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ABSTRACT 

Understanding the breeding ecology of grassland birds is vital for identifying the 

mechanisms underlying their widespread population declines. I describe the breeding 

biology of and quantify the effects of nest predation and brood parasitism on Savannah 

Sparrow (Passerculus sandwichensis), Baird’s Sparrow (Ammodramus bairdii), Vesper 

Sparrow (Pooecetes gramineus), Western Meadowlark (Sternella neglecta), and 

Sprague’s Pipit (Anthus spragueii) in south-eastern Alberta. Nest predation was the 

primary cause of nest failure, accounting for 75% of all nest losses. For the three sparrow 

species, daily survival rates were higher during the incubation compared to the nestling 

stage. For all five species, clutch size, hatching success, and fledging success were within 

the range of values previously reported for these species in other parts of their range. 

Brown-headed Cowbirds parasitized nests of all species except Sprague’s Pipit, with 4-

11% of nests containing cowbird eggs. Savannah Sparrow experienced the highest 

frequency of brood parasitism and was the only species to successfully fledge cowbird 

young. Parasitized Savannah Sparrow nests experienced reduced hatching success, 

productivity, and clutch size compared to non-parasitized nests. The overall cost of 

parasitism to Savannah Sparrow was 1.7 young per successful nest. This information 

provides a basis for future comparisons regarding the influence of anthropogenic 

alterations to native grassland habitat on grassland songbird reproductive success and 

nest survival. 

 Despite dramatic increases in oil and gas development over the last decade, 

research about the effects of this activity on grassland songbird reproductive success and 

density is lacking. I assessed how the density and reproductive success of five species of 

grassland songbirds in south-eastern Alberta varied with distance to oil and gas wells, 
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roads, trails, and patches of introduced crested wheatgrass, along with percent cover of 

crested wheatgrass. Savannah Sparrow density was 2.5 times higher within 100 m of 

wells than further away and was almost twice as high in areas without crested wheatgrass 

compared to those with 60% cover. Sprague’s Pipit nest survival decreased with 

increased cover of crested wheatgrass. The proportion of Baird’s Sparrow eggs that 

hatched within 50 m of wells and trails were reduced by 33% and 46%, respectively, 

compared to areas further from these structures. Hatching success more than doubled for 

both Sprague’s Pipit and Western Meadowlark as percent cover of crested wheatgrass 

increased from 0-60%. The number of young fledged from successful Baird’s Sparrow 

nests was lower near trails. Savannah Sparrow fledging success was higher near wells 

and in areas with greater cover of crested wheatgrass. The number of young fledged from 

successful Western Meadowlark nests doubled as distance from crested wheatgrass 

increased from 0-800 m. There was no relationship between the frequency of brood 

parasitism and distance to oil and gas infrastructure. Overall, my results indicate that oil 

and gas development has mixed effects on the density and reproductive success of 

grassland songbirds. To mitigate potential negative effects, future development by the 

energy industry should attempt to minimize the amount of edge habitat created, continue 

to eliminate exotic vegetation in their reclamation protocols, and take precautions to 

avoid the spread of crested wheatgrass, and other invasive plants, into native grassland.  
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1. GENERAL INTRODUCTION 

1.1. BACKGROUND 

Human activities have altered the structure of biotic communities worldwide 

(Polus et al. 2007) due to habitat loss and fragmentation (Vitousek et al. 1997, Geist and 

Lambin 2002).  Temperate grasslands are among the most threatened and least protected 

biomes (Hoekstra et al. 2005).  Globally, approximately 46% of temperate grasslands and 

savannas have been lost and only about 5% of the remaining habitat in these biomes is 

protected (Hoekstra et al. 2005).  Within Canada, it is estimated that 20% of native 

grasslands remain (Samson and Knopf 1994, White et al. 2000) but only about 3% of this 

is unaffected by human activities (Kerr and Deguise 2004).  As a result, many taxa 

dependent on temperate grasslands have declined (Schmutz 1984, Flath and Clark 1986, 

Johnson and Collinge 2004, Cagle 2008) and many native grassland species are now of 

conservation concern (Samson and Knopf 1994).  Populations of grassland birds have 

declined more than any other group of birds in North America (Knopf 1994, Peterjohn 

and Sauer 1999) and many of these species require native grassland for all, or critical 

parts of their life cycle (Johnsgard 2009). 

The quantity and quality of remaining grassland is threatened by habitat loss and 

degradation through cultivation, urban expansion, industrial development, exotic species 

invasion, woody vegetation encroachment, and inappropriate management practices 

(Askins et al. 2007).  Oil and gas development activities are increasing on the Canadian 

prairies.  Between 2002 and 2011, approximately 156,000 oil and gas wells were drilled 

in the prairie provinces, which more than doubled those built in the previous two decades 

(CAODC 2012).  Yet despite such dramatic increases, little research has been done to 

investigate the effects of oil and gas development on grassland birds.  The work that has 
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been done has focused primarily on abundance and occurrence rather than reproductive 

success and survival (e.g., Linnen 2008, Dale et al. 2009), which are more reliable 

indicators of habitat quality (Van Horne 1983, Vickery et al. 1992).  Research 

investigating the effects of oil and gas development conducted in boreal forest (Habib et 

al. 2007) and shrub-steppe habitats (Walker et al. 2007, Doherty et al. 2008), indicate 

that these activities negatively affect avian reproductive success and recruitment in some 

habitats, but their effects in grassland habitats are currently unknown. 

Since the 1930s, crested wheatgrass (Agropyron cristatum) has been widely 

planted for tame forage and erosion control in grassland ecosystems. Crested wheatgrass 

is native to Eurasia and is highly invasive in North American grasslands, forming a dense 

monoculture and dominating both the vegetative community and seed bank (Marlette and 

Anderson 1986, Henderson and Naeth 2005). Although current policy promotes the use 

of native seed, reclamation activities conducted by the oil and gas industry in the past 

involved seeding of exotic grasses, such as crested wheatgrass.  Crested wheatgrass is 

widely planted as a pasture grass and is estimated to cover over 4000 km
2
 across Canada 

(Dormaar et al. 1995).  The reasons for the long-standing and continued use of crested 

wheatgrass as a pasture grass include ease of establishment from seed, cold and drought 

resistance, resistance to weed invasion, high nutritive value for livestock, and high 

above-ground yields (Lesica and DeLuca 1996).  For example, above-ground yields of 

crested wheatgrass are greater than native rangeland (Smoliak and Dormaar 1985, 

Dormaar et al. 1995) and allow increased mass gain by livestock (Smoliak 1968) or 

allow increased stocking rates.  Despite the apparent benefits, current evidence suggests 

that crested wheatgrass has long-term negative impacts on grassland ecosystems, such as 

reduced soil nutrients and carbon storage (Christian and Wilson 1999), increased soil 
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erosion due to increased amounts of bare ground (Dormaar et al. 1995), and  reduced 

below-ground biomass (Smoliak and Dormaar 1985).  The effects of exotic vegetation 

are not expressed solely among the plant community, but resonate through higher trophic 

levels as well.  Changes in species composition of the plant community resulting from 

introduced exotic vegetation are associated with alterations in the species composition of 

the native bird community (Wilson and Belcher 1989, Hickman et al. 2006, Holimon et 

al. 2012). 

 Successful conservation of a species requires basic information about 

demographic parameters influencing the population dynamics of that species (Lande 

1988, Fletcher et al. 2006), as well as the main factors influencing these parameters (e.g., 

predation, food availability).  However, for many grassland songbirds, this information is 

minimal or lacking.  Without knowledge of a species’ reproductive success and breeding 

ecology in high quality habitat, it is difficult to predict how or even if populations will 

change if the habitat is altered.  Such information is particularly important for species 

already experiencing population declines. 

1.2. DENSITY 

Bird density is often related to habitat quality (Ortega and Capen 1999).  Areas 

with higher densities of birds are assumed to be of better quality than those with low 

density since greater resource availability typically supports more individuals.  

Conversely, in poor quality habitat, bird density may be lower as territory size needs to 

be larger to compensate for diminished resource availability.  For example, Ovenbird 

(Seiurus aurocapillus) territory size is inversely related to prey abundance, with territory 

size decreasing as prey abundance increases (Smith and Shugart 1987).  Similarly, 

Bobolink (Dolichonyx oryzivorus) territory size increased near road edges (Fletcher and 
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Koford 2003), which are of reduced habitat quality compared to areas farther from roads 

(Anthony and Isaacs 1989, Reijnen and Foppen 1994, Ingelfinger and Anderson 2004).   

It is also possible for areas with poor quality habitat to have a higher bird density 

than higher quality habitats but function as ecological traps (Gates and Gysel 1978).  

Ecological traps occur in poor quality habitats that are preferentially selected over high 

quality habitats due to alterations on the landscape (often anthropogenic) which make 

previously reliable environmental cues for habitat selection maladaptive (Schlaepfer et 

al. 2002).  Such areas often act as population sinks (birth < death rates) whereby the 

number of individuals present would decline without immigration from nearby source 

populations (Donovan and Thompson 2001).  Furthermore, the density of birds in a poor 

quality area could be high if all available high quality habitat is occupied by dominant 

birds, forcing subordinate birds to establish territories elsewhere (Fretwell and Lucas 

1969). Alternatively, if individuals are free to distribute themselves ideally, bird density 

may not differ between high and low quality habitats (Fretwell and Lucas 1969).  Density 

in high quality habitat may increase until it reaches a threshold whereby the benefits of 

occupying lower quality habitat outweigh the costs of occupying higher quality habitat at 

higher densities.  Therefore, density alone may be a misleading indicator of habitat 

quality and increased density is not always correlated with increased reproductive 

success (Van Horne 1983, but see Bock and Jones 2004).  For example, in a test of the 

relationship between territory density and reproductive success, Vickery et al. (1992) 

found that Savannah Sparrow reproductive success was significantly greater when 

territory density was low, Grasshopper Sparrow (Ammodramus savannarum) 

reproductive success was greatest at medium density, and Vesper Sparrow reproductive 

success was not affected by density at all. Therefore, in addition to density, it is 
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important to consider reproductive success for evaluating habitat quality (Vickery et al. 

1992, Winter and Faaborg 1999). 

1.3. NEST SURVIVAL AND REPRODUCTIVE SUCCESS 

Grassland songbird nest success is higher in landscapes containing greater 

amounts of grassland (Bergin et al. 2000) and large patches of native prairie (Herkert et 

al. 2003), suggesting that landscape-scale effects are important influences on 

reproductive success.  Yet even in relatively large, contiguous tracts of native grassland, 

songbird productivity may be low (Skagen et al. 2005, Davis et al. 2006) and many 

species have declined in these areas (Brennan and Kuvlesky 2005), indicating that other 

factors are likely involved.  The quality of breeding habitat for grassland songbirds 

declines with invasion by woody vegetation (Grant et al. 2004, Graves et al. 2010) and 

exotic species (Lesica and DeLuca 1996), poor grazing management, edge effects, and 

disruption of natural disturbance regimes (Samson and Knopf 1994, Askins et al. 2007).  

Furthermore, local level responses may drive landscape level patterns (Koper and 

Schmiegelow 2006).  For example, avian nest success is influenced by landscape 

structure and the community composition of nest predators at the local scale (Flaspohler 

et al. 2001).  Since degradation of breeding habitat may contribute to grassland songbird 

population declines, research investigating how alterations in breeding habitat quality 

influence local population size is necessary to understand the mechanisms underlying 

regional population declines.  There is evidence to suggest that anthropogenic altered 

habitats have reduced avian productivity compared to native habitat (Lloyd and Martin 

2005, Vander Haegen 2007).  

Predation is the primary cause of nest failure for grassland songbirds (Koford 

1999, Davis 2003); thus, changes to the landscape that increase the abundance of or alter 
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the behaviour and composition of the predator community likely have consequences for 

grassland bird reproductive success.  Predation frequency may be higher near habitat 

edges due to increased prey density or increased predator diversity, abundance (Lariviere 

2003), or activity (Winter et al. 2000).  Higher nest predation rates have been observed 

near edges than in the habitat patch interior (Johnson and Temple 1990, Marini et al. 

1995, Flaspohler et al. 2001, Hoover et al. 2006).  In general, rates of nest predation are 

influenced by the density, diversity, and behaviour of predators, nest location relative to 

predator distribution (Martin 1993), as well as brood parasitism levels (Burhans et al. 

2002).  However, no difference in predation rates between patch edge and interior may 

occur if the abundance of grassland-interior predators is high enough to compensate for 

any advantage of nesting farther from edges (Renfrew et al. 2005). Thus, predation 

frequency in relation to habitat edge likely depends on patch size (Renfrew et al. 2005), 

as well as the type and distribution of predators (Gardner 1998, Kuehl and Clark 2002).  

Predator response to habitat fragmentation occurs at multiple spatial scales and is likely 

taxon-specific, with potential differences in magnitude and direction of response among 

various predator species or groups (Chalfoun et al. 2002, Tewksbury et al. 2006, Klug et 

al. 2009). Therefore, fragmentation of the landscape resulting from oil and gas 

development may alter the abundance, behaviour, or composition of the predator 

community and subsequently the rates of predation on grassland songbird nests. 

Fragmentation of native grassland by oil and gas development may also influence 

grassland songbird reproductive success by altering the rates of brood parasitism by 

Brown-headed Cowbirds (Molothrus ater; hereafter ‘cowbird’).  Cowbirds are inter-

specific, generalist brood parasites, which lay their eggs in the nests of other birds and 

contribute no parental care to the offspring.  Brood parasitism reduces the reproductive 
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success of the host through removal of eggs (Sealy 1992), reduced nestling survival, 

reduced hatching success, and host desertion of the nest (Hoover 2003, Goguen et al. 

2009).  Fragmentation of the landscape results in increased edge habitat and increased 

rates of parasitism closer to edges (Hoover et al. 2006, Patten et al. 2006, Howell et al. 

2007).  Therefore, increased rates of cowbird parasitism may result from oil and gas 

development, which creates edge habitat along roads, well pads, and pipelines.  

Food availability is an important determinant of the annual fecundity of songbirds 

(Zanette et al. 2003, Nagy and Holmes 2004). Therefore, factors that alter food 

availability, such as changes to the structure or composition of vegetation, may influence 

avian productivity and survival.  For example, arthropod abundance was 60% lower in 

grasslands dominated by exotic grasses than in native rangeland and overall bird 

abundance was 32% greater in native rangelands (Flanders et al. 2006).  Similarly, 

increasing cover by exotic grasses shifted the composition of songbird diets from being 

dominated by Coleopterans (beetles) to Orthopterans (grasshoppers); this shift was likely 

due to changes in prey availability rather than abundance (Kennedy et al. 2009).  Prey 

availability refers to an animal’s access to prey, while abundance refers to amount.  

Changes in prey availability may influence avian reproductive success (Ardia et al. 2006) 

if nutrient quality differs between prey types.  Reduced arthropod abundance could 

reduce avian reproductive success by reducing prey quality and rates of parental 

provisioning, resulting in lower mass at fledging and fewer young fledged (Naef-Daenzer 

and Keller 1999). For example, Chestnut-Collared Longspur (Calcarius ornatus) 

nestlings in monocultures of crested wheatgrass grew slower and had a lower mass at 

fledgling than those raised in nests found in native prairie (Lloyd and Martin 2005).  

Therefore, areas containing high proportions of exotic grasses may represent a lower 
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quality breeding habitat than native grasslands and reduce reproductive success as a 

result.  

1.4. RESEARCH OBJECTIVES 

Individuals should select territories and nest sites that maximize reproductive 

success and thus fitness. Therefore, understanding whether oil and gas development 

influences songbird density and reproductive success will provide insight into the 

relationship between avian habitat selection and anthropogenic habitat disturbance. 

However, without a basic understanding of grassland songbird breeding biology, it is 

difficult to determine how nest success or density will be affected by energy 

development disturbances. Therefore, my first research objective was to describe the 

breeding ecology of five species of grassland songbirds; this is the focus of chapter 2. 

My second set of research objectives was to determine the extent to which a) oil and gas 

development influences the density and reproductive success of grassland songbirds and 

b) the density and reproductive success of grassland songbirds varies as a function of 

crested wheatgrass cover; this is the focus of chapter 3. 
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2. BREEDING ECOLOGY OF A GRASSLAND SONGBIRD COMMUNITY IN 

SOUTH-EAST ALBERTA 

2.1. INTRODUCTION 

Native grasslands have been reduced to approximately 20% of their historic range 

and represent the most drastically altered biome in North America (Samson and Knopf 

1994).  Historically, much of the grassland loss occurred due to human settlement and 

agricultural policies that promoted conversion of grassland to cropland (Samson et al. 

2004).  Remaining native grassland continues to be threatened by cultivation, fire 

suppression, encroachment of woody vegetation, invasion of exotic species, urbanization, 

and industrial development (Askins et al. 2007).  Anthropogenic alterations of native 

grasslands have negatively influenced many different taxa native to this habitat (Schmutz 

1984, Flath and Clark 1986, Johnson and Collinge 2004, Cagle 2008).  Native grasslands 

provide important breeding and wintering habitat for grassland birds (Johnsgard 2009) 

and the loss and degradation of native prairie has resulted in widespread population 

declines of many grassland bird species (Herkert 1995, Houston and Schmutz 1999, 

Brennan and Kuvlesky 2005).  

Grassland birds have experienced larger population declines than any other group 

of birds over the last century (Knopf 1994, Peterjohn and Sauer 1999), and many species 

are now of conservation concern.  For example, 11 of the 27 grassland birds species 

listed by Knopf (1994) are either listed under Canada’s Species at Risk Act, or are under 

consideration for listing by the Committee On the Status of Endangered Wildlife In 

Canada (COSEWIC 2003, COSEWIC 2011).  Our ability to understand the mechanisms 

underlying these population declines is limited by a lack of data on grassland avian life 
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history, including reproductive success and breeding ecology.  A number of studies have 

begun to fill this gap (Koford 1999, Davis and Sealy 2000, Davis 2003, Davis 2005, 

Jones et al. 2010, Kerns et al. 2010) but more data are required from different regions 

and years due to spatial and temporal variation in demographic rates.  Descriptive data on 

basic breeding information is vital to the successful design and implementation of 

management plans and conservation policy (Shaffer 1983, Lande 1988b, Lande 1988a, 

Fletcher et al. 2006).  In particular, determining which factors influence survival and 

reproductive success is critical for understanding population dynamics (Morrison 2001).  

An understanding of resource use and breeding ecology, as well as the effects of biotic 

and abiotic factors on individuals and populations is particularly important for those 

species in decline because little can be done to stabilize or enhance populations without 

an understanding of the mechanisms driving the declines (Houston and Schmutz 1999, 

Brennan and Kuvlesky 2005). 

Predation and brood parasitism are typically the primary factors that negatively 

affect reproductive success of grassland songbirds (Davis 2003, Jones et al. 2010).  Nest 

predation tends to be higher in grasslands than forest, shrub, or wetland habitats (Martin 

1993a), possibly due to grasslands being structurally less complex allowing predators to 

more effectively locate nests (Ricklefs 1969).  Nest predation is influenced by a 

combination of factors, such as nest location, nesting stage (laying, incubation and brood 

rearing), time of year, and the type, activity or abundance of predators (Moller 1989, 

Martin 1993b, Martin et al. 2000, Fontaine et al. 2007).  Predation rates may vary locally 

or regionally due to differences in the predator community (Miller and Knight 1993, 

Tewksbury et al. 2006).  Similarly, the frequency of brood parasitism varies locally with 

parasite and host densities both within a single breeding season and among years, as well 



16 
 

as geographically (Woolfenden et al. 2004, Jensen and Cully 2005).  Brood parasitism 

reduces the reproductive success of the host through reduced hatching success, reduced 

nestling survival, and reduced fledgling survival (Sealy 1992, Hoover 2003, Rasmussen 

and Sealy 2006, Goguen et al. 2009).  Furthermore, nest predation and brood parasitism 

may be inter-related (Arcese et al. 1996).  Predators and brood parasites may use similar 

cues (e.g., parental activity) to locate nests (Martin et al. 2000, Banks and Martin 2001).  

The presence of parasitic eggs or young may alter parental behaviour, potentially 

increasing conspicuousness of the nest to predators (Dearborn et al. 1998, Tewksbury et 

al. 2002).  Brood parasites may directly reduce clutch size, thereby inducing nest 

abandonment (Rothstein 1982), or may actively destroy host nestlings (Elliott 1999, 

Smith et al. 2003); both of these activities mimic predation by conventional nest 

predators. Furthermore, the activities of brood parasites near the nest may facilitate nest 

predation by other predators (Arcese et al. 1992, Zanette et al. 2007).  Understanding 

how predation and brood parasitism influence demographic rates within a given 

community is important for identification of the parameters influencing productivity and 

population growth.  Identification of the factors influencing productivity and population 

growth is crucial for successful management and conservation of songbirds, particularly 

species of conservation concern. 

My objectives were to describe the breeding biology and quantify the effects of 

nest predation and brood parasitism on five species of grassland songbirds in 

southeastern Alberta, Canada.  The aspects of breeding biology I examined include 

clutch size, clutch initiation date, nest survival, and fledging and hatching success. I 

compared my results with those reported in other regions throughout the Great Plains to 

determine if my data are typical for these species.  
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2.2. METHODS 

2.2.1. Study Site & Data Collection 

I conducted my study at the Antelope Creek Habitat Development Area 

(ACHDA) in south-eastern Alberta (50
o
 33' N 111

o
 53' W). The ACHDA and 

surrounding area consists largely of native, dry mixed-grass prairie, as well as planted 

fields and managed wetlands.  Vegetation consists primarily of needle-and-thread (Stipa 

comata) and blue grama grass (Bouteloua gracilis), and also includes prickly-pear cactus 

(Opuntia polyacantha), ball cactus (Coryphantha vivipara), sage (Artemisia sp.), club 

moss (Selaginella densa), and various other native forbs. In 2010, I established 12 plots 

distributed across all of the ACHDA.  Four plots were added in 2011 to increase the 

sample size of nests.  Plot size ranged from 14 to 21 ha, with an average plot size of 18 

ha.  Each study plot was marked with surveyor flags in a 50 m grid to facilitate nest 

searching and monitoring.  

Nest searches were conducted from early May to late July in each year.  Nests 

were located mostly between 0600-1400 MST by systematically dragging a 25-m nylon 

rope, weighted with metal cans, across each study plot to flush incubating birds off their 

nests (Davis 2003).  Nest searching efforts were concentrated shortly after sunrise to 

increase the likelihood of flushing incubating females (Davis and Holmes 2012).  Nests 

were also located fortuitously while conducting other activities in the area.  Once found, 

nest locations were recorded with a hand-held global positioning system (GPS) unit and 

marked with coloured surveyor’s flags placed 5 m north and south of the nest.  These 

flags were identical to the grid flags to reduce the risk of predators using them as cues 

and were placed just above the average height of the vegetation.   Nests were checked 
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every 3-4 days until chicks fledged or the nesting attempt failed.  Each plot was searched 

for nests 5 times over the course of the season to maximize the total number found.  I did 

not conduct nest searches during cold, wet weather and I took care to avoid creating 

paths which ended at a nest to minimize human-induced nest failure.  Similarly, I 

conducted nest checks as quickly as possible to minimize disruption of incubation and 

parental provisioning.  I candled eggs (Lokemoen and Koford 1996) to determine clutch 

initiation dates and to estimate hatching dates to increase the precision of calculated 

survival rates (Shaffer 2004).  For this same reason, I aged nestlings based on images of 

known-age young.  I considered nest attempts successful if at least one host nestling 

survived to fledge the nest.  Cues such as nestling age on last visit, adult alarm calls, 

fledglings observed nearby, and the presence of droppings and feather scales in the nest 

were also used to classify successful nests.  For nests with known fate, the midpoint 

between the last visit when the nest was observed active and the subsequent visit was 

used to determine exposure days.  Exposure days for nests with unknown fate were 

included up to the last observed active visit (Manolis et al. 2000).  

I measured nest concealment by placing a 7.5 cm wooden disk divided into 8 

equal black-and-white sections into the nest cup and counted the number of visible 

sections from 1 m away in each of the four cardinal directions as well as 1 m directly 

overhead of the nest (Davis and Sealy 1998, Davis 2005).  I averaged the five 

measurements of nest exposure to get a single value of nest exposure for each nest.  

Nests with a concealment value of 8 were the most exposed, while nests with a 

concealment value of 0 were the least exposed.  Temperature and precipitation data were 

obtained from the Environment Canada weather station in Brooks, Alberta.   
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2.2.2. Statistical Analyses 

I performed all analyses in SAS Enterprise Guide 4.3 (SAS Institute, Inc. 2010).  

I combined data from both years for species with a small sample size of nests (n<50).  

Clutch initiation dates were calculated based on the age of eggs and young, as well as 

known hatching dates.  To determine if mean clutch size varied over the breeding season 

I calculated the mean clutch size per week and compared them using a general linear 

model (PROC GLM) weighted by the square root of the number of nests.  I used the 

Student’s t-test (PROC TTEST) to determine if clutch initiation date varied between 

years.  Nests were excluded from clutch size analyses if they 1) contained cowbird eggs 

or young on the first visit, 2) were deserted during the laying stage, or 3) they had fewer 

than three eggs and were found during the middle of the breeding season or during the 

nestling or late incubation stage.  These criteria were used to omit nests where it was 

unclear whether the number of eggs or chicks in the nest represented a complete clutch.  

Nests with fewer than three eggs that were found very early or late in the breeding season 

were included, since these portions of the breeding season may reflect lower levels of 

resources for some species (Wray et al. 1982).  

I used the logistic exposure method (Shaffer 2004) to determine the extent to 

which daily survival rate varied as a function of temporal (nest age, date, and year) and 

environmental factors (temperature and precipitation).  The temporal models I considered 

included linear effects of age and date, quadratic effect of age, cubic effect of age, a null 

(constant survival), and a global model.  I considered models with and without year 

effects (both additive and interactive) for a total of 18 models.  To confirm I could 

combine the two years of data together, I quantified the interactive effects of year and 
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age effects for species with a large sample size (n≥50).  Environmental models included 

linear effects of precipitation and temperature, as wells as a quadratic effect of 

temperature and an interactive effect of temperature and precipitation, a null, and a 

global model for a total of six models.  I then combined the top temporal model with 

environmental models to determine the relative importance of environmental factors on 

nest survival.  For model selection purposes, I calculated 85% confidence limits to 

identify uninformative model parameters (Arnold 2010) and determine the strength of 

effect of each informative parameter; all other confidence limits are 95%.  Uninformative 

parameters were identified as those whose confidence limits overlapped zero and these 

were excluded from further analyses.  Due to model selection uncertainty among 

temporal models, I performed model averaging on all models that were better than null 

and had weights greater than zero; this was done for Savannah, Baird’s, and Vesper 

sparrows.  To determine stage-specific survival, I calculated survival estimates for the 

incubation and nestling stage separately using a least squares means statement 

(LSMEANS) incorporated in the logistic exposure method.  I compared hatching success 

(i.e. the number of eggs that hatched per nest), productivity (i.e. the mean number of 

young that fledge per nest and per successful nest), clutch size (i.e. the number of eggs 

laid in a single nest attempt), and predation rates of parasitized and unparasitized 

Savannah Sparrow nests using the Student’s t-test (PROC TTEST).  Savannah Sparrow 

(Passerculus sandwichensis) was the only species included in this comparison due to low 

numbers of parasitized nests among the other species.  Nest exposure values are 

presented as a mean ± standard error.  
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2.3. RESULTS 

2.3.1. General Results 

I located 533 nests representing 23 species during the two years of the study.  

Most nests were passerines (n = 332), followed by waterfowl (n = 152), and shorebirds (n 

= 32).  I also found 12 Short-Eared Owl (Asio flammeus) nests, one Northern Harrier 

(Circus cyanus), and one Sora (Porzana carolina) nest.  I focus on the five songbird 

species that comprised approximately 98% of the total number of songbird nests and for 

which at least 20 nests were found (Hensler and Nichols 1981, Martin and Geupel 1993):  

Savannah Sparrow (SAVS, n = 190), Vesper Sparrow (Pooecetes gramineus; VESP, n = 

53), Baird’s Sparrow (Ammodramus bairdii; BAIS, n = 35), Western Meadowlark 

(Sturnella neglecta; WEME, n = 26), and Sprague’s Pipit (Anthus spragueii; SPPI, n = 

21).  Savannah Sparrow was the most common species, accounting for 57% of all 

passerine nests found followed by Vesper Sparrow (16%), Baird’s Sparrow (11%), 

Western Meadowlark (8%), and Sprague’s Pipit (6%).  Only three Chestnut-collared 

Longspur (Calcarius ornatus) and two Horned Lark (Eremophila alpestris) nests were 

found during the study. 

2.3.2. Clutch Initiation & Clutch Size 

Mean clutch initiation dates ranged from 27 May to 11 June for both years for all 

five species (Table 2.1).  Clutch initiation peaked 28 May to 7 June for all five species 

and there was a second smaller peak the last two weeks of June for Savannah and Vesper 

sparrows and Sprague’s Pipit (Fig. 2.1).  Western Meadowlarks initiated nests earliest 

and Baird’s Sparrows initiated nests latest (Table 2.1).  Nests for all five species were 

initiated by the end of July.  Savannah Sparrow, Baird’s Sparrow, and Sprague’s Pipit 
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typically laid four or five egg clutches, while Vesper Sparrow laid mostly three or four 

eggs and Western Meadowlark laid mostly five or six (Table 2.2).  For all focal species, 

except Sprague’s Pipit and Western Meadowlark, the overall trend was a decrease in 

clutch size over the breeding season; however, confidence intervals overlapped zero in 

all cases (estimate ± SE: SAVS -0.038 ± 0.05, BAIS -0.081 ± 0.07, VESP -0.094 ± 0.05).  

Sprague’s Pipit and Western Meadowlark clutch sizes remained relatively constant over 

the breeding season (estimate ± SE: SPPI 0.005 ± 0.09, WEME -0.047 ± 0.10). 

2.3.3. Nest Success and Productivity 

For all five species, hatching success ranged between 60 and 68%, and of the 

eggs incubated full term, 79 to 95% hatched (Table 2.3).  Mean number of host young 

fledged per nest ranged from 0.8 for Vesper Sparrow to 1.9 for Sprague’s Pipit, while 

mean number of host young fledged per successful nest varied from 2.9 for Vesper 

Sparrow to 4.6 for Western Meadowlark (Table 2.3). Predation accounted for 75% of 

unsuccessful nests (Table 2.3).   

 Nest survival of all species, except Western Meadowlark and Sprague’s Pipit, 

was best explained by temporal models.  For all five species, there was no support for 

models containing the interactive effect of nest age and year or date within the breeding 

season and year.  Nest survival did not differ between years for any of the five focal 

species and there was no effect of date on nest survival as confidence limits overlapped 

zero in all cases.  Cubic effect of age was the top model explaining nest survival of 

Savannah and Vesper sparrows and quadratic effect of age was the top model explaining 

Baird’s Sparrow nest survival (Table 2.4, Fig. 2.2); but model selection uncertainty was 

high.  Daily survival rates were higher during incubation than the nestling period for the 
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three sparrow species (Table 2.5).  Based on model averaging, the most important 

parameter influencing the nest survival of Savannah and Vesper sparrows was cubic age 

(Table 2.6).  Linear age was the top model for Baird’s Sparrow; however confidence 

limits overlapped zero (Table 2.6).  The null model was the top model for Sprague’s Pipit 

and Western Meadowlark, indicating that survival was constant throughout the nesting 

period (Table 2.4).   

No effect of weather was found for nest survival of Vesper Sparrow, Western 

Meadowlark, or Sprague’s Pipit (Table 2.7 and 2.8).  Although temperature was included 

in the top model for Vesper Sparrow and precipitation was the top model for Sprague’s 

Pipit (Table 2.7), the confidence limits overlapped zero in both cases (Table 2.8).  The 

interactive effect of temperature and precipitation was included in the top model for 

Savannah Sparrow nest survival (Table 2.7); however the effect was weak (Table 2.8).  

Savannah Sparrow nest survival decreased as the amount of adverse (i.e. cold, wet) 

weather increased.  I found a weak quadratic effect of temperature on Baird’s Sparrow 

nest survival and the model combining quadratic age and quadratic temperature had the 

most support (Table 2.7 and 2.8).   

Nest exposure was lowest for Western Meadowlark (0.69 ± 0.15 (upper and lower 

confidence limits: 0.40, 0.98)) and Sprague’s Pipit (1.06 ± 0.15 (0.77, 1.35)) and highest 

for Vesper Sparrow (2.58 ± 0.25 (2.09, 3.07)); Savannah (1.82 ± 0.12 (1.58, 2.06)) and 

Baird’s (1.38 ± 0.21 (0.97, 1.79)) sparrows had intermediate mean nest exposure values.  

Savannah Sparrow nest survival (estimate ± SE: -0.13 ± 0.07) decreased with increased 

nest exposure; however the confidence limits overlapped zero (Fig. 2.3). Nest survival of 

Vesper Sparrow (0.09 ± 0.11), Baird’s Sparrow (0.34 ± 0.25), Western Meadowlark 
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(0.22 ± 0.39), and Sprague’s Pipit (-0.59 ± 0.66) did not vary with nest exposure; 

confidence limits overlapped zero and were too wide to provide any meaningful 

inference.  

2.3.4. Cowbird Parasitism 

Savannah Sparrow was the primary host for Brown-headed Cowbirds with 

approximately 11% of nests parasitized (Table 2.9).  Savannah Sparrow was the only 

species to fledge cowbird young; approximately 21% of the cowbird eggs laid in 

Savannah Sparrow nests ultimately fledged young (Table 2.9).  Forty percent of 

parasitized Savannah Sparrow nests and all parasitized Vesper Sparrow nests contained 

more than one cowbird egg (Table 2.9).  Savannah Sparrow hatching success, 

productivity, and clutch size were significantly lower for parasitized nests than non-

parasitized ones (Table 2.10).  Hatching success, productivity, and clutch size were not 

significantly different between nests with one cowbird egg or young and those with more 

than one (Table 2.11).  The number of host young fledged from successful unparasitized 

Savannah Sparrow nests was approximately twice that of successful parasitized nests 

(Table 2.10).  Predation rates did not differ between parasitized and non-parasitized nests 

among Savannah Sparrow or for all passerine species combined. 

2.4. DISCUSSION 

2.4.1. Clutch Initiation & Clutch Size 

Clutch initiation showed two peaks during the breeding season for Savannah 

Sparrow, Vesper Sparrow, and Sprague’s Pipit, but only one for Baird’s Sparrow and 

Western Meadowlark.  The initial peak in clutch initiation is likely due to simultaneous 

arrival on the breeding grounds by large numbers of birds, followed by establishment of 
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territories and commencement of egg-laying.  Arrival date has a strong influence on 

laying date, with earlier arriving birds initiating clutches sooner (Cristol 1995, Davis 

2003).  In general, mean clutch initiation dates corresponded with typical arrival times 

for the five focal species.  

The synchronicity in egg-laying resulting in the second peak of clutch initiation 

may be the result of simultaneous nest failure due to adverse weather and subsequent re-

nesting.  Incubating birds must simultaneously maximize time spent foraging while 

minimizing time away from the nest and subsequent egg cooling or warming.  Ambient 

temperature is an important influence on incubation behaviour (Conway and Martin 

2000a).  An optimal temperature range exists whereby a balance in this trade-off can be 

reached; temperatures outside of this range (i.e. higher or lower) substantially increase 

the energetic costs of incubation to the incubating parent (Conway and Martin 2000b).  

Nest abandonment may occur if temperatures fall outside of those at which the 

incubating bird is able to balance their energy needs with the thermal requirements of the 

eggs (Ancel et al. 1998).  This is particularly relevant for species in which only the 

female incubates and there is little to no feeding of incubating females by the male 

(Williams and Dwinnel 1990).  In June of both years at ACHDA, a period typically 

characterized by decreased temperatures and increased precipitation (Environment 

Canada), widespread nest failure (e.g. flooding, nest abandonment) occurred.  The 

second peak of clutch initiation occurred in the end of June, two weeks following the 

period of adverse weather.   Since re-nesting intervals for grassland songbirds fall within 

this range (Sutter et al. 1996, Davis and Sealy 1998, Perlut et al. 2006, Davis 2009), it is 

likely that the synchronicity associated with the second peak of clutch initiation was due 

to re-nesting after widespread nest failure due to adverse weather conditions.  
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For all species, clutch sizes fell within the range of previously reported values 

(Wray et al. 1982, George et al. 1992, Davis 2003, Jones et al. 2010).  Despite lacking a 

strong effect, I found a trend for clutch size decreasing over the breeding season for all 

species, except Sprague’s Pipit and Western Meadowlark.  A decrease in clutch size over 

the breeding season has been reported in many avian taxa (Lack 1947, Murphy 1986, 

Perrins and McCleery 1989, Rowe et al. 1994), including grassland songbirds (Winter 

1999, Davis 2003, Jones et al. 2010).  Larger clutch sizes earlier in the breeding season 

may be due to decreased metabolic resources later in the season resulting from re-nesting 

and double brooding (Slagsvold 1982, Wray et al. 1982), increased mortality of adults 

investing heavily in clutches late in the season (Murphy 1986), decreased fledgling 

survival (Daan et al. 1988), or reduced food availability later in the season (Perrins and 

McCleery 1989).  However,  Bedard and LaPointe (1985) found that second broods of 

Savannah Sparrows were significantly smaller than first ones even though clutches 

initiated later in the breeding season experienced warmer temperatures and increased 

food abundance compared with earlier clutches.  Smaller clutches in second broods 

indicates a trade-off for females in terms of the cost of maximizing reproductive output 

in the current breeding season without jeopardizing future reproductive attempts or the 

female’s survival (Bryant 1979).  Similar explanations for decreasing clutch size over the 

breeding season may also explain the lack of variation in clutch size over the breeding 

season.  That is, clutch size may not decrease over the breeding season if birds are able to 

adjust clutch size based on within-season conditions, such as abundant food resources 

and favourable weather (Bedard and LaPointe 1985, Winkler and Allen 1996).  

Predation risk may also be an important determinant of clutch size, such that 

optimal clutch size decreases with increased predation risk to either the parents or 
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nestlings (Lima 1987).  For clutch size to vary with predation risk, birds must be able to 

perceive that predation risk has changed and then respond accordingly.  Although few 

studies have examined this, evidence of such plasticity has been reported for Siberian 

Jays (Eggers et al. 2006) and Collared Flycatchers (Doligez and Clobert 2003).  If the 

risk of nest predation increased over the course of the breeding season, clutch size at 

ACHDA may have decreased as a result.  Indeed, the nest survival of all five songbird 

species at ACHDA decreased from the beginning of May to the end of June, suggesting 

that nest predation increased during this period.  Predation risk may increase through the 

breeding season as the number of predator offspring increase and grow.  Parents must 

increase their feeding effort with offspring age (Cezilly et al. 1994), thereby increasing 

the frequency or duration of foraging bouts.  Once the offspring become independent and 

begin foraging for themselves, the overall number of predators in the area will increase.  

The lack of variation in clutch size over the breeding season in Western 

Meadowlark and Sprague’s Pipit at ACHDA may reflect differential rates of nest 

predation among the five study species resulting from interspecific differences in nest 

concealment and behaviour at the nest (Weidinger 2002).  Both Western Meadowlark 

and Sprague’s Pipit build domed nests (Sutter 1997, Davis and Lanyon 2008), which 

may provide greater concealment from visually searching predators than the open nests 

of sparrows (Davis 2005). Indeed, Western Meadowlark and Sprague’s Pipit had the 

most well concealed nests of the five study species at ACHDA.  Møller (1989) observed 

that corvid predation on partially covered nests was lower than on open nests of  ground 

nesting Emberizidae,  Motacilladae, and Alaudidae in Danish fields and meadows.  In 

addition, several studies have found positive relationships between nest concealment and 

nest survival in grassland songbirds (Wray and Whitmore 1979, Winter et al. 2005, Grant 
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et al. 2006). Therefore, if predation risk is lower for the domed nests of Western 

Meadowlark and Sprague’s Pipit, the pressure to decrease clutch size over the breeding 

season may be reduced for these species.  Western Meadowlark and Sprague’s Pipit nest 

survival was not significantly greater than for any other species over the breeding season 

at ACHDA; future research should investigate the relationship between predation risk 

and nest structure to determine more conclusively the influence of these factors on clutch 

size over the breeding season.  

Although clutch size at ACHDA did not vary over the breeding season for 

Western Meadowlark and Sprague’s Pipit, clutch size was reported to decrease for 

Western Meadowlark in both Saskatchewan (Davis 2003) and Montana (Jones et al. 

2010); Sprague’s Pipit clutch size decreased over the breeding season in Montana and 

peaked mid-season then declined in Saskatchewan.  Geographic variation in clutch size 

trends over the reproductive period may reflect differences between sites in food 

abundance or availability, weather conditions, and the type, diversity, and abundance of 

predators.  It is also possible that the number of Western Meadowlark and Sprague’s 

Pipit nests found in this study was too low to adequately detect accurate clutch size 

trends through time for these species.  

2.4.2. Nest Success and Productivity 

Predation was the primary cause of nest failure (75%) for all species with some 

nests lost to desertion (19%) and other causes (5%), such as inclement weather and cattle 

trampling.  The frequency of nest predation at ACHDA is comparable to previously 

reported rates for grassland songbirds (Ricklefs 1969, Wray et al. 1982, Heske et al. 

2001, Davis 2003, Jones et al. 2010).  Hatching success at ACHDA was higher than that 

reported for native pastures in south-central Saskatchewan (Davis 2003) but lower than 



29 
 

Montana (Jones et al. 2010) for Savannah and Baird’s sparrows, Western Meadowlark, 

and Sprague’s Pipit.  The mean number of young fledged per nest and per successful nest 

of Savannah Sparrow, Baird’s Sparrow, and Sprague’s Pipit was similar at ACHDA to 

previously reported values for these species in other parts of their range (Davis and Sealy 

1998, Davis 2003, Jones et al. 2010).  Mean number of young fledged per nest was 

similar to previously reported values for Western Meadowlark (Davis 2003, Jones et al. 

2010); however, the mean number of young fledged per successful nest was higher at 

ACHDA than values reported from Saskatchewan and Montana.  For Vesper Sparrows, 

the mean number of young fledged per nest and per successful nest at ACHDA was 

similar to values reported for this species on reclaimed surface mines in West Virginia 

(Wray et al. 1982) and native pastures in North Dakota (George et al. 1992).  Hatching 

success of Vesper Sparrows at ACHDA was also similar to values reported in North 

Dakota (George et al. 1992).  Similarities in hatching and fledging success between 

different locations suggests that the locations are similar in terms of habitat quality; 

indeed, all the studies mentioned were conducted on relatively large tracts of native 

grassland or well-maintained planted grasslands.   Hatching and fledging success of a 

particular species may vary geographically due to differences in the abundance, activity, 

or diversity of predators at different locations.  Nest predators respond to habitat 

variation in different ways and at multiple spatial and temporal scales (Rotenberry and 

Wiens 1989, Andren 1992, Dion et al. 2000, Chalfoun et al. 2002, Cain et al. 2003, Klug 

et al. 2009). 

Nest survival peaked during mid incubation, declined after hatching, then 

increased again late in the nestling stage of Savannah and Vesper sparrows; other studies 

have found similar trends (Davis 2005, Grant et al. 2005, Kerns et al. 2010, Grant and 
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Shaffer 2012).  Baird’s Sparrow nest survival was highest at the start of incubation, then 

declined in the early nestling period before increasing just prior to fledging.  Increasing 

nest survival from the end of laying to mid-incubation may be due to reduced nest 

abandonment over this period, since rates of nest desertion (due to predators, brood 

parasites, or other disturbances) are assumed to decline with increased parental 

investment (Clark and Robertson 1981, Ackerman et al. 2003).  Indeed, of the 51 nests 

abandoned at ACHDA, all desertion occurred during laying (14%) and incubation (86%) 

and none occurred during the nestling stage.   

Declining nest survival during incubation may reflect increased nest visits by 

parents from early to late incubation or simply longer exposure to risk (Grant et al. 

2005).  Increased nest visits may increase the likelihood of detection of the nest by 

predators (Conway and Martin 2000a). Parental activity is greater during the nestling 

stage than incubation (Roper and Goldstein 1997), potentially increasing the risk of nest 

predation during this stage (Martin et al. 2000, Muchai and du Plessis 2005).  Higher 

predation rates during the nestling stage than during incubation have been found in 

songbirds nesting in forest (Cox et al. 2012), shrub (Best 1978, Thompson et al. 1999, 

Burhans et al. 2002), and grassland habitats (Pietz and Granfors 2000, Davis et al. 2012).  

In addition to increased parental activity, factors such as movement, noise, and olfactory 

cues from nestlings could attract predators to a nest (Petit et al. 1989, Briskie et al. 1999, 

Stake et al. 2005).  Nests containing nestlings are more profitable for predators than nests 

containing eggs, due to the larger mass of chicks, particularly older nestlings.  However, 

the relevance of these factors to nest predation in a particular area is determined by 

composition of the local predator community (Roper and Goldstein 1997) and how the 
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dominant predators locate nests (Herzog and Burghardt 1974, Eichholz and Koenig 

1992).   

Increasing nest survival from early to late in the nestling stage may be due to a 

number of factors (Grant et al. 2005), such as reduced involuntary movements and 

increased control over begging with nestling age (Dawson and Evans 1957, Dawson and 

Evans 1960), increased thermoregulatory and self-defense capabilities of the young with 

age (Dawson and Evans 1957, Halupka 1998), and increased parental defense 

(Montgomerie and Weatherhead 1988, Tryjanowski and Goławski 2004).  There were no 

effects of nest age on Western Meadowlark or Sprague’s Pipit nest survival.   Davis 

(2005) found  that Sprague’s Pipit nest survival decreased with nest age (a linear effect of 

age) and that Western Meadowlark nest survival increased through laying and 

incubation, dropped after hatching and then increased with nestling age (a cubic effect of 

age).  Linear age was the second-ranked model for both Sprague’s Pipit and Western 

Meadowlark nest survival in this study; however, the relatively small number of nests 

may have precluded me from detecting strong age-effects.   

Nest concealment influenced nest survival of only Savannah Sparrow with 

survival increasing with more concealed nests.  Nest concealment has an important 

influence on nest predation (Martin 1993b); however, nest success is not always 

correlated with concealment due to variation in the type or diversity of predators (Dion et 

al. 2000) or compensatory behaviours by the parent bird (Remes 2005).  The lack of 

relationship between nest survival and concealment in Vesper Sparrow, Baird’s Sparrow, 

Western Meadowlark, and Sprague’s Pipit is likely due to small sample size. That is, the 

majority (~ 90%) of nests found at ACHDA had high amounts of concealment (< 50% 
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exposure), resulting in a high degree of variance for poorly concealed nests (≥ 50% 

exposure) and an overall inability to provide meaningful inference for some species.  

Savannah and Baird’s sparrows were the only species whose nests survival was 

influenced by weather. Savannah Sparrow nest survival decreased with cold, wet 

weather. Inclement weather can reduce nest survival by flooding nests, increasing rates 

of nest abandonment, or chilling eggs and nestlings (Jehl and Hussell 1966).  Baird’s 

Sparrow nest survival was high at low (~ 4°C) temperatures,  decreased  as temperatures 

increased to intermediate levels (~15 °C), then increased as temperatures increased (up to 

approximately 25 °C).  Increased nest survival at high and low temperatures and reduced 

nest survival at intermediate temperatures may be because the incubating bird is more 

likely to be on the nest during temperature extremes, but leaves the nest more frequently 

or for longer period during intermediate temperatures, thereby increasing the risk of nest 

predation during intermediate temperatures.  Davis and Holmes (2012) observed that 

female Sprague’s Pipits took longer incubation bouts and left the nest less frequently 

during the early morning and evening than during the late morning and afternoon; similar 

trends in incubation attentiveness were reported for Chestnut-collared Longspur 

(Kirkham and Davis 2013).  Temperatures during early morning and evening are 

typically cooler than midday; therefore, reduced nest attentiveness during these periods 

would result in greater rates of egg cooling.  Like egg cooling, overheating  is potentially 

lethal for developing embryos (Webb 1987) and increased rates of nests attentiveness 

have been reported during periods of high heat or intense solar radiation for Mountain 

White-crowned Sparrow (Zerba and Morton 1983) and Chestnut-collared Longspurs 

(Kirkham and Davis 2013).  Nest defense reduces rates of nest predation (Greig-Smith 

1980, Knight and Temple 1986, Komdeur and Kats 1999, Duncan Rastogi et al. 2006); 
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consequently, periods of increased nest attentiveness likely correspond with decreased 

predation risk due to potential defensive behaviour of the attending bird. 

2.4.3. Cowbird Parasitism 

All species were parasitized by Brown-headed Cowbirds except Sprague’s Pipit.  

Savannah Sparrow nests were parasitized at least twice as frequently as the other host 

species.  The lack of cowbird parasitism of Sprague’s Pipit nests in this study 

corresponds with low levels of parasitism found by others (Davis and Sealy 2000, Davis 

2003, Jones et al. 2010).  The greater frequency of parasitism in Savannah Sparrow nests 

may be due to the abundance of this species in the study area, relative to the other 

species; more Savannah Sparrow nests were found than nests of the four other species 

combined.  Davis and Sealy (2000) found that the most abundant host species were also 

the most frequently parasitized on two of three study sites in south-western Manitoba.  

Previous studies have shown that brood parasitism rates can be influenced by the 

regional abundance of hosts and cowbirds (Hoover and Brittingham 1993, Barber and 

Martin 1997).  Savannah Sparrows could be better quality hosts than the other study 

species, since this was the only species to successfully rear cowbird young, and therefore 

may be preferentially selected by cowbirds.   Savannah Sparrow nests in south-west 

Manitoba fledged proportionally more cowbird young than the other seven species 

examined, suggesting this species was the highest quality host (Davis and Sealy 2000).  

Recent evidence indicates that cowbird parasitism occurs non-randomly for a subset of 

available species (Strausberger and Ashley 2005, Rivers et al. 2010).  It is also possible 

that the high frequency of cowbird parasitism of Savannah Sparrow nests was due to 

minimal rejection of cowbird eggs by this species. That is, Savannah Sparrow at 

ACHDA may have accepted cowbird eggs, which are highly mimetic of the eggs of 
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multiple species of grassland passerines (Klippenstine and Sealy 2010), despite being 

capable of ejection because the cost of ejection is likely greater than acceptance of the 

cowbird egg (Klippenstine and Sealy 2008).  For example, Chestnut-collared Longspurs 

accepted cowbird eggs in southern Saskatchewan, despite having the capability to eject 

them (Davis et al. 2002).  Ejection involves removal of the targeted egg either by 

grasping it on either side and removing it from the nest or by puncturing the egg and 

removing it (Underwood and Sealy 2006).  Potential costs to the host associated with egg 

ejection include misidentification of the cowbird egg and subsequent removal of a host 

egg instead (Davies et al. 1996, Peer et al. 2000) or damage to host eggs during cowbird 

egg removal attempts (Rohwer and Spaw 1988).  In general, differences in parasitism 

frequency between seemingly suitable hosts may be due to differences in host behaviours 

that help cowbirds locate their nests, such as increased activity and male vocalization 

(Banks and Martin 2001), or differences in host behaviour in terms of nest defence or egg 

rejection behaviour (Klippenstine and Sealy 2008).  The frequency of cowbird parasitism 

in Savannah Sparrow nests in this study is similar to rates reported in Montana (Jones et 

al. 2010), but lower than rates reported in Saskatchewan (Davis 2003), Manitoba (Davis 

and Sealy 2000), and North Dakota (Kerns et al. 2010).  The frequency of cowbird young 

fledged from Savannah Sparrow nests was lower than that found in Manitoba (Davis and 

Sealy 2000) but almost twice as high as in Saskatchewan (Davis 2003).  

Brood parasitism is costly to hosts due to reduced reproductive success (Arcese et 

al. 1996, Payne and Payne 1998, Hoover 2003).  Parasitized Savannah Sparrow nests 

experienced significantly reduced clutch size, hatching success, and fledging success.  

The presence of cowbird eggs or nestlings may reduce the hatching success of host eggs 

through reduced incubation efficiency, disruption of host incubation patterns (Hauber 
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2003b), and egg capping (Hauber 2003a).  Female cowbirds typically remove at least one 

host egg before laying one of their own (Sealy 1992).  In contrast, ejection of host eggs 

and young by cowbird chicks is rare (but see Dearborn 1996) and cowbird nestlings may 

actually benefit from the presence of host nestlings (Kilner et al. 2004).  The presence of 

host nestlings, along with the cowbird, presents a stronger stimulus for parental 

provisioning than a cowbird nestling alone (Kilner et al. 2004).  However, cowbird 

parasitism can reduce fledging rates of the host clutch if the cowbird nestling out-

competes its host nest mates for food (Dearborn 1998).  Cowbirds typically have a 

shorter incubation period than their hosts (Briskie and Sealy 1990); thus earlier hatching 

cowbird chicks have a competitive advantage over host young.  Cowbird parasitism cost 

Savannah Sparrows 1.7 young per successful nest.  Similar estimates of the cost of 

cowbird parasitism have been reported for Savannah Sparrow in Manitoba (Davis 1994, 

Davis and Sealy 2000).  Predation rates were similar for parasitized and non-parasitized 

nests, indicating that the presence of cowbird young did not substantially increase 

predation risk (Dearborn 1999) and any decrease in host productivity was due to cowbird 

parasitism.  Although pitfalls exist when comparing nest success between parasitized and 

non-parasitized nests (Zanette et al. 2007), such comparisons provide valuable 

information about the costs to hosts associated with cowbird parasitism during the 

nesting stage and represent the minimum of the potential costs to host reproduction 

associated with cowbird parasitism (see Rasmussen and Sealy 2006). 

2.5. CONCLUSION 

Understanding the breeding ecology of grassland birds is crucial for identifying 

the mechanisms underlying their widespread population declines (Houston and Schmutz 

1999, Brennan and Kuvlesky 2005).  Studies on the same species at multiple locations 
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are necessary to determine how widespread particular patterns are, as well as to 

demonstrate the degree of spatial variation that may exist at the individual, local, or 

regional level.  For example, the composition of the grassland bird community is strongly 

linked to local vegetative structure and composition (Fisher and Davis 2010); 

consequently, differences in the vegetation community between sites results in different 

bird communities at these locations (Wilson and Belcher 1989, Sutter and Brigham 1998, 

Prescott and Murphy 1999, Hickman et al. 2006).  Therefore, to understand how a 

particular population changes through time, demographic parameters should be measured 

and compared across multiple locations within a species geographic range, since results 

from one area may not be applicable to others (Johnson and Igl 2001, Winter et al. 2005). 

Nest predation was the most important factor influencing the reproductive success 

of grassland songbirds in south-east Alberta.  High rates of nest predation are common in 

other studies of grassland songbirds at other locations (Davis 2005, Winter et al. 2005).  

Brood parasitism was also an important factor influencing reproductive success; 

however, the effects varied with species and parasitism rates varied with those found in 

other locations, suggesting that the impact of brood parasitism on host reproductive 

success varies geographically within a species range.  Furthermore, to fully understand 

the effects of predation and brood parasitism on reproductive success additional 

demographic parameters need to be addressed, such as fledgling survival and the 

tendency of a species to re-nest and raise multiple broods.  Quantification of fledgling 

survival is needed to provide insight into the effect of nest predation and brood 

parasitism on the seasonal fecundity of host females, since some species are multi-

brooded and failure of one nest in a season might not affect annual reproductive success 

(Smith et al. 2002).  Few studies have investigated fledgling survival in grassland 
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songbirds and the current data are for a limited number of species (e.g. Yackel Adams et 

al. 2001, Kershner et al. 2004, Yackel Adams et al. 2006, Berkeley et al. 2007, Davis and 

Fisher 2009, Fisher and Davis 2011).  Therefore further studies on the post-fledging 

survival of grassland songbirds, as well as other aspects of their breeding biology, are 

necessary to gain a better understanding of the factors influencing the population 

dynamics of these species.  
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Table 2.1. Mean, median, and earliest clutch initiation dates of five species of grassland 

songbirds in south-east Alberta, 2010-2011. 

       Mean Clutch Initiation Date 

Species 
Median 

Date 

Earliest 

Date 

Latest  

Date 
2010 2011 

Both 

Years 

Savannah Sparrow Jun-03 May-08 Jul-17 Jun-05 Jun-07 Jun-06 

Vesper Sparrow Jun-01 May-16 Jul-12 Jun-07 Jun-03 Jun-05 

Baird's Sparrow Jun-07 May-19 Jul-10 Jun-13 Jun-09 Jun-11 

Western 

Meadowlark 
May-25 May-18 Jun-21 May-25 May-29 May-27 

Sprague's Pipit May-27 May-05 Jun-26 May-30 Jun-04 May-31 
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Figure 2.1. Percent nests initiated over the breeding season for Savannah Sparrow 

(SAVS), Vesper Sparrow (VESP), Baird’s Sparrow (BAIS), Western Meadowlark 

(WEME), and Sprague’s Pipit (SPPI) in south-east Alberta, 2010-2011. The breeding 

season was divided into weeks based on the following intervals: week 1 = May 1-7, week 

2 = May 8-14, week 3 = May 15-21, week 4 = May 22-28, week 5 = May 29 – June 4, 

week 6 = June 5-11, week 7 = June 12-18, week 8 = June 19-25, week 9 = June 26 – July 

2, week 10 = July 3-9, week 11 = July 10-16, and week 12 = July 17-23. 
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Table 2.2. Clutch sizes of five grassland songbird species nesting in south-eastern 

Alberta, 2010-2011. Number of nests of each species (n) is indicated after species name. 

  Clutch Size (%) 

Species 2 3 4 5 6 7 
Mean ± 

SE 

Savannah Sparrow  

(n = 166)  
0 14 (8.43) 49 (29.5) 95 (57.2) 8 (4.8) 0 4.6 ± 01 

Vesper Sparrow  

(n = 50) 
1 (2.0) 11 (22.0) 33 (66.0) 5 (10.0) 0 0 3.8 ± 0.1 

Baird's Sparrow  

(n = 33) 
0 4 (12.1) 12 (36.4) 16 (48.5) 1 (3.0) 0 4.4 ± 0.1 

Western Meadowlark 

 (n = 25) 
0 1 (4.0) 3 (12.0) 7 (28.0) 13 (52.0) 1 (4.0) 5.4 ± 0.2 

Sprague's Pipit  

(n = 21) 
0 0 8 (38.1) 11 (52.4) 2 (9.5) 0 4.7 ± 0.1 
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Table 2.3. Apparent nest success, hatching success, and productivity of five grassland songbirds in southeast Alberta, 2010 - 2011. Samples 

represent nests with known outcomes for each species. Failed nests represent nests that were unsuccessful due to reasons other than predation and 

desertion. Number of nests of each species (n) is indicated after species name; the total number of eggs that hatched (n) and the number of eggs 

incubated full term (n) are also provided. 

Species 

Savannah 

Sparrow       

(n= 189) 

Vesper 

Sparrow 

(n= 52 ) 

Baird's 

Sparrow 

(n= 35 ) 

Western 

Meadowlark          

(n= 26 ) 

Sprague's 

Pipit        

(n= 21) 

% nests successful
1
  39.2 28.9 31.4 34.6 52.4 

% nests depredated 47.1 53.9 51.4 46.2 28.6 

% nests deserted 9.5 15.4 11.4 19.2 19.1 

% nests failed 4.2 1.9 5.7 0 0 

% eggs hatched (n) 68.0 (550) 68.3 (136) 68.2 (103) 59.7 (83) 60.6 (60) 

% eggs incubated full term that 

hatched (n) 79.2 (641) 90.1 (151) 89.6 (115) 95.4 (87) 92.3 (65) 

Host young fledged/nest 1.3 ± 0.14 

0.83 ± 

0.18 1.1 ± 0.30 1.8 ± 0.47 1.9 ± 0.44 

Host young fledged/successful 

nest  3.4 ± 0.17 2.9 ± 0.27 3.6 ± 0.24 4.6 ± 0.24 3.6 ± 0.34 
1fledged at least one host young
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Table 2.4. Model selection results for logistic exposure models of daily survival rate 

(DSR) on nest age and date for five grassland songbird species in south-east Alberta, 

2010-2011. Log (L) is the value of the maximized log-likelihood function, K is the 

number of parameters in the model, AICc is Akaike’s Information Criteria adjusted for 

small sample size, ΔAICc is the scaled value of AICc, and wi is the Akaike weight. AGE 

is linear effect of age, AGE
2
 is the quadratic effect of age, AGE

3
 is the cubic effect of 

age, DATE is linear date, DATE
2
 is the quadratic effect of date, and NULL is constant 

survival regardless of age or date. Higher order terms include all lower order terms (e.g. 

AGE3 includes AGE2 and AGE). Only models that are within 3 ΔAIC of the best model are 

presented. 

Model Log (L) K AICc ΔAICc wi 

Savannah Sparrow 

AGE3 -247.0 4 502.1 0.0 0.57 

AGE3 + DATE -246.7 5 503.5 1.4 0.29 

AGE3 + DATE2 -246.4 6 504.9 2.8 0.14 

NULL -263.3 1 528.5 26.4 0.00 

Vesper Sparrow 

AGE3 -64.7 4 137.4 0.0 0.31 

AGE3 + DATE -64.1 5 138.3 0.9 0.20 

AGE2 -66.7 3 139.5 2.1 0.11 

AGE3 + DATE2 -63.9 6 140.1 2.7 0.08 

AGE2 + DATE -66.0 4 140.1 2.7 0.08 

AGE + DATE -67.1 3 140.2 2.8 0.08 

NULL -77.8 1 157.6 23.4 0.00 

Baird's Sparrow 

AGE2 -44.3 3 94.8 0.0 0.25 

AGE3 -43.6 4 95.3 0.5 0.19 

AGE2 + DATE -44.0 4 96.1 1.3 0.13 

AGE -46.3 2 96.6 1.9 0.10 

AGE3 + DATE -43.3 5 96.8 2.1 0.09 

AGE + DATE -45.4 3 96.9 2.1 0.09 

NULL -48.7 1 99.5 4.7 0.02 

Western Meadowlark 

Null -35.7 1 73.5 0.0 0.32 

AGE -35.7 2 75.4 1.9 0.19 

DATE2 -35.0 3 75.9 2.6 0.12 

Sprague's Pipit 

Null -21.7 1 45.5 0.0 0.41 

AGE -21.5 2 47.0 1.5 0.19 
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Figure 2.2. Daily survival rate of Savannah Sparrow (SAVS), Vesper Sparrow (VESP), 

and Baird’s Sparrow (BAIS) nests in relation to nest age (days) in south-east Alberta, 

2010-2011. Dashed lines indicate unconditional 95% confidence intervals for the logistic 

exposure model. Day 1 is the first day of incubation. 
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Table 2.5. Daily survival rate (DSR), with upper (UCL) and lower (LCL) 95% confidence limits, during incubation and the nestling 

stage for five species of grassland songbirds in south-east Alberta, 2010-2011. Total number of nests for each species (n) is indicated 

after species name. 

Species 

Incubation 

Period  

(days) 

Nestling 

Period 

(days) 

Incubation 

DSR 

95% 

Confidence 

Limits        

(LCL, UCL) 

Nestling     

DSR 

95% 

Confidence 

Limits        

(LCL, UCL) 

Savannah Sparrow (n = 190) 10 9 0.971 0.954, 0.982 0.948 0.934, 0.959 

Vesper Sparrow (n = 53) 12 11 0.996 0.971, 0.999 0.925 0.891, 0.949 

Baird's Sparrow (n = 35) 11.5 9 0.981 0.944, 0.994 0.933 0.889, 0.961 

Western Meadowlark (n = 26) 14 11 0.957 0.915, 0.978 0.953 0.916, 0.974 

Sprague's Pipit (n = 21) 13 11 0.978 0.943, 0.992 0.982 0.953, 0.993 
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Table 2.6. Model averaged estimates for temporal models of Savannah Sparrow, Vesper 

Sparrow, and Baird's Sparrow in south-east Alberta, 2010-2011. 

Parameter Estimate 

Standard 

Error 

Lower 85% 

CI 

Upper 85% 

CI 

Savannah Sparrow 

Intercept  -2.7685 6.9134 -12.7238 7.1868 

AGE 1.8641 1.9093  -0.8854 4.6136 

AGE
2
  -0.1196 0.1245  -0.2989 0.0597 

AGE
3
 0.0023 0.0005 0.0015 0.0030 

DATE  -0.0215 0.0355  -0.0726 0.0297 

DATE
2
 0.0001 0.0003  -0.0003 0.0004 

Vesper Sparrow 

Intercept  -2.0255 11.5518 -18.6600 14.6091 

AGE 1.4356 2.1341 -1.6376 4.5087 

AGE
2
 -0.0753 0.1115 -0.2358 0.0852 

AGE
3
 0.0017 0.0008 0.0005 0.0028 

DATE 0.0558 0.1720 -0.1918 0.3035 

DATE
2
 -0.0001 0.0216 -0.0312 0.0310 

Baird's Sparrow 

Intercept  6.6092 11.8077 -10.3939 23.6123 

AGE 0.0205 0.9041 -1.2814 1.3224 

AGE
2
 -0.0636 0.1104 -0.2225 0.0953 

AGE
3
 0.0014 0.0010 -0.0001 0.0029 

DATE 0.0154 0.0174 -0.0097 0.0405 

 

 

 

 

 

 



54 
 

Table 2.7. Model selection results for the logistic exposure models of daily survival rate 

(DSR) as a function of weather for five species of grassland songbirds in south-east 

Alberta, 2010-2011. Models represent top age and weather models for each species as 

well as a global model combining the two and a null model. For species with no apparent 

age effects, the top three weather models are presented. TEMP is linear effect of 

temperature, TEMP
2
 is the quadratic effect of temperature, and PPT is precipitation. 

Only species that had environmental or temporal models better than null are included. 

Model Log (L) K AICc ΔAICc wi 

Savannah Sparrow 

AGE
3 
+ TEMP x PPT -245.5 5 501.1 0.0 0.55 

AGE
3
 -247.0 4 502.1 1.0 0.33 

AGE
3 
+ TEMP

2
 + PPT -245.1 7 504.2 3.1 0.12 

NULL -263.3 1 528.5 27.4 0 

Vesper Sparrow 

AGE
3 
+ TEMP -63.6 5 137.5 0.0 0.55 

AGE
3
 -64.8 4 137.7 0.4 0.45 

AGE
3
+TEMP x PPT -64.4 5 139.0 1.6 0.2 

NULL -77.8 1 157.6 20.3 0 

Baird's Sparrow 

AGE
2
 + TEMP

2
 -40.7 5 91.6 0.0 0.73 

AGE
2
 -44.3 3 94.8 3.2 0.15 

TEMP
2
 -45.2 3 96.4 4.8 0.07 

NULL -48.7 1 99.5 7.9 0.01 

Sprague's Pipit 

PPT -20.6 2 45.2 0.0 0.25 

TEMP x PPT -20.7 3 45.4 0.2 0.23 

NULL -21.7 2 45.5 0.2 0.22 
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Table 2.8. Parameter estimates for the best logistic exposure model (for DSR) combining 

weather and age effects for five species of grassland songbirds in south-east Alberta, 

2010-2011. Only species that had environmental or temporal models better than null are 

included. 

Parameter Estimate 
Standard 

Error 

Lower 

85% CI 

Upper 

85% CI 

Savannah Sparrow 

Intercept -4.919 2.067 -7.896 -1.942 

TEMP*PPT -0.003 0.002 -0.006 -0.007 

AGE 1.928 0.425 1.316 2.32 

AGE
2
 -0.123 0.026 -0.16 -0.204 

AGE
3
 0.002 0.001 0.002 0.003 

Vesper Sparrow 

Intercept -6.145 8.016 -17.688 0.003 

AGE 2.28 1.42 0.24 0.003 

AGE
2
 -0.153 0.078 -0.265 -0.145 

AGE
3
 0.003 0.001 0.001 1.765 

TEMP 0.132 0.086 0.008 -0.304 

Baird's Sparrow 

Intercept 25.072 10.727 9.625 40.519 

AGE -0.532 0.359 -1.049 -5.014 

AGE
2
 0.01 0.008 -0.002 0.079 

TEMP -2.262 1.335 -4.185 -1.152 

TEMP
2
 0.08 0.044 0.017 0.022 

Sprague's Pipit 

Intercept 3.363 0.533 2.595 4.13 

PPT 0.266 0.241 -0.081 0.613 
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Figure 2.3. Savannah Sparrow nest survival as a function of nest concealment in south-

east Alberta, 2010-2011. Nest visibility increases from 0 (nest not visible) – 8 (nest 

completely concealed). 
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Table 2.9. Frequency and intensity of cowbird parasitism and cowbird reproductive 

success in nests of five grassland songbird host species in south-east Alberta, 2010-2011. 

Total number of nests parasitized (N) and multiply parasitized (n) is indicated for each 

species. 

Species 

% nests 

parasitized 

(N) 

% multiple 

parasitism 

(n) 

Mean  (± 

SE) cowbird 

eggs laid 

% 

cowbirds 

fledged 

(cowbird 

eggs) 

Mean (± SE) 

cowbirds 

fledged / 

parasitized 

nest 

Mean (± SE) 

cowbirds 

fledged/ 

successful 

parasitized 

nest1 

Savannah 

Sparrow 
10.5 (190) 40.0 (8) 1.7 ± 0.1 21.2 (33) 0.35 ± 0.1 0.88 ± 0.2 

Vesper Sparrow 1.9 (53) 100.0 (1) 2 0 (2) 0 0 

Baird's Sparrow 5.7 (35) 0 (2) 1.0 ± 0.2 0 (2) 0 0 

Western 

Meadowlark 
3.8 (26) 0 (1) 1 0 (1) 0 0 

Sprague's Pipit 0 (21) 0 0 0 0 0 

1fledged at least one host or cowbird young 
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Table 2.10. Clutch size, hatching success, and productivity of parasitized (Par) and unparasitized (Non-Par) Savannah Sparrow nests in 

south-east Alberta, 2010-2011. Values given as mean ± SE, with 95% confidence intervals below. 

Clutch Size Host eggs hatched 
Host eggs incubated full term 

that hatched 
Host young fledged/nest 

Host young 

fledged/successful nest 

Par Non-Par Par Non-Par Par Non-Par Par Non-Par Par Non-Par 

3.0 ± 0.29 4.5 ± 0.07 1.6 ±  0.29 3.1 ±  0.15 2.3 ± 0.35 3.5 ± 0.15 0.7 ± 0.23 1.4 ± 0.15 1.9 ± 0.34 3.6 ± 0.17 

(2.39, 3.61) (4.37, 4.63) (0.93, 2.17) (2.76, 3.34) (1.51, 2.99) (3.22, 3.83) (0.16, 1.13) (1.12, 1.72) (1.03, 2.69) (3.25, 3.94) 
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Table 2.11. Clutch size, hatching success, and productivity of parasitized (Par; 1 cowbird 

egg) and multiple parasitized (MPar; > 1 cowbird egg) Savannah Sparrow nests in south-

east Alberta, 2010-2011. Values are given as mean ± SE, with 95% confidence limits 

below. 

Host eggs hatched 
Host eggs incubated full term 

that hatched 
Host young fledged/nest 

Par MPar Par MPar Par MPar 

1.4 ± 0.5 1.6 ± 0.4 2.4 ± 0.6 2.1 ± 0.4 0.6 ± 0.3 0.7 ± 0.4 

(0.3, 2.5) (0.8, 2.6) (1.1, 3.1) (1.1, 3.6) (-0.05, 1.3) (-0.2, 1.5) 
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3. THE EFFECTS OF OIL AND NATURAL GAS DEVELOPMENT ON THE 

DENSITY AND REPRODUCTIVE SUCCESS OF GRASSLAND SONGBIRDS 

3.1. INTRODUCTION 

Human activities have commonly led to alterations in natural landscapes world-wide 

(Steadman and Kirch 1990, Vitousek et al. 1997, Geist and Lambin 2002).  As the global 

human population continues to grow, increased resource exploitation will increase the 

pressure on already-strained natural systems, likely resulting in more habitat destruction 

and loss of species (Tilman et al. 2001, Pauly et al. 2002).  Within North America, native 

grasslands are the most drastically altered biome, experiencing continent-wide loss and 

degradation since the arrival of European settlers due to agriculture, fire control, poor 

grazing management, and industrial and urban development (Samson and Knopf 1994).  

It is estimated that < 25% of original native grassland remains in Canada, with the largest 

contiguous tracts occurring in southern Alberta (Gauthier and Wiken 2003).  The 

widespread habitat loss and degradation of native grasslands has likely been a major 

contributor to population declines in grassland dependent species (Herkert 1995, Houston 

and Schmutz 1999, Brennan and Kuvlesky 2005).   

Native grasslands provide important breeding habitat for many grassland species; 

however, the quantity and quality of remaining native grassland may be threatened by 

energy development.  Within Alberta, approximately 43% of native grasslands remain 

relatively intact; however, only about 1% of this is managed for conservation purposes 

(Gauthier and Wiken 2003).  From 2000-2009, the number of oil and gas wells in Alberta 

more than doubled (CAODC 2010) and there is continued economic incentive to increase 

the number of wells.  Wells are typically accompanied by compressor stations, roads, and 
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other linear features (e.g. pipelines and power lines) leading to invasion of grasslands by 

exotic plant species, which reduces habitat suitability for native species (Davis and 

Duncan 1999, Davis et al. 1999).   

Although natural gas drilling in Alberta has increased over the last decade, little 

research has been undertaken to assess the impacts of energy development on grassland 

ecosystems.  Research to date suggests that development associated with fossil fuel 

exploration and extraction negatively impacts birds in grasslands (Linnen 2008, Dale et 

al. 2009), boreal forests (Habib et al. 2007, Bayne et al. 2008) and sagebrush-steppe 

habitat (Walker et al. 2007, Doherty et al. 2008, Holloran et al. 2010), as well as other 

taxa in a variety of habitats (Klein 1991, Dyer et al. 2001, Ko and Day 2004, Sawyer et 

al. 2006).  For example, oil and gas development negatively affects Greater Sage Grouse 

(Centrocercus urophasianus) reproductive success, abundance, and lek persistence (Lyon 

and Anderson 2003).  Furthermore, a doubling of well density resulted in reduced 

abundance of Sprague’s Pipit (Anthus spragueii) and Baird’s Sparrow (Ammodramus 

bairdii) by 13 and 21%, respectively (Dale et al. 2009).  Potential effects of energy 

development include habitat loss, increased amounts of edge habitat, invasion of exotic 

species, increased or altered predator and brood parasite communities, and anthropogenic 

disturbance to nesting behaviours (Trombulak and Frissell 2000, Lyon and Anderson 

2003, Ingelfinger and Anderson 2004, Askins et al. 2007, Klug et al. 2009).  Variation in 

the type or intensity of these effects may cause grassland birds to avoid areas with oil and 

gas development, resulting in lower bird densities in these areas.  There is considerable 

evidence that habitat selection by grassland songbirds is based on structural 

characteristics of the vegetation (Fisher and Davis 2010). Alterations to the vegetative 
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community have the potential to alter the distribution and breeding success of grassland 

songbirds (Flanders et al. 2006) and subsequently influence their population dynamics. 

Conversion of native prairie to vegetation cover dominated by crested wheatgrass 

(Agropyron cristatum) occurred primarily after the drought of the 1930s as a means to 

reduce soil erosion (Lesica and DeLuca 1996).  Over 1 million ha of land has been 

seeded to crested wheatgrass across Canada (Dormaar et al. 1995).  Early spring growth, 

drought resistance, ease of establishment from seed, and high aboveground yields made 

crested wheatgrass a popular choice for forage production (Dormaar et al. 1995, Lesica 

and DeLuca 1996, Sutter and Brigham 1998) and reclamation on the Canadian prairies 

(Richards et al. 1998). Historically, industrial reclamation practices used primarily exotic 

grasses, such as crested wheatgrass, for re-vegetation purposes because of the 

aforementioned benefits (Richards et al. 1998) while current practices focus on using 

native seed (Alberta Environment 2011).  Yet despite apparent benefits, crested 

wheatgrass over the long-term may have negative impacts on the grassland ecosystem, 

such as reduced diversity of native birds and plants (Sutter and Brigham 1998, Krzic et 

al. 2000), reduced soil quality (Dormaar et al. 1995), and increased soil erosion (Lesica 

and DeLuca 1996). 

Although widely planted, CWG is an aggressive invader of native prairie and often 

out-competes native species, eventually resulting in a virtual monoculture (Christian and 

Wilson 1999), which dominates both the vegetation and the seed-bank at multiple spatial 

scales (Marlette and Anderson 1986, Henderson and Naeth 2005).  This homogenization 

of habitats with CWG may reduce the value of these areas to grassland songbirds (Sutter 

et al. 1995, Davis and Duncan 1999).  Anthropogenic activities may accelerate CWG 
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invasion through the development, maintenance and use of roads, and poor range 

management (DiTomaso 2000, Trombulak and Frissell 2000, Gelbard and Belnap 2003).   

Research into the effects of energy development on avian species abundance has been 

conducted in the boreal forest (Habib et al. 2007, Bayne et al. 2008) and in shrub-steppe 

habitats (Ingelfinger and Anderson 2004), but there are no data regarding the extent to 

which this type of development affects grassland songbird reproductive success.  The 

purpose of the study described in this chapter is to determine the extent to which oil and 

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

assessed how density and reproductive success varies with 1) distance to wells, roads, 

trails, and patches of crested wheatgrass, and 2) the amount of crested wheatgrass (the 

primary invasive plant species in the area). 

3.2. METHODS 

3.2.1. Study Site and Data Collection 

I conducted my study on the Antelope Creek Habitat Development Area 

(ACHDA; 50
o
 33' N 111

o
 53' W) in southeastern Alberta.  The ACHDA is characterized 

by large tracts of native, dry-mixed grass prairie, as well as planted fields, and wetlands.  

The predominant vegetation consists of needle-and-thread (Stipa comata) and blue grama 

grass (Bouteloua gracilis), as well as sage (Artemisia sp.), club moss (Selaginella densa), 

ball cactus (Coryphantha vivipara), prickly-pear cactus (Opuntia polyacantha), and 

various other native forbs.  Crested wheatgrass and sweet clover (Melilotus officinalis) 

radiate out from roads, wells, and other energy development infrastructure, and in some 

areas, completely dominate the plant community.  Much of the crested wheatgrass 
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present at ACHDA was originally planted during past reclamation of decommissioned 

wells, pipelines, and other oil and gas activities causing soil disturbance.  

In 2010, I established 12 plots distributed across all of ACHDA.  Plot locations 

were chosen opportunistically based on the vegetation and the location of energy 

development infrastructure.  Four plots were added in 2011 to increase sample size.  Plot 

size ranged in size from 14 to 21 ha, with an average of 18 ha.  Locations and areas of all 

wells, roads, trails, and patches of crested wheatgrass were determined by ground-

truthing and recorded with global positioning system (GPS) units.  The percent cover of 

all roads, trails, well sites, and patches of crested wheatgrass was calculated in a 

geographic information system (GIS; ArcMap 9.3) and then summed to determine the 

amount of overall disturbance for each plot; plots were set up based on a disturbance 

gradient, which ranged from 0-60% of the plot area.  Each study plot was marked with 

surveyor flags in a 50 m grid to facilitate spot-mapping and nest searching and 

monitoring activities.  Disturbance variables included distance to oil (n = 10) and gas (n 

= 35) wells (grouped as ‘wells’), gravel roads, trails, and crested wheatgrass, as well as 

percent cover of crested wheatgrass. 

3.2.2. Density 

Bird density was quantified by spot-mapping surveys (Svensson 1979), which 

involved walking three transects across each study plot and recording all of the territorial 

males seen or heard within 50 m on either side of the observer.  Each plot was visited six 

times in 2010 and ten times in 2011.  Records of bird locations from each visit were 

plotted on a composite map and polygons were drawn around clusters of three or more 

observations occurring in the same location (Svensson 1979).  The number of polygons 
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was counted for each species on each plot to produce an estimate of territory density.  

The number of Brown-headed Cowbirds (Molothrus ater) observed on each plot was 

recorded during spot-mapping surveys to allow determination of mean cowbird 

abundance.  Spot-mapping surveys were conducted between 0500-0900 MST on clear 

days with wind velocities less than 20 km/h.  Spot-mapping surveys were performed 24 

May – 3 July in 2010 and 23 May – 23 July in 2011.  I also conducted flush-mapping 

(Wiens 1969, Reed 1985) to aid in the interpretation of spot-mapping data.  Flush-

mapping involved repeatedly flushing a singing male and recording its initial position 

and landing position.  I assumed a bird would land within its own territory (Welsh 1975, 

Reed 1985;1986).  This procedure was repeated 12-20 times per individual male.  Flight 

paths were not recorded because birds frequently flew through neighbouring territories.  

Flush-mapping surveys were conducted only with Savannah Sparrow because this 

species was the most abundant on the study site and had the most complicated composite 

maps.   

I quantified vegetation structure using a 50 x 50 cm quadrat placed at a randomly 

selected distance in each of the four cardinal directions from every second grid point on 

each plot.  Percent cover of live native grass, dead native grass, forbs, shrubs, crested 

wheatgrass, lichen and club moss, and bare ground and abiotic material were visually 

estimated to the nearest 5% in each quadrat. I measured mean vegetation height and litter 

depth using a 30 and 15 cm ruler, respectively, and I measured grass volume with a 

Robel pole (Robel et al. 1970).  Litter was defined as unattached, unconsolidated plant 

material (Davis 2005).  I made four robel pole measurements per quadrat (one in each of 

the cardinal directions) and averaged these four values to obtain a single score for each 

quadrat.  Each plot was surveyed once each year, resulting in 945 vegetation surveys in 
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2010 and 1,225 in 2011.  Vegetation surveys were conducted from 6 June – 9 July in 

2010 and 21 June – 9 July in 2011. 

3.2.3. Nest Survival & Reproductive Success 

Nests were located by systematically dragging a weighted 25-m rope across each 

study plot and flushing incubating birds off their nests (Davis 2003).  Nest searches were 

conducted from early May to late July in each year and most nests were located between 

0600-1400 MST.  Nest searching activities were concentrated shortly after sunrise to 

increase the probability of flushing incubating females (Davis and Holmes 2012).  Nests 

were also located fortuitously while conducting other activities.  Each plot was searched 

for nests on five occasions in each summer.  Once a nest was found, the location was 

recorded with a hand-held GPS unit and survey flags were placed 5 m north and south of 

the nest, just above the average height of the vegetation.  The survey flags used to mark 

nests were identical to grid flags to avoid predators using them as cues (Hein and Hein 

1996).  Nest searches were not conducted during cold, wet weather to minimize human-

induced nest failure.  Similarly, care was taken to avoid creating paths that dead-ended at 

a nest and nest checks were completed as quickly as possible to minimize disruption to 

incubation and parental provisioning.  Nests were checked approximately every 3-4 days 

until the nest attempt failed or the chicks fledged.  Eggs were candled (Lokemoen and 

Koford 1996) to determine clutch initiation and hatching dates, which allow a more 

accurate analysis of nest survival (Shaffer 2004).  For this reason, chicks were aged 

based on images of known age young.  A nest attempt was considered successful if at 

least one host young fledged.  Cues such as age of nestlings at last nest visit, presence of 
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droppings and feather scales in the nest, and young observed in the area were used to 

identify successful nests.  

3.2.4. Statistical Analyses 

3.2.4.1. Density  

All analyses were performed using SAS Enterprise Guide 4.3 (SAS Institute, Inc. 

2010).    I used generalized linear mixed models (PROC GLIMMIX) with the number of 

territories as the response variable, a Poisson distribution, and the log of plot area as an 

offset to identify factors influencing territory density.  Explanatory variables included 

vegetation features identified as important predictors of grassland songbird habitat use 

(Fisher and Davis 2010), as well as disturbance features associated with oil and gas 

development.  Vegetation variables were divided into two categories of models based on 

structure: horizontal (percent cover of bare ground, lichen and club moss, forbs, live 

grass, and dead grass) and vertical (mean vegetation height and grass density).  Litter 

depth was included as a separate model.  I used Akaike’s Information Criteria (AIC), 

adjusted for small sample sizes (AICc), to rank models and assess their relative weights 

(Burnham and Anderson 2000).  I considered the model with the lowest AICc value to be 

the best of those considered.  For all species, I evaluated the horizontal and vertical 

model sets separately then combined the top models from each category, along with litter 

depth, to produce the final vegetation model set.  The horizontal and vertical structure 

model sets included a null, a global model, as well as all subsets of the associated 

vegetation variables, resulting in 32 and 4 models, respectively.  Development variables 

(distance to roads, trails, and wells and percent cover of crested wheatgrass) were 

analyzed as a separate model set, which included a null, a global model, and all subsets 

of the development variables, for a total of 16 models. I did not examine territory density 
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as a function of percent overall disturbance because overall disturbance was highly 

correlated (r = 0.99) with percent cover of crested wheatgrass. The top development 

model was combined with the top vegetation model, resulting in the final density model 

set.  Top models were those that had the lowest AICc value of the models considered.  

To determine whether I could combine density data from both years, I included models 

with both the additive and interactive effects of year.  I calculated 85% confidence 

intervals to identify uninformative parameters (Arnold 2010) and assess the strength of 

effect of each informative parameter.  I use 85% confidence limits for model selection 

purposes, all other confidence limits are 95%.  I calculated mean Brown-headed Cowbird 

abundance as a function of proximity to wells, trails, and roads, along with percent cover 

of crested wheatgrass, using general linear models (PROC GLM).  To determine if mean 

abundance of Brown-headed Cowbird (males and females) varied with well presence I 

used general linear models (PROC GLM), with well presence on a plot as a categorical 

variable.   

3.2.4.2. Nest Placement 

I compared the mean distance to disturbance of the nests of each species to 

random locations within each plot using a student’s t-test (PROC TTEST) to determine if 

grassland songbirds avoid locating their nests near energy development infrastructure. To 

create random points, I generated twice the actual number of nests of each species per 

plot on each plot and the distance from each random point to the nearest well, gravel 

road, and trail was calculated in a GIS.  Random points were placed only in suitable 

nesting habitat (i.e. wetlands, road surfaces, etc. were avoided).  I used 95% confidence 

intervals to identify differences between actual nests and random points; results were 

considered non-significant if confidence limits overlapped zero.   



69 
 

 

3.2.4.3. Nest Survival & Reproductive Success 

I calculated the daily survival rate of nests as a function of distance to the various 

disturbance features using the logistic exposure method (Shaffer 2004).  I considered six 

a priori models including a null model (constant survival), distance to wells, roads, and 

crested wheatgrass, and percent cover of crested wheatgrass for each species.  I 

determined whether the relationship between daily survival rate and distance to the 

various disturbance features depended upon the year of the study to evaluate whether I 

could combine two years of nest survival data together; models included both an additive 

and interactive effect of year.  Nest survival data from both years was combined if the 

effect of year on daily survival rate was absent or both years exhibited trends that were 

not significantly different.  Only species that had at least five nests located < 100 m from 

each disturbance feature were included in the survival analysis.  This criterion was based 

on evidence suggesting that most edge effects (e.g. increased predation or brood 

parasitism, decreased nest survival) occur within 100 m of an edge (Johnson and Temple 

1990, Paton 1994, Bollinger and Gavin 2004, Jensen and Finck 2004).  I used 

generalized linear models (PROC GENMOD; Burton 2006, Loyau and Lacroix 2010) 

with a Poisson distribution and a log link function to determine how hatching success 

(i.e., the number of eggs that hatch) and fledging success (i.e., the number of young 

fledged per nest and per successful nest) varied with proximity to gravel roads, trails, 

wells, and patches of crested wheatgrass.  Logistic regression models (PROC 

LOGISTIC; Winter et al. 2000) were used to determine the extent to which brood 

parasitism by Brown-headed Cowbirds (parasitized versus non-parasitized nests) varied 

with distance to wells, roads, and trails, as well as the presence of a well on a study plot.  
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To maximize available sample size, parasitized nests of all songbird species were 

combined for analysis (n = 24).  Unless indicated otherwise, results are presented as 

means ± standard error (SE). Only results where confidence intervals did not overlap or 

include zero are presented or discussed. 

3.3. RESULTS 

3.3.1. General Results 

I found 332 passerine nests over the two years of the study.  However, only 

species for which at least 20 nests were found were included in my analyses (Hensler and 

Nichols 1981, Martin and Geupel 1993).  This resulted in 325 nests of five grassland 

songbird species: Savannah Sparrow (SAVS; Passerculus sandwichensis, n = 190), 

Vesper Sparrow (VESP; Pooecetes gramineus, n = 53), Baird’s Sparrow (BAIS; n = 35), 

Western Meadowlark (WEME; Sternella neglecta, n = 26), and Sprague’s Pipit (SPPI; n 

= 21).  For all species, neither territory density nor nest survival as a function of distance 

to disturbance varied between years; confidence limits overlapped zero in all cases.  

Therefore I combined years for all analyses. 

3.3.2. Density 

The top model explaining variation in Savannah Sparrow density included litter 

depth, percent cover of crested wheatgrass, and distance to roads, wells, and trails (Table 

3.1), but density was most strongly influenced by percent cover of crested wheatgrass 

and distance to wells as 85% CI included zero for the other parameters (Table 3.2). 

Savannah Sparrow density decreased with increased proximity to wells and with 

increased cover of crested wheatgrass (Fig. 3.1).  Baird’s Sparrow density was most 

influenced by grass density (Robel; Table 3.1, 3.2) and decreased as grass density 

increased.  Variation in Vesper Sparrow density was best explained by percent cover of 
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bare ground and distance to gravel roads (Table 3.1).  However, density was influenced 

mostly by the amount of bare ground (Table 3.2) with bird density increasing with 

increased cover of bare ground.  The top model explaining Western Meadowlark density 

included distance to gravel roads (Table 3.1), but confidence limits overlapped zero 

(Table 3.2). Sprague’s Pipit density was best explained by litter depth (Table 3.1, 3.2) 

and decreased with increasing litter depth.  Brown-headed Cowbird mean abundance did 

not vary with proximity to wells, roads, or trails.  Brown-headed Cowbird abundance 

was best explained by the presence of a well on the study plot.  The abundance of 

Brown-headed Cowbirds was almost three times higher on plots containing an oil or gas 

well than on plots where wells were absent (wells present = 2.5 ± 0.3 birds/18 ha; wells 

absent = 0.9 ± 0.3 birds/18 ha).  

3.3.3. Nest Placement and Nest Survival 

Nest placement varied by species and disturbance type.  For all five species, the 

mean distance of nests to gravel roads did not differ significantly from random (Table 

3.3).  Nests of Vesper Sparrow were located closer to trails than expected by chance, 

while mean distance from trails of Savannah Sparrow, Baird’s Sparrow, Western 

Meadowlark, and Sprague’s Pipit was not significantly different from random. Nests of 

all species Pipit, were located significantly closer to wells than expected based on 

random chance (Table 3.3).  Nests of all five study species were located within patches 

of crested wheatgrass.   

The effects of proximity to wells, roads, trails, and patches of crested wheatgrass 

on nest survival was very weak for all species and confidence limits overlapped zero in 

all cases (Table 3.4).  Nest survival did not vary with percent cover of crested wheatgrass 

for any of the study species, except Sprague’s Pipit (Table 3.4).  Sprague’s Pipit daily 
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survival rate decreased with increased percent cover of crested wheatgrass (Table 3.4, 

Fig. 3.2). 

3.3.4. Hatching Success 

          The number of eggs that hatched per nest did not vary with proximity to gravel 

roads or crested wheatgrass for any of the five study species (Table 3.5).  The number of 

eggs that hatched from all Baird’s Sparrow nests combined increased with distance to 

both trails (Fig. 3.3) and wells (Fig. 3.4).  The number of eggs that hatched per nest did 

not vary with distance to trails or wells for Savannah Sparrow, Vesper Sparrow, Western 

Meadowlark, and Sprague’s Pipit (Table 3.5).  The number of eggs that hatched per nest 

did not vary with percent cover of crested wheatgrass for Savannah Sparrow, Vesper 

Sparrow, and Baird’s Sparrow; confidence limits overlapped zero in all cases (Table 3.5).  

The number of eggs that hatched per nest for Sprague’s Pipit and Western Meadowlark 

increased with percent cover of crested wheatgrass; however this effect was weak at 

higher amounts of crested wheatgrass cover (Table 3.5, Fig. 3.5, 3.6).  

          The number of eggs that hatched from successful Baird’s Sparrow nests increased 

with distance to wells (Fig. 3.4), but did not vary for any of the other species (Table 3.5).  

The number of eggs that hatched from successful nests did not vary with percent cover of 

crested wheatgrass or proximity to gravel roads, trails, or crested wheatgrass for any of 

the five study species (Table 3.5). 

3.3.5. Fledging Success 

          The number of young fledged per nest decreased with distance to wells for 

Savannah Sparrow (Fig. 3.7), but did not vary with distance to wells for any other 

species (Table 3.6).  The number of young fledged from all nests combined did not vary 
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with percent cover of crested wheatgrass or distance to gravel roads, trails, or crested 

wheatgrass for any of the five study species as confidence limits overlapped zero in all 

cases (Table 3.6).   

        The number of young fledged per successful nest did not vary with distance to 

gravel roads for any of the five species (Table 3.6).   The number of young fledged from 

successful nests increased with distance to trails for Baird’s Sparrow (Fig. 3.8).  The 

number of young fledged per successful nest decreased with distance to trails for Vesper 

Sparrow and increased for Sprague’s Pipit; however, the effect of trail proximity on 

fledging success from successful nests was weak for both these species (Table 3.6).  The 

number of young fledged per successful nest did not vary with distance to trails for 

Savannah Sparrow and Western Meadowlark (Table 3.6).  The number of young fledged 

per successful nest decreased with distance to wells for Savannah Sparrow (Fig. 3.7), but 

did not vary with distance to wells for any other species (Table 3.6). The number of 

young fledged from successful nests increased with distance to crested wheatgrass for 

Western Meadowlark (Fig. 3.9), but did not vary with proximity to crested wheatgrass 

for Savannah Sparrow, Baird’s Sparrow, Vesper Sparrow, or Sprague’s Pipit (Table 3.6).  

Savannah Sparrow was the only species for which the number of young fledged from 

successful nests was influenced by percent cover of crested wheatgrass (Table 3.6).  The 

number of young fledged from successful Savannah Sparrow nests increased from 3.2 to 

4.3 as the percent cover of crested wheatgrass increased from 0-60% (Fig. 3.10).   

            There was no relationship between the frequency of brood parasitism and 

distance to gravel roads, trails, or wells. Similarly, well presence and percent cover of 

crested wheatgrass were not related to brood parasitism frequency. 
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3.4. DISCUSSION 

3.4.1. Density 

Grassland songbird density was influenced by a combination of development and 

vegetation variables, which varied in importance among species.  For example, density 

was primarily a function of vegetation rather than development for Baird’s and Vesper 

sparrows, and Sprague’s Pipit. Previous studies have found reduced abundance, 

occurrence, or density of Sprague’s Pipit, Baird’s Sparrow, and Vesper Sparrow in 

response to oil and natural gas development (Dale et al. 2009, Gilbert and Chalfoun 

2011, Hamilton et al. 2011). Western Meadowlark territory density was not influenced 

by any of the variables I investigated. The lack of any relationships for this species may 

be due to its relatively broad habitat requirements or because it selects habitat at larger 

scales than those examined in this study (Ribic and Sample 2001).  Savannah Sparrow 

was the only species whose density was influenced by disturbance associated with oil 

and gas development. Savannah Sparrow density in areas with no crested wheatgrass 

cover was almost twice as high as areas with 60% cover.  Territory density may be lower 

in crested wheatgrass compared to native grasses if territory size is larger in the exotic 

vegetation due to reduced habitat quality.  For example, selection of territory locations by 

Lapland Longspur (Calcarius lapponicus) occurs before food resources can be 

adequately assessed and thus, such decisions are based on the composition of the area 

rather than on food density; however, once territories are established, territory size is 

inversely related to prey density (Seastedt and MacLean 1979).  Similarly, variation in 

territory size of the ground-nesting Ovenbird (Seiurus aurocapillus) was negatively 

correlated with prey abundance, which was a function of habitat structure (Smith and 
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Shugart 1987).  Therefore, fewer territories, of larger size, may occupy crested 

wheatgrass as compared to an equivalent area of native grass if the abundance or 

availability of food resources is lower in crested wheatgrass.   Indeed, Chestnut-collared 

Longspur (Calcarius ornatus) nestlings located in monocultures of crested wheatgrass 

gained mass more slowly and had a lower mass at fledging than nestlings located in 

native prairie (Lloyd and Martin 2005), suggesting lower food abundance or availability 

in crested wheatgrass compared to native grassland.  Multiple studies have found reduced 

arthropod abundance or biomass in exotic grasses compared to native vegetation 

(Flanders et al. 2006, Hickman et al. 2006, Wenninger and Inouye 2008, Gan et al. 

2010), indicating that areas invaded by or seeded to crested wheatgrass are likely of 

reduced quality for breeding grassland songbirds compared to native prairie.  

The density of Savannah Sparrow territories near oil and gas wells was more than 

twice as high as areas further from these structures.  Savannah Sparrow density may be 

higher near wells if the density of other ecologically similar species is lower in these 

areas. Although the habitat preferences of grassland songbirds vary across a gradient of 

vegetation height and density (Davis 2005), all species eat arthropods during the 

breeding season (Robbins and Dale 1999, Green et al. 2002, Jones and Cornely 2002, 

Davis and Lanyon 2008, Wheelwright and Rising 2008).  In addition, Savannah Sparrow 

is typically considered a generalist species and subsequently may be more tolerant of 

wells and associated disturbance than more specialist species, which may avoid these 

areas.  Therefore, Savannah Sparrow territory density may be higher near wells if this 

species opportunistically settles in these areas because of increased food resources 

resulting from reduced inter-specific competition and a comparatively high tolerance for 

anthropogenic disturbance.  Savannah Sparrow density may also be higher near wells 
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since these structures provide potential perch sites for territorial males (Wheelwright and 

Rising 2008).  

          Variation in Brown-headed Cowbird abundance was best explained by the 

presence of a well.  The mean abundance of cowbirds on plots containing an oil or gas 

well was almost three times that of plots where wells were absent.  Oil and gas wells may 

provide perch sites for cowbirds to use for displaying and locating host nests.  Female 

Brown-headed Cowbirds may locate nests and synchronize their laying by watching the 

activities of the hosts (Thompson and Gottfried 1976).  Evidence suggests that the 

presence of suitable perches may influence the frequency of brood parasitism by 

cowbirds (Freeman et al. 1990, Clotfelter 1998, Hauber and Russo 2000, Saunders et al. 

2003).  However, the frequency of brood parasitism by cowbirds at ACHDA was not 

higher on plots containing wells.  The lack of relationship between brood parasitism 

frequency and well presence may be due to the presence of, or proximity to, non-well 

perches (e.g. fences, power lines, shrubs) on plots without an oil or gas well present.  

Future research should investigate cowbird behaviour in relation to oil and gas wells, 

particularly since this species (both sexes) seems to be attracted to them. 

3.4.2. Nest Placement & Nest Survival 

Vesper Sparrow nests were located closer to trails than expected based on random 

chance.  Vesper Sparrow prefers to nest in relatively short, sparse vegetation (Davis 

2005). Trails at ACHDA are mowed each year as means of fire prevention, resulting in 

shorter vegetation immediately on and adjacent to trails compared to the surrounding 

area. Therefore, Vesper Sparrow may locate nests near trails because such areas provide 
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vegetation of a height and density preferred by this species as nesting habitat. Vesper 

Sparrow nest survival and reproductive success was unaffected by proximity to trails.   

          Nest placement was closer to wells than expected based on random chance for all 

species.  Grassland songbirds may locate their nests near wells because wells provide a 

perch for singing males (Wheelwright and Rising 2008) and an elevated site to scan for 

predators.  Furthermore, the vegetation surrounding well sites often differs structurally 

from nearby grassland due to mowing or invasion by exotic vegetation. Therefore, 

grassland songbirds may locate their nests near wells if such areas provide vegetation 

structure suitable for nest sites.  Evidence suggests that species with similar nesting 

ecology may differ in terms of nest-site preferences and nest predation rates relative to 

habitat edges (Woodward et al. 2001).  It is also possible that grassland songbird nests 

were located closer to wells than random due to random points having a greater chance 

of being located further from disturbance features.  The variation among species in terms 

of nest placement with varying distances to oil and gas infrastructure demonstrates inter-

specific variation in habitat requirements and sensitivity to change, and highlights the 

importance of analyzing species individually whenever possible.  

          Although distance to energy development disturbance features did not influence 

daily survival rate in any of the species examined, it is important to keep in mind that this 

study was conducted on relatively ‘good’ quality habitat. That is, ACHDA is a fairly 

large, well-managed parcel of native grassland and as such, it is possible that any effects 

(either positive or negative) of oil and gas development on grassland songbird nest 

survival were buffered by overall habitat quality. Future studies should examine the 

influence of oil and gas development activities on grassland songbird nest survival on 

native grassland patches of various sizes and condition. 
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3.4.3. Reproductive Success 

The effect of distance to energy development disturbance on fledging and 

hatching success varied by species and with disturbance type.  Baird’s Sparrow was the 

only species whose fledging success was significantly affected by proximity to trails.  

The number of young fledged from successful nests was lower closer to trails for Baird’s 

Sparrow. Since these were successful nests, variation in fledging success was not due to 

complete nest failure via predation and is more likely related to food availability or 

abundance.  Baird’s Sparrow feed mainly on insects during the breeding season and 

arthropods comprise the main diet of their nestlings (Green et al. 2002).  Arthropod 

abundance and species richness is related to vegetation structure, with grazed grasslands 

typically having fewer species and lower overall abundance of arthropods than non-

grazed grasslands (Morris 1971, Dennis et al. 1998, Milchunas et al. 1998).  Trails at 

ACHDA are mowed each year to reduce fire hazard and, as a result, the vegetation on 

and adjacent to trails is substantially shorter than areas further away.  Mowing is 

functionally similar to heavy grazing, and as a result, trailside habitat may have lower 

arthropod abundance and a less diverse arthropod community than areas further from 

trails.  Lower arthropod abundance in trailside habitat means Baird’s Sparrow parents 

may spend more time searching for arthropods and may not be able to find enough food 

to sustain an entire brood.  Furthermore, shorter vegetation often creates more open, 

exposed habitat with less vegetative cover.  Baird’s Sparrow typically avoids foraging in 

open areas, preferring to remain hidden from view (Green et al. 2002).  Therefore, 

Baird’s Sparrow may minimize the time spent foraging in trailside habitat, which 

additionally may be deficient in food resources.  Reduced food abundance has been 
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shown to increase foraging time and distance travelled in a variety of avian taxa 

(Monaghan et al. 1994, Tremblay et al. 2005).  Thus, successful nests located near trails 

may have lower fledging success than nests located further away if parents must travel 

farther to forage, thereby increasing the length of time taken for each foraging bout.  

Reduced fledging success near trails, combined with avoidance of these structures in 

terms of nest placement, suggests the effect of proximity to trails on Baird’s Sparrow 

reproductive success is fairly strong.  The effect of proximity to trails on fledging success 

of successful nests of Sprague’s Pipit and Vesper Sparrow was weak; a greater number of 

nests, distributed evenly across all distances would provide greater inference regarding 

the effect of trail proximity on the productivity of successful nests of these species.  

Savannah Sparrow was the only species whose fledging success was influenced 

by well proximity, fledging a greater number of young closer to wells than further away.  

Greater fledging rates closer to wells may be due to reduced predation in these areas.  

Francis et al. (2009) found lower rates of nest predation closer to compressor stations 

than further away due to avoidance of these structures by predators.  Predators may avoid 

wells due to traffic associated with their maintenance (Forman and Alexander 1998), 

changes in the structure and composition of the vegetation (Dion et al. 2000), or noise 

produced by the structures (Francis et al. 2011).  Another potential explanation for 

increased fledging success near wells is that individuals increased nestling provisioning 

rates near wells.  In many socially monogamous species, nestling provisioning by both 

parents is necessary to successfully raise young and any adjustments (either positive or 

negative) to the level of provisioning by either parent may alter the total number of 

young fledged from a nest (Henderson and Hart 1993, Whittingham et al. 1994).  Crino 

et al. (2011) found that male Mountain White-crowned Sparrow (Zonotrichia leucophrys 
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oriantha) provisioning rates and nest attentiveness were higher closer to roads than 

further away and attributed this increase in activity to elevated levels of corticosterone (a 

stress-induced hormone known to influence foraging behaviour in birds;  Lõhmus et al. 

2006, Angelier et al. 2007, Angelier et al. 2008).  Foraging closer to roads caused 

increased levels of corticosterone and subsequently increased nestling provisioning rates.  

Female Mountain White-crowned Sparrow provisioning rates did not change with road 

proximity; presumably because female were already feeding at a maximum rate (Crino et 

al. 2011).  Overall, the combination of reduced predation risk and increased nestling 

provisioning closer to wells may have increased fledging success of Savannah Sparrow 

in these areas at ACHDA.  

The number of young fledged from successful Western Meadowlark nests was 

lower closer to patches of crested wheatgrass than further away.  Since these are 

successful nests, differences in productivity between nests located in native and exotic 

grasses are not due to complete nest failure via predation.  Lloyd and Martin (2005) 

found that Chestnut-collared Longspur nestlings whose nests were located in crested 

wheatgrass grew more slowly and had a smaller mass at fledging than those located in 

native prairie.  This suggests that food availability or abundance is likely an important 

mechanism influencing the productivity of grassland songbirds nesting in exotic 

vegetation.  Insect diversity and abundance is positively correlated with plant diversity 

(Dennis et al. 1998, Perner et al. 2003, Wenninger and Inouye 2008) and plant 

community composition (Perner et al. 2005). Grasslands comprised of exotic vegetation 

typically have lower plant diversity than native grasslands, and have been shown to have 

lower arthropod biomass (Hickman et al. 2006).  A reduction in the availability or 

abundance of arthropods in crested wheatgrass could increase time spent foraging by 
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adult Western Meadowlarks, resulting in fewer visits to the nest or less food brought 

back to feed the young per visit.  Failure to transport a sufficient amount of food to 

growing nestlings may result in starvation of brood members (Ens et al. 1992).   

The number of young fledged from successful Western Meadowlark nests may 

also have been lower in crested wheatgrass if partial nest predation was more prevalent in 

nests located in crested wheatgrass than those located in native grassland. A nest 

containing six young and fledging all of them and a nest containing six young but only 

fledging one of them would both be considered successful; however the latter nest has 

had a marked decrease in fledging success compared to the former. Predation by small-

bodied predators is less likely to result in complete clutch loss than predation by large-

bodied predators, since small-bodied predators may only be able to consume or carry off 

one egg or nestling at a time.  Crested wheatgrass provides favourable habitat for small 

mammals (With 1994) which opportunistically depredate songbird nests (Vickery et al. 

1992).  Therefore differences in rates of partial nest predation between nests located in 

native grasses and crested wheatgrass may be due to differences in the dominant predator 

type foraging in these areas. Since proximity to crested wheatgrass was correlated with 

road proximity, it is also possible that the reduced fledging rate from successful Western 

Meadowlark nests located near crested wheatgrass is due to a cumulative effect of road 

proximity and exotic vegetation.  

          Hatching success was lower closer to wells and trails than further away for Baird’s 

Sparrow. Wells at ACHDA were accessed primarily by trails; therefore the amount of the 

traffic-related disturbance would be similar for these two disturbance features.  Reduced 

hatching success closer to wells and trails may be due to increased predation, reduced 

incubation attentiveness resulting from traffic associated with well upkeep (McGowan 
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and Simons 2006), or increased time spent foraging (Chalfoun and Martin 2007).  

Incubating birds that are flushed from their nests due to disturbance typically leave the 

nest more abruptly and in a manner more obvious to visually searching predators than 

when leaving the nest of their own accord (Simmons 1955, Gramza 1967), potentially 

increasing the risk of predation on eggs or chicks.  Furthermore, the presence or 

frequency of disturbance may increase the amount of time incubating birds are absent 

from their nests.  Disturbance-initiated nest absences occurred more frequently and were 

longer than typical nest absences initiated ‘naturally’ by incubating Hooded Plovers 

(Thinornis rubricollis) (Weston and Elgar 2007). Greater time away from the nest causes 

eggs to be left unguarded and exposed to the elements for longer periods, which may 

increase the likelihood of predation, egg chilling, or overheating.  In addition, females 

flushed from their nest due to disturbance may use little of that time for foraging, 

essentially wasting both time and energy as well as potentially increasing the energetic 

cost of incubation (Henson and Grant 1991). In general, differential rates of hatching 

success between species and at varying distance to oil and gas wells suggest inter-

specific variation in terms of sensitivity to disturbance. That is, species that are more 

tolerant of potential disruptions to incubation (e.g. traffic) may be less likely to suffer 

reduced hatching success in high traffic areas. 

3.4.4. Percent Cover of Crested Wheatgrass 

         Savannah Sparrow was the only species whose density was influenced by percent 

cover of crested wheatgrass. The number of territories in areas without crested 

wheatgrass was more than twice that of areas with 60% cover.  Occurrence of Savannah 

Sparrow in crested wheatgrass pastures has been previously documented (Sutter and 
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Brigham 1998, Davis and Duncan 1999) and likely reflects the species’ preference for 

tall, dense vegetation (Davis 2005).   Nests of all species were located within patches of 

crested wheatgrass, suggesting that each species was able to find suitable nest-site habitat 

in both native grasses and crested wheatgrass.  However, like my study, Bakker and 

Higgins (2009) found that Savannah Sparrow density was significantly higher on native 

prairie than in other exotic grasses, suggesting that areas dominated by exotic vegetation 

may be of inferior quality compared to those dominated by native grasses.  

           The effect of percent cover of crested wheatgrass on nest survival and 

reproductive success varied among species. Sprague’s Pipit nest survival decreased as the 

amount of crested wheatgrass increased. Sprague’s Pipit feeds primarily on insects 

during the breeding season (Robbins and Dale 1999). Arthropod biomass is directly 

related to the amount of forb cover (Hickman et al. 2006); therefore, areas containing 

fewer forbs are also likely to have reduced food availability for grassland songbirds. 

Indeed, I found a weak relationship between percent cover of forbs and percent cover of 

crested wheatgrass (r = -0.38) at ACHDA; other studies have found similar results, with 

the amount of forb cover decreasing with increased cover of exotic grasses (Henderson 

and Naeth 2005, Hickman et al. 2006).   

          Savannah Sparrow productivity increased with percent cover of crested 

wheatgrass. Productivity may be higher in crested wheatgrass than native grasses due to 

decreased predation (e.g. due to nest concealment or predator type; Weidinger 2002) or 

increased thermal buffering of the nest (Walsberg 1981).  Hatching success of Sprague’s 

Pipit and Western Meadowlark nests increased with percent cover of crested wheatgrass.  

Increased hatching success in crested wheatgrass may be due to reduced nest predation.  

As mentioned previously, crested wheatgrass may provide greater nest concealment than 
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native grasses, and as such, nest predation rates may be lower in these areas.  Indeed, nest 

concealment at ACHDA was higher in crested wheatgrass compared to native grassland 

for Savannah and Baird’s sparrows and Sprague’s Pipit.  Although hatching success 

increased with crested wheatgrass cover for Sprague’s Pipit and Western Meadowlark, 

the effect grew weaker with increasing percent cover of the exotic grass; this is likely 

because as the amount of crested wheatgrass cover increased, the number of nests located 

in these areas decreased, for both species. Indeed, most Sprague’s Pipit (76%) and 

Western Meadowlark (85%) nests at ACHDA were located in areas with less than 25 % 

cover of crested wheatgrass.  

3.5. CONCLUSIONS 

The effects of energy development disturbance on grassland songbird density and 

reproductive success varied by species and with disturbance type.  Vesper Sparrow was 

the only species unaffected by oil and gas development at ACHDA.  In contrast, Baird’s 

Sparrow demonstrated the greatest sensitivity to disturbance associated with oil and gas 

development.  A difference in the response among species to energy development 

underscores the importance of evaluating species individually and allows more informed 

management plans and conservation policy. Furthermore, the variation in responses 

among species to different types of disturbance emphasizes the necessity of looking at 

the cumulative effects of oil and gas development at scales larger than a single well site 

or road.  Reduced abundance and occurrence in response to oil and gas development has 

been previously demonstrated for Baird’s Sparrow and Sprague’s Pipit (Dale et al. 2009, 

Hamilton et al. 2011).  My results indicate that Baird’s Sparrow may also incur lower 

reproductive success, suggesting that native grassland in close proximity to energy 
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development disturbance is of reduced quality for this species compared to undisturbed 

habitat.  Future planning of oil and gas development in native grasslands should consider 

edge creation in the placement of wells, roads, and trails to minimize impacts on 

grassland songbirds, such as habitat loss due to avoidance behaviour and disruption to 

reproductive efforts.  

 Not all effects of oil and gas development at ACHDA were negative.  However, 

positive effects were primarily associated with crested wheatgrass rather than energy 

development infrastructure per se. Savannah Sparrow was the exception, with fledging 

success increasing near wells and with increasing amounts of crested wheatgrass.  

Previous studies have found positive effects of energy development on Savannah 

Sparrow abundance (Dale et al. 2009, Hamilton et al. 2011).  Therefore, it seems that 

Savannah Sparrow is relatively tolerant to the anthropogenic disturbance associated with 

oil and gas development.  Hatching success of Western Meadowlark and Sprague’s Pipit 

were higher with increased percent cover of crested wheatgrass.  However, Western 

Meadowlark fledged fewer young from successful nests near crested wheatgrass and 

Sprague’s Pipit nest survival decreased in these areas. Therefore, the overall reproductive 

success of Western Meadowlark and Sprague’s Pipit was not enhanced by increased 

percent cover of crested wheatgrass since increased hatching success is irrelevant if the 

nest fails during the nestling stage.  Invasion by crested wheatgrass has many long-term, 

negative effects on grassland ecosystems (Lesica and DeLuca 1996), including reduced 

reproductive success of grassland songbirds (Lloyd and Martin 2005), therefore the oil 

and gas industry should minimize or eliminate the use and spread of this exotic grass in 

reclamation and re-vegetation practices.  
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There was no relationship between brood parasitism and distance to any of the oil 

and gas disturbance features, indicating that if there is an effect of energy development 

disturbance features on brood parasitism it is not due to proximity. Also, it is possible 

that subtle effects may have been undetected due to a relatively small number of 

parasitized nests. Future research should examine the relationship between brood 

parasitism and energy development infrastructure with a larger sample of parasitized 

nests and investigate other aspects of this disturbance in addition to distance. 
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Table 3.1. Model selection results for generalized linear mixed models of territory 

density for five species of grassland songbirds in south-east Alberta, 2010-2011. Log (L) 

is the value of the maximized log-likelihood function, K is the number of parameters in 

the model, AICc is Akaike’s Information Criteria adjusted for small sample size, ΔAICc 

is the scaled value of AICc, and wi is the Akaike weight. Well, road, and trail represent 

the distance from the center of the plot to any well, gravel road, and trail, respectively. 

Pcwg represents the percent cover of crested wheatgrass, litter is percent cover of 

unconsolidated plant material, bare ground is the percent cover of bare ground, and robel 

represents grass density, as measured using a Robel pole. The null model assumes that 

territory placement is random. 

Model Log (L) K AICc ΔAICc wi 

Savannah Sparrow 

well + road + trail + pcwg + litter 157.43 7 177.03 0.00 0.83 

well + road + trail + pcwg 165.05 6 181.05 4.02 0.11 

litter 175.86 3 182.86 5.83 0.45 

null 181.21 2 185.69 8.66 0.01 

 

Vesper Sparrow 

road + bare ground 80.08 4 89.82 0.00 0.63 

bare ground 84.64 3 91.64 1.82 0.26 

road 86.91 3 93.91 4.09 0.08 

null 91.58 2 96.06 6.24 0.03 

 

Baird's Sparrow 

robel 88.15 3 95.15 0.00 0.70 

robel + pcwg 87.06 4 96.80 1.65 0.30 

pcwg 106.14 3 113.14 17.99 0.00 

null 112.85 2 117.33 22.18 0.00 

 

Sprague's Pipit 

litter 83.84 3 90.84 0.00 0.71 

road + litter 82.87 4 92.61 1.77 0.29 

null 111.76 2 116.24 25.40 0.00 

road 704.1 3 711.10 620.26 0.00 

 

Western Meadowlark 

road 86.34 3 93.34 0.00 0.28 

null 90.08 2 94.56 1.82 0.15 

road + pcwg 85.35 4 95.09 4.09 0.12 

road  + trail 86.08 4 95.82 6.24 0.08 
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Table 3.2. Parameter estimates of the best generalized linear mixed model for territory 

density of five species of grassland songbirds in south-east Alberta, 2010-2011. 

Parameter Estimate 

Standard 

Error 

Lower 

85% CI 

Upper 

85% CI 

Savannah Sparrow 

Intercept 0.5445 0.1460 0.3343 0.7547 

well -0.0010 0.0005 -0.0017 -0.0003 

road -0.0001 0.0002 -0.0004 0.0001 

trail 0.0005 0.0005 -0.0001 0.0012 

pcwg -0.0103 0.0037 -0.0156 -0.0050 

litter 0.0223 0.0080 0.0109 0.0338 

 

Vesper Sparrow 

Intercept -3.4768 0.4871 -4.1782 -2.7754 

road 0.0007 0.0006 -0.0001 0.0015 

bare 

ground 0.1561 0.0548 0.0771 0.2351 

 

Baird's Sparrow 

Intercept 0.4525 0.8243 -0.7345 1.6395 

robel -0.3166 0.0773 -0.4280 -0.2052 

 

Sprague's Pipit 

Intercept -0.8323 0.2931 -1.2544 -0.4102 

litter -0.2217 0.0509 -0.2950 -0.1484 

 

Western Meadowlark 

Intercept -2.0623 0.2185 -2.3769 -1.7477 

road 0.0002 0.0004 -0.0003 0.0008 
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Figure 3.1. Territory density of Savannah Sparrows as a function of a) the amount of 

crested wheatgrass and b) distance to oil and gas wells in south-east Alberta, 2010-2011. 
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Table 3.3. Mean, minimum and maximum distance of random points, and nests of five species of grassland songbirds, to wells, gravel 

roads, and trails in south-east Alberta, 2010-2011. P-value represents degree of significance in the difference between mean distance 

values (i.e. random points and actual nests). All distances are in meters. 

  Wells 

Species 

Mean ± SE  

(nests) 

Mean ± SE 

(random) 

Min 

(nests) 

Max 

(nests) 

Min 

(random) 

Max 

(random) p - value 

SAVS 208.2 ± 8.2 358.0 ± 16.8 4.6 555.2 13.0 1409.6  < 0.0001 

VESP 137.7 ± 12.1 243.9 ± 17.5 12.8 358.3 12.1 840.8  < 0.0001 

BAIS 229.0 ± 22.8 453.2 ± 50.9 47.0 589.7 27.2 1336.8 0.0031 

WEME 231.8 ± 29.5 447.8 ± 59.8 20.7 556.0 23.9 1366.7 0.0175 

SPPI 238.3 ± 26.0 333.1 ± 49.3 69.0 535.4 40.0 1348.1 0.1954 

 Gravel Roads 

SAVS 392.1 ± 20.8 403.7 ± 13.8 24.2 1199.5 18.4 1173.4 0.6351 

VESP 359.0 ± 39.2 393.9 ± 30.1 6.0 1152.4 13.4 1176.5 0.4908 

BAIS 454.6 ± 46.6 504.5 ± 29.5 53.1 1072.5 42.6 1060.4 0.3507 

WEME 364.7 ± 56.7 408.6 ± 33.5 61.5 1153.7 73.6 1138 0.4825 

SPPI 366.4 ± 61.1 501.5 ± 55.9 84.4 1147.1 78.3 1348.1 0.1396 

 Trails 

SAVS 305.0 ± 20.9 283.4 ± 17.7 1.8 1206.4 2.8 1412.1 0.4586 

VESP 252.2 ± 51.7 145.2 ± 16.2 1.0 1810.8 6.1 814.5 0.0143 

BAIS 260.6 ± 30.6 410.0 ± 54.0 42.0 684.1 4.2 1337.5 0.0630 

WEME 280.7 ± 61.0 393.6 ± 63.8 7.3 1168.5 4.2 1336.0 0.2690 

SPPI 275.3 ± 40.5 238.6 ± 52.9 3.4 601.9 3.7 1316.0 0.6489 
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Table 3.4. Effect of distance to gravel roads, trails, wells, and crested wheatgrass, along 

with percent cover of crested wheatgrass, on daily nest survival rates of five species of 

grassland songbirds in south-east Alberta, 2010-2011. Data presented are mean estimate 

(EST), standard error (SE), and upper and lower 85% confidence limits (UCL and LCL, 

respectively). 

   Nest Survival 

  Distance % 

CWG Species  Roads Trails Wells CWG 

SAVS 

EST 0.0001 -0.0004 -0.0012 0.0002 0.0041 

SE 0.0004 0.0004 0.0010 0.0006 0.0079 

LCL -0.0005 -0.0010 -0.0026 -0.0007 -0.0073 

UCL 0.0007 0.0002 0.0002 0.0011 0.0155 

       

VESP 

EST -0.0001 0.0003 0.0006 -0.0015 -0.0008 

SE 0.0008 0.0006 0.0023 0.0014 0.0129 

LCL -0.0013 -0.0006 -0.0027 -0.0035 -0.0194 

UCL 0.0011 0.0012 0.0039 0.0005 0.0178 

       

BAIS 

EST 0.0018 0.0018 -0.0041 0.0047 0.0144 

SE 0.0010 0.0030 0.0045 0.0026 0.0194 

LCL 0.0004 -0.0025 -0.0106 0.0010 -0.0135 

UCL 0.0032 0.0061 0.0024 0.0084 0.0423 

       

WEME 

EST -0.0026 -0.0013 -0.0006 -0.0041 0.0173 

SE 0.0015 0.0009 0.0020 0.0033 0.0225 

LCL -0.0048 -0.0026 -0.0035 -0.0089 -0.0151 

UCL -0.0004 0.0000 0.0023 0.0007 0.0497 

       

SPPI 

EST -0.0018 0.0066 0.0053 -0.0018 -0.0423 

SE 0.0015 0.0055 0.0051 0.0013 0.0247 

LCL -0.0040 -0.0013 -0.0020 -0.0037 -0.0779 

UCL 0.0004 0.0145 0.0126 0.0001 -0.0067 
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Figure 3.2. Daily survival rate of Sprague’s Pipit nests as a function of percent cover of 

crested wheatgrass (CWG) in south-east Alberta, 2010-2011. 
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Table 3.5. Number of eggs that hatched from all nests combined and successful nests as a function of distance to gravel roads, trails, 

wells, and crested wheatgrass, as well as percent cover of crested wheatgrass, for five species of grassland songbirds in south-east 

Alberta, 2010-2011. Data presented are mean estimate (EST), standard error (SE), and upper and lower 95% confidence limits (UCL 

and LCL, respectively. 

    All Nests Successful Nests 

  Distance % 

CWG 

Distance % 

CWG Species   Roads Trails Wells CWG Roads Trails Wells CWG 

SAVS 

EST -0.0003 -0.0001 -0.0008 -0.0001 0.0039 -0.0002 0.0001 -0.0002  - 0.0000 0.0123 

SE 0.0002 0.0002 0.0004 0.0003 0.0112 0.0001 0.0001 0.0004 0.0010 0.0098 

LCL -0.0007 -0.0005 -0.0016 -0.0007 -0.0181 -0.0004 -0.0001 -0.0010 -0.0020 -0.0069 

UCL 0.0001 0.0003 0.0000 0.0005 0.0259 0.0000 0.0003 0.0006 0.0020 0.0315 

            

VESP 

EST  - 0.0000  - 0.0000 -0.0009 0.0001 0.0198 0.0004 0.0005 0.0013  - 0.0000 -0.0004 

SE 0.0003 0.0002 0.0010 0.0009 0.0133 0.0005 0.0003 0.0011 0.0010 0.0133 

LCL -0.0006 -0.0004 -0.0029 -0.0017 -0.0062 -0.0006 -0.0001 -0.0009 -0.0020 -0.0264 

UCL 0.0006 0.0004 0.0011 0.0019 0.0458 0.0014 0.0011 0.0035 0.0020 0.0256 

            

BAIS 

EST  - 0.0000 0.0010 0.0015  - 0.0000 0.0063 -0.0001 0.0008 0.0008 -0.0001 0.0301 

SE 0.0004 0.0005 0.0006 0.0004 0.0283 0.0002 0.0008 0.0003 0.0001 0.0329 

LCL -0.0008 0.0000 0.0003 -0.0008 -0.0492 -0.0005 -0.0008 0.0002 -0.0003 -0.0343 

UCL 0.0008 0.0020 0.0027 0.0008 0.0618 0.0003 0.0024 0.0014 0.0001 0.0945 

            

WEME 

EST  - 0.0000  - 0.0000  - 0.0000  - 0.0000 0.0954  - 0.0000 0.0001 -0.0002 0.0002 -0.0016 

SE 0.0000 0.0000 0.0000 0.0000 0.0405 0.0001 0.0001 0.0004 0.0006 0.0458 

LCL 0.0000 0.0000 0.0000 0.0000 0.0160 -0.0002 -0.0001 -0.0010 -0.0010 -0.0913 

UCL 0.0000 0.0000 0.0000 0.0000 0.1748 0.0002 0.0003 0.0006 0.0014 0.0882 

            

SPPI 

EST  - 0.0000 0.0006 -0.0033 0.0001 0.1192 0.0001  - 0.0000 -0.0004 -0.0001 0.0576 

SE 0.0008 0.0011 0.0019 0.0009 0.0536 0.0003 0.0003 0.0004 0.0003 0.0348 

LCL -0.0016 -0.0016 -0.0070 -0.0017 0.0141 -0.0005 -0.0006 -0.0012 -0.0007 -0.0107 

UCL 0.0016 0.0028 0.0004 0.0019 0.2243 0.0007 0.0006 0.0004 0.0005 0.1258 
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Figure 3.3. The number of eggs that hatched of all Baird’s Sparrow nests combined as a 

function of distance to trails in south-east Alberta, 2010-2011. 
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Figure 3.4. The number of eggs that hatched from a) all nest fates combined and b) 

successful nests of Baird’s Sparrow as a function of well proximity in south-east Alberta, 

2010-2011. 
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Figure 3.5. The number of eggs hatched from a) all nest fates combined and b) successful 

nests of Sprague’s Pipit as a function of crested wheatgrass cover in south-east Alberta, 

2010-2011. 
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Figure 3.6. The number of eggs that hatched from all Western Meadowlark nests 

combined as a function of crested wheatgrass cover in south-east Alberta, 2010-2011. 
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Figure 3.7. The number of young fledged from a) all nests combined and b) successful 

nests of Savannah Sparrow as a function of well proximity in south-east Alberta, 2010-

2011. 
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Table 3.6. Number of young fledged from all nests combined and successful nests as a function of distance to gravel roads, trails, 

wells, and crested wheatgrass, as well as percent cover of crested wheatgrass, for five species of grassland songbirds in south-east 

Alberta, 2010-2011. Data presented are mean estimate (EST), standard error (SE), and upper and lower 95% confidence limits (UCL 

and LCL, respectively). 

  All Nests Successful Nests 

    Distance % 

CWG 

Distance % 

CWG 
Species   Roads Trails Wells CWG Roads Trails Wells CWG 

SAVS 

EST -0.0006 -0.0002 -0.0031 -0.0003 0.0154 -0.0002 0.0001 -0.0014 -0.0004 0.0194 

SE 0.0004 0.0004 0.0010 0.0006 0.0084 0.0002 0.0001 0.0004 0.0002 0.0085 

LCL -0.0014 -0.0010 -0.0051 -0.0015 -0.0011 -0.0006 -0.0001 -0.0022 -0.0008 0.0028 

UCL 0.0002 0.0006 -0.0011 0.0009 0.0318 0.0002 0.0003 -0.0006 0.0000 0.0359 

            

VESP 

EST 0.0007 -0.0001 0.0012 -0.0006 0.0066 0.0004 -0.0005 -0.0007 -0.0009 -0.0083 

SE 0.0006 0.0005 0.0020 0.0019 0.0074 0.0003 0.0002 0.0009 0.0009 0.0177 

LCL -0.0005 -0.0011 -0.0027 -0.0043 -0.0078 -0.0002 -0.0009 -0.0025 -0.0027 -0.0430 

UCL 0.0019 0.0009 0.0051 0.0031 0.0211 0.0010 -0.0001 0.0011 0.0009 0.0264 

            

BAIS 

EST 0.0015 0.0012 0.0007 0.0016 -0.0064 -0.0003 0.0009 0.0006 -0.0003 0.0558 

SE 0.0009 0.0014 0.0020 0.0009 0.0379 0.0002 0.0002 0.0004 0.0002 0.0353 

LCL -0.0003 -0.0015 -0.0032 -0.0002 -0.0806 -0.0007 0.0005 -0.0002 -0.0007 -0.0134 

UCL 0.0033 0.0039 0.0046 0.0034 0.0679 0.0001 0.0013 0.0014 0.0001 0.1250 

            

WEME 

EST -0.0017 -0.0011 -0.0003 -0.0047 -0.0380 0.0003 0.0003 0.0002 0.0010 -0.0290 

SE 0.0013 0.0011 0.0019 0.0043 0.0459 0.0005 0.0002 0.0004 0.0004 0.0283 

LCL -0.0042 -0.0033 -0.0040 -0.0131 -0.1279 -0.0007 -0.0001 -0.0006 0.0002 -0.0844 

UCL 0.0008 0.0011 0.0034 0.0037 0.0520 0.0013 0.0007 0.0010 0.0018 0.0265 

            

SPPI 

EST -0.0003 0.0006 -0.0022 -0.0008 0.0725 -0.0002 0.0006 -0.0002 -0.0002 0.0182 

SE 0.0009 0.0014 0.0023 0.0010 0.0508 0.0004 0.0002 0.0008 0.0004 0.0283 

LCL -0.0021 -0.0021 -0.0067 -0.0028 -0.0270 -0.0010 0.0002 -0.0018 -0.0010 -0.0373 

UCL 0.0015 0.0033 0.0023 0.0012 0.1720 0.0006 0.0010 0.0014 0.0006 0.0737 
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Figure 3.8. The number of young fledged from successful Baird’s Sparrow nests as a 

function of proximity to trails in southeast Alberta, 2010-2011. 
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Figure 3.9. The number of young fledged from successful Western Meadowlark nests as 

a function of distance to crested wheatgrass in south-east Alberta, 2010-2011. 
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Figure 3.10. The number of young fledged from successful nests of Savannah Sparrow as 

a function of percent cover of crested wheatgrass in south-east Alberta, 2010-2011. 
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4. CONCLUSIONS AND MANAGEMENT IMPLICATIONS 

4.1. Summary 

My objectives were to a) quantitatively describe the breeding ecology of five 

species of grassland songbirds and b) determine the extent to which the density and 

reproductive success of grassland songbirds is influenced by oil and gas development, as 

well as the percent cover of crested wheatgrass. In Chapter 2, I describe the breeding 

biology and quantify the effects of nest predation and brood parasitism on grassland 

songbirds. Predation was the primary cause of nest failure at ACHDA. For all species, 

clutch size, hatching rates, and fledging rates were within the range of values previously 

reported for these species. Nest survival was higher during incubation than the nestling 

stage for Savannah, Vesper, and Baird’s sparrows. Savannah Sparrow nest survival 

increased with nest concealment and decreased with cold, wet weather. Baird’s Sparrow 

nest survival increased at high and low temperatures but was lower at intermediate 

temperatures. All species except Sprague’s Pipit were parasitized by the Brown-headed 

Cowbird. Savannah Sparrow was the primary host for the Brown-headed Cowbird. 

Parasitized Savannah Sparrow nests experienced reduced clutch size, hatching and 

fledging success. Overall, brood parasitism cost Savannah Sparrows 1.7 young per 

successful nest.  

 In Chapter 3, I show that the effects of oil and gas development on grassland 

songbird density and reproductive success varied by species and disturbance type (Table 

4.1). Savannah Sparrow was the only species whose density was influenced by 

disturbance associated with energy development.  Savannah Sparrow density decreased 

with increased percent cover of crested wheatgrass and increased with decreasing 

distance to wells. Mean abundance of Brown-headed Cowbirds was best explained by the 
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presence of a well. Brown-headed Cowbirds were approximately three times more 

abundant on plots containing an oil or gas well than on plots without these structures. 

Vesper Sparrow was the only species that located nests closer to trails than random. All 

species located their nests closer to wells than expected based on random chance. Mean 

distance of actual nests to gravel roads did not differ from random for any species. All 

species located nests within patches of crested wheatgrass. 

 The number of young fledged from successful Baird’s Sparrow nests was lower 

closer to trails than further away. Savannah Sparrow fledging success was higher closer 

to wells than further away and in areas with greater amounts of crested wheatgrass. 

Baird’s Sparrow hatching success was lower closer to wells and trails. Hatching success 

of Western Meadowlark and Sprague’s Pipit increased with percent cover of crested 

wheatgrass.  However, Sprague’s Pipit nest survival decreased as the amount of crested 

wheatgrass increased and the number of young fledged from successful Western 

Meadowlark nests was lower near crested wheatgrass than further away. Therefore, the 

overall effect of crested wheatgrass on Sprague’s Pipit and Western Meadowlark 

reproductive success is negative, since increased hatching success is irrelevant if the nest 

is destroyed during the nestling stage. 

4.2. Management Implications 

Grassland songbird populations have declined more dramatically over the last 

century than any other group of birds in North America (Herkert 1995, Brennan and 

Kuvlesky 2005), primarily due to habitat loss and degradation (Askins et al. 2007). The 

amount of crested wheatgrass introduced to the landscape had an overall negative effect 

on the density and reproductive success of the grassland songbirds at ACHDA. 

Therefore, oil and gas companies should be encouraged to continue reducing and 
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ultimately eliminating crested wheatgrass from their re-vegetation and reclamation 

practices and land managers should attempt to minimize the amount of crested 

wheatgrass in native grasslands and support replanting of native vegetation.  In addition, 

efforts should be made to reduce the spread of existing patches of crested wheatgrass.  

The ACHDA is a large, well-managed tract of native grassland, and as such, likely 

represents good quality habitat for grassland songbirds. Therefore, the effects of oil and 

gas disturbance on grassland songbird density and reproductive success may be amplified 

at other locations, particularly those in poor range condition or with greater amounts of 

disturbance.   

Predation was the primary cause of nest failure for grassland songbirds in south-

east Alberta.  Although several studies have been conducted to identify predators at 

grassland songbird nests (Thompson et al. 1999, Dion et al. 2000, Pietz and Granfors 

2000a;b, Renfrew and Ribic 2003, Thompson and Burhans 2003, Davis et al. 2012), 

there is no existing research investigating how the predator community responds to oil 

and gas development. Since predators play such a crucial role in grassland songbird nest 

success, future research should examine how nest predators respond to the cumulative 

effects of energy development activities.  Recent evidence suggests that increasing 

amounts of anthropogenic disturbance near grasslands is associated with greater numbers 

of nest predators in these areas (Klug et al. 2009). A greater understanding of how the 

diversity, distribution, and activity of nest predators vary with oil and gas development 

would provide greater insight into the population dynamics of grasslands songbirds and 

allow more informed management plans and conservation policy (i.e. for either grassland 

songbirds, the predator species themselves, or both). 
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Table 4.1. Effects of distance to gravel roads, trails, wells, and patches of crested 

wheatgrass (CWG), as well as percent cover of crested wheatgrass on the density, nest 

survival, hatching and fledging success of five species of grassland songbirds in south-

east Alberta, 2010-2011. Dashes indicate no effect and (s) indicates the effect was found 

only in successful nests. 

  Distance  % 

CWG Species Wells Roads Trails CWG 

  Density 

SAVS pos  -  -  - neg 

VESP  -  -  -  -  - 

BAIS  -  -  -  -  - 

WEME  -   -  -  -  - 

SPPI  -  -  -  -  - 

Nest Survival 

SAVS  -  -  -  -  - 

VESP  -  -  -   -  - 

BAIS  -  -  -  -  - 

WEME  -  -  -  -  - 

SPPI  -  -  -  - neg 

Hatching Success 

SAVS  -  -  -  -  - 

VESP  -  -  -  -  - 

BAIS neg  - neg  -  - 

WEME  -  -  -  - pos 

SPPI  -  -  -  - pos 

Fledging Success 

SAVS pos  -  -  -  pos (s) 

VESP  -  -  -  -  - 

BAIS  -  -  neg (s)  -  - 

WEME  -  -  -  neg (s)  - 

SPPI  -  -  -  -  - 
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