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ABSTRACT 

Natural gas development is currently expanding in south-western Saskatchewan 

and may be threatening the quality of the remaining grassland habitat. The effects of 

natural gas development on grassland birds are poorly understood but are often species-

specific and vary across the species’ range. The purpose of my research is to (1) quantify 

aspects of grassland songbird breeding biology and (2) determine the effects of natural 

gas development on density and reproductive success of grassland songbirds. I found and 

monitored 392 nests of 7 species of grassland songbirds, including Chestnut-collared 

Longspur (Calcarius ornatus), Vesper Sparrow (Pooecetes gramineus), Sprague’s Pipit 

(Anthus spragueii), Savannah Sparrow (Passerculus sandwichensis), Baird’s Sparrow 

(Ammodramus bairdii), Horned Lark (Eremophila alpestris) and Western Meadowlark 

(Sturnella neglecta). I quantified and compared aspects of their breeding biology with 

published data in other parts of their range. Reproductive rates were typical of those 

found elsewhere. Time-specific variables (age and date) were included in the top models 

for nest survival for several species. Chestnut-collared Longspur nest survival increased 

during the incubation stage and decreased during the nestling stage and also decreased 

and then increased as the breeding season progressed. I also determined that Western 

Meadowlark nest survival increased and then decreased with increasing ambient 

temperature. Natural gas development features (compressor stations, gas wells, trails and 

fences) affected grassland songbird reproductive success, nest survival and density both 

negatively and positively. Vesper, Baird’s and Savannah sparrows had lower nest 

survival near wells, fences and trails, respectively, while Western Meadowlark 

experienced higher nest survival near trails. Generally, there were fewer young fledged 

near development, but this varied by species and type of development. Vesper and 
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Savannah sparrows had greater densities in high disturbance plots while Chestnut-

collared Longspur and Horned Lark had lower densities in high disturbance plots. Baird’s 

and Savannah sparrows had lower densities near compressor stations while Horned Lark 

density was greater near compressor stations. The density of Sprague’s Pipit and Western 

Meadowlark was best explained by vegetation structure. Natural gas development 

affected grassland songbird reproductive success, nest survival and density in both 

negative and positive ways or there was no effect; however, the extent of the impact may 

vary with the habitat and within the species’ range. 
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1.0 GENERAL INTRODUCTION 

1.1 INTRODUCTION 

The Earth’s resources are being exploited on all continents and most ecosystems 

to accommodate increasing human populations (Schandl and Eisenmenger 2006). As a 

result, natural landscapes throughout the world have been altered, destroyed or 

fragmented by agriculture, forestry, mining, urbanization and energy development. North 

American grassland ecosystems in particular have been drastically altered since European 

settlement.  In various areas, 20-99.9% of native prairie that once covered the North 

American Great Plains has been lost (Samson and Knopf 1994). Many of the remaining 

patches of native grasslands have been degraded by insecticide use, prevention of natural 

disturbances such as fire, improper management regimes (e.g., over grazing), and 

invasion by woody vegetation and exotic species (Reimer et al. 2000, Hammermeister et 

al. 2001, Askins et al. 2007). As a result, the current ecological condition of remaining 

grasslands differs from the conditions in which grassland organisms evolved (Samson et 

al. 2004). It is uncertain what degree of the remaining plant and animal biodiversity can 

persist in the current grassland ecosystems.  

In Saskatchewan, 80% of the original native grasslands have been lost 

(Hammermeister et al. 2001). The largest contiguous patches of remaining native prairie 

occur in the south-west corner of the province.  However, in areas of this region, much 

like elsewhere on the Great Plains, remaining grasslands are fragmented by roads and 

cultivation. In addition, rapidly increasing natural gas development may threaten the 

quantity and quality of remaining grasslands.  The number of completed natural gas wells 

in Saskatchewan more than doubled in a period of 10 years (2001-2011; CAODC 2011), 
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with 60% of wells located on native grasslands (S.K. Davis unpubl. data). Despite the 

apparent decline in the state of native grasslands in south-western Saskatchewan, they 

continue to support a high diversity of breeding birds (Blancher 2003).  

Most grassland vertebrate taxa are undergoing population declines, likely due in 

part to widespread loss and degradation of native grassland habitat on both their breeding 

and wintering grounds (Samson and Knopf 1994, Brennan and Kuvlesky 2005, Askins et 

al. 2007, Ceballos et al. 2010, Sauer et al. 2011). Grassland birds have undergone more 

consistent and widespread population declines than birds in any other habitat guild 

(Blancher 2003, Sauer et al. 2011), as 22 of 28 grassland bird species had decreasing 

trends from 1966 to 2007 (Sauer et al. 2011). Since these declines are occurring across 

the continent and with species that have various life history traits (short and long distance 

migrants, grassland specialists and generalists), declines are most likely due to loss and 

degradation of habitat (Vickery et al. 1999, Vickery and Herkert 2001, Brennan and 

Kuvlesky 2005). Generally, birds are thought to be good indicators of the biological 

integrity of grassland ecosystems because they respond to natural and anthropogenic 

changes in habitat in predictable ways (Donald et al. 2001, Browder et al. 2002). 

Therefore, the widespread declines experienced by grassland birds may reflect problems 

in the ecosystem as a whole (Brennan and Kuvlesky 2005). 

Natural gas development typically involves the clearing of habitat to establish gas 

wells and the supporting infrastructure (pipelines, roads, small buildings and large 

compressor stations). Compressor stations are large processing facilities that pressurize 

the natural gas to facilitate transport through pipelines. They likely represent the largest 

source of anthropogenic disturbance as habitat is cleared from a large area 
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(approximately 4 ha) and native grass is replaced with gravel, buildings and fences. These 

facilities also generate noise and pollution.  The size of each individual natural gas well 

and its supporting infrastructure may be small, but the cumulative effect created by this 

development directly, or the area that it affects, may be large (Braun et al. 2002). 

Grassland birds may avoid areas near gas wells because of an aversion to vertical 

structures in an open landscape (Bollinger and Gavin 2004). The linear disturbances 

(roads, trails, pipelines and fences) related to natural gas development can provide 

convenient corridors for predators (Winter et al. 2000, Chalfoun et al. 2002) and create a 

highly fragmented landscape that species may avoid due to restrictions in territory size or 

habitat requirements (Winter and Faaborg 1999, Winter et al. 2000, Davis et al. 2006). 

Bird responses to habitat edges and roads tend to vary among species and the types of 

edges created, as some species may reach their highest or lowest density near these linear 

disturbances while others exhibit no response (Sutter et al. 2000, Sisk and Battin 2002). 

However, the degree to which anthropogenic fragmentation affects avian species, 

specifically in grassland ecosystems remains unclear (Fahrig 2003, Koper and 

Schmiegelow 2006). 

In addition to reducing habitat availability directly, natural gas development may 

also degrade the remaining habitat. Exotic plant species impact ecosystem function 

(Christian and Wilson 1999) and alter vegetation structure to the point where the 

abundance of grassland birds is affected, particularly species that depend on native grass 

species (Wilson and Belcher 1989, Davis and Duncan 1999, Davis et al. 1999, Madden et 

al. 2000). Invasion of exotic plant species may occur either by direct seeding or may be 

facilitated by disturbing the soil that allows exotic seeds to establish. Compressor stations 
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are associated with heavy traffic on a built-up gravel road that enables invasion by non-

native vegetation (Gelbart and Harrison 2003, Koper et al. 2009). The constant, intense 

noise produced by the compressor stations can often be heard by human ears > 1 km from 

the source. This noise is likely to interfere with territorial singing in songbirds and affect 

territory or resource defence and mate attraction (Ten Cate et al. 2002, Riebel 2003). 

Noise may also lead to behavioural changes (Slabbekoorn and Peet 2003, Brumm 2004), 

as well as reduced species richness (Francis et al. 2009), pairing success (Habib et al. 

2007), bird densities (Bayne et al. 2008) and reproductive success (Halfwerk et al. 2011). 

Current management strategies do not consider the effect of natural gas development on 

grassland birds, because the impacts are not clearly understood.   

Studying the effects of natural gas development on grassland birds also allows the 

collection of descriptive biological information. By quantifying important demographic 

parameters (e.g., survival, reproduction, and recruitment), it is possible to determine 

whether a population is vulnerable to extinction (Gerber and Gonzalez-Suárez 2010). 

These data may lead to insights about the cause of population declines of grassland birds 

and identify demographic bottlenecks, steps that could help to focus conservation efforts. 

This not only increases the amount of data available to generate conservation and 

management plans, but facilitates comparisons with other regions. Local habitat effects 

on population recruitment and any constraints on habitat use or species distribution can 

be determined by comparing nesting success across a species’ geographic range (Martin 

and Geupel 1993). 

A number of studies have been conducted on grassland bird abundance and 

occurrence (Bleho 2009, Macias-Duarte et al. 2009, Dale et al. 2009, Ranellucci 2010, 
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Jacobs et al. 2012), however these metrics may not always correlate strongly with habitat 

quality (Van Horne 1983). A better sense of habitat quality may be achieved by studying 

fitness measures, even though reproductive and survival rates vary spatially and 

temporally (Davis and Sealy 1998, Grant et al. 2005, Jones et al. 2010). Grassland habitat 

that contains natural gas developments may have lower species abundance or density than 

undisturbed habitat and may therefore be of lower quality. Individuals may occupy these 

poorer quality habitat patches when the density of higher quality habitat increases to the 

point where it is more beneficial to occupy lower quality patches where there is less 

competition. Alternatively, subordinate individuals may be forced to occupy lower 

quality habitat at higher densities at a cost of lower reproductive success or survival 

because socially dominant individuals saturate the higher quality habitat (Fretwell and 

Lucas 1970). These two habitat selection patterns may be reflected in the density and 

reproductive success of grassland birds. 

The impacts of development on avian species in the boreal forest have been 

assessed (Bayne et al. 2005, Rosenvald and Lohmus 2008, Summers et al. 2011); 

however, there has been limited research in grassland ecosystems (Linnen 2008). In 

grassland habitats, disturbances related to natural gas development may negatively impact 

the abundance and fitness of wildlife species (Aldridge and Boyce 2007). Grassland 

specialists (species with specific habitat requirements) may also be more vulnerable to 

anthropogenic disturbance than generalist species (species that are typically as, or more 

common in non-native and degraded grasslands; Marvier et al. 2004). Specialist species 

may avoid natural gas development in areas they experience reduced fitness (e.g., 

survival and reproduction; Aldridge and Boyce 2007).  Avoidance may be caused by 
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changes in vegetation structure surrounding natural gas infrastructure causing habitat to 

become unsuitable or may result in lower rates of survival and reproduction. Greater Sage 

Grouse (Centrocercus urophasianus) females avoid otherwise suitable areas that contain 

natural gas development in Wyoming and Montana (Doherty et al. 2008). Natural gas 

development has also negatively affected sage-grouse breeding populations by decreasing 

lek attendance and persistence (Walker et al. 2007) and reducing reproductive attempts, 

nest success, and chick survival (Lyon and Anderson 2003, Aldridge and Boyce 2007). 

The negative effects reported for sage-grouse may be reflective of other taxa. Mule deer 

(Odocoileush emionus) appear to avoid otherwise suitable habitat that supports natural 

gas development and do not appear to acclimate to the disturbance (Sawyer et al. 2006). 

There is a decline in the area of high quality winter habitat available to female Pronghorn 

(Antilocapra americana) in Wyoming because of natural gas development (Beckmann et 

al. 2012). Although there is limited research on the effects on natural gas development in 

grassland ecosystems, current data point to negative effects on wildlife. 

Disturbances associated with natural gas development are likely to negatively 

impact grassland birds; however, the extent of the impact may vary with the habitat 

requirements of the species. Native grassland specialists such as Sprague’s Pipit (Anthus 

spragueii), Baird’s Sparrow (Ammodramus bairdii) and Chestnut-collared Longspur 

(Calcarius ornatus), tend to avoid areas within 50 m of oil and gas development (Linnen 

2008), whereas grassland generalists, such as Vesper Sparrow (Pooecetes gramineus), 

Horned Lark (Eremophila alpestris), and Savannah Sparrow (Passerculus sandwichensis) 

tend to be unaffected or increase in abundance near oil and gas development (Linnen 

2008).  The effects of natural gas development appear to be species-specific and may 
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vary across species ranges (Linnen 2008, Hamilton 2010, Kalyn-Bogard 2011). Given 

that individual species are likely to respond to natural gas development differently, it is 

necessary to evaluate the effects on individual species separately.   

The purpose of my research is to determine the extent to which natural gas 

development affects the density and reproductive success of grassland songbirds. I used 

data collected from nest searching and monitoring to address two objectives: (1) to 

quantify aspects of grassland songbird breeding biology and compare those aspects 

between and within species; and (2) to determine the extent to which natural gas 

development influences the density and reproductive success of grassland songbirds. My 

research will allow land managers and responsible government departments to make 

informed decisions about the effects of industrial activity on grassland songbirds. This is 

one of the first studies examining the effects of natural gas development on grassland bird 

reproductive success, and it will supplement or enhance the information derived from 

population surveys (Linnen 2008, Dale et al. 2009, Kalyn-Bogard 2011) conducted in 

areas where development is occurring.  
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2.0 NESTING ECOLOGY OF A GRASSLAND SONGBIRD COMMUNITY IN 

SOUTH-WESTERN SASKATCHEWAN 

2.1 INTRODUCTION 

Since European settlement, native grasslands in North America have been 

drastically altered and 20-99.9% of native prairie has been lost (Samson and Knopf 

1994). As a result, the current ecological conditions of remaining grasslands differ from 

the conditions during which grassland organisms evolved (Samson et al. 2004). Most 

vertebrate groups living in grassland ecosystems are undergoing population declines, 

likely due in part to widespread habitat loss and degradation of native grassland habitat 

on both their breeding and wintering grounds (Samson and Knopf 1994, Brennan and 

Kuvlesky 2005, Askins et al. 2007, Ceballos et al. 2010, Sauer et al. 2011). Certain bird 

species are known to respond to natural and anthropogenic habitat changes in predictable 

ways (Donald et al. 2001, Browder et al. 2002), therefore declines in bird populations 

will likely reflect problems within the ecosystem (Brennan and Kuvlesky 2005).  Twenty-

two of the 28 grassland bird species in North America with various life history traits 

(short and long distance migrants, grassland specialists and generalists) are declining 

(Sauer et al. 2011). A number of studies have been conducted on grassland bird habitat 

selection (McMaster et al. 2005, Davis et al. 2006, Winter et al. 2006, Fisher and Davis 

2010) and how land management influences their abundance and occurrence (Bleho 

2009, Macias-Duarte et al. 2009, Dale et al. 2009, Ranellucci 2010, Jacobs et al. 2012).  

However, occurrence or abundance may not always correlate strongly with habitat quality 

(Van Horne 1983), particularly in landscapes with anthropogenic changes (Remes 2000, 

Bock and Jones 2004). Several long term studies have examined grassland bird 
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communities on the Great Plains (Burhans et al. 2002, Davis 2003, Jones et al. 2010) that 

provide some data on nest survival and reproductive rates. However, because grassland 

songbird reproductive and survival rates vary spatially and temporally (Davis and Sealy 

1998, Grant et al. 2005, Jones et al. 2010), more data are needed from throughout their 

ranges to enable a better understanding of factors responsible for declines.  

Information on basic reproductive biology is required for developing conservation 

and management tools. Population viability analysis (PVA) models (Bessinger and 

McCullough 2002) have been used successfully to help generate informed management 

plans for species ranging from the Spotted Owl (Strix occidentalis caurin; Lande 1988) to 

the Grizzly Bear (Ursus arctos horribilis; Suchy et al. 1985). By quantifying important 

demographic parameters (e.g., survival, reproduction, and recruitment), it is possible to 

determine whether a population is vulnerable to extinction due to losses during a 

particular stage of its life (Gerber and Gonzalez-Suárez 2010). Such information may 

lead to insights about the cause of population declines of grassland birds and identify 

demographic bottlenecks where focusing conservation efforts will improve those 

particular stages. Linking habitat quality and available resources to measures of 

biological fitness can provide the information necessary to help form long term 

conservation goals and identify key habitat requirements for reproduction and survival 

(Aldridge and Boyce 2007). Information on basic reproductive biology can be used to 

develop management plans, provide an indication of the number of individuals needed for 

regional persistence and identify knowledge gaps for targeting future research.  

Reproductive success is often driven by temporal and environmental factors. Nest 

age and clutch initiation date are important predictors of grassland bird nest survival 
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(Davis 2005, Grant et al. 2005, Jones et al. 2010, Kerns et al. 2010). The survival of eggs 

or chicks in the nest (hereafter nest survival), may decrease as the breeding season 

progresses or when nestlings get older because predators use visual cues from adults 

visiting the nest more frequently (Halupka 1998, Martin et al. 2000) or olfactory or 

auditory cues from growing nestlings (Bedard and Meunier 1983, Pietz and Granfors 

2000, Haff and Magrath 2011). Brood parasites, like the Brown-headed Cowbird 

(Molothrus ater), may also negatively influence reproductive success of songbirds as 

cowbird nestlings may outcompete host young in the nest (Smith 1981, Johnson and 

Temple 1986). Changes in precipitation and temperature could affect metabolic rate, 

influence foraging conditions, breeding success and change the timing of migration and 

average egg laying dates (Robinson et al. 2007). Precipitation and temperature could 

influence predator distribution and activity which in turn affects nest survival (Dinsmore 

et al. 2002, Skagen and Yackel Adams 2012). Nest abandonment may also increase if 

nests are exposed to adverse weather (e.g. hail, heavy rain, freezing temperatures; Jones 

and Dieni 2007).  

My first objective was to quantify and compare aspects of grassland bird breeding 

biology among seven species of grassland songbirds with published data in other parts of 

their range. Such comparisons will allow me to determine if reproductive rates in my 

study area are typical of those found elsewhere. My second objective was to determine 

the extent to which weather influences reproductive success. This analysis may be able to 

provide insight into how climate change might affect grassland songbirds. 
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2.2 METHODOLOGY 

2.2.1 Study area and sites  

My research was conducted in south-western Saskatchewan, Canada on the 

Agriculture Agri-food Canada/Agri-Environment Services Branch (AAFC/AESB) 

pastures: Big Stick (50°14’20”N and 109°21’6” W) and Bitter Lake (50°07’51”N and 

109°46’19W), in the Mixed Grassland ecoregion during the summers of 2010 and 2011 

(Fig. 2.1). This region is characterized by brown soils and is considered one of the drier 

regions of Saskatchewan. Pastures were flat to gently rolling and vegetation consisted 

predominately of Stipa spp., June grass (Koeleria macrantha), northern wheatgrass 

(Agropyron dasystachyum), western wheatgrass (Pascopyrum smithii), blue grama 

(Bouteloua gracilis), sedges (Carex spp), sage (Artemsia spp.) and various other forbs. 

Western snowberry (Symphoricarpos spp.) and rose (Rosa spp.) occurred sporadically 

throughout the pastures in mesic sites. Crested wheatgrass (Agropyron cristatum) was 

uncommon except for locations where it was seeded.  It often occurred in small patches 

near natural gas infrastructure on the Big Stick pasture.  

All pastures were originally surveyed in 2008 and 2009 (Kalyn-Bogard 2011) and 

ground-truthed to confirm habitat type (e.g., native grasslands, undisturbed by humans vs. 

grasslands planted with exotic vegetation) and the location of natural gas infrastructure, 

invasive species, power-lines, and fences.  The GPS locations derived from ground-

truthing were imported into ArcMap 10 (Economic and Social Research Institute, ESRI) 

and were used to create lines and polygons to indicate the locations of anthropogenic 

disturbances. This information was used to select 300 x 600 m study plots as part 
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Figure 2.1 Location of Bitter Lake and Big Stick Community Pasture (AESB) study sites 

in south-western Saskatchewan, 2010-2011. The hatched areas are the study sites. 
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of a research project on the effects of natural gas development on grassland songbird 

reproductive success (Chapter 3). The study was conducted on 12 plots in 2010 and the 

same plots with an additional 4 plots in 2011. Each plot was divided into a 50 m grid 

using survey flags to facilitate mapping nest locations and nest monitoring.  

2.2.2 Nest searching and monitoring 

Nest searching and monitoring were carried out from early May to late July. 

Between 0600 and 1200 hours, I systematically located nests by flushing adult birds as 

two people dragged a weighted 25m nylon rope (with aluminum cans attached every 1 m) 

across the vegetation (Davis 2003). Each study plot was systematically searched using 

this method 4-5 times during the breeding season. I also located nests fortuitously while 

walking on the plots undertaking other activities. Nests were marked with survey flags 5 

m north and south of the nest, with the top of the flag placed near the average height of 

the vegetation. Nests were checked every 2-4 days until the young fledged or the nesting 

attempt failed. I candled the eggs (Lokemoen and Koford 1996) to estimate embryo age 

to help determine hatching dates. I used nestling age to calculate clutch initiation dates 

based on species-specific incubation lengths for nests found during the nestling stage 

(Ehrlich et al. 1988, Davis 2003).  Nesting attempts were considered successful if at least 

one nestling of the parental species survived to fledging age and left the nest. A 

combination of cues which included minimal nest disturbance, presence of feces and 

feather scales in the nest and adults giving alarm calls nearby were used, along with 

nestling age, to determine whether nests were successful. Nest predation was assumed to 

be the cause of nest failure if nestlings were too young to fledge or the nest was 

disturbed. I obtained daily weather data from the Environment Canada weather station in 
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Maple Creek, SK, which was ~35 km from my study sites. From the daily weather data, I 

calculated the mean precipitation and mean maximum temperature (hereafter 

temperature) between nest visits.   

I estimated the visibility of each nest, using a wooden disk divided into eight 

black-and-beige pie-shaped sections (Davis and Sealy 1998). I placed the disk in the nest 

and estimated the number of sections visible from five locations.  Visual estimates were 

taken 1 m from the nest in the four cardinal directions and from 1 m directly above (Jones 

and Dieni 2007). The value of nest visibility was the sum of the five visual estimates. 

2.2.3 Statistical analyses  

I conducted all analyses using SAS ver. 9.2 (SAS Institute 2008). I conducted a t-

test (PROC TTEST) to determine if clutch initiation date varied between years. 

Depending on the equality of variance, I used either the pooled t-test for equal variance or 

the Satterthwaite t-test for unequal variance. I performed a linear regression (PROC 

GLM) to determine if clutch size (number of eggs laid in a single nesting attempt) varied 

as the breeding season progressed. I calculated the mean clutch size for each week and 

excluded weeks with only one nest. I used the square root of the number of nests in a plot 

as a weighting factor. I also examined the quadratic effect of week on clutch size. All 

means and parameter estimates are presented with standard error (SE). 

I used the logistic exposure method (PROC GENMOD; Shaffer 2004) to 

determine the extent to which nest survival varied as a function of temporal (nest age, 

date and year) and environmental (precipitation and temperature) factors. I excluded nest 

visits and exposure days during the egg-laying stage because I found few nests during 
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that stage (21 nests of 7 species out of 392 nests found in total) and to facilitate 

comparisons with previous studies that did not include estimates of survival during the 

laying stage (Davis 2003, Lusk 2009, Jones et al. 2010). I identified the most 

parsimonious and best fitting candidate models using the effective sample size (sum of 

the total number of days that nests were known to survive and the number of intervals 

that ended in failure) to calculate Akaike’s Information Criterion corrected for small 

sample sizes (AICc; Burnham and Anderson 2002, as recommended by Rotella et al. 

2004). The model with the lowest AICc was considered the top model of the set, but 

models within 2 ∆AICc units were also considered to be competitive (Burnham and 

Anderson 2002). A weighting value (Wi) was calculated for all models, indicating the 

relative strength of that model compared to the other models considered (Burnham and 

Anderson 2002). I evaluated the parameter estimates for competing models (within 2 

∆AICc of top model) to avoid reporting models with uninformative parameters (i.e. 

estimates with 85% confidence intervals (CI) that included zero; Arnold 2010). I 

determined which parameters were important by model-averaging the parameter 

estimates when there was not overwhelming support for a top model (AICc values are 

nearly equal; Burnham and Anderson 2002, Johnson and Omland 2004). 

First, I examined models with year-by-age and year-by-date interactions to 

determine if age and date effects remained consistent among years. Data from both years 

were combined if the year interaction models did not have lower AICc values than the age 

and date only models or the year+age and date+age models.  I also combined years if the 

top models included year interactions but 85% confidence intervals included 0 or if the 

parameter estimates were in the same direction in each year. I found no evidence of year-
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specific effects and therefore combined data from both years for each species. I examined 

models with linear effects of age and date, quadratic effects of age and date, cubic effects 

of age, a null model and a global model. Quadratic models included linear and quadratic 

terms and cubic models included linear, quadratic and cubic terms. In addition to the 

temporal effects, I also evaluated the potential effects of weather, particularly 

precipitation and temperature as they affect nest survival in some species (Dinsmore et al. 

2002, Skagen and Yackel Adams 2012). I examined models with linear effects of 

precipitation and temperature, quadratic effects of temperature, the interactive effect of 

temperature and precipitation, a null model and a global model. When a weather model 

was better than the null model for a species, I also compared the top weather model to the 

top age and date model and combined the two top models to determine which model best 

explained the effect on nest survival for that species. However, this was not completed 

for models that were better than the null model if they contained estimates with 85% CI 

that included zero. 

I used the regression coefficients from the logistic exposure method to calculate 

the daily survival rate estimates for all variables included in the top model for each 

species (Shaffer 2004). Overall nest success was calculated from the daily survival rate of 

each stage (incubation and nestling) raised to the power of the species-specific stage 

period length (Ehrlich et al. 1988, Davis 2003). The results of the two stages were then 

multiplied to determine the probability of a nest surviving from the onset of incubation 

until fledging. The daily survival rate during the incubation and nestling stages were 

compared using least squares means to determine if survival during one stage was 

significantly different than the other.  
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2.3 RESULTS and DISCUSSION 

I located 437 nests of 21 species over two years. Most nests were those of 

passerines (n=405), followed by shorebirds (n=18) and waterfowl (n=12), along with one 

Short-eared Owl (Asio flammeus) and one Mourning Dove (Zenaida macroura) nest. 

Among the passerines, only species with ˃ 20 nests were included in the analyses 

(Hensler and Nichols 1981, Martin and Geupel 1993), with the exception of Western 

Meadowlark (Sturnella neglecta, n=19). Thus, my analysis was based on 392 nests of 

seven species of grassland songbirds: Chestnut-collared Longspur (Calcarius ornatus, 

n=211), Vesper Sparrow (Pooecetes gramineus, n=56), Sprague’s Pipit (Anthus 

spragueii, n=33), Savannah Sparrow (Passerculus sandwichensis, n=27), Baird’s 

Sparrow (Ammodramus bairdii, n=23), Horned Lark (Eremophila alpestris, n=23), and 

Western Meadowlark.  

Clutch initiation – Peak clutch initiation occurred during the first two weeks of June for 

most species (Fig. 2.2). Horned Lark, Chestnut-collared Longspur and Western 

Meadowlark were the first to initiate nests.  Chestnut-collared Longspur had the longest 

period of clutch initiation, lasting 75 days (Fig. 2.2). Savannah Sparrow and Baird’s 

Sparrow initiated nests later in the breeding season. Consequently, Savannah Sparrow 

had a shorter egg-laying season of approximately 46 days (Fig. 2.2).  These results are 

consistent with initiation dates reported in other studies in southern Saskatchewan (Davis 

2003) and Montana (Jones et al. 2010). However, mean clutch initiation date by 

Sprague’s Pipit and Chestnut-collared Longspur at my site was at least 5 days earlier than 

dates reported by Davis (2003) and Jones et al. (2010). Mean clutch initiation dates were  
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Figure 2.2 Egg laying chronology for seven species of grassland songbirds in south-

western Saskatchewan, 2010-2011. Number of nests for each species is in parentheses. 

Box plots represent 25th, 50th and 75th percentiles; whiskers indicate 10th and 90th 

percentiles and dots are outliers. The vertical dotted lines indicate the separation between 

months. 
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similar between years for Sprague’s Pipit, Horned Lark, Western Meadowlark, Baird’s 

and Savannah sparrows (Table 2.1). Mean clutch initiation dates were significantly later 

in 2010 than 2011 for Chestnut-collared Longspur and Vesper Sparrow (Table 2.1), likely 

due to the relatively wet spring in 2010 (Environment Canada 2011).  

Clutch size - Baird’s Sparrow, Savannah Sparrow and Sprague’s Pipit typically laid five-

egg clutches, whereas Chestnut-collared Longspur, Vesper Sparrow and Horned Lark 

typically laid four eggs and Western Meadowlark most commonly laid 6 eggs (Table 

2.2). Mean clutch size (± SE) ranged from 3.9 ± 0.2 eggs for Horned Lark to 5.1 ± 0.3 

eggs for Western Meadowlark. Mean clutch sizes were consistent with those found in 

other areas in Saskatchewan (Davis 2003, Lusk 2009), Manitoba (Weatherhead and 

Robertson 1978, Davis 1994) and Montana (Jones et al. 2010).   

Clutch size declined as the breeding season progressed for Chestnut-collared 

Longspur (β=-0.104 ± 0.02; estimate ± SE), Vesper Sparrow (β=-0.095 ± 0.04), Baird’s 

Sparrow (β=-0.27 ± 0.1), Horned Lark (β=-0.26 ± 0.1) and Western Meadowlark (β=-

0.35 ± 0.1). Sprague’s Pipit and Savannah Sparrow clutch size also decreased with time, 

but 95% confidence intervals included 0 (β=-0.017 ± 0.1 and β=-0.12 ± 0.2, respectively). 

A quadratic effect of week did not improve the model fit for any species. Previous studies 

have typically found that clutch size of grassland birds decreases as the breeding season 

progresses albeit with some exceptions (Wray et al. 1982, Davis and Sealy 1998, Davis 

2003, Jones et al. 2010). Clutch size may decline as the breeding season progresses 

because of diminishing food supplies (Hussell and Quinney 1985, Daan et al. 1989) or a 



 

 
 

Table 2.1: Mean clutch initiation dates (Julian date) for seven grassland bird species in south-western Saskatchewan, 2010-2011. 

Dates extend from May 22nd (143) to June 17th (168).  

 Species (nests) 

Mean clutch  initiation 
date Difference between years 

2010 2011 t value df P-value 
Sprague's Pipit (n=33) 149.1 ± 2.1 153.6 ±4.0 -0.99 25.4 0.33 
Chestnut-collared Longspur (n=211) 159.2 ± 1.9 152.9 ± 1.6 2.61 154.4 0.01 
Vesper Sparrow (n=56) 167.7 ± 2.9 151.9 ± 2.5 4.12 54 0.0001 
Savannah Sparrow (n=27) 161.8 ± 3.1 155.9 ± 3.3 1.13 25 0.27 
Baird's Sparrow (n=23) 165.6 ± 3.3 156.9 ± 5.7 1.51 21 0.14 
Horned Lark (n=23) 152.2 ± 4.4 143.8 ± 4.6 1.29 21 0.21 
Western Meadowlark (n=19) 153.3 ± 6.8 156.0 ± 5.4 -0.32 17 0.75 
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Table 2.2 Clutch sizes of seven grassland songbird species nesting in south-western Saskatchewan, 2010-2011. Only nests with 

known complete clutches were included.  

 

 

 

 

 

 

 

  Clutch size (%) 

 
Species 1 2 3 4 5 6 7 Mean ± SE 

Sprague's Pipit (n=32) 0 0 0 4 
(13) 26 (81) 2 (6) 0 4.8 ± 0.1 

Chestnut-collared Longspur 
(n=191) 

1 
(0.5) 

1  
(0.5) 18 (9) 113 

(59) 57 (30) 1  
(0.5) 0 4.2 ± 0.05 

Vesper Sparrow (n=49) 0 0 3 (6) 32 
(65) 

13 
(27) 1 (2) 0 4.0 ± 0.1 

Savannah Sparrow (n=25) 0 0 1 (4) 5 
(20) 

17 
(68) 

2     
(8) 0 4.8 ± 0.1 

Baird's Sparrow (n=21) 0 1  (5) 4 (19) 5 
(24) 11 (52) 0 0 4.2 ± 0.2 

Horned Lark (n=16) 0 1 (6) 3 (19) 8 
(50) 

4 
(25) 0 0 3.9 ± 0.2 

Western Meadowlark (n=17) 0 0 1 (6) 4 
(24) 5 (29) 6 (35) 1    (6) 5.1 ± 0.3 
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shorter photoperiod (Lofts and Murton 1968). In addition, females may be actively 

feeding fledglings and therefore investing more resources in the first brood which may 

reduce available metabolic resources for producing eggs later in the season (Wray et al. 

1982).  

Reproductive success 

Nest predation was the most common cause of reproductive failure for each 

species (Table 2.3). Overall, 52% of the nests I monitored were depredated and predation 

accounted for 88% of unsuccessful nests. The percentage of unsuccessful nests lost to 

predation is comparable to rates reported in other areas, including Southern 

Saskatchewan (88%, Davis 2003, 84%, Lusk 2009), Manitoba (89%, Davis 1994), 

Montana (82%, Jones et al. 2010) and the Mid-west United States (82%, Best et al. 

1997). Nest predation frequency on my sites is also similar to that reported in other 

studies (58% Vickery et al. 1992, 43% Wray et al. 1982, 46% Best et al. 1997). Although 

the type, abundance and foraging behaviour of nest predators vary between and among 

habitats (Chalfoun et al. 2002), predation rates on grassland bird nests are consistently 

high (Martin 1993).  Predation rates may be especially high for many grassland birds 

because their nests are open and on the ground (Ricklefs 1965, Martin 1993). Also, 

ground nests can be found fortuitously (Vickery et al. 1992) by a variety of predators, 

including small and large mammals, predatory birds, passerines and reptiles (Pietz and 

Granfors 2000, Renfrew and Ribic 2003, Davis et al. 2012).    

Fewer than 1% of all the songbird nests I monitored were parasitized by Brown-

headed Cowbird. Cowbird eggs were only present in one Chestnut-collared Longspur  



 

 
 

Table 2.3 Nest fate and reproductive success of seven grassland songbird species in south-western Saskatchewan, 2010-2011. 

Species 

Sprague's 
Pipit 

(n=33) 

Chestnut-
collared 

Longspur 
(n=212) 

Vesper 
Sparrow 
(n=56) 

Savannah 
Sparrow 
(n=27) 

Baird's 
Sparrow 
(n=23) 

Horned 
Lark 

(n=23) 

Western 
Meadowlark 

(n=19) 
% nests successful 45.5 30.3 58.9 48.2 26.1 30.4 26.3 
% nests depredated 39.4 65.7 30.4 48.2 52.2 60.9 52.7 
% nests deserted 3.0 2.5 5.4 0.0 13.0 8.7 10.5 
% nests failed 12.1 1.5 5.4 3.6 8.7 0.0 10.5 
% nests with hatched eggs 78.8 79.0 85.5 81.5 60.9 65.2 63.2 
% eggs incubated full 
term that hatched (n) 83.6 (26) 90.0 (169) 90.2 (47) 91.0 (22) 81.4 (14) 94.3 (15) 96.9 (12) 

% eggs hatched (n) 64.2 (33) 71.3 (209) 78.8 (55) 79.5 (27) 51.1 (23) 63.3 (23) 66.7 (19) 

Host young fledged/nest 1.7 ± 0.37 1.0 ± 0.11 2.1 ± 0.25 1.9 ± 0.39 1.1 ± 0.39 1.0 ± 0.36 1.2 ± 0.49 
Host young 
fledged/successful nest (n) 

3.7 ± 0.37 
(15) 

3.2 ± 0.15 
(64) 

3.4 ± 0.18 
(33) 

3.9 ± 0.27 
(13) 

3.5 ± 0.50 
(6) 

3.3 ± 0.52 
(7) 

4.6 ± 0.51 
(5) 
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nest (0.5% ) and one Savannah Sparrow (3.7 %) nest on my sites. In North Dakota, Grant 

et al. (2006) found approximately 0.01-2.4% of nests had been parasitized by cowbirds. 

However, cowbird parasitism rates in other regions of the northern mixed-grass prairie 

range from 14-44% in Manitoba (Davis 1994), 15-29% in southern Saskatchewan (Davis 

2003), 5-18% in south-western Saskatchewan (Lusk 2009) and 2-26% in Montana (Jones 

et al. 2010).  Low parasitism frequency is probably due to the large pasture size, lack of 

perches and the low density of cowbirds on my sites (Johnson and Igl 2001, Herkert et al. 

2003, DeJong et al. 2006). Fewer than 8% of songbird nests I monitored failed or were 

deserted. Rates of failure and desertion were similar to those reported in Manitoba (Davis 

1994) and Montana (Jones et al. 2010).  

Nest survival 

Daily survival rate was lower during the nestling stage compared to the incubation 

stage for all species, but a significant difference between stage-specific survival rates was 

only detected for Chestnut-collared Longspur (P < 0.0001; Table 2.4). The daily survival 

rate of longspur nests was considerably lower during the nestling period than the 

incubation period (Table 2.4). Lower survival rates during the nestling stage may be due 

to cues that increase the likelihood of discovery by predators, such as greater noise and 

movement by the nestlings (Haff and Magrath 2011) and increased parental activity 

(Halupka 1998, Martin et al. 2000). Other studies have also reported lower survival in the 

nesting stage (Schaub et al. 1992, Morton et al. 1993, Martin et al. 2000, Burhans et al. 

2002, Kerns et al. 2010). However, some studies reported similar rates of predation 

between stages (Zimmerman 1984, Suarez and Manrique 1992, Pietz and Granfors 2000, 

Grant et al. 



 

 
  

 

Table 2.4 Estimated daily survival rate and 95% confidence intervals for incubation and nestling stages for seven species of 

grassland songbirds in south-western Saskatchewan, 2010-2011. Success is presented as %, with 95% CI in parentheses. 

 

 

 Incubation Nestling 
Daily Survival Rate  

(95% CI) Success (%) 
Difference 

between stages 
Species (days) (days) Incubation Nestling  (95% CI) P-value 

Sprague's Pipit 13 11 0.969 
(0.938-0.986) 

0.959 
(0.926-0.978) 

42.5 
(19-65) 0.118 

Chestnut-collared 
Longspur 11.5 10 0.964 

(0.951-0.973) 
0.914 

(0.896-0.929) 
26.7 

(19-35) <0.0001 

Vesper Sparrow 12 10 0.981 
(0.952-0.993) 

0.967 
(0.942-0.981) 

56.6 
(30-75) 0.12 

Baird's Sparrow 11.5 9.5 0.953 
(0.902-0.978) 

0.932 
(0.864-0.967) 

29.3 
(8-56) 0.158 

Savannah Sparrow 11.5 9 0.949 
(0.906-0.973) 

0.946 
(0.907-0.969) 

33.6 
(13-56) 0.668 

Horned Lark 11 10 0.938 
(0.883-0.968) 

0.931 
(0.879-0.961) 

24.1 
(7-47) 0.537 

Western 
Meadowlark 13 11 0.943 

(0.890-0.971) 
0.937 

(0.884-0.967) 
22.8 

(6-47) 0.541 
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2005) or higher predation rates during the incubation stage (Best and Stauffer 1980, 

Winter 1999). Low survival during the incubation stage is likely due to nest sites being 

easily found by predators (Martin et al. 2000).  This variation between studies may reflect 

biological differences between different species, habitats, predators and communities. 

However, the results may also be statistically driven due to small sample sizes or the 

statistical test being unable to detect real differences. 

Overall nest success rates ranged from 23% for Western Meadowlark to 57% for 

Vesper Sparrow (Table 2.4). Nest success estimates for Chestnut-collared Longspur, 

Horned Lark, Western Meadowlark, Vesper, Baird’s and Savannah sparrows were similar 

to those reported by Davis (2003) and Jones et al. (2010). However, nest success for 

Sprague’s Pipit (41%) was greater than other nest success estimates in southern 

Saskatchewan (24%, Davis 2003) and Montana (27%, Jones et al. 2010), but slightly 

lower than rates reported in Manitoba (47%, Davis and Sealy 1998). The nest fate and 

success on my sites were similar to other study sites, where natural gas development was 

not present. Therefore natural gas development may not have much of an effect on nest 

and reproductive success in areas with similar conditions as my study site (well densities, 

management regime and landscape).   

Age and date effects - Daily survival rate varied as a function of age or date for most 

species (Table 2.5 and 2.6). Chestnut-collared Longspur was the only species with a top 

model that had overwhelming support where nest survival was best explained by a cubic 

effect of age and quadratic effect of date (Fig. 2.3 and 2.4). Chestnut-collared nest 

survival increased during the incubation stage and started to decrease early in the nestling  
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Table 2.5: Ranking of logistic exposure models relating daily survival rates to time-
specific (age and date) effects for seven grassland songbird species. Model parameters in 
the global model include linear effect of age (Age), date (Date), quadratic effect of age 
(Age2) and date (Date2) and cubic effect of age (Age3). Presented below are the top 
models and all competitive models within 2 ∆AICc of the best model along with the null 
model for each species, the number of parameters (K), Log likelihood score (LL), AICc 
score, ∆AICc, and model weight (Wi) (n= effective sample size followed by the actual 
number of nests used in analyses). 

Species Model LL K AICc ∆AICc Wi 
Chestnut-collared Longspur  Age3 + Date2 -438.51 6 889.05 0.00 0.918 
n=2272 and 211 Null -464.86 1 931.72 42.67 0 
       
Vesper Sparrow Date2 -71.27 3 148.56 0.00 0.311 
n=716 and 56 Age, Date2 -70.81 4 149.68 1.11 0.178 
 Null -74.51 1 151.03 2.47 0.091 
       
Sprague's Pipit Date2 -56.74 3 119.54 0.00 0.309 
n=465.5 and 33 Age, Date2 -56.52 4 121.13 1.59 0.139 
 Null -59.78 1 121.58 2.04 0.112 
       
Savannah Sparrow Date2 -45.37 3 96.82 0.00 0.31 
n=262 and 27 Null -47.95 1 97.92 1.10 0.18 
       
Baird's Sparrow Date -44.11 2 92.27 0.00 0.31 
n=244.5 and 23 Age + Date -43.73 3 93.56 1.30 0.16 
 Age2 + Date -42.86 4 93.89 1.63 0.14 
 Date2 -44.06 3 94.23 1.96 0.12 
 Null -47.37 1 96.75 4.48 0.03 
       
Horned Lark Date -40.69 2 85.44 0.00 0.42 
n=202.5 and 23 Date2 -40.64 3 87.40 1.96 0.16 
 Age + Date -40.64 3 87.40 1.96 0.16 
 Null -44.06 1 90.14 4.71 0.04 
       
Western Meadowlark Date2 -36.44 3 79.00 0.00 0.165 
n=195 and 19 Age3 + Date2 -33.32 6 79.08 0.08 0.158 
 Date -37.62 2 79.30 0.30 0.142 
 Age3 + Date -34.53 5 79.38 0.38 0.137 
 Age2 + Date2 -34.98 5 80.27 1.27 0.087 
 Null -39.41 1 80.83 1.83 0.066 
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Figure 2.3 The effect of nest age on the daily nest survival rate of Chestnut-collared 

Longspur nests in south-western Saskatchewan, 2010-2011. Egg-laying stage (days 1-4) 

was not included in this analysis.  
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Figure 2.4 The effect of clutch initiation date on the daily survival rate of Chestnut-

collared Longspur, Sprague’s Pipit, Vesper Sparrow and Western Meadowlark nests in 

south-western Saskatchewan, 2010-2011. 

 

 
 
 



 

   

Table 2.6 Model-averaged parameter estimates and unconditional standard errors for temporal and weather covariates that were 

included in nest survival models for seven grassland songbird species in south-western Saskatchewan, 2010-2011. Asterisks 

indicate model parameters with 85% confidence limits that do not include zero (n= number of nests used in analyses). 

Species Age Age2 Age3 Date Date2 Temperature Temperature2 Precipitation 
         
Chestnut-collared 
Longspur (n=212) 1.4 ± 0.02*  -0.08 ± 0.02* 0.0016 ± 

0.0003* 
 -0.23 ± 
0.02* 

0.0007 ± 
0.0003*  - 0.09 ± 0.1 0.004 ±0.003 0.03 ± 0.03 

         
Vesper Sparrow 
(n=56) 0.41 ± 0.37  -0.05 ± 0.06 0.0016 ± 0.001*  -0.77 ± 

0.34* 
0.002 ± 
0.001*  - 0.06 ±0.12  -0.0002 ± 

0.008  - 0.09 ± 0.06 

         
Sprague's Pipit 
(n=33) 0.58 ± 0.37*  -0.064 ± 

0.058 
0.0016 ± 
0.0009* 

 -0.58 ± 
0.32* 

0.002 ± 
0.001*  - 0.16 ± 0.24 0.02 ± 0.02  - 0.04 ± 0.09 

         
Savannah 
Sparrow (n=27) 0.006 ± 0.1  -0.008 ± 0.03 0.0005 ± 0.002  -1.03 ± 0.73 0.004 ± 

0.003*  - 0.06 ± 0.2 0.002 ± 0.01 0.04 ± 0.2 

         
Baird's Sparrow 
(n=22) 

 - 0.18 ± 
0.12* 

 - 0.0008 ± 
0.04 0.0009 ± 0.001  - 0.11 ± 

0.24 
0.0005 ± 

0.002 0.03 ± 0.3  -0.008 ± 0.01  - 0.05 ± 0.2 

         
Horned Lark 
(n=23) 

 - 0.03 ± 
0.05 0.01 ± 0.04  - 0.0009 ± 

0.001 
 - 0.09 ± 

0.18 
0.0005 ± 
0.0015  -0.2 ± 0.2  -0.001 ± 0.01  - 0.24 ± 0.17 

         
Western 
Meadowlark 
(n=19) 

1.37 ± 0.44*  -0.1 ± 0.08 0.002 ± 0.001*  -0.42 ± 
0.24* 

0.002 ± 
0.001* 1.05 ± 0.59*  -0.03 ± 0.01* 0.25 ± 0.39 
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stage and increased again before fledging. Chestnut-collared Longspur nest survival also 

decreased and then increased as the breeding season progressed. A number of other 

studies have found that a cubic effect of age is important in explaining variation in nest 

survival throughout the nesting stage (Grant et al. 2005, Davis 2005, Davis et al. 2006, 

Lusk 2009, Kerns et al. 2010). Non-linear changes in daily survival rate are plausible 

given that factors, such as predation, may be affecting nests with variable intensity during 

the different nesting stages. The linear effect of age was important for Baird’s Sparrow as 

nest survival decreased when age increased. Nest survival may decrease with advancing 

nest age because adults are making more frequent visits to feed chicks which may 

provide more cues for predators (Halupka 1998, Martin et al. 2000) or due to olfactory or 

auditory cues from growing nestlings (Bedard and Meunier 1983, Pietz and Granfors 

2000, Haff and Magrath 2011). The quadratic effect of date was important for Vesper 

Sparrow, Sprague’s Pipit, Savannah Sparrow and Western Meadowlark as nest survival 

decreased and then increased as the breeding season progressed. Peak clutch initiation 

occurred in the first two weeks of June, and the lowest nest survival rates occurred at the 

end of June for Chestnut-collared Longspur, Sprague’s Pipit and Vesper Sparrow and in 

early July for Western Meadowlark. Nest survival may decrease during the breeding 

season (Schaub et al. 1992) because predator abundance may increase later in the 

breeding season as they raise their own young to independence (Nolan 1963, Grant et al. 

2005). The lack of strong age and date effects for some species were not due to a lack of 

variation in age or date because nests were found throughout the incubation and nesting 

stages, but rather factors influencing nest survival remained constant throughout nesting. 
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Also, the sample size for these species may have been too small to detect temporal 

effects.  

Weather parameters - Weather models for Horned Lark (linear temperature and 

precipitation) and Western Meadowlark (quadratic temperature and precipitation) 

performed better than the temporal models (Table 2.5 and 2.7). However, adding the top 

weather model to the top temporal model did not improve the AICc value (Horned Lark 

AICc=84.13, Western Meadowlark AICc= 70.21). Therefore, the weather models best 

explain the variation in nest survival for Horned Lark and Western Meadowlark. The 

85% CI included 0 for the temperature and precipitation parameters for Horned Lark and 

precipitation for Western Meadowlark. Nest survival of Western Meadowlark increased 

and then decreased as temperature increased (Fig. 2.5). Warmer temperatures may be 

beneficial as they increase insect activity and therefore increase foraging success (Avery 

and Krebs 1984). Warmer temperatures may also positively affect nest survival as 

altricial young may better maintain body temperature when parents are away from the 

nest, leading to increased growth, development and survival (Dawson et al. 2005). 

However, elevated temperatures may also have negative effects on unattended nestlings 

as they may overheat. Despite the effect being weak, meadowlark nest survival increased 

as precipitation increased. Daily precipitation has been found to have a negative effect on 

nest survival in other species as it may increase predator activity after the precipitation 

event (Dinsmore et al. 2002, Skagen and Yackel Adams 2012). Also, seasonal 

precipitation has been shown to have a strong positive effect on nest survival (Skagen and 

Yackel Adams 2012). The temperature is predicted to increase by 3.6 to 6°C on the Great 

Plains by 2100, which is also predicted to include a reduction in precipitation (USGCRP  
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Table 2.7: Ranking of logistic exposure models relating daily survival rates to weather 

(temperature and precipitation) effects for seven grassland songbird species. Model 

parameters include linear effect of precipitation (Precip) and temperature (Temp), 

quadratic effect of temperature (Temp2) and the interaction between temperature and 

precipitation (Temp*Precip). Presented below are all models for each species with the 

corresponding number of parameters (K), Log likelihood score (LL) and AICc score, 

∆AICc, and model weight (Wi) for each model (n= effective sample size followed by the 

actual number of nests used).  

Species Model LL K AICc ∆AICc Wi 
Chestnut-collared Longspur  Temp -462.95 2 929.90 0.00 0.216 
n=2274 and 211 Temp2 -462.08 3 930.16 0.27 0.189 
 Temp + Precip -462.23 3 930.48 0.58 0.162 
 Precip -463.27 2 930.54 0.64 0.156 
 Temp2 + Precip -461.45 4 930.91 1.01 0.13 
 Null -464.86 1 931.72 1.82 0.087 
       
Vesper Sparrow Precip -73.34 2 150.70 0.00 0.266 
n=716 and 56 Null -74.51 1 151.03 0.33 0.225 
 Temp + Precip -72.64 3 151.30 0.61 0.196 
 Temp -74.26 2 152.53 1.84 0.106 
       
Sprague's Pipit Temp -58.47 2 120.97 0.00 0.272 
n=460.5 and 33 Temp2 -57.66 3 121.37 0.40 0.222 
 Null -59.78 1 121.58 0.61 0.2 
       
Savannah Sparrow Null -47.95 1 97.92 0.00 0.426 
n=262 and 27       
       
Baird's Sparrow Null -47.37 1 96.75 0.00 0.324 
n=244.5 and 23       
       
Horned Lark Temp + Precip -38.79 3 83.69 0.00 0.448 
n=202.5 and 23 Temp*Precip -38.67 4 85.55 1.86 0.177 
 Null -44.06 1 90.14 6.45 0.018 
       
Western Meadowlark Temp2 + Precip -29.60 4 67.41 0.00 0.495 
n=195 and 19 Temp2 -30.86 3 67.85 0.44 0.397 
 Null -39.41 1 80.83 13.42 0.001 
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Figure 2.5 Model predicted effect of ambient temperature on the daily survival rate of 

Western Meadowlark nests in south-western Saskatchewan, 2010-2011. 
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2009). According to Skagen and Yackel Adams (2012), a change in precipitation and 

temperature could lead to a decrease in productivity. However, the effects of weather are 

inconsistent between studies (Wiebe 2001, Dinsmore et al. 2002, Dreitz et al. 2012, 

Skagen and Yackel Adams 2012). Considering demographic parameters may be affected 

by several interacting factors (Crick 2004), vulnerability to climate change is difficult to 

predict, especially for species with small ranges (Schwartz et al. 2006).  For the other five 

species, no weather models had overwhelming support (Table 2.7) or the 85% CI of 

model-averaged estimates included 0 (Table 2.6).  Burhans et al. (2002) also did not 

detect any weather effects. The lack of weather effects for most species on my study sites 

may have been a result of weather conditions that would not decrease nest survival, as 

average temperature ranged from 5°- 30°C and average precipitation ranged from 0-

25mm. Since most nests were lost to predation, weather could affect nest survival by 

influencing predator distribution and activity. Despite the lack of weather effects in the 

survival analyses, eight nests were lost in a hail storm in 2011. 

Nest visibility - Nest survival of Savannah Sparrow was affected by nest visibility 

(Table 2.8), with survival decreasing with increased visibility (Fig. 2.6). Sprague’s Pipit 

nest survival increased with increased visibility. Jones and Dieni (2007) found 

contradictory results in Montana, open-cup nests had better nest survival if they were 

more visible but dome-nesting species had better nest survival if their nests were less 

visible. There was no effect of exposure on survival for any of the other five species on 

my sites, which has also been reported in other studies (Clark and Shutler 1999, Davis 

2005, Jones and Dieni 2007). This may be due to a diversity of predator species using a 

variety of search methods to find nests (visual or olfactory cues or random searching) and  
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Table 2.8 Parameter estimates and 85% Confidence Intervals (CI) for the nest visibility 

variable included in the nest survival analysis for seven grassland passerines in south-

western Saskatchewan, 2010-2011.  

Species Estimate Lower CI Upper CI 
Chestnut-collared Longspur -0.003 -0.017 0.010 
Vesper Sparrow 0.023 -0.025 0.070 
Sprague's Pipit 0.124 0.009 0.239 
Savannah Sparrow -0.109 -0.166 -0.051 
Baird's Sparrow 0.003 -0.056 0.061 
Horned Lark -0.035 -0.094 0.023 
Western Meadowlark 0.044 -0.024 0.112 
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Figure 2.6 The effect of nest visibility on daily survival rate of Savannah Sparrow nests 
in south-western Saskatchewan, 2010-2011. 
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therefore there may not be strong selection pressure for any specific amount of nest 

visibility. 

2.4 CONCLUSION 

Nest survival for most species was influenced most strongly by age or date.  The 

effect of temperature was an important predictor of survival for Western Meadowlark 

nests. Generalizations cannot be made for all grassland songbirds, and species should be 

analyzed separately especially if their nest survival varies temporally. The lack of 

importance of certain covariates within this study and in other studies may be due to 

small sample sizes for certain species or as proposed by Jones et al. (2010), that the 

selection pressure experienced by grassland birds are similar. I compared aspects of 

grassland bird breeding biology with published data in other parts of their range and 

reproductive rates in my study area are typical of those found elsewhere. Interestingly, 

although my study sites had natural gas development, the reproductive rates were still 

within the range of other studies where natural gas development was not present. 

Therefore natural gas development may not have much of an effect on nest success and 

reproductive success in areas with conditions similar to my study site (well densities, 

management regime and landscape).  

Nest predation was the most important factor affecting nest survival of seven 

species in the grassland songbird community in south-western Saskatchewan. Predation 

rates were similar to those reported from other regions. Because predation is a common 

cause of nest failure, as it reduces productivity and therefore recruitment, it will have 

negative effects on the population as a whole. Further research on predation is needed to 
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determine what factors are driving grassland bird demography, which could help to 

develop effective conservation and management plans.  
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3.0 EFFECTS OF NATURAL GAS DEVELOPMENT ON REPRODUCTIVE 

SUCCESS, NEST SURVIVAL AND DENSITY OF GRASSLAND SONGBIRDS 

3.1 INTRODUCTION 

Saskatchewan grasslands have been drastically altered since European settlement.  

Approximately 80% of the native prairie in the province has been lost to cultivation, 

fragmentation by roads, improper management regimes, and invasion by woody 

vegetation and exotic species (Reimer et al. 2000, Hammermeister et al. 2001). Native 

prairie is important for the survival of many grassland species during their breeding and 

non-breeding seasons (Askins et al. 2007, Sauer et al. 2008, Ceballos et al. 2010).  

Subsequently, the loss of native prairie habitat has led to widespread population declines 

of many grassland bird species (Brennan and Kuvlesky 2005, Sauer et al. 2008).  The 

quality and quantity of remaining grasslands, and therefore the remaining grassland bird 

populations, may also be threatened by the expansion of natural gas development. The 

number of completed natural gas wells in Saskatchewan has more than doubled in a 

period of 10 years (2001-2011; CAODC 2011), with 60% of wells located on native 

grasslands (S.K. Davis unpubl. data). The impacts of natural gas development on 

grassland birds are poorly understood (Environment Canada, 2009) and the extent to 

which the increasing presence of natural gas development has and or will contribute to 

grassland bird population declines is unknown. 

Natural gas development causes changes to habitat which in turn may reduce 

grassland songbird reproductive success. Natural gas development typically involves 

clearing habitat to establish gas wells and the supporting infrastructure (pipelines, roads, 
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small buildings and large compressor stations). In addition to limiting habitat availability, 

natural gas development may also degrade the remaining habitat by facilitating invasion 

by exotic plant species that impact ecosystem function (Christian and Wilson 1999). The 

edge habitat created by fences, roads and other linear disturbances could reduce grassland 

songbird nest success via increased predation (Burger et al. 1994, Hartley and Hunter 

1998, Bergin et al. 2000) and brood parasitism (Robinson et al. 1995, Davis and Sealy 

2000) as predators and brood parasites may be more numerous and active along edges 

(Johnson and Temple 1990, Chalfoun et al. 2002, Ingelfinger and Anderson 2004, 

Renfrew et al. 2005). Although the edges created by trails and other linear disturbances 

may be smaller in mixed-grass prairie than in forest and tall grass prairie, they may still 

create sufficient edges to increase predation and avoidance of edges by grassland birds 

(Miller et al. 1998). Grassland-interior predators, such as the thirteen-lined ground-

squirrel (Spermophilus tridecemlineatus), are responsible for the majority of nest 

predation events away from edges (Pietz and Granfors 2000, Renfrew and Ribic 2003, 

Davis et al. 2012). The extent to which disturbance associated with natural gas 

development impacts reproductive success or nest survival of grassland songbirds is 

unknown. 

Anthropogenic noise created by natural gas compressor stations may have 

negative consequences for grassland songbirds. Anthropogenic noise may be detrimental 

to birds through direct stress, masking sounds of approaching predators and alarm calls, 

and interfering with acoustic signals (Slabbekoorn and Ripmeester 2008). Certain bird 

species may also be excluded from otherwise suitable habitat because of anthropogenic 

noise (Francis et al. 2009). Avoiding anthropogenic noise may be a learned response as it 
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has led to reduced number of hatchlings and fledglings (Halfwerk et al. 2011), 

reproductive success (Slabbekoorn and Ripmeester 2008), pairing success (Habib et al. 

2007), and bird densities (Bayne et al. 2008). Anthropogenic noise has also caused males 

to sing at higher frequencies (Wood and Yezerinac 2006) or increase song amplitude, 

which may increase the cost of singing (Slabbekoorn and Peet 2003, Brumm 2004). 

However, anthropogenic noise may also have an indirect positive effect on nest success.  

Predators may avoid noisy areas or may be unable to find nests using auditory cues 

(Francis et al. 2009). No research has assessed the effects of anthropogenic noise created 

by natural gas compressor stations on wildlife in a northern prairie ecosystem.  

Natural gas development may decrease lek attendance and the persistence of site 

use by Greater Sage Grouse (Centrocercus urophasianus; Walker et al. 2007), as well as 

reduce reproductive attempts, nest success, and chick survival (Lyon and Anderson 2003, 

Aldridge and Boyce 2007). Mule deer and pronghorn also appear to avoid otherwise 

suitable habitat in the presence of natural gas development (Sawyer et al. 2006, 

Beckmann et al. 2012). Certain grassland songbird species appear to avoid natural gas 

structures (Linnen 2008), but results are species-specific and vary across species ranges 

(Linnen 2008, Hamilton 2010, Kalyn-Bogard 2011). This variability could be due to 

differences in local management, primary productivity, or regional bird communities. 

Also, species with specific habitat requirements (habitat specialists) may be more 

vulnerable to changes in habitat than generalist species (species that are typically as, or 

more common in non-native and degraded grasslands; Marvier et al. 2004). Density may 

not always be the best indicator of habitat quality (Van Horne 1983), particularly in areas 

with human disturbance (Bock and Jones 2004). Examining nest survival and 
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reproductive success in addition to density will allow a better understanding of the 

possible effects of natural gas development. 

 The objectives of my research were to: 1) determine the extent to which 

grassland songbird density is affected by infrastructure associated with natural gas 

development and whether grassland songbirds avoid natural gas infrastructure (e.g., trails, 

fences, wells, and compressor stations). I predicted that songbird density will be lower in 

sites with more natural gas development. 2) determine the extent to which reproductive 

success (number of fledged young) and nest survival (probability of fledging at least one 

young) of grassland songbirds varies with distance from natural gas infrastructure. I 

hypothesize that disturbance by natural gas development will be most intense near the 

source of disturbance and therefore predict that grassland songbirds will have lower nest 

survival and reproductive success near sources of disturbance compared to birds nesting 

farther away. Nest survival may be lower near disturbances because of the changes in 

behaviour, predator community or disturbances during the nesting period. I expected that 

individual species will respond to natural gas development differently, therefore species 

were evaluated separately to determine the extent of effect for each species.  

3.2 METHODOLOGY 

3.2.1 Study area and sites  

My research was conducted in south-western Saskatchewan, Canada on the 

Agriculture Agri-food Canada/Agri-Environment Services Branch (AAFC/AESB) 

pastures: Big Stick (50°14’20”N and 109°21’6” W) and Bitter Lake (50°07’51”N and 

109°46’19W) in the Mixed Grassland ecoregion in 2010 and 2011 (Fig. 3.1). This region 
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is characterized by brown soils and is considered one of the drier regions of 

Saskatchewan. Pastures were flat to gently rolling and vegetation consisted 

predominately of Stipa spp, June grass (Koeleria macrantha), northern wheatgrass 

(Agropyron dasystachyum), western wheatgrass (Pascopyrum smithii), blue grama 

(Bouteloua gracilis), sedges (Carex spp), sage (Artemsia spp.) and various other forbs. 

Western snowberry (Symphoricarpos spp.) and rose (Rosa spp.) occurred sporadically 

throughout the pastures in mesic sites. Crested wheatgrass (Agropyron cristatum) was 

uncommon in both pastures except in locations where it was seeded for pasture 

reclamation and typically occurred in small patches near natural gas development on the 

Big Stick pasture. 

All pastures were originally ground-truthed in 2008 and 2009 to confirm habitat 

type (i.e., native vs. planted grasslands), and the location of natural gas infrastructure 

(compressor stations, wells, roads and trails), invasive species, power-lines, and fences 

(Kalyn-Bogard 2011).  The data from ground-truthing were imported into ArcMap 10 

(Economic and Social Research Institute, ESRI) and used to create lines and polygons 

that indicate the locations of natural gas infrastructure. The study was conducted on 12 

plots in 2010 and the same plots with an additional 4 plots in 2011. Plot size ranged from 

18 - 21 ha with an average of 18.25 ha. I developed a gradient of percent plot disturbance 

from 0% to 6% by using the locations of natural gas infrastructure in ArcMap and 

calculated the area of the disturbance polygons. Seven plots (five in 2010) were located 

next to one of the three compressor stations on my sites. There was also a well pad and 

trail on or near these plots and some plots had exotic vegetation present. Nine plots  
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Figure 3.1 Location of Bitter Lake and Big Stick Community Pasture (AESB) study sites 

in south-western Saskatchewan, 2010-2011. The hatched areas are the study sites. 
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(seven in 2010) were placed >800 m from a compressor station. Four of these nine plots 

had some development, ranging from a trail intersecting the plot to trails and a well 

present on the plot. Five of these nine plots had no development; however, they did have 

a trail adjacent to the plot. Each 300 x 600 m plot was divided into a 50 m grid using 

survey flags to facilitate spot-mapping, nest searching and monitoring activities. 

3.2.2 Density  

Territory density was determined by spot-mapping (Svensson 1978). I surveyed 

each plot seven times in 2010 and nine times in 2011. Spot-mapping was conducted 

between 0500 and 0800 (MST) when wind was < 20 km/h and there was no precipitation. 

The location of all territorial songbirds observed during the survey was mapped on a 

separate data sheet for each plot. Territory clusters for each species were identified by 

creating a composite territorial map based on all visits on a plot. A territory cluster was 

composed of at least two singing individuals of a single species recorded on separate 

occasions in close proximity to each other.  Species-specific territory sizes were used to 

determine whether individual locations were part of the same cluster. For example, 

Baird’s Sparrow territories are 1.2-1.5 ha (Winter 1999) and if two individuals were 

recorded within 1.5 ha (i.e., a rectangle with dimensions of 122 x 122 m or similar 

dimensions that amounted to 1.5 ha) of each other, they were considered the same 

individual.  

I used two additional techniques to help determine territory boundaries for species 

difficult to map. I used a flush mapping technique for Chestnut-collared Longspur 

(Calcarius ornatus) because their high level of activity made it difficult to separate 
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territories in high density areas. Flush mapping consisted of repeatedly flushing an 

individual bird 12-20 times and recording the individual’s flight path and settling sites to 

determine territory boundaries (Wiens 1969). Since flush mapping does not work for 

Sprague’s Pipit (Anthus spragueii) because of their aerial display, I used play-backs to 

elicit a territorial response from males (Fisher and Davis 2011). In areas where I had 

heard males singing, I broadcasted a pipit territorial call from a Predation, MP3 Game 

Caller WR 789 (Western Rivers, Inc.) to lure males to locations beyond where they were 

previously singing. Three to five observers tracked a singing male and recorded GPS 

coordinates of the furthest points that the bird flew. For both additional methods, I used 

interactions with other males (e.g., aggressive interaction, chases) to help outline 

territorial boundaries. 

3.2.3 Vegetation surveys  

I quantified vegetation structure using a 50 cm x 50 cm quadrat frame.  Sampling 

frames were located at random distances (0 to 50 m) in each cardinal direction (i.e. N, S, 

E, W) from every 2nd flag in the 50 m x 50 m plot grid.  If the quadrat fell within a 

wetland or on a road, it was omitted. I estimated, to the nearest 5%, the percent cover of 

live and standing dead vegetation, forbs (any plant that was not a graminoid or woody 

vegetation), shrubs, club moss and lichen, exotic vegetation, and bare ground (soil not 

covered by vegetation, litter or dung). Vegetation volume was measured by the degree of 

visual obstruction of a Robel pole (Robel et al. 1970). Vegetation volume was estimated 

at 4 m away from the Robel pole at a height of 1 m. Four Robel pole measurements were 

recorded per quadrat, one in each cardinal direction and their values were averaged to 

determine one vegetation volume score per quadrat. Average vegetation height was 
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measured with a ruler in the north-west corner of the quadrat.  I excluded the tallest and 

shortest vegetation to get a representative sample of the average vegetation height (Fisher 

and Davis 2010). I also estimated the distance to nearest shrub. Each plot was surveyed 

once per year and I measured 72 vegetation samples per plot. Vegetation surveys were 

conducted between mid-June and mid-July in both years. 

3.2.4 Nest searching and monitoring  

Nest searching and monitoring was carried out from early May to late July, 

between 0600 and 1300 hours to increase the probability of flushing incubating females 

(Davis and Holmes 2012). I systematically located nests by flushing adult birds by 

dragging a weighted 25 m nylon rope (with aluminum cans attached every 1 m) across 

the vegetation between two people (Davis 2003). Each study plot was systematically 

searched 4-5 times during the breeding season. I also located nests fortuitously while 

conducting other activities on the plots. Nests were marked with surveyor flags 5 m north 

and south of the nest, with the top of the flag placed near the average height of the 

vegetation. Nest flags were identical to the survey flags used to delineate the plot grid to 

prevent predators from using flags as cues (Hein and Hein 1996). Nests were monitored 

every 2-4 days until the young fledged or the nesting attempt failed. I candled the eggs 

(Lokemoen and Koford 1996) to estimate embryo age allowing a better estimate of clutch 

initiation dates and hatching dates. I also aged the nestlings based on images of nestlings 

of known ages to estimate when the nestlings should fledge to obtain a more accurate 

estimate of nest survival. Nest attempts were considered successful if at least one nestling 

of the parental species survived to fledging age and left the nest. To determine whether 

nests were successful, I used cues such as minimal nest disturbance, presence of feces 
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and feather scales in the nest and adults uttering alarm calls nearby. In addition, I also 

used nestling age at midpoint between visits to determine if nestlings were old enough to 

fledge, based on the species-specific length of nestling stage (Ehrlich et al. 1988, Davis 

2003). The number of young fledged was estimated to be the maximum number of young 

present during the last visit that the nest was active (Martin et al. 1997), unless there was 

evidence suggesting otherwise, like a dead nestling in or near the nest. 

3.2.5 Statistical analyses  

All analyses were conducted using SAS ver. 9.2 (SAS Institute 2008). I used an 

information theoretic approach (Burnham and Anderson 2002) to determine the best 

model for most analyses. I identified the most parsimonious and best fitting candidate 

models using Akaike’s Information Criterion corrected for small sample sizes (AICc; 

Burnham and Anderson 2002). Model weight (Wi) was calculated for all models, 

indicating the relative strength for that model (Burnham and Anderson 2002). The model 

with the lowest AICc value and the highest weight (Wi) was considered the top model of 

the set, but models within 2 AICc units were also considered to be competitive (Burnham 

and Anderson 2002). I considered parameter estimates with 85% confidence intervals 

(CI) overlapping zero to be uninformative (Arnold 2010).  

Two methods were used to determine the possible effect of natural gas 

disturbance. 1) The percent disturbance of each plot was determined using ArcMap 10 

(ESRI) and data from ground-truthing to create polygons for each type of disturbance on 

a plot. I then calculated the area of each polygon and summed their values for each plot. 

2) I used the NEAR function in ArcMap 10 to calculate the distance from each nest to the 

nearest compressor station, gas well, trail, and fence.   



 

68 
   

I determined whether certain species avoid natural gas infrastructure by adding 

two random points for each species’ nest within a plot using ArcMap 10. I used a t-test 

(PROC TTEST) to determine the extent to which mean distance from nests and random 

points differed. Depending on the equality of variance, I used either the pooled t-test for 

equal variance or the Satterthwaite t-test for unequal variance. 

I used generalized linear models (PROC GENMOD) to model the effects of 

distance to natural gas disturbance features on clutch size and number of young fledged 

per nest and per successful nests only. Clutch size was defined as the maximum number 

of eggs of the parental species. For the clutch size analysis, I used a Poisson distribution 

and log link function. For fledging success, I used the events/trial syntax in PROC 

GENMOD with fledged nests as events and clutch size as trials to account for the effect 

of clutch size on the number of young fledged.  I used a binomial distribution and logit 

link function and I used plot as a repeated measure to account for using multiple nests in 

the same plot and same plots for both years.  

I used the logistic exposure method (PROC GENMOD; Shaffer 2004) to 

determine if nest survival varied as a function of distance to natural gas infrastructure.  I 

used the effective sample size (sum of the number of days that nests were known to 

survive and the number of intervals that ended in failure; Rotella et al. 2004) to calculate 

AICc values. Due to small sample sizes for many species, I only examined univariate 

models (distance to compressor station, well, fence and trail) and compared them to the 

null model.  

Edge effects are typically detected within 100 m of a habitat edge (Ingelfinger and 

Anderson 2004, Bollinger and Gavin 2004). Therefore, I examined the distance to 
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infrastructure for only those features that had at least five nests within 100 m, except 

compressor stations because the anthropogenic noise can be heard up to 3 km away 

depending on wind conditions (pers. obs.). Subsequently, I analyzed distance to 

compressor station, gas well, trail, and fence for Chestnut-collared Longspur and Vesper 

Sparrow (Pooecetes gramineus) and distance to fence, compressor station and trail for 

Western Meadowlark (Sturnella neglecta), Horned Lark (Eremophila alpestris), Baird’s 

Sparrow (Ammodramus bairdii) and Savannah Sparrow (Passerculus sandwichensis). 

Few Sprague’s Pipit nests were found within 100 m of any of the disturbance covariates 

except for trails; therefore I examined only the effects of distance to trail and compressor 

station. 

I used canonical discriminant analysis (PROC CANDISC) to identify which 

vegetation variables best identified structural differences between plots. I then used a 

linear regression (PROC REG) to compare the means from the canonical analysis to the 

percent disturbance of each plot to determine if there were any patterns between plot 

disturbance and vegetation. I used generalized linear mixed models (PROC GLIMMIX) 

to model the density of territorial songbirds, with a Poisson distribution and log link 

function. Plot size (log transformed) was used as an offset variable to account for 

different sized plots. I first examined models with year-by-treatment interactions for each 

disturbance and vegetation variable to account for the potential relatedness between 

territory densities within plots as the same plots were used in both years. Data from both 

years were combined if the year interaction models did not have lower AICc values than 

the treatment only or the year+treatment models.  I also combined years if the top models 

included year interactions but 85% confidence intervals included 0 or if the parameter 
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estimates were in the same direction in each year. I found no evidence of year-specific 

effects and therefore combined data from both years for each species. I organized 

variables into three groups: disturbance variables (% plot disturbance, distance from the 

middle of the plot to the nearest compressor station and presence of a gas well), vertical 

vegetation variables (average height and vegetation volume) and horizontal vegetation 

variables (percent cover of live vegetation, dead vegetation, forbs, exotic species, bare 

ground and lichen/club moss). None of the vegetation or disturbance variables were 

strongly correlated (r<0.7). For the disturbance and vertical vegetation variables, I 

examined all combinations of variables in each group to find the top model of each 

group. Due to the large number of variables in the horizontal vegetation group, I 

examined each of the variables against the null model. I retained any variable that was 

better or within 2 ∆AIC of the null model and then created a global model with all 

retained variables. I then examined all possible subsets of the new global model to 

determine the top horizontal vegetation model.  I combined and compared the top model 

from the horizontal vegetation group and vertical vegetation group to find a top 

vegetation model. Then, I combined and compared the top disturbance model with the top 

vegetation model to find the model that best explained density for each species.  

 

3.3 RESULTS 

3.3.1 General results 

I located 437 nests of 21 species over the two years of the study. Most nests were 

of passerines (n=405), followed by shorebirds (n=18) and waterfowl (n=12), along with 

one Short-eared Owl (Asio flammeus) nest and one Mourning Dove (Zenaida macroura) 
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nest. Among the passerines, only species for which I found more than 20 nests (Hensler 

and Nichols 1981, Martin and Geupel 1993) were included in the analyses with the 

exception of Western Meadowlark (n=19); this resulted in 392 nests of seven species of 

grassland songbirds: Chestnut-collared Longspur ( n = 211), Vesper Sparrow (n = 56), 

Sprague’s Pipit (n = 33), Savannah Sparrow (n = 27), Baird’s Sparrow (n = 23), Horned 

Lark (n = 23) and Western Meadowlark.  

Canonical discriminant analysis separated the study plots based on plot vegetation 

structure variables (F165=6.14, P<0.0001). Plots were separated along the first canonical 

axis representing a gradient from short, sparse live vegetation and increased lichen and 

club moss to tall, live vegetation with sparse lichen and club moss (Fig. 3.2). The second 

canonical axis represented a gradient of increased forb cover. I did not find a strong 

correlation between plot disturbance and vegetation structure for either axis (R2=0.075, 

P>0.3 and R2=0.009, P>0.7). Therefore any relationship between bird density and plot 

disturbance are not because my high or low disturbance plots were composed of 

particular vegetation characteristics.  

3.3.2 Density 

I mapped 837 territories with an average of 30 territories per plot, over the course 

of the breeding season. Natural gas disturbance variables were the best predictors of 

density for Chestnut-collared Longspur, Horned Lark and Vesper, Baird’s and Savannah 

sparrows (Table 3.1 and Fig. 3.3). Chestnut-collared Longspur density increased as 

percent cover of lichen increased (β = 0.05 ± 0.01), whereas density decreased as plot 

disturbance, height and vegetation volume increased (β = -0.17 ± 0.05, β = -0.05 ± 0.02  
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Figure 3.2 Separation of study plots along a vegetation gradient. The first canonical axis 

represents the gradient from short, sparse vegetation and increased lichen and club moss 

to tall, live vegetation and sparse lichen and club moss. The second canonical axis 

represents the gradient from greater to decreased forb cover. Symbols vary in colour from 

white (plot disturbance of 0%) to black (6% plot disturbance). Symbols are means (± SE) 

of factor scores. 
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Table 3.1 Ranking of models relating density to natural gas disturbance and vegetation 

effects for seven grassland songbird species. Variables include percent plot disturbance 

(%Disturbance), distance to compressor station (CS), average vegetation height (Height), 

percent cover of dead vegetation (Dead), exotic vegetation (Exotic), bare ground (BG), 

forbs (Forb) and lichen and clubmoss (Lichen). The top models are presented for each 

species with the corresponding number of parameters (K), Log likelihood score (LL) and 

AICc score, ∆AICc, and model weight (Wi) for each model. 

Species Model LL K AICc ∆AICc Wi 
Chestnut-collared 
Longspur 

Lichen + Robel + 
Height + %Disturbance 171.19 5 184.19 0.00 0.99 

 
Lichen + Robel + 
Height 184.15 4 194.06 9.87 0.01 

 %Disturbance 245.37 2 249.89 65.70 0.00 
 Null 303.6 1 305.77 121.58 0.00 
       
Vesper Sparrow %Disturbance 90.81 2 95.33 0.00 0.61 
 %Disturbance + Dead 90.34 3 97.43 2.10 0.21 
 Dead 93.3 2 97.83 2.50 0.17 
 Null 101.54 1 103.71 8.38 0.01 
       
Sprague's Pipit Exotic 100.74 2 105.27 0.00 0.63 
 Exotic + CS 99.28 3 106.37 1.10 0.37 
 CS 124.4 2 128.92 23.65 0.00 
 Null 129.08 1 131.25 25.98 0.00 
       
Savannah 
Sparrow 

BG + Lichen + Forb + 
CS + %Disturbance 67.05 6 83.47 0.00 1.00 

 BG + Lichen + Forb 91.84 4 101.74 18.27 0.00 
 CS +%Disturbance 99.93 3 107.02 23.55 0.00 
 Null 120.8 1 122.97 39.50 0.00 
       
Baird's Sparrow CS + Height 131.49 3 138.58 0.00 0.95 
 CS 140.02 2 144.55 5.97 0.05 
 Height 146.75 2 151.28 12.70 0.00 
 Null 157.51 1 159.68 21.10 0.00 
       

Horned Lark 
Lichen + CS + 
%Disturbance 103.12 4 113.02 0.00 0.97 

 CS+%Disturbance 113.72 3 120.81 7.79 0.02 
 Lichen 117.98 2 122.51 9.49 0.01 
 Null 154.62 1 156.79 43.77 0.00 
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Western 
Meadowlark Lichen 91.29 2 95.81 0.00 0.59 
 Lichen + %Disturbance 90.8 3 97.89 2.08 0.21 
 %Disturbance 93.8 2 98.33 2.52 0.17 
 Null 99.19 1 101.35 5.54 0.04 



 

 
   

Figure 3.3 The effect of plot disturbance (a) and distance to compressor station (b) on the territory density of four species of grassland 

songbirds, Chestnut-collared Longspur, Horned Lark, Vesper, Baird’s and Savannah sparrows in south-western Saskatchewan in 

2010-2011.  
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and β = -0.03 ± 0.01, respectively). Horned Lark density decreased as distance to 

compressor station increased (β = - 0.0004 ± 0.0002), and as percent plot disturbance 

increased (β = - 0.355 ± 0.097). Horned Lark density also increased as percent cover of 

lichen and club moss increased (β = 0.041 ± 0.013). Vesper Sparrow density increased as 

plot disturbance increased (β = 0.22 ± 0.1; Fig. 3.3) but the dead vegetation model was 

also competitive (β = 0.07 ± 0.04; Table 3.1). Baird’s Sparrow density increased as 

distance to a compressor station increased (β=0.0005 ± 0.0002). Savannah Sparrow 

density increased as distance to compressor station and percent plot disturbance increased 

(β = 0.001 ± 0.0003 and β = 0.53 ± 0.17, respectively). Savannah Sparrow density also 

increased as the percent cover of forbs increased (β = 0.21 ± 0.07) and decreased as 

percent cover of bare ground and lichen and club moss increased (β = -0.19 ± 0.04 and β 

= -0.001 ± 0.04, respectively). Density of Sprague’s Pipit and Western Meadowlark were 

best explained by vegetation structure. Sprague’s Pipit density increased as percent cover 

of exotic vegetation increased (β = 0.41 ± 0.07). Western Meadowlark density decreased 

as percent cover of lichen and club moss increased (β = -0.05 ± 0.03).  

3.3.3 Nest Placement 

Mean distance to nearest well was significantly greater for Chestnut-collared 

Longspur, Savannah Sparrow and Horned Lark nests compared to random points (Table 

3.2). Mean distance to trails was significantly greater for Sprague’s Pipit and Vesper 

Sparrow nests than random points (Table 3.2). Certain species, such as Sprague’s Pipit 

and Horned Lark are not nesting within 100 m of certain natural gas development 

features (Table 3.3).  
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Table 3.2 Mean (± SE) distance (m) from nest and random locations to natural gas 

associated infrastructure for seven species of grassland songbirds in south-western 

Saskatchewan, 2010-2011 (n= nest sample size followed by the random point sample 

size). 

 

Species Infrastructure Nest Mean SE df t value P-value 
Chestnut-
collared 
Longspur 
 
 
 
n=211 and 
422 

compressor 
station 

Nest 770.9 40.8 632.0 -0.34 0.737 
Random 788.1 29.7 

well Nest 388.7 15.1 263.0 9.1 <.0001 
Random 242.9 5.3 

trail Nest 152.0 7.0 632.0 1.3 0.193 
Random 141.5 4.5 

fence Nest 715.1 42.0 632.0 -0.18 0.854 
Random 724.8 30.5 

        
Vesper 
Sparrow 
 
 
 
 
n=56 and 112 

compressor 
station 

Nest 420.8 74.9 166.0 -1.29 0.199 
Random 534.5 49.8 

well Nest 226.7 19.0 90.9 -1.21 0.228 
Random 253.2 10.7 

trail Nest 225.5 17.1 166.0 3.35 0.001 
Random 158.5 11.3 

fence Nest 263.6 48.5 166.0 -0.26 0.796 
Random 278.0 31.1 

        
Sprague's 
Pipit 
 
 
 
 
 
n=33 and 66 

compressor 
station 

Nest 1485.9 131.2 97.0 0.1 0.920 
Random 1469.5 93.4 

well Nest 307.7 16.9 97.0 0.73 0.469 
Random 291.6 13.2 

trail Nest 219.1 25.4 97.0 2.22 0.029 
Random 161.2 13.5 

fence Nest 402.7 59.0 97.0 0.07 0.941 
Random 397.4 40.5 

        
Savannah 
Sparrow 
 
 
 
 
 
n=27 and 54 

compressor 
station 

Nest 1035.2 144.7 79.0 -0.33 0.741 
Random 1094.7 104.1 

well Nest 358.1 39.8 34.4 2.22 0.033 
Random 262.8 15.8 

trail Nest 162.7 23.4 79.0 1.38 0.170 
Random 129.4 12.4 

fence Nest 374.1 86.8  
-0.67 0.507 

Random 441.1 56.3 79.0 
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Baird's 
Sparrow 
 
 
 
 
 
n=22 and 46 

compressor 
station 

Nest 1052.5 136.2 
66.0 0.04 0.971 

Random 1046.5 92.3 

well Nest 293.3 27.4 66.0 1.05 0.297 
Random 260.1 17.5 

trail Nest 180.0 21.8 66.0 0.23 0.815 
Random 174.1 13.9 

fence Nest 245.4 38.9 66.0 -0.49 0.623 
Random 269.9 28.8 

        
Horned Lark 
 
 
 
 
 
n=21 and 46 

compressor 
station 

Nest 802.6 148.3 65.0 -0.2 0.843 
Random 836.4 93.3 

well Nest 362.9 31.3 65.0 2.29 0.025 
Random 285.2 17.9 

trail Nest 131.9 28.3 65.0 -0.5 0.616 
Random 146.9 15.4 

fence Nest 608.6 115.6 65.0 -0.34 0.732 
Random 655.8 76.1 

        
Western 
Meadowlark 
 
 
 
 
 
n=19 and 38 

compressor 
station 

Nest 815.6 142.2 55.0 -0.4 0.689 
Random 889.7 109.2 

well Nest 280.3 47.3 22.6 0.84 0.409 
Random 238.1 16.6 

trail Nest 195.1 35.8 23.4 1.86 0.075 
Random 123.8 13.7 

fence Nest 345.3 117.6 55.0 -0.3 0.769 
Random 386.9 80.5 
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Table 3.3 Minimum distance from nests to natural gas associated infrastructure for seven 

species of grassland songbirds in south-western Saskatchewan, 2010-2011. 

 Minimum distance (m) to  

Species 
compressor 

station well trail fence 
Chestnut-collared Longspur 23.7 32.9 3.1 23.7 
     
Vesper Sparrow 15.3 38.4 2.9 15.3 
     
Sprague's Pipit 172.1 153.9 34.4 117.8 
     
Savannah Sparrow 55.3 89.0 0.6 39.3 
     
Baird's Sparrow 22.0 107.6 52.7 22.0 
     
Horned Lark 41.1 130.6 1.9 41.1 
     
Western Meadowlark 53.5 25.0 9.3 0.0 
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3.3.4 Reproductive success 

Overall, clutch size was not related to distance to natural gas disturbance variables 

for any of the species (Table 3.4). Whereas number of young fledged per nest was 

affected by disturbance features for six songbird species to varying degrees. The number 

of young fledged from Western Meadowlark nests increased as distance from compressor 

stations increased (β=0.69±0.024), whereas the number of young fledged from Horned 

Lark nests decreased with increased distance from compressor stations (β=-0.93±0.32). 

The number of young fledged from Chestnut-collared Longspur nests decreased with 

increased distance from wells (β=-1.15±0.38), but the number of young fledged from 

Vesper Sparrow nests increased with increased distance from wells (β= 2.7±1.1). The 

number of young fledged from Vesper and Baird’s sparrow nests increased with 

increased distance to fences (β=1.03±0.47 and β=2.6 ± 1.0, respectively). The number of 

young fledged from Sprague’s Pipit nests increased farther from trails (β=3.1±1.5) 

whereas the number of young fledged from Baird’s Sparrow nests decreased with 

increased distance from trails (β=-4.0±1.9).   

The number of young fledged from successful nests was influenced by at least one 

disturbance feature for six songbird species. Horned Lark fledged more young per 

successful nest near compressor stations (β=-0.59±0.22) while Western Meadowlark and 

Savannah Sparrow fledged fewer young from successful nests (β=2.2±1.1 and β= 

0.41±0.07, respectively). The number of young fledged from successful nests increased 

as distance from fences increased for Savannah Sparrow (β=4.3±1.5) and Western 

Meadowlark (β=7.8±2.7). The number of young fledged from successful nest of 

Sprague’s Pipit, Western Meadowlark and Vesper Sparrow increased as distance from  
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Table 3.4 Estimate and standard error of clutch size and number of young fledged from 

all nests and successful nests related to distance to natural gas infrastructure for seven 

grassland songbird species. Asterisks (*) indicate estimates with 95% CI that do not 

include 0, daggers (†) indicate distance variables that had to be transformed prior to 

analysis.  

 

Chestnut-
collared 

Longspur 
Vesper 

Sparrow 
Sprague's 

Pipit 
Savannah 
Sparrow 

Baird's 
Sparrow 

Horned 
Lark 

Western 
Meadowlark 

Clutch size 
(all nests) n=191 n=52 n=32 n=25 n=20 n=14 n=17 

Compressor 
station 

0.001 ± 
0.02† 

0.046 ± 
0.03 

0.039 ± 
0.03 

-0.014 ± 
0.01 

0.067 ± 
0.12 

-0.084 ± 
0.08 -0.031 ± 0.07 

Well 
0.037 ± 
0.02† 

-0.052 ± 
0.17      

Fence 
0.01± 0.02 0.025± 

0.02  0.028 ± 
0.03 

0.46 ± 
0.25  -0.0067 ± 0.09 

Trail 
0.002 ± 

0.01 
0.176 ± 

0.17 
0.063 ± 

0.11 
-0.01 ± 
0.01† 

0.049 ± 
0.12† 

-0.029 ± 
0.03 -0.019 ± 0.04† 

        
Young 
fledged  
(all nests) n=191 n=52 n=32 n=25 n=20 n=14 n=17 

Compressor 
station 

-0.282 ± 
0.28 

0.255 ± 
0.18† 

- 0.121 ± 
0.49 

-0.067 ± 
0.43 

0.531 ± 
0.33 

-0.928 ± 
0.32* 0.69 ± 0.24* 

Well 
-1.149 ± 

0.38* 
2.699± 
1.09*      

Fence 
- 0.18 ± 

0.28 
1.0255 ± 

0.47*  -0.16 ± 
0.34 

2.60 ± 
1.02*  1.06 ± 0.86 

Trail 
1.12 ± 1.38 0.223 ± 

1.49 
3.10 ± 
1.55* 0.892 ± 2.0 -3.96 ± 

1.91* 
-3.93 ± 

2.99 1.45 ± 1.72 

        
Young 
fledged 
(successful 
nests) n=60 n=31 n=15 n=13 n=5 n=6 n=5 

Compressor 
station 

-0.282 ± 
0.2 

0.148 ± 
0.36† 

0.064 ± 
0.28 

0.408 ± 
0.07†* 

-1.06 ± 
0.58* 

-0.587 ± 
0.22* 2.17 ± 1.07* 

Well 
0.199 ± 

0.96 
0.325 ± 

2.1      

Fence 
- 0.183 ± 

0.25 
0.245 ± 
0.39†  4.28 ± 1.5* -2.12 ± 

1.27  7.84 ± 2.73* 

Trail 
1.802 ± 

2.02 
3.57 ± 
1.19* 2.8 ± 1.25* -2.99 ± 

0.93* 
8.24 ± 
6.73 

1.32 ± 
5.01 12.87 ± 5.48* 
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trail increased (β=2.8±1.2, β=12.9±5.5 and β=3.6±1.2 respectively). Savannah Sparrow 

fledged more young per successful nest near trails (β=-3.0±0.9). 

3.3.5 Nest survival  

Distance to natural gas infrastructure was included in the top model for five of 

seven species. Distance to trail was the top model for two species (Table 3.5 and 3.6, Fig. 

3.4). Survival of Savannah Sparrow nests increased as distance from trail increased (β = 

0.005 ± 0.003), whereas nest survival for Western Meadowlark was higher near trails (β 

= -0.004 ± 0.002). Distance to well was included in the top model for Vesper Sparrow as 

nest survival increased farther from the nearest well (β = 0.0053 ± 0.0024). Distance to 

fence was the top model for two species, but was only important for Baird’s Sparrow (β = 

0.003 ± 0.002) as the 85% CI for the parameter estimate for Western Meadowlark 

included 0 (β = 0.002 ± 0.002). Survival of Baird’s Sparrow nests increased as distance to 

fence increased (β = 0.003 ± 0.002). Distance to compressor station was not included in 

the top model for any of the seven species and this variable had 85% CI that included 0. 

3.4 DISCUSSION 

 Overall, I found that natural gas development affected grassland songbird 

reproductive success, nest survival and density in negative and positive ways or there was 

no effect. As expected, grassland songbirds had generally lower reproductive success and 

nest survival near disturbance features compared to farther away, with some exceptions. 

Territory density of five species was affected by natural gas development but the density 

of the other two species was best explained by vegetation structure. I did not find a strong  
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Table 3.5 Ranking of logistic exposure models relating daily survival rate to natural gas 

infrastructure for nests of seven grassland songbird species. The top models for each 

species are presented with the corresponding number of parameters (K), Log likelihood 

score (LL) and AICc score, ∆AICc, and model weight (Wi) for each model (n= effective 

sample size followed by the actual number of nests used). 

Species Model LL K AICc ∆AICc Wi 
Chestnut-collared Longspur  null -464.86 1 931.72 0.00 0.39 
n=2272 and 211       
       
Vesper Sparrow well -71.04 2 146.11 0.00 0.81 
n=716 and 56 null -74.51 1 151.03 4.92 0.07 
       
Sprague's Pipit null -59.78 1 121.58 0.00 0.69 
n=460.5 and 33       
       
Savannah Sparrow trail -46.48 2 97.01 0.00 0.40 
n=262 and 27 null -47.95 1 97.92 0.91 0.26 
       
Baird's Sparrow fence -45.82 2 95.68 0.00 0.45 
n=244.5 and 22 null -47.37 1 96.75 1.07 0.26 
       
Horned Lark trail -40.45 2 84.97 0.00 0.51 

n=202.5 and 23 
compressor 
station -40.57 2 85.19 0.23 0.45 

 null -44.06 1 90.14 5.18 0.04 
       
Western Meadowlark fence -37.18 2 78.41 0.00 0.50 
n=195 and 19 trail -37.77 2 79.61 1.20 0.28 
 null -39.41 1 80.83 2.42 0.15 
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Table 3.6 Parameter estimates and unconditional standard error for nest survival for seven 

species of grassland songbirds with respect to natural gas development in south-western 

Saskatchewan in 2010-2011. Asterisks (*) indicate estimates with 85% CI that do not 

include 0. 

Species 
Compressor 

station Well Fence Trail 
Chestnut-
collared 
Longspur  0 ± 0.0001 

 -0.0002 ± 
0.0004 0 ± 0.0001 

0.0004 ± 
0.0009 

     

Vesper Sparrow 
0.0005 ± 
0.0006 

0.005 ± 
0.002* 0.001 ± 0.001 0.001 ± 0.002 

     

Sprague's Pipit 
 -0.0002 ± 

0.0003       0.001 ± 0.002 
     
Savannah 
Sparrow 

0.0002 ± 
0.0004     

 -0.001 ± 
0.001 

0.005 ± 
0.003* 

     

Baird's Sparrow 0 ± 0.0005     
0.003 ± 
0.002* 0.003 ± 0.003 

     

Horned Lark 0 ± 0.0004       
 -0.001 ± 

0.002 
     
Western 
Meadowlark 

0.0004 ± 
0.0005    0.002 ± 0.002 

 -0.004 ± 
0.002* 
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Figure 3.4 Effect of three distance to disturbance variables on the daily nest survival rate 

of four species of grassland songbirds in south-western Saskatchewan, 2010-2011.  

 

 

 

 

 

 

 

 

 

 

 



 

86 
   

correlation between plot disturbance and vegetation structure on my plots. Any 

relationships between bird density and overall disturbance are not because high 

disturbance or low disturbance plots were composed of particular vegetation 

characteristics.   

Density 

 The density of Horned Lark, Savannah and Baird’s sparrows was best explained 

by distance to compressor stations.  Horned Lark density was higher near compressor 

stations while Baird’s and Savannah sparrow density was lower near compressor stations. 

The decline in songbird density and abundance in noisy habitats has been documented by 

several studies and is likely caused by anthropogenic noise masking frequencies used for 

songbird communication (Reijnen et al. 1995, Patricelli and Blickley 2006, Bayne et al. 

2008, Francis et al. 2009). Generally, species that successfully inhabit noisy areas may 

sing at higher frequencies that are not overlapped by low-frequency anthropogenic noise 

(Hu and Cardoso 2009, Goodwin and Shriver 2011). Compressor stations on my sites 

emitted noise across the spectrum audible to songbirds (pers. obs.), therefore songbird 

communication may be masked regardless of their song frequency. It is unknown why 

Horned Lark density would increase in a noisy habitat, while other species decreased. 

The habitat near compressor stations may be suitable for Horned Lark’s preference for 

short, sparse vegetation (Wiens et al. 1987), which was present around two of the three 

compressor stations.  

The density of Savannah and Vesper sparrows was positively associated with 

increasing plot disturbance as predicted since both species increased in abundance near 
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anthropogenic disturbances (Sutter et al. 2000, Linnen 2008, Hamilton et al. 2011, Kalyn-

Bogard 2011). Horned Lark density was greater in the low disturbance plots, which is 

unexpected as they have been recorded more frequently in disturbed sites (Owens and 

Myers 1973, Ingelfinger and Anderson 2001). Chestnut-collared Longspur density was 

also greater in the low disturbance plots. Longspurs have had mixed responses to natural 

gas development as abundance was greater in areas with more anthropogenic 

disturbances but was also negatively correlated with well proximity (Kalyn-Bogard 2011) 

or there was no effect (Linnen 2008, Hamilton et al. 2011). Lower bird abundance near 

infrastructure was common in other studies (Benitez-Lopez et al. 2010, Kalyn-Bogard 

2011, but see Linnen 2008).  Changes in density near infrastructure may be caused by 

changes in vegetation structure, ambient noise or increased human activity (Kalyn-

Bogard 2011).  

 Vegetation structure was more important in explaining density than any of the 

disturbance variables for Sprague’s Pipit and Western Meadowlark. Sprague’s Pipit 

density increased with increased exotic vegetation cover. Pipits were likely responding to 

the structure of the exotic vegetation because it fit their preference of tall, dense 

vegetation (Davis 2005). Increased percent cover of lichen and club moss lead to an 

increase in density for Chestnut-collared Longspur and Horned Lark but a decrease in 

density for Savannah Sparrow and Western Meadowlark. Lichen communities may 

correspond to vegetation density as opposed to songbirds selecting nest sites specifically 

for lichen and club moss (Dieni and Jones 2003).   

Nest placement 
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Grassland songbird nests were placed farther away from natural gas infrastructure 

compared to random points. Furthermore, this avoidance of natural gas infrastructure 

varied by species and by type of infrastructure. Grassland songbirds may be avoiding 

edges created by natural gas development because of changes in habitat characteristics, 

food resources, inter-specific interactions near edges or due to a learned response to poor 

reproductive success and increased density of nest predators and brood parasites near 

edge habitats (Villard 1998, Sisk and Battin 2002, Davis 2004, Bollinger and Gavin 

2004, Renfrew et al. 2005). Natural gas development can influence grassland habitat by 

altering native vegetation structure so that it becomes low, sparse vegetation (e.g., 

increased bare ground, soil compaction and vegetation trampling by cattle near 

infrastructure) or to tall, dense vegetation (e.g., exotic species invasion). Nest site 

selection is non-random, as species choose nest sites with specific vegetation structure 

characteristics (Davis 2005). Species such as Sprague’s Pipit and Baird’s Sparrow are 

associated with relatively tall, dense vegetation, which may not be found near natural gas 

development because the native vegetation may have been altered through the installation 

of natural gas infrastructure and regular maintenance (Kalyn-Bogard 2011). Chestnut-

collared Longspur and Horned Lark are associated with shorter, sparser vegetation, but 

these species’ nests were not found significantly closer to natural gas infrastructure than 

random points. The species may avoid nesting near infrastructure, like gas wells or 

compressor stations, because of a simple aversion to vertical structures in an otherwise 

open landscape (Bollinger and Gavin 2004). Avoidance of natural gas infrastructure may 

lead to a lack of effect in other analyses on my sites, since proximity to natural gas 
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disturbance is necessary to examine edge effects (Johnson and Temple 1990, however see 

Renfrew and Ribic 2003). 

Reproductive success and nest survival 

Proximity to natural gas development had a range of effects on grassland songbird 

reproductive success. Clutch size was not affected by distance to natural gas 

infrastructure for any species. Other studies have found that nesting in disturbed habitat 

can lead to decreased clutch sizes (Halfwerk et al 2011); however, variation in clutch size 

is usually explained by decreased resources (Lima 1987, Fontaine and Martin 2006). The 

number of young fledged overall and from successful nests increased with distance from 

natural gas infrastructure for most species. Increased predator activity near natural gas 

disturbances (Chalfoun et al. 2002, Ingelfinger and Anderson 2004, Renfrew et al. 2005), 

may reduce adult survival in those areas. The vegetation near natural gas development 

may be too short and sparse to provide quality habitat for insects (Kruess and Tscharntke 

2001), increasing the cost of provisioning nestlings.  

The effect of proximity to compressor stations on the number of young fledged 

varied. Horned Lark and Baird’s Sparrow fledged more young near compressor stations. 

Fewer predators may be present near compressor stations because they are unable to 

locate nests using auditory cues (Francis et al. 2009). In contrast to the previous species, 

Western Meadowlark and Savannah Sparrow fledged fewer young near compressor 

stations. Both these species are considered to be tolerant of disturbance (Sutter et al. 

2000, Linnen 2008, Hamilton et al. 2011); however, the noise created by the compressor 

may lead to reduced fitness by masking parent-offspring communication (Schroeder et al. 
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2012). Also, there may be inexperienced adults occupying the lower quality habitat near 

compressor stations which may lead to fewer young fledged in those areas (Habib et al. 

2007). 

Too few nests were found within 100 m of wells to analyze the effect of proximity 

on the reproductive success for five species. The effect of proximity to gas wells had 

opposite effects for the reproductive success of Chestnut-collared Longspur and Vesper 

Sparrow. Chestnut-collared Longspur fledged more young near gas wells than farther 

away. The habitat near wells is characterized by less grass cover and more bare ground 

(Kalyn-Bogard 2011) and may meet longspur’s habitat requirements of short, sparse 

vegetation (Davis 2005). Chestnut-collared Longspur may be capable of fledging more 

young near wells because the vegetation is suitable. Vesper Sparrow fledged fewer young 

near gas wells, despite being considered a habitat generalist and tolerant of disturbance 

(Sutter et al. 2000, Linnen 2008). There may be more avian and terrestrial predators near 

wells and along trails leading to wells that may cause lower reproductive success 

(Chalfoun et al. 2002). The adults may spend more time being vigilant near a gas well 

than feeding their young because of the vertical anthropogenic structure or the regular 

human activity near wells (Miller et al. 1998).  

The effect of trails on the reproductive success of five species also varied. Baird’s 

Sparrow and Savannah Sparrow fledged more young near trails. Baird’s Sparrow 

generally avoided natural gas infrastructure (Linnen 2008) or had a mixed response 

(Kalyn-Bogard 2011) and Savannah Sparrow are tolerant of oil and gas development 

(Linnen 2008); therefore, these results are somewhat expected. Sprague’s Pipit, Western 

Meadowlark and Vesper sparrow consistently fledged fewer young from nests located 
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near trails. Fewer young fledged near trails may be due to increased predator activity 

along the edges created by trails (Ingelfinger and Anderson 2004, Renfrew et al. 2005). 

However, this fails to explain why all five species were not equally negatively affected by 

proximity to trails because evidence suggests that grassland predators search 

opportunistically for nests (Vickery et al. 1992). Also, fewer fledged young near trails 

may be due to adult songbird collisions with vehicles on trails (Forman and Alexander 

1998). The particular mechanisms that lead to this species-specific increase in 

reproductive success are unknown. 

Nests near fences fledged fewer young for Western Meadowlark, Vesper, Baird’s 

and Savannah sparrows. Fences may produce an edge effect or a perch for avian 

predators and brood parasites (Wolff et al. 1999, Davis and Sealy 2000, Hauber and 

Russo 2000). Adult birds may get caught in the barbed-wire fence, reducing the amount 

of parental care for a brood (Stevens et al. 2012). As some fences are associated with 

roads, collisions with vehicles may be an important cause of adult songbird mortality 

(Forman and Alexander 1998). Although fences surround natural gas infrastructure, they 

also occur on pastures without natural gas therefore this effect is not exclusive to natural 

gas development. 

 Overall, proximity to natural gas infrastructure had little influence on daily nest 

survival rate; however, four species were strongly affected by one of three natural gas 

infrastructure variables. Vesper, Savannah and Baird’s sparrows had lower daily nest 

survival rates near gas wells, trails and fences, respectively. Nest predation was the 

primary source of nest failure on my sites and any pattern in nest survival is likely due to 

patterns resulting from predation. Trails, gas wells and fences could be used as corridors 
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for predators and perches for avian predators or brood parasites (Chalfoun et al. 2002, 

Ingelfinger and Anderson 2004, Renfrew et al. 2005). In other studies, songbird parents 

increased their activity (consumed and cached food or fed their mate or offspring more 

often) near roads or other disturbances (Morgan et al. 2010, Crino et al. 2011). This 

increased activity could have been used as a cue by predators near these disturbances, 

leading to decreased nest survival. There is also video evidence of nest predation by 

Richardson’s ground squirrels (Urocitellus richardsonii) on my study sites (Kirkham and 

Davis in press). Richardson’s ground squirrel is likely a common nest predator of 

grassland songbirds, particularly near edge habitat, because they prefer sites with 

relatively short vegetation (Davis 2005, Downey et al. 2006). However, grassland-interior 

predators, such as thirteen-lined ground-squirrel (Spermophilus tridecemlineatus), may be 

responsible for the majority of nest predation events away from edges (Pietz and Granfors 

2000, Renfrew and Ribic 2003, Davis et al. 2012). Richardson’s and thirteen-lined 

ground squirrels may be responsible for predation events in edge habitat and interior 

grassland habitat respectively, leading to the lack of strong effects that I found. Since 

there has been no research on the effects of natural gas development on grassland 

predators, it is difficult to determine the mechanism responsible for my results. Western 

Meadowlark response to proximity to trail was an exception to this trend as daily survival 

rate was greater near trails. The Western Meadowlark is perhaps better adapted to 

increased predation risk with their domed nest, because concealed sites may offer more 

protection from visual predators (Liebezeit and George 2002) and grassland songbird nest 

predators are typically opportunistic (Vickery et al. 1992). However, the nest survival of 

another species with a domed nest, Sprague’s Pipit, is not affected by proximity to trails. 
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Therefore, there may be other mechanisms at play allowing better nest survival for 

Western Meadowlark. 

 Compressor station proximity did not affect nest survival of any species. 

Although for many species, few nests were found near compressor stations, which may 

have weakened my ability to detect any effects. Species may have avoided compressor 

stations as a strategy to increase reproductive success. In other research, costs to nesting 

near a noise source included reduced pairing success, reduced clutch size or reduced 

fitness (Habib et al. 2007, Halfwerk et al. 2011, Schroeder et al. 2012). Compressor 

stations negatively affect the reproductive success of Western Meadowlark and Savannah 

Sparrow. However, the negative effects of proximity to compressor stations are not 

universal as Horned Lark reproductive success was positively affected by these noisy 

stations.  Greater nest survival and reproductive success near a source of anthropogenic 

noise has been found in other studies, and is attributed to predators avoiding noisy areas 

or being unable to use auditory cues to find nests (Francis et al. 2009). This variation in 

positive and negative effects of proximity to compressor station could be due to some 

species being better adapted to tolerate the noise created by compressor stations. 

Different species may have different tolerances for noise as birds that sing at higher 

frequencies are likely better adapted to live in environments with low frequency noise 

(Slabbekoorn and Ripmeester 2008, Hu and Cardoso 2009, Francis et al. 2011). This is 

because minimum song frequency predicts a species’ noise susceptibility (Slabbekoorn 

and Ripmeester 2008, Proppen et al. 2012). 

Grassland habitat disturbed by energy development may be considered of lower 

quality if it has lower species abundance or density than undisturbed habitat. Individuals 
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may be operating under the Ideal Free Distribution if they occupy these habitat patches of 

poorer quality when the density of higher quality habitat increases to the point where it is 

more beneficial to occupy lower quality patches where there is less competition (Fretwell 

and Lucas 1970). Horned Lark distribution appears to follow an Ideal Free Distribution as 

they have a higher density near compressor stations while they also fledge more young 

near compressor stations. Alternatively, subordinate individuals may be operating under 

the Ideal Dominance Distribution and may be required to occupy lower quality habitat at 

higher densities at the cost of lower reproductive success or survival because socially 

dominant individuals saturate the higher quality habitat (Fretwell and Lucas 1970). 

Baird’s Sparrow appears to be distributed following an Ideal Dominance Distribution, 

where more individuals occupy territories away from compressor stations while those 

nesting near compressor stations fledge more young. Although reproductive and survival 

rates likely vary spatially and temporally (Davis and Sealy 1998, Grant et al. 2005, Jones 

et al. 2010), studying fitness measures does provide a better sense of habitat quality. 

The disturbance associated with natural gas development may negatively impact 

grassland songbirds; however, I found that the extent of the impact varies according to 

the adaptations and habitat requirements of the species.  The habitat around natural gas 

development may be unsuitable for certain grassland songbird species to successfully 

reproduce. If the density of natural gas development were to increase, habitat interior 

songbird species may be unable to reproduce successfully if their habitat becomes 

dominated by edge habitat (Temple and Cary 1988). Agriculture and Agri-Food Canada 

has a mandate to promote a healthy level of biodiversity by conducting range 

management practices and implement appropriate recovery plans for endangered species 
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on their native pastures (AAFC 2007). The nest fate and reproductive success of 

songbirds on my study sites were within the range of those found in other studies without 

the presence of energy development (Chapter 2). Therefore, the management practices on 

AESB pastures may mitigate effects of natural gas development. The effects of natural 

gas development may be greater in lower quality pastures. Sample size may also have 

contributed to my inability to detect strong trends and thus caution is required when 

interpreting my results for certain species.  

As predation was the most common cause of nest failure on my sites, future 

research should examine how natural gas infrastructure is affecting predator distributions, 

habitat use and foraging behaviour. There is limited information on the effects on habitat 

loss and fragmentation on nest predators (Chalfoun et al. 2002). Changes in nest survival 

may be due to variability in predator distribution in those areas or perhaps predators are 

incapable of finding certain nests. An evaluation of how predators are affected by natural 

gas infrastructure, could lead to determining management practices that may reduce the 

effect of predators on songbird populations. Relevant conservation strategies may only be 

developed once the effects on natural gas development on predators are understood.  

3.5 CONCLUSION 

Natural gas development is continually increasing on Saskatchewan grasslands, 

but the impacts of this development on the reproductive success and nest survival of 

grassland songbirds were previously unknown. I have shown that the effects of natural 

gas development on grassland songbirds are species- and disturbance-specific. Based on 

my results, the size and direction of the effect of disturbance proximity varied. The 
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results were not always as predicted based on a species’ tolerance of disturbance and 

habitat requirements.  

I found variable effects of disturbance on density. Vesper and Baird’s sparrows 

had greater densities in low disturbance plots and away from compressor stations, 

respectively.  Vegetation structure, particularly lichen and club moss, was an important 

predictor of several species’ density. Most species avoided nesting near at least one type 

of natural gas development. Chestnut-collared Longspur, Savannah Sparrow, and Horned 

Lark nests were farther away from gas wells than random points whereas Vesper Sparrow 

and Sprague’s Pipit nests were farther away from trails than random points. Natural gas 

development also influenced nest survival, however this also varied with species and 

disturbance features. Vesper, Baird’s and Savannah sparrows had decreased nest survival 

near wells, fences and trails, respectively, while Western Meadowlark experienced 

increased survival near trails. There was no effect of proximity to natural gas 

development on clutch size for any species, however the effect of natural gas 

development on the number of young fledged was related to at least one type of natural 

gas infrastructure for each species. There is potential for proximity to natural gas 

development to have detrimental effects on grassland songbird reproductive success and 

density however the extent of the impact will likely vary with the habitat within a 

species’ range.  
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4.0 CONCLUSIONS AND MANAGEMENT IMPLICATIONS 

4.1 SUMMARY 

The objectives of my research were to: (1) quantify aspects of grassland songbird 

breeding biology and compare those aspects between and within species and regions and 

(2) determine the effects of natural gas development (trails, wells, compressor stations 

and fences) on the density, nest survival and reproductive success of grassland songbirds. 

In Chapter 2, I demonstrated that time-specific variables (nest age and date) were 

the top predictors of nest survival. Chestnut-collared Longspur nest survival was best 

explained by the cubic effect of age, where nest survival increased during the incubation 

stage and decreased during the nestling stage. Chestnut-collared Longspur nest survival 

was also best explained by the quadratic effect of date, where nest survival decreased and 

then increased as the breeding season progressed. A number of other studies have found 

that cubic effect of age is important in explaining the variation in nest survival throughout 

the nesting stage (Grant et al. 2005, Davis 2005, Davis et al. 2006, Lusk 2009, Kerns et 

al. 2010). Nest survival of some species decreased and then increased during the breeding 

season which may be due to predator abundance increasing later in the breeding season as 

they raise their own young to independence (Nolan 1963, Grant et al. 2005). Nest 

survival was generally lower during the nestling stage, which is a common finding in 

other studies (Schaub et al. 1992, Morton et al. 1993, Martin et al. 2000, Burhans et al. 

2002, Kerns et al. 2010). The lack of strong age or date effects for the other species were 

likely because nest survival remained constant throughout the nesting period or because 

some of my sample sizes were too small to detect temporal effects. Temperature best 
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explained variation in the nest survival of Western Meadowlark as nest survival increased 

and then decreased as temperature increased. My data also support the idea that 

generalizations cannot be made for all grassland songbirds. Species should be analyzed 

separately especially if their nest survival varies temporally.  Overall, nest success on my 

sites was comparable to that found in other studies (Davis 2003, Jones et al. 2010), 

despite the presence of natural gas development on my sites.  

In Chapter 3, I demonstrated that the effects of natural gas development on 

grassland songbirds are both species- and disturbance-specific. Vesper and Savannah 

sparrows had greater densities in high disturbance plots while Chestnut-collared 

Longspur and Horned Lark had lower densities in high disturbance plots. Baird’s and 

Savannah sparrows had lower densities near compressor stations while Horned Lark 

density was greater near compressor stations. For several species, density was as strongly 

affected by vegetation structure as natural gas development. Most species avoided nesting 

near at least one type of natural gas infrastructure. Chestnut-collared Longspur, Savannah 

Sparrow, and Horned Lark nested farther away from gas wells than expected relative to 

the distribution of random points. Additionally, Vesper Sparrow and Sprague’s Pipit 

nested farther away from trails than expected relative to the distribution of random points. 

Natural gas development also influenced nest survival, but again this varied with species 

and disturbance feature. Vesper, Baird’s and Savannah sparrows exhibited decreased nest 

survival near wells, fences and trails, respectively, while Western Meadowlark nests were 

more likely to survive near trails. The number of young fledged was also affected by at 

least one type of natural gas infrastructure for each species, with the majority fledging 

fewer young near development. There is potential for the proximity to natural gas 
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development to have detrimental effects on grassland songbird reproductive success and 

density, but the extent of the impact may vary with the habitat and within the species’ 

range. 

4.2 MANAGEMENT IMPLICATIONS 

 Proximity to natural gas development had species- and disturbance-specific 

effects on density, nest survival and reproductive success. I found that proximity to 

compressor stations and the degree of disturbance on plots have negative effects on 

density of most species, with the exception of Horned Lark. Natural gas development, 

negatively influences the abundance of some grassland songbird species in other studies 

(Hamilton 2010, Kalyn-Bogard 2011). My research is one of the first to examine the 

effects of natural gas development on the reproductive success and nest survival of 

grassland songbirds. Proximity to linear natural gas features (e.g. trails and fences) had a 

negative effect on reproductive success and nest survival of some species. Not only do 

grassland songbirds avoid linear disturbances (Hamilton 2010, Kalyn-Bogard 2011), but 

based on my results, Sprague’s Pipit, Vesper Sparrow and Western Meadowlark fledged 

fewer young near trails and Western Meadowlark, Savannah and Baird’s sparrows 

fledged fewer young near fences. Savannah and Baird’s sparrows fledge more young 

from near trails and Vesper Sparrow fledged more young near fences. Land managers 

should limit the number of new trails on native grasslands, an action many species would 

benefit from (Gelbart and Harrison 2003). The restoration of unused trails would also be 

beneficial. Although many of the trails I examined were only two tracks in the grass, this 

proved to be enough of a disturbance to have an effect on nest survival and fledging 

success.  
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Structures associated with natural gas development (e.g., wells and compressor 

stations) also had negative effects on some grassland songbirds. Chestnut-collared 

Longspur, Horned Lark and Savannah Sparrow avoided gas wells, given that nests were 

found farther away from wells than random points. While I could not analyze the effect 

of proximity to wells on reproductive success for most species because too few nests 

were found within 100 m of wells, this may provide direct evidence of the negative 

effects of wells. However, low sample sizes may also be responsible. The noise created 

by compressor stations may prevent some species from successfully nesting near such 

infrastructure.  However, Francis et al. (2009) reported positive indirect effects of 

anthropogenic noise on survival because predators are unable to find nests. It is unknown 

whether the negative effects are a result of the natural gas structures themselves or human 

activity associated with them. The amount of human activity near these structures should 

be limited to reduce the potential disturbance on grassland songbirds. After 

decommissioning old wells, reclamation should be completed to restore the natural 

vegetation community to its previous state. Increasing development will increase the 

amount of habitat near development and thus decrease quality habitat available to 

grassland songbird species.  

 Although there are many negative effects of natural gas development on grassland 

songbirds, certain species were not affected by proximity to certain development features. 

My research was conducted on healthy grasslands, considered to be in good range 

condition. Healthy grasslands may buffer any negative effects of natural gas 

development. These pastures are well maintained and therefore likely to have healthy 

vegetation heterogeneity. Habitat heterogeneity should be maintained to support a 
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diversity of grassland songbirds with different habitat requirements. Improving the 

condition of the poor quality pastures may mitigate the effects of natural gas 

development. 

Nest predation was the most important factor affecting nest survival and success 

of seven species of grassland songbirds in south-western Saskatchewan.  Predation rates 

were similar to those reported in other regions (Davis 1994, Best et al. 1997, Davis 2003, 

Lusk 2009, Jones et al. 2010). As predation reduces productivity and recruitment, it will 

have negative effects on the population as a whole. Information about the temporal 

variation in nest predation will increase the potential to develop better conservation 

strategies. Also, an evaluation of how predators are affected by natural gas development 

may lead to determining management practices that may reduce the effect of predators on 

grassland songbirds.  
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