000000001E-2	9.6535609999999994E-2	0.10089508899999999	0.105428465	0.11014058	0.11503621999999999	0.120120093	0.125396804	0.13087083799999999	0.136546525	0.14242802199999999	0.148519278	0.15482401000000001	0.161345667	Screwpump	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	9.1152950000000007E-3	9.5687480000000002E-3	1.0044529E-2	1.0543715E-2	1.1067433E-2	1.1616858000000001E-2	1.2193223E-2	1.2797813E-2	1.3431973999999999E-2	1.4097111000000001E-2	1.4794689999999999E-2	1.5526244E-2	1.6293373999999999E-2	1.7097747E-2	1.7941108000000001E-2	1.8825270000000002E-2	1.975213E-2	2.0723658999999998E-2	2.1741914000000001E-2	2.2809034999999998E-2	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	2.1608450000000002E-3	2.292976E-3	2.4314570000000001E-3	2.5764289999999999E-3	2.7280249999999998E-3	2.8863669999999999E-3	3.0515619999999999E-3	3.2237059999999998E-3	3.4028819999999999E-3	3.5891590000000002E-3	3.7825910000000001E-3	3.98322E-3	4.1910710000000002E-3	4.4061589999999998E-3	4.6284819999999997E-3	4.8580280000000003E-3	5.0947730000000004E-3	5.3386789999999998E-3	5.5897009999999999E-3	5.8477850000000003E-3	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	3.7608320000000001E-2	3.9027949999999999E-2	4.0526310000000003E-2	4.2108699999999999E-2	4.3780739999999999E-2	4.5548470000000001E-2	4.741828E-2	4.939702E-2	5.1491960000000003E-2	5.3710800000000003E-2	5.6061739999999999E-2	5.8553470000000003E-2	6.119517E-2	6.3996559999999994E-2	6.6967899999999997E-2	7.0119959999999995E-2	7.3464109999999999E-2	7.7012230000000001E-2	8.0776799999999996E-2	8.4770810000000002E-2	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.12876913700000001	0.13463013600000001	0.140739526	0.14710611900000001	0.15373885800000001	0.16064678900000001	0.16783906000000001	0.175324867	0.18311345200000001	0.19121405299999999	0.19963588099999999	0.20838807500000001	0.21747966699999999	0.22691952700000001	0.23671633	0.24687848900000001	0.25741411400000003	0.26833094600000001	0.27963630299999997	0.29133701099999998	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	1.2187030999999999E-2	1.2883644E-2	1.3611612E-2	1.4371666999999999E-2	1.5164514E-2	1.5990826999999999E-2	1.685124E-2	1.7746352999999999E-2	1.8676726000000001E-2	1.9642877E-2	2.0645278999999999E-2	2.1684365000000001E-2	2.2760519E-2	2.3874080999999998E-2	2.5025346E-2	2.6214561000000001E-2	2.744193E-2	2.8707610000000001E-2	3.0011717E-2	3.1354323000000003E-2	Control	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	1.0761928E-2	1.1296361E-2	1.1857015E-2	1.2445144999999999E-2	1.3062061999999999E-2	1.3709135000000001E-2	1.4387795E-2	1.5099537999999999E-2	1.5845924000000001E-2	1.6628581999999999E-2	1.7449210999999999E-2	1.8309584E-2	1.9211551E-2	2.0157037999999999E-2	2.1148053E-2	2.2186688E-2	2.327512E-2	2.4415615000000002E-2	2.5610529999999999E-2	2.6862314000000002E-2	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	2.5883799999999999E-3	2.7460039999999998E-3	2.9111250000000001E-3	3.0839019999999999E-3	3.2644829999999999E-3	3.4529980000000001E-3	3.6495669999999998E-3	3.854292E-3	4.0672579999999998E-3	4.2885349999999996E-3	4.5181759999999996E-3	4.7562159999999997E-3	5.0026740000000004E-3	5.2575540000000002E-3	5.5208439999999996E-3	5.7925160000000002E-3	6.0725290000000001E-3	6.3608290000000001E-3	6.6573530000000004E-3	6.9620250000000002E-3	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	4.3617099999999999E-2	4.5261990000000002E-2	4.6997850000000001E-2	4.8830730000000003E-2	5.0767069999999997E-2	5.2813730000000003E-2	5.4978010000000001E-2	5.7267640000000002E-2	5.969087E-2	6.225638E-2	6.4973420000000004E-2	6.7851709999999996E-2	7.0901530000000004E-2	7.4133690000000002E-2	7.755956E-2	8.1191040000000006E-2	8.5040599999999994E-2	8.9121240000000004E-2	9.3446470000000004E-2	9.8030339999999994E-2	Distance from center point (m)
Chestnut-collared longspur probability of occurence per hectare
Generator-powered pump	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.15656516000000001	0.16057022000000001	0.16467772	0.16889030999999999	0.17321064999999999	0.17764151	0.18218571	0.18684616000000001	0.19162583	0.19652776999999999	0.20155509999999999	0.20671102999999999	0.21199886000000001	0.21742195	0.22298377	0.22868785999999999	0.23453787000000001	0.24053753	0.24669066000000001	0.25300119999999998	Grid-powered pump	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	4.0467219999999998E-2	4.25513E-2	4.4742700000000003E-2	4.7046949999999997E-2	4.9469880000000001E-2	5.2017590000000002E-2	5.4696509999999997E-2	5.7513389999999998E-2	6.0475340000000002E-2	6.358983E-2	6.6864720000000002E-2	7.0308270000000006E-2	7.3929159999999994E-2	7.7736529999999998E-2	8.1739980000000004E-2	8.5949600000000001E-2	9.0376020000000001E-2	9.5030409999999996E-2	9.9924490000000005E-2	0.10507063	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	1.706736E-2	1.878633E-2	2.0653029999999999E-2	2.2672230000000002E-2	2.4845920000000001E-2	2.7172080000000001E-2	2.9643269999999999E-2	3.22449E-2	3.4953650000000003E-2	3.7736100000000002E-2	4.0548519999999998E-2	4.3338250000000002E-2	4.6047480000000002E-2	4.861919E-2	5.1004130000000002E-2	5.3166659999999998E-2	5.5087799999999999E-2	5.6764620000000002E-2	5.8206979999999998E-2	5.9433100000000003E-2	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	8.4456169999999997E-2	8.8999670000000003E-2	9.3674750000000001E-2	9.8459679999999994E-2	0.10332624	0.10823908	0.11315525999999999	0.1180245	0.12279009	0.12739093000000001	0.13176462999999999	0.13585148999999999	0.13959899000000001	0.14296581999999999	0.14592477000000001	0.14846392	0.15058579999999999	0.15230524000000001	0.15364625000000001	0.15463873	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.29024106999999999	0.28969539	0.28949907000000002	0.28970170000000001	0.29036117	0.29154447999999999	0.29332825000000001	0.29579866999999999	0.29905068000000001	0.30318612	0.30831079	0.31453059	0.32194728	0.33065459000000003	0.34073555999999999	0.35226161	0.36529350999999999	0.37988386000000002	0.3960805	0.41392997999999998	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	9.5949000000000007E-2	9.6379279999999998E-2	9.6930530000000001E-2	9.7626729999999995E-2	9.8497829999999995E-2	9.9581240000000001E-2	0.10092369	0.10258335	0.10463190999999999	0.10715646	0.11026028	0.11406213	0.11869317	0.12429182	0.13099770999999999	0.13894675000000001	0.14826923	0.15909166	0.17154135000000001	0.18575232999999999	Control	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.4781629	0.46731034999999999	0.45670411999999999	0.44633861000000002	0.43620836000000002	0.42630804	0.41663241000000001	0.40717638	0.39793497	0.38890331	0.38007663000000003	0.37145028000000002	0.36301971999999999	0.35478050999999999	0.34672828999999999	0.33885883	0.33116797999999997	0.32365168	0.31630596999999999	0.30912698999999999	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.3567689	0.35167493	0.34640684999999999	0.34095341000000001	0.33530493	0.32945392000000001	0.32339590000000001	0.31713016999999999	0.31066034999999997	0.30399493999999999	0.29714737000000002	0.29013587000000002	0.28298293000000002	0.27571447999999998	0.26835882999999999	0.26094559000000001	0.25350455	0.24606468000000001	0.23865341000000001	0.23129595999999999	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.10736522331851	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.8432887899134	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908392	373.16187098987228	401.4850052994201	0.64086235000000003	0.62096823999999995	0.60212047999999996	0.58429730000000002	0.56747671	0.55163569999999995	0.53674940999999998	0.52279039000000005	0.50972786999999997	0.49752730000000001	0.48615016999999999	0.47555413000000002	0.46569353000000002	0.45652013000000002	0.44798417000000001	0.44003544	0.43262431000000001	0.42570274000000002	0.41922496999999997	0.41314814	Distance from center point (m)
Baird's sparrows per hectare

Generator-powered pump	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.1073652233186	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.84328878991329	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908449	373.16187098987228	401.4850052994201	0.16818920000000001	0.1710487	0.1739569	0.1769145	0.17992250000000001	0.18298149999999999	0.1860926	0.18925649999999999	0.19247429999999999	0.1957467	0.1990748	0.20245949999999999	0.20590169999999999	0.20940249999999999	0.2129627	0.21658350000000001	0.22026589999999999	0.22401090000000001	0.22781950000000001	0.23169290000000001	Grid-powered pump	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.1073652233186	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.84328878991329	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908449	373.16187098987228	401.4850052994201	0.51003109999999996	0.47275309999999998	0.43819970000000003	0.40617180000000003	0.37648490000000001	0.34896769999999999	0.32346180000000002	0.29982009999999998	0.27790629999999999	0.2575942	0.2387667	0.2213154	0.2051395	0.19014590000000001	0.17624819999999999	0.16336629999999999	0.1514259	0.14035819999999999	0.13009950000000001	0.12059060000000001	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.1073652233186	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.84328878991329	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908449	373.16187098987228	401.4850052994201	0.10151364	0.10632923	0.11125781999999999	0.11626968999999999	0.12132444000000001	0.1263687	0.13133415000000001	0.13613644999999999	0.14067648999999999	0.14484531	0.14853374999999999	0.15164637	0.15411614000000001	0.15591492000000001	0.15705546000000001	0.15758441000000001	0.15757028000000001	0.15709085	0.15622342	0.15503897	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.1073652233186	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.84328878991329	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908449	373.16187098987228	401.4850052994201	0.32609601999999999	0.31034022999999999	0.29473906999999999	0.27923535999999999	0.26377848999999998	0.24833232	0.23288543	0.21746166	0.20212706999999999	0.18698888	0.17218417	0.15786089	0.14415718	0.13118539000000001	0.11902401999999999	0.10771691999999999	9.7277329999999995E-2	8.7694179999999997E-2	7.8938649999999999E-2	7.0969930000000001E-2	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.1073652233186	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.84328878991329	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908449	373.16187098987228	401.4850052994201	0.79771510000000001	0.72016279999999999	0.65148810000000001	0.59081189999999995	0.53734800000000005	0.49038510000000002	0.449266	0.41336970000000001	0.38209579999999999	0.35485949999999999	0.33109640000000001	0.3102762	0.29191889999999998	0.27560590000000001	0.26098450000000001	0.2477655	0.2357158	0.22464919999999999	0.2144181	0.2049048	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.1073652233186	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.84328878991329	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908449	373.16187098987228	401.4850052994201	0.27865810000000002	0.27516109999999999	0.27198990000000001	0.26919100000000001	0.26682250000000002	0.26495669999999999	0.26368190000000002	0.2631039	0.26334419999999997	0.26453589999999999	0.26681329999999998	0.27029890000000001	0.2750881	0.28123930000000003	0.28877140000000001	0.29767179999999999	0.3079075	0.31943860000000002	0.33222760000000001	0.3462459	Control	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.1073652233186	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.84328878991329	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908449	373.16187098987228	401.4850052994201	0.1512848	0.15170429999999999	0.15212490000000001	0.15254680000000001	0.15296979999999999	0.1533939	0.15381929999999999	0.15424579999999999	0.15467349999999999	0.1551024	0.15553249999999999	0.15596370000000001	0.15639620000000001	0.15682989999999999	0.15726470000000001	0.1577008	0.1581381	0.15857660000000001	0.1590163	0.15945719999999999	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.1073652233186	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.84328878991329	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908449	373.16187098987228	401.4850052994201	0.10111203000000001	0.10369587	0.10624652	0.10873896	0.11114254	0.11342032000000001	0.11552901	0.11741981	0.11904061000000001	0.12034013	0.12127367999999999	0.12180959	0.12193455	0.12165578000000001	0.12099923999999999	0.12000469	0.11871942000000001	0.11719251	0.11547067	0.11359587	100	107.5900397418462	115.75616767408199	124.54210680418289	133.99490354590199	144.1651699770843	155.1073652233186	166.8800758862991	179.54634176275559	193.1739804575796	207.8359644235756	223.61079672117421	240.58294746519971	258.84328878991329	278.48960006306521	299.62707138476031	322.36888840388218	346.83681514908449	373.16187098987228	401.4850052994201	0.22635379999999999	0.22193930000000001	0.21781420000000001	0.21400350000000001	0.21053820000000001	0.2074558	0.20480019999999999	0.20262140000000001	0.2009725	0.19990630000000001	0.19946910000000001	0.19969429999999999	0.20059750000000001	0.20217379999999999	0.20439959999999999	0.20723810000000001	0.210645	0.2145746	0.2189836	0.2238339	Distance from center point (m)

Western meadowlarks per hectare


Control	1.3967939	0.99021349999999997	1.3967939	0.99021349999999997	Sprague's pipit	Baird's sparrow	4.8236270000000001	2.9514710000000002	Active well	0.56962630000000003	0.4266682	0.56962630000000003	0.4266682	1.9181550000000001	1.1367141000000001	Inactive well	0.57733199999999996	0.35510330000000001	0.57733199999999996	0.35510330000000001	2.113553	0.96400989999999998	Birds per site
1	1.5515772590000001	2.4073919909999999	3.7352546659999999	5.7955361969999997	8.9922221669999995	13.95212742	21.647803620000001	33.588239809999997	52.114749060000001	80.860059500000006	125.4606295	194.66185960000001	302.0329145	468.62740170000001	727.1116194	1128.1698530000001	1750.442689	2715.9470689999998	4214.0017090000001	11.298689	10.246979	9.295814	8.4359359999999999	7.6590379999999998	6.9577099999999996	6.3253959999999996	5.7563899999999997	5.245857	4.7899180000000001	4.3857759999999999	4.0318690000000004	3.727824	3.4737399999999998	3.2683019999999998	3.1065860000000001	2.9800650000000002	2.8792659999999999	2.7962630000000002	2.7254119999999999	1	1.5515772590000001	2.4073919909999999	3.7352546659999999	5.7955361969999997	8.9922221669999995	13.95212742	21.647803620000001	33.588239809999997	52.114749060000001	80.860059500000006	125.4606295	194.66185960000001	302.0329145	468.62740170000001	727.1116194	1128.1698530000001	1750.442689	2715.9470689999998	4214.0017090000001	3.3477749999999999	3.2911519999999999	3.2345640000000002	3.1778209999999998	3.1206700000000001	3.0627759999999999	3.0036770000000002	2.9427279999999998	2.8790110000000002	2.8111969999999999	2.7373620000000001	2.6547990000000001	2.5600130000000001	2.4493999999999998	2.3211020000000002	2.1771699999999998	2.0235289999999999	1.8672949999999999	1.7142580000000001	1.568127	Sprague's pipit	1	1.5515772590000001	2.4073919909999999	3.7352546659999999	5.7955361969999997	8.9922221669999995	13.95212742	21.647803620000001	33.588239809999997	52.114749060000001	80.860059500000006	125.4606295	194.66185960000001	302.0329145	468.62740170000001	727.1116194	1128.1698530000001	1750.442689	2715.9470689999998	4214.0017090000001	6.1502420000000004	5.8072689999999998	5.4834209999999999	5.1776340000000003	4.8888990000000003	4.6162650000000003	4.3588360000000002	4.115761	3.8862429999999999	3.6695229999999999	3.4648889999999999	3.2716669999999999	3.0892200000000001	2.916947	2.7542810000000002	2.6006860000000001	2.455657	2.3187150000000001	2.1894100000000001	2.0673159999999999	1	1.5515772590000001	2.4073919909999999	3.7352546659999999	5.7955361969999997	8.9922221669999995	13.95212742	21.647803620000001	33.588239809999997	52.114749060000001	80.860059500000006	125.4606295	194.66185960000001	302.0329145	468.62740170000001	727.1116194	1128.1698530000001	1750.442689	2715.9470689999998	4214.0017090000001	5.2626169999999997	4.8242890000000003	4.4239889999999997	4.0586399999999996	3.7254710000000002	3.422018	3.1461199999999998	2.8959359999999998	2.6699760000000001	2.4671560000000001	2.2868550000000001	2.128962	1.9937609999999999	1.8814869999999999	1.791477	1.7214309999999999	1.667632	1.626004	1.5930519999999999	1.5661750000000001	1	1.5515772590000001	2.4073919909999999	3.7352546659999999	5.7955361969999997	8.9922221669999995	13.95212742	21.647803620000001	33.588239809999997	52.114749060000001	80.860059500000006	125.4606295	194.66185960000001	302.0329145	468.62740170000001	727.1116194	1128.1698530000001	1750.442689	2715.9470689999998	4214.0017090000001	1.5933360999999999	1.5803347000000001	1.5669008	1.5529170000000001	1.5382279999999999	1.5226244	1.5058197	1.4874162	1.4668551999999999	1.4433488000000001	1.4158014000000001	1.3827583999999999	1.3425001000000001	1.2934787000000001	1.2351581	1.1687384999999999	1.0969328	1.0228964	0.94928480000000004	0.87792919999999997	Baird's sparrow	1	1.5515772590000001	2.4073919909999999	3.7352546659999999	5.7955361969999997	8.9922221669999995	13.95212742	21.647803620000001	33.588239809999997	52.114749060000001	80.860059500000006	125.4606295	194.66185960000001	302.0329145	468.62740170000001	727.1116194	1128.1698530000001	1750.442689	2715.9470689999998	4214.0017090000001	2.8957069999999998	2.761158	2.63286	2.5105240000000002	2.393872	2.2826409999999999	2.1765780000000001	2.0754429999999999	1.979007	1.887052	1.7993699999999999	1.715762	1.636039	1.56002	1.4875339999999999	1.4184159999999999	1.352509	1.2896639999999999	1.2297400000000001	1.1726000000000001	Linear meters of perch
Birds per site
2.4992732759606522	3.4014812550553186	4.6293709734388884	6.3005189309668292	8.5749228849258206	11.670368237506517	15.883216727348151	21.616869386677823	29.420273160869886	40.040642469095694	54.494784508598272	74.166754707136832	100.93997164473492	137.37810296211353	186.96978009028138	254.46365083644412	346.32166125471286	471.33966913831387	641.48705205894566	873.05626156487267	0.1383074	0.14218500000000001	0.14623949999999999	0.15049969999999999	0.15500549999999999	0.15981400000000001	0.16500889999999999	0.1707167	0.17713400000000001	0.1845697	0.19350100000000001	0.20461560000000001	0.2187568	0.23671310000000001	0.25900089999999998	0.28587859999999998	0.31753120000000001	0.35421469999999999	0.3963082	0.44431900000000002	3.5008297085958655	4.760325270274774	6.4729502903771596	8.8017186187385814	11.968318098921293	16.274166935081531	22.129133537549606	30.090544915517633	40.916197027595146	55.636641278425422	75.653068408496864	102.87081729069249	139.88057180330756	190.20548732798665	258.6358272866413	351.68539086833624	478.21145062450796	650.25721500025088	884.2006353932959	1202.310017628341	4.0883849999999999E-2	4.6040810000000001E-2	5.182411E-2	5.8298929999999999E-2	6.5531259999999994E-2	7.3583490000000001E-2	8.2506399999999994E-2	9.2324840000000005E-2	0.10301304	0.11445466999999999	0.12638927999999999	0.13837395	0.14984117	0.16031348000000001	0.16962537	0.17791398999999999	0.18544063999999999	0.19245282999999999	0.19913954	0.20563418999999999	Baird's sparrow	2.4992732759606522	3.4014812550553186	4.6293709734388884	6.3005189309668292	8.5749228849258206	11.670368237506517	15.883216727348151	21.616869386677823	29.420273160869886	40.040642469095694	54.494784508598272	74.166754707136832	100.93997164473492	137.37810296211353	186.96978009028138	254.46365083644412	346.32166125471286	471.33966913831387	641.48705205894566	873.05626156487267	7.5196659999999999E-2	8.0909289999999995E-2	8.7055900000000006E-2	9.3669459999999996E-2	0.10078545	0.10844204	0.11668029000000001	0.12554439000000001	0.13508189000000001	0.14534394	0.15638560000000001	0.16826608000000001	0.18104911000000001	0.19480325000000001	0.20960229	0.22552559999999999	0.24265858000000001	0.26109315	0.28092816999999998	0.30227005000000001	Western meadowlark	3.5008297085958655	4.760325270274774	6.4729502903771596	8.8017186187385814	11.968318098921293	16.274166935081531	22.129133537549606	30.090544915517633	40.916197027595146	55.636641278425422	75.653068408496864	102.87081729069249	139.88057180330756	190.20548732798665	258.6358272866413	351.68539086833624	478.21145062450796	650.25721500025088	884.2006353932959	1202.310017628341	0.30834070000000002	0.29264250000000003	0.27774349999999998	0.26360309999999998	0.25018259999999998	0.2374454	0.22535659999999999	0.2138833	0.20299410000000001	0.19265930000000001	0.1828507	0.17354140000000001	0.16470609999999999	0.1563206	0.1483621	0.14080870000000001	0.13363990000000001	0.126836	0.1203786	0.1142499	3.5008297085958655	4.760325270274774	6.4729502903771596	8.8017186187385814	11.968318098921293	16.274166935081531	22.129133537549606	30.090544915517633	40.916197027595146	55.636641278425422	75.653068408496864	102.87081729069249	139.88057180330756	190.20548732798665	258.6358272866413	351.68539086833624	478.21145062450796	650.25721500025088	884.2006353932959	1202.310017628341	0.18120891	0.17919745000000001	0.17712681999999999	0.17497562999999999	0.17271399000000001	0.17029917	0.16766887	0.16473085000000001	0.16134844000000001	0.1573251	0.15240512000000001	0.14633292000000001	0.13900481000000001	0.1306155	0.12160346	0.11243659	0.10346456	9.4898670000000004E-2	8.684741E-2	7.9354729999999998E-2	3.5008297085958655	4.760325270274774	6.4729502903771596	8.8017186187385814	11.968318098921293	16.274166935081531	22.129133537549606	30.090544915517633	40.916197027595146	55.636641278425422	75.653068408496864	102.87081729069249	139.88057180330756	190.20548732798665	258.6358272866413	351.68539086833624	478.21145062450796	650.25721500025088	884.2006353932959	1202.310017628341	0.52466489999999999	0.47790650000000001	0.4355155	0.39712160000000002	0.36239880000000002	0.33106619999999998	0.3028922	0.2777018	0.25538889999999997	0.23592940000000001	0.2193783	0.20580899999999999	0.19515950000000001	0.18708449999999999	0.1810089	0.1763402	0.17261580000000001	0.16952159999999999	0.1668559	0.16448969999999999	Chestnut-collared longspur	3.5008297085958655	4.760325270274774	6.4729502903771596	8.8017186187385814	11.968318098921293	16.274166935081531	22.129133537549606	30.090544915517633	40.916197027595146	55.636641278425422	75.653068408496864	102.87081729069249	139.88057180330756	190.20548732798665	258.6358272866413	351.68539086833624	478.21145062450796	650.25721500025088	884.2006353932959	1202.310017628341	9.6648940000000003E-3	1.0573358E-2	1.1566217E-2	1.2651114999999999E-2	1.3836352E-2	1.5130927000000001E-2	1.6544593999999999E-2	1.8087914E-2	1.9772304000000001E-2	2.1610095999999999E-2	2.3614591000000001E-2	2.5800116000000001E-2	2.8182071999999999E-2	3.0776990000000001E-2	3.360258E-2	3.6677765000000001E-2	4.0022726000000002E-2	4.3658915999999999E-2	4.7609081999999997E-2	5.1897256000000003E-2	3.5008297085958655	4.760325270274774	6.4729502903771596	8.8017186187385814	11.968318098921293	16.274166935081531	22.129133537549606	30.090544915517633	40.916197027595146	55.636641278425422	75.653068408496864	102.87081729069249	139.88057180330756	190.20548732798665	258.6358272866413	351.68539086833624	478.21145062450796	650.25721500025088	884.2006353932959	1202.310017628341	2.586381E-3	3.0415469999999999E-3	3.5683020000000002E-3	4.1744850000000003E-3	4.8673060000000001E-3	5.6525539999999997E-3	6.5335280000000003E-3	7.5097439999999996E-3	8.5755290000000001E-3	9.7188350000000003E-3	1.0920714E-2	1.215602E-2	1.3395627E-2	1.4609932000000001E-2	1.5772712000000001E-2	1.6864127E-2	1.7872042000000001E-2	1.8791618999999999E-2	1.9623789999999999E-2	2.0373353E-2	3.5008297085958655	4.760325270274774	6.4729502903771596	8.8017186187385814	11.968318098921293	16.274166935081531	22.129133537549606	30.090544915517633	40.916197027595146	55.636641278425422	75.653068408496864	102.87081729069249	139.88057180330756	190.20548732798665	258.6358272866413	351.68539086833624	478.21145062450796	650.25721500025088	884.2006353932959	1202.310017628341	3.5428050000000003E-2	3.6081250000000002E-2	3.6827930000000002E-2	3.7688800000000001E-2	3.8690189999999999E-2	3.9865709999999999E-2	4.1258179999999998E-2	4.292203E-2	4.4925859999999998E-2	4.7354899999999998E-2	5.0312849999999999E-2	5.3922600000000001E-2	5.8325290000000002E-2	6.3678090000000007E-2	7.0151199999999997E-2	7.792528E-2	8.7189820000000001E-2	9.8142119999999999E-2	0.11098587	0.12592824999999999	Distance (m) to nearest perch
Birds per hectare

2.4992732759606522	3.4014812550553186	4.6293709734388884	6.3005189309668292	8.5749228849258206	11.670368237506517	15.883216727348151	21.616869386677823	29.420273160869886	40.040642469095694	54.494784508598272	74.166754707136832	100.93997164473492	137.37810296211353	186.96978009028138	254.46365083644412	346.32166125471286	471.33966913831387	641.48705205894566	873.05626156487267	0.13317670000000001	0.1372323	0.14146980000000001	0.14591409999999999	0.15059829999999999	0.15556790000000001	0.16088669999999999	0.16664689999999999	0.17298469999999999	0.18010419999999999	0.18831049999999999	0.1980452	0.2098933	0.2245152	0.24249789999999999	0.26424120000000001	0.28998380000000001	0.31991720000000001	0.35427750000000002	0.39338509999999999	2.4992732759606522	3.4014812550553186	4.6293709734388884	6.3005189309668292	8.5749228849258206	11.670368237506517	15.883216727348151	21.616869386677823	29.420273160869886	40.040642469095694	54.494784508598272	74.166754707136832	100.93997164473492	137.37810296211353	186.96978009028138	254.46365083644412	346.32166125471286	471.33966913831387	641.48705205894566	873.05626156487267	4.1360380000000002E-2	4.6227579999999997E-2	5.1646209999999998E-2	5.7669959999999999E-2	6.435341E-2	7.1749099999999996E-2	7.9902639999999997E-2	8.8844119999999999E-2	9.8574129999999996E-2	0.10904144	0.12011173999999999	0.13153474000000001	0.14293906000000001	0.15390354000000001	0.16410844999999999	0.17345351000000001	0.1820349	0.19003585000000001	0.19763975	0.20499566	Baird's sparrow	2.4992732759606522	3.4014812550553186	4.6293709734388884	6.3005189309668292	8.5749228849258206	11.670368237506517	15.883216727348151	21.616869386677823	29.420273160869886	40.040642469095694	54.494784508598272	74.166754707136832	100.93997164473492	137.37810296211353	186.96978009028138	254.46365083644412	346.32166125471286	471.33966913831387	641.48705205894566	873.05626156487267	7.4217519999999995E-2	7.9648720000000006E-2	8.5477369999999997E-2	9.1732560000000005E-2	9.8445500000000005E-2	0.10564969	0.11338108	0.12167825	0.13058259999999999	0.14013856999999999	0.15039384	0.16139957999999999	0.17321072000000001	0.18588619000000001	0.19948925000000001	0.21408777000000001	0.2297546	0.24656792	0.26461163999999998	0.28397578000000001	Chestnut-collared longspur	2.4992732759606522	3.4014812550553186	4.6293709734388884	6.3005189309668292	8.5749228849258206	11.670368237506517	15.883216727348151	21.616869386677823	29.420273160869886	40.040642469095694	54.494784508598272	74.166754707136832	100.93997164473492	137.37810296211353	186.96978009028138	254.46365083644412	346.32166125471286	471.33966913831387	641.48705205894566	873.05626156487267	0.13018326	0.11580007	0.10281815	9.1141570000000005E-2	8.0671820000000005E-2	7.1310390000000001E-2	6.29609E-2	5.553056E-2	4.8931330000000002E-2	4.3080569999999999E-2	3.7901520000000001E-2	3.3323390000000001E-2	2.9281430000000001E-2	2.5716699999999999E-2	2.257584E-2	1.9810790000000002E-2	1.7378379999999999E-2	1.523997E-2	1.3361120000000001E-2	1.171115E-2	2.4992732759606522	3.4014812550553186	4.6293709734388884	6.3005189309668292	8.5749228849258206	11.670368237506517	15.883216727348151	21.616869386677823	29.420273160869886	40.040642469095694	54.494784508598272	74.166754707136832	100.93997164473492	137.37810296211353	186.96978009028138	254.46365083644412	346.32166125471286	471.33966913831387	641.48705205894566	873.05626156487267	3.9196257999999998E-2	3.7017572999999998E-2	3.4866579000000002E-2	3.2736024000000002E-2	3.0618636000000001E-2	2.8507608E-2	2.6397403E-2	2.4284984999999999E-2	2.2171481999999999E-2	2.0064096999999999E-2	1.7977712E-2	1.5935326E-2	1.3966454E-2	1.2103297000000001E-2	1.0375633E-2	8.8061670000000002E-3	7.4078399999999997E-3	6.1835420000000002E-3	5.1276669999999998E-3	4.228547E-3	2.4992732759606522	3.4014812550553186	4.6293709734388884	6.3005189309668292	8.5749228849258206	11.670368237506517	15.883216727348151	21.616869386677823	29.420273160869886	40.040642469095694	54.494784508598272	74.166754707136832	100.93997164473492	137.37810296211353	186.96978009028138	254.46365083644412	346.32166125471286	471.33966913831387	641.48705205894566	873.05626156487267	0.35446041	0.30853151000000001	0.26661685000000002	0.22907259999999999	0.19600411000000001	0.16731145	0.14274387999999999	0.12195269	0.10453610000000001	9.0073410000000007E-2	7.814873E-2	6.8366570000000002E-2	6.0362060000000002E-2	5.3808019999999998E-2	4.8419810000000001E-2	4.3957469999999998E-2	4.0224849999999999E-2	3.706578E-2	3.4358409999999999E-2	3.2008950000000001E-2	Sprague's pipit	2.4992732759606522	3.4014812550553186	4.6293709734388884	6.3005189309668292	8.5749228849258206	11.670368237506517	15.883216727348151	21.616869386677823	29.420273160869886	40.040642469095694	54.494784508598272	74.166754707136832	100.93997164473492	137.37810296211353	186.96978009028138	254.46365083644412	346.32166125471286	471.33966913831387	641.48705205894566	873.05626156487267	0.1241876	0.13192090000000001	0.1401357	0.14886199999999999	0.15813179999999999	0.16797870000000001	0.17843890000000001	0.18955040000000001	0.2013538	0.21389230000000001	0.22721150000000001	0.24136009999999999	0.2563897	0.27235530000000002	0.28931499999999999	0.30733090000000002	0.3264686	0.346798	0.36839339999999998	0.3913335	2.4992732759606522	3.4014812550553186	4.6293709734388884	6.3005189309668292	8.5749228849258206	11.670368237506517	15.883216727348151	21.616869386677823	29.420273160869886	40.040642469095694	54.494784508598272	74.166754707136832	100.93997164473492	137.37810296211353	186.96978009028138	254.46365083644412	346.32166125471286	471.33966913831387	641.48705205894566	873.05626156487267	7.4452340000000006E-2	8.2060939999999999E-2	9.0385969999999996E-2	9.9470169999999997E-2	0.10934647	0.12003004	0.13150617000000001	0.14371275999999999	0.15651756999999999	0.16969513	0.18291874	0.19579426999999999	0.20795131	0.21915490000000001	0.22935783000000001	0.23866171999999999	0.24723671	0.25525832999999998	0.26287762999999997	0.27021432000000001	2.4992732759606522	3.4014812550553186	4.6293709734388884	6.3005189309668292	8.5749228849258206	11.670368237506517	15.883216727348151	21.616869386677823	29.420273160869886	40.040642469095694	54.494784508598272	74.166754707136832	100.93997164473492	137.37810296211353	186.96978009028138	254.46365083644412	346.32166125471286	471.33966913831387	641.48705205894566	873.05626156487267	0.20714679999999999	0.2120755	0.2172683	0.22277939999999999	0.22868279999999999	0.2350816	0.24212120000000001	0.25000810000000001	0.25903389999999998	0.26960050000000002	0.28222940000000002	0.29753010000000002	0.31611099999999998	0.3384702	0.36494589999999999	0.395758	0.43109189999999997	0.47116530000000001	0.51626170000000005	0.56674230000000003	Distance (m) to nearest road
Birds per hectare

0	1.3157890000000001	2.6315789999999981	3.947368	5.26315799999999	6.5789470000000003	7.8947369999999841	9.2105259999999998	10.526316	11.842105	13.157895	14.473684	15.789474	17.105263000000001	18.421053000000001	19.736841999999999	21.052631999999999	22.368421000000001	23.684211000000001	25	2.6227996999999998	2.3397597000000001	2.1040307	1.9113279000000001	1.7556883000000001	1.6294071000000001	1.5246831000000001	1.435221099999999	1.3566246	1.2860161999999999	1.221534399999999	1.1619534	1.1064400999999999	1.0544070999999999	1.0054239	0.95916400000000002	0.91537060000000003	0.87383599999999995	0.83438780000000001	0.79687920000000001	0	1.3157890000000001	2.6315789999999981	3.947368	5.26315799999999	6.5789470000000003	7.8947369999999841	9.2105259999999998	10.526316	11.842105	13.157895	14.473684	15.789474	17.105263000000001	18.421053000000001	19.736841999999999	21.052631999999999	22.368421000000001	23.684211000000001	25	1.6571028999999999	1.5515903	1.4412189	1.3251972000000001	1.2050415000000001	1.0845598999999999	0.96813800000000005	0.85907630000000001	0.75914470000000001	0.66891590000000001	0.58822839999999998	0.51653139999999997	0.45309700000000003	0.39714080000000002	0.34788629999999998	0.30459819999999999	0.2665981	0.23326939999999999	0.20405789999999999	0.17846890000000001	0	1.3157890000000001	2.6315789999999981	3.947368	5.26315799999999	6.5789470000000003	7.8947369999999841	9.2105259999999998	10.526316	11.842105	13.157895	14.473684	15.789474	17.105263000000001	18.421053000000001	19.736841999999999	21.052631999999999	22.368421000000001	23.684211000000001	25	2.0847658999999998	1.9053473000000001	1.7413698	1.5915045000000001	1.4545368000000001	1.3293568	1.2149501	1.1103893	1.0148273000000001	0.92748949999999997	0.84766810000000004	0.77471630000000002	0.70804290000000003	0.64710749999999995	0.59141630000000001	0.54051800000000005	0.49399999999999999	0.45148549999999998	0.41262989999999999	0.37711820000000001	Percent exotic vegetation cover
Baird's sparrows per site
