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ABSTRACT 

 

Many species of grassland-dependent songbirds have been adversely affected by widespread 

loss, fragmentation and degradation of North American prairies, but the relative impacts and the 

scale at which grassland songbirds respond to these habitat changes is unclear. In this thesis, I 

investigated the relative effects of grassland cover and fragmentation per se, and the relative 

influence of landscape and local habitat characteristics on grasslands songbirds in the moist 

mixed-grass prairies of Manitoba. In 2013, 361 avian point counts were conducted across 47, 

2.4-km radii landscapes in the southwest part of the province. I used an information-theoretic 

approach to rank and select models describing effects of landscape and local-scale habitat 

variables on grassland songbird abundance and occurrence. Overall, my results indicate that 

grassland amount, fragmentation and quality, and matrix composition had relatively small and 

variable effects on grassland songbird abundance and occurrence, but that abundance of obligate 

species when pooled showed a strong negative response to grassland fragmentation. While 

fragmentation through edge effects may contribute to obligate species declines, my results 

suggest that these factors alone are unlikely to explain ongoing declines of grassland birds in 

southwestern Manitoba. These results have important management implications as they suggest 

that conservation efforts focused on breeding habitat only will have limited success in reversing 

declines of grassland songbird populations in this region, and that other ecological drivers may 

be more important. 
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1.0 Introduction 

 

1.1 Background 
 

Native grasslands are among the most threatened biomes worldwide (Hoekstra et al. 2005).  

Historically, an estimated area of 1.5 million km² of native grassland covered the Great Plains of 

North America (Knopf 1994); however, much of this land cover has since been lost through 

intense agricultural and rural development. In some regions, grassland loss has exceeded 80% 

(Vickery et al. 1999), and much of the grassland that remains is both highly fragmented and 

degraded (Brennan and Kuvlesky 2005). The degradation of grassland is in part due to the 

removal of natural disturbance regimes, such as grazing by large free-roaming herds of bison and 

wildfire, inappropriate rangeland management and the spread of exotic and woody vegetation 

(Johnson and Igl 2001).  

 Many species of grassland-dependent songbirds have been adversely affected by the 

widespread loss, fragmentation and degradation of North American prairies (Cunningham and 

Johnson 2006); as a guild grassland songbirds are declining at a faster rate than any other group 

of birds in North America (Knopf 1994). Grassland endemic birds such as Baird’s sparrows 

(Ammodramus bairdii) have declined by approximately 25% over the last decade (COSEWIC 

2012), while another endemic species, Sprague’s pipit (Anthus spragueii), has shown an annual 

rate of decline of 4.2% across their Canadian range (Sauer et al. 2011).  

 In light of these declines, a number of studies have focused on the habitat features 

associated with widespread changes in the distribution and abundance of grassland songbirds 

(Cunningham and Johnson 2006). While the negative impacts of grassland loss, fragmentation 

and degradation have been well studied (Brennan and Kuvlesky 2005), their relative impacts and 

the scale at which grassland songbirds respond most strongly to habitat changes are unclear.  
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However, disentangling the relative effects of these components has important 

management implications for grassland songbirds, such as prioritizing areas for conservation and 

ensuring that management efforts are applied at an appropriate scale. 

To address these management issues, I asked 2 research questions: 

1. What are the relative effects of habitat amount and fragmentation on grassland 

songbirds in the mixed-grass prairies of southwestern Manitoba, and 

2. What is the relative influence of landscape and local-scale habitat variables on 

grassland songbirds in the mixed-grass prairies of southwestern Manitoba? 

 The management implications of distinguishing between the relative impacts of habitat 

loss, fragmentation and degradation are particularly important for the declining grassland bird 

populations in southwestern Manitoba, as prairies in this region are both fragmented and 

degraded, and have declined in area over time (Samson and Knopf 1994). For example, very 

little prairie remains in southwestern Manitoba – only 18% of the original extent – yet, 

grasslands here account for a number of the province’s endangered species (Lindgren and De 

Smet 2001). For example, the provincially endangered Baird’s sparrow, once common 

throughout southern parts of the province, has declined significantly and is now restricted to the 

southwestern corner of Manitoba where remnant patches of native mixed-grass prairie remain 

(Davis and Sealy 1998). Similarly, the federally and provincially threatened Sprague’s pipit, and 

the federally threatened Chestnut collared longspur (Calcarius ornatus) and Bobolink 

(Dolichonyx oryzivorous), have experienced significant declines and range contractions, 

particularly in northeastern parts of their Canadian distributions (Sauer et al. 2011). These 

species seldom occur in much of their former range east of southwestern Manitoba (COSEWIC 

2009; COSEWIC 2010); like Baird’s sparrows and other endemic grassland bird species in 
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Manitoba, their distribution is limited to vestiges of native prairie occurring solely within the 

province’s southwestern corner. Effectively managing the remaining grassland habitat in this 

region is, therefore, important to the future recovery and fate of avian species at risk in 

Manitoba. 

1.2 Problem statement 

1.2.1 – Relative effects of habitat amount and fragmentation 

 In recent decades, grassland songbirds have experienced significant declines throughout 

their North American breeding range (Sauer et al. 2011). These declines may be linked to the 

loss and fragmentation of native grassland habitat (Winter and Faaborg 1999). Managing the 

remaining grassland habitat in this region is therefore key to songbird recovery. However, 

effective management strategies require knowing whether habitat fragmentation or loss is the 

main causal factor of species decline (Fahrig 1997).  

 Both habitat loss and fragmentation can cause a reduction in grassland patch size (Fahrig 

2003, Horn and Koford 2006), which may in turn have negative impacts on grassland songbirds. 

For example, Herkert et al. (2003) found that predation rates were higher on grassland songbirds 

nesting in smaller patches of habitat, and Winter and Faaborg (1999) observed a reduction in the 

breeding success of Dickcissels (Spiza americana) as patch size decreased. Reductions in patch 

size have also been associated with higher rates of nest parasitism by brown-headed cowbirds 

(Molothrus ater), increased competition for resources, and reduced pairing success (Winter 

Faaborg 1999).  

 Smaller patches also have a greater proportion of edge habitat (Bender et al. 1998), which 

may alter the physical and biological properties of grassland patches. Physical changes can 

include alterations in temperature, wind conditions, light intensity (Schlaepfer and Gavin 2001), 
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and plant communities (Koper et al. 2010), while biological changes can occur through 

alterations in species interactions (Murcia 1995), which can lead to elevated rates of predation, 

nest parasitism or competition near edges (Bollinger and Gavin 2004, Ewers and Didham 2006). 

Understanding whether these impacts are mostly driven by habitat loss or fragmentation is 

important for developing effective land management strategies for the conservation and recovery 

of grassland songbirds. 

1.2.2 – Relative influence of landscape habitat, landscape matrix and local habitat 

As with many species of birds, patterns of grassland songbird distribution and abundance 

are associated with habitat characteristics at multiple spatial scales. At the landscape scale, 

abundance and distribution may be influenced by the amount and configuration of grassland 

habitat (Ribic et al. 2009), as well as the composition of the intervening matrix (Rodewald 2003), 

defined as the non-habitat portion of the landscape. In general, grassland birds, like other species 

may be more sensitive to high-contrast matrix (matrix dissimilar in structure to habitat) than to 

low-contrast matrix (Jackson and Fahrig 2013) because high-contrast matrix may present a 

physical barrier to movement (Fletcher and Koford 2003) or provide fewer resources for 

grassland species (Sliwinski and Koper 2012). Moreover, some grassland birds, such as Baird’s 

sparrow, chestnut collared longspur and Sprague’s pipit, because they evolved within vast 

expanses of open prairie, may demonstrate an innate aversion towards landscapes composed of 

structurally less familiar land cover types such as tall woody vegetation, regardless of the total 

amount or configuration of grasslands in the landscape (Renfrew et al. 2005, Thompson et al. 

2014, Sliwinski and Koper 2012).  

At the local scale, grassland songbird distribution and abundance is in part influenced by 

structural features of the microhabitat (Ribic et al. 2009) such as vegetation height and density 
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(Cody 1985). These vegetative features can influence food availability (e.g. insects and seeds) 

and foraging efficiency, as well as provide concealment from predators and protection from the 

elements, which can in turn affect demographic processes such as survival rates and nesting 

success, or habitat selection (reviewed in Wilson et al. 2005). Identifying the scale at which 

grassland songbirds respond most strongly to habitat changes is important for prioritizing 

conservation efforts for effective management of grassland songbirds.    

 

1.3 Research objectives 

 

The purpose of this study was to evaluate the relative importance of habitat loss and 

fragmentation per se, and the relative influence of landscape and local habitat characteristics on 

grasslands songbirds. 

Objectives:  

1. Determine the relative effects of grassland cover and fragmentation on grassland 

songbird abundance and occurrence. 

2. Determine the relative influence of landscape-scale habitat, landscape-scale matrix and 

local-scale habitat variables on grassland songbird abundance and occurrence. 

While this study does not attempt to investigate the ecological mechanisms underlying 

the relationships between songbird abundance/occurrence and landscape habitat, landscape 

matrix and local habitat structure, by separating the effects of habitat loss and fragmentation, I 

am addressing a fundamental knowledge gap in the landscape ecology literature. Only by first 

addressing this gap is it possible to develop tenable hypotheses about the proximate causes of 

species declines in relation to land use change.   
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1.4 Organization of Thesis 

This thesis has been divided into four chapters. Chapter 2 presents a manuscript for future 

publication on the relative effects of habitat loss and fragmentation on grassland songbirds. 

Chapter 3 presents a manuscript for future publication on the relative influence of landscape and 

local habitat variables on grassland songbirds. Chapter 4 discusses management implications 

based on the results of this research.  
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2.0 Relative effects of grassland amount and fragmentation on prairie songbirds 

 

 

2.1 Abstract 

 

The relative importance of habitat loss and fragmentation on avian biodiversity is unclear. 

Understanding whether habitat fragmentation or loss is the main causal factor of species declines 

is essential for developing effective land use strategies, especially for grassland songbirds, which 

have experienced widespread declines in relation to habitat changes. I examined the relative 

influence of grassland amount and fragmentation per se (using landscape shape complexity as an 

index of habitat fragmentation) on the abundance, occurrence and richness of 16 species of 

grassland songbirds in south-west Manitoba. In 2013, 361 avian point counts were conducted 

across 47 2.4 km radii landscapes selected systematically to minimize the correlation between 

amount and configuration of grassland habitat. Overall, grassland songbirds did not respond 

strongly or consistently to grassland amount or fragmentation, but when pooled, the abundance 

of obligate species showed a strong negative response to grassland fragmentation. While 

fragmentation through negative edge effects may contribute to obligate species declines, my 

results suggest that these factors alone are unlikely to explain ongoing declines of grassland birds 

in southwestern Manitoba. This suggests that the landscape-scale management of habitat may not 

be an effective means of reversing the ongoing declines of grassland songbird populations, and 

that local-scale management of individual prairies in this region may be required instead. 
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2.2 Introduction 

 

Grassland songbirds in North America have undergone widespread population declines (Sauer et 

al. 2011). While these declines are largely attributed to the loss and fragmentation of native 

grasslands (Winter and Faaborg 1999), the relative influence of these landscape-scale processes 

on grassland songbirds remains unclear. Both habitat loss and fragmentation can influence 

biodiversity; however, understanding the relative influence of these variables on individuals, 

populations and communities is critical for developing effective management strategies (Fletcher 

et al. 2007), as their effects on wildlife may differ. Because habitat loss and fragmentation reflect 

changes in landscape composition and configuration respectively, land-use guidelines should 

differ if habitat loss or fragmentation is the main causal factor of population declines (Fletcher et 

al. 2007). If habitat loss is the main driver of species declines, then management efforts should 

focus mainly on habitat conservation and restoration (Fahrig 1997). However, if habitat 

fragmentation has a greater effect than habitat loss, it may be possible to mitigate the effects of 

habitat loss through effective land-use planning (Fahrig 1997), such as maintaining or restoring 

large contiguous grassland patches with low amounts of edge-affected habitat. 

The effects of habitat loss and fragmentation on avian biodiversity have been well studied 

in some habitats (McGarigal and Cushman 2002). Habitat loss, a reduction in the total amount of 

habitat in a landscape, can affect avian communities through its direct effect on populations, 

because individuals are inevitably lost from a landscape when habitat is removed (Bender et al. 

1998, Schmiegelow and Mönkkönen 2002). Habitat loss can also have negative impacts on avian 

taxa through indirect effects on populations (Fahrig 2003). Studies have shown that habitat loss 

can alter species interactions (Kruess and Tscharntke 1994), reduce reproductive (Robinson et al. 

1995, Kurki et al. 2000) and dispersal success (Belisle et al. 2001), and increase local extinction 
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rates (Fahrig 2002). In addition to the influence of habitat loss, there is evidence that habitat 

fragmentation, defined as a change in habitat configuration in which contiguous habitat is broken 

apart into a greater number of smaller patches (Fahrig 2003), can have important impacts on 

avian communities that are independent of habitat loss. Habitat fragmentation, as defined above, 

results in an increase in patch number, a decrease in average patch size and an increase in the 

amount of edge-affected habitat for a given amount of habitat (Fahrig 2003, Smith et al. 2011). 

These change can cause negative edge effects, leading to increased predation rates (Chalfoun et 

al. 2002) and reduced nesting success (Winter and Faaborg 1999), or result in patches that are 

too small to support a given species (Debinski and Holt 2000). While habitat loss and 

fragmentation influence biodiversity through different ecological processes, estimating their 

relative importance is difficult because most fragmentation metrics covary with habitat amount 

across randomly selected landscapes (Villard and Metzard 2014). For example, indices of habitat 

configuration such as patch size and isolation are often correlated with the amount of habitat in 

the surrounding landscape; patch size generally decreases and patch isolation increases as the 

amount of habitat in a landscape declines (Fahrig 2003).   

 Although some studies have attempted to distinguish between the effects of habitat loss 

and fragmentation per se (Boutin and Hebert 2002, Fahrig 2003), past efforts to remove the 

correlation between habitat loss and fragmentation have been met with difficulties (Villard and 

Metzard 2014). Some studies, for example, have attempted to distinguish between the effects of 

habitat loss and fragmentation by creating experimental landscapes and manipulating either the 

amount or configuration of habitat while holding all other factors constant (Caley et al. 2001, 

With and Pavuk 2011 and 2012). Although this approach enables researchers to isolate the 

ecological effects of habitat fragmentation from habitat loss (or vice versa), it is logistically 
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difficult, if not impossible, to manipulate landscapes at a spatial scale that is relevant to 

conservation management (McGarigal and Cushman 2002). 

 To avoid the logistical challenges of conducting manipulative experiments at the spatial 

scales necessary for ecological realism, some researchers have chosen to use mensurative 

experimental designs (sensu Hurlburt 1984) to distinguish between the effects of habitat amount 

and fragmentation (McGarigal and Cushman 2002). Unlike manipulative experiments, 

mensurative experiments do not attempt to experimentally alter the amount of habitat or 

fragmentation across a set of simulated landscapes. Instead, the pre-existing variation in habitat 

amount and fragmentation is measured across real-world landscapes (McGarigal and Cushman 

2002). While this approach allows researchers to avoid the logistical challenges associated with 

implementing large-scale manipulative treatments across multiple landscapes, it does not allow 

for the experimental separation of the effects of habitat fragmentation from habitat loss. 

Thus, most of the mensurative studies that have attempted to distinguish between the 

effects of habitat amount and fragmentation have done so by statistically controlling for the 

correlation between indices of habitat amount and configuration (Fahrig 2003). Several studies, 

however, have demonstrated that this approach can lead to biased results depending on the 

statistical method used (Koper et al. 2007, Smith et al. 2009). For example, in a critique of the 

statistical methods used to separate the effects of habitat amount and fragmentation, Smith et al. 

(2009) demonstrated that one of the most common approaches – using the residuals of habitat 

fragmentation variables regressed against habitat amount as an uncorrelated index of 

fragmentation – could result in a bias in favour of either habitat amount or fragmentation, and the 

direction of the bias could vary depending on the relationship between the effects of the habitat 

amount and fragmentation predictor variables. The results reported from previous empirical 
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studies using regression of residuals to separate the effects of habitat loss and fragmentation may 

therefore be misleading (e.g. Belisle et al. 2001, Westphal et al. 2003, Radford and Bennett 

2007). Given the problems associated with many of the statistical methods that have been used to 

distinguish between the effects of habitat loss and fragmentation (with the exception of 

standardized regression coefficients; reviewed in Smith et al. 2009), it is necessary to apply a 

different approach that explicitly separates the ecological impacts of habitat loss and 

fragmentation in real landscapes.   

 The a-priori selection of landscapes that represent a range in habitat amount and 

fragmentation patterns, while minimizing the correlation between these two processes, is one 

approach that may allow researchers to separate the effects of habitat loss and fragmentation in 

real landscapes. Indeed, several studies have used this approach to investigate the independent 

effects of habitat loss and fragmentation on avian abundance (e.g. McGarigal and McComb 

1995, Trczinski et al. 1999) in forested landscapes; however, this approach has not yet been used 

to study the effects of habitat loss and fragmentation on grassland birds.  

 Unlike patch area and isolation metrics, shape metrics generally have a weak correlation 

with habitat amount and may therefore be suitable for distinguishing between the effects of 

habitat amount and fragmentation (Wang et al. 2014). This group of metrics contains a number 

of different indices that can be used at either the patch, class or landscape levels to describe the 

geometric complexity of patch shapes, or at the class (or landscape) level to quantify the amount 

of edge for a given land cover class relative to that of a maximally compact and simple shape 

(i.e. a circle) of the same area (McGarigal and Marks 1995). The latter measurement, referred to 

as landscape shape index (LSI), is a measure of habitat shape, which can be used to capture 

several of the configurational changes associated with the division of habitat (i.e. changes in 
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edge amount, patch size and number of patches; Saura and Carballal 2004). For a single circular 

patch LSI = 1, but for habitat comprised of irregular shapes or multiple patches, LSI > 1 (Figure 

1).  

 

 

 

 

 

Figure 1. Comparison of the landscape shape index for three different patterns of habitat 

configuration. For a single square patch LSI = 1, but for habitat comprised of irregular shapes or 

multiple patches, LSI > 1. The LSI values for patterns ‘A’, ‘B’ and ‘C’ are 1, 3 and 1.5, 

respectively. 

 

Compared to the effects of patch size and isolation, the effects of habitat shape have 

received considerably less attention (Davis 2004, Ewers and Didham 2007, Saura et al. 2008); 

however, shape may be an important predictor of grassland songbird abundance and occupancy 

because of the sensitivity to edges of many species (Helzer and Jelinski 1999). Habitat shape 

influences communities through edge effects (Helzer and Jelinski 1999). Edge effects, for 

instance, modify the physical and biological properties of habitat, which can ultimately alter 

community structure and lead to changes in predation, mortality and parasitism rates (Murcia 

1995). Not surprisingly, habitat composed of many small patches (i.e. more fragmented) has 

more edge than habitat composed of fewer larger patches for the same area (Saura et al. 2008).  

 The purpose of this study was to determine the relative impacts of habitat amount and 

fragmentation, using LSI as an index of habitat fragmentation, on grassland songbirds. I used a 

mensurative experimental design to determine how grassland songbird distribution and 

A. B. C. 
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abundance responded to these landscape characteristics. To distinguish between the effects of 

habitat loss and fragmentation, landscapes were systematically selected to include a range in the 

amount and fragmentation of grassland habitat while minimizing the correlation between 

grassland amount and fragmentation (sensu Trzcinski et al. 1999, Pasher et al. 2013).  

 

2.3 Methods 

 

2.3.1 Study Area 

The study was conducted in south-west Manitoba, Canada, covering an area of approximately 

17,000 square km from the Canada/USA border to Birtle, MB (50° 25′ 21″ N, 101° 2′ 51″ W), 

and the Manitoba/Saskatchewan border to Carberry, MB (49° 52′ 8″ N, 99° 21′ 34″ W; Figure 2). 

The landscape in this region is dominated by agricultural cropland, consisting primarily of cereal 

grains (e.g. wheat and oat) and oilseed (e.g. canola and sunflower), interspersed with remnant 

mixed-grass prairie. Here the mixed-grass prairie is dominated by perennial grasses, sedges and 

forbs, but also may include low-lying shrubs such as wolf willow (Elaeagnus commutata) and 

western snowberry (Symphoricarpos occidentalis; Coupland 1950), and small stands of 

trembling aspen (Populus tremuloides; Agriculture and Agri-Food Canada 2012). Common grass 

species include blue grama (Bouteloua gracilis), needle-and-thread (Hesperostipa comata), little 

bluestem (Schizachyrium scoparium) and western wheatgrass (Pascopyrum smithii); common 

forbs include pasture sage (Artemisia frigida), prairie crocus (Pulsatilla patens), and moss-phlox 

(Phlox hoodii). Following European settlement, many non-native grassland plant species were 

introduced to the mixed-grass prairie in southwestern Manitoba. Non-native plant species typical 

of the study region included leafy spurge (Euphorbia esula), Kentucky bluegrass (Poa 

pratensis), crested wheatgrass (Agropyron cristatum) and smooth brome (Bromus inermis; 

Wilson and Belcher 1989).  
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2.3.2 Study design and selection of landscapes 

Landscapes were the unit of replication and were delineated as circles having a 2.4 km 

radius. Landscape spatial extent was selected based on a multi-scale analysis of grassland 

songbird response to landscape variables in southwestern Manitoba, which found that landscape 

structure was important most frequently within landscapes of 2.4 km radii or larger (Durán, 

2009, unpublished data). 

 ArcMap version 10.0 (ESRI 2010) was used to identify and select candidate landscapes 

for this study from a digitized land cover map of southwestern Manitoba (Agriculture and Agri-

Food Canada 2012). The land cover data for this map were obtained from 2000-2002 Landsat 

Thematic Mapper imagery collected at a 30-m resolution. Agricultural cropland, coniferous, 

deciduous and mixed-wood forest, open-deciduous shrub, road, wetland and grassland were 

among the 17 cover classes identified in the land cover dataset. Grasslands were defined as lands 

containing native or non-native prairie grasses and forbs with less than 10 percent shrub or tree 

cover (Agriculture and Agri-Food Canada 2012).  

Landscape selection began by generating reference points within patches of grassland 

habitat using the editor tool in ArcMap 10. Once generated, a 2.4-km radius buffer delineating 

the landscape boundary was created around each reference point. Reference points were 

separated by a minimum distance of 5 km and were only established in patches that were at least 

100 ha in size. This ensured that candidate landscapes did not overlap, and that there was an 

adequate amount of grassland habitat in which to measure songbird densities. Further, all 

reference points were located at least 500 meters from the nearest habitat edge, and at least 400 

metres from oil wells and associated infrastructure to minimize confounding effects from energy 

infrastructure. A subset of landscapes (n=47), which minimized the correlation between amount 
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and fragmentation indices while still maintaining variation within each, was selected from the 

total pool of candidate landscapes (n=255; Figure 2). The correlation was minimized by 

systematically selecting landscapes that contained different combinations of grassland cover and 

fragmentation (i.e. low grassland cover and high fragmentation, low grassland cover and low 

fragmentation, high grassland cover and low fragmentation, and high grassland cover and high 

fragmentation (as in Trzcinski et al. 1999, Ethier and Fahrig 2011, Pasher et al. 2013; Figure 3). 

Landscapes representing all of these combinations of grassland cover and fragmentation were 

distributed throughout the study area as best as possible to avoid confounding habitat amount or 

fragmentation with regional trends such as climate or geology (Figure 2). The pairwise 

correlation between habitat amount and fragmentation variables within the 47 selected 

landscapes was r = -0.14. 
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Figure 2. Locations of 47, 2.4 km-radii, study landscapes in southwestern Manitoba, Canada, 

2013.The different colours represent the four combinations of percent grassland cover (PG) and 

fragmentation (LSI) - low grassland cover and high fragmentation, low grassland cover and low 

fragmentation, high grassland cover and low fragmentation, and high grassland cover and high 

fragmentation. 
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Figure 3. Sample landscapes from southwest Manitoba, Canada, 2013, showing different 

combinations of grassland cover and fragmentation: (a) low grassland cover and high 

fragmentation, (b) high grassland cover and high fragmentation, (c) low grassland cover and low 

fragmentation and (d) high grassland cover and low fragmentation. Light green polygons 

represent grassland patches. 
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2.3.3 Landscape metrics  

One landscape metric was selected to represent each of habitat loss and fragmentation. 

The rationale for selecting these two metrics was based equally on their (1) ecological 

significance, and (2) ease of interpretation. Selecting appropriate landscape metrics is contingent 

on identifying metrics that are biologically relevant to the process or species of interest (Turner 

et al. 2001, Li et al. 2005), while also being intuitive to decision-makers and managers (Kupfer 

2012).  

Grassland amount, quantified as the proportion of the landscape composed of grassland 

habitat, was used as an index of habitat amount. Among selected landscapes grassland amount 

ranged from 17 to 59 percent (�̅� = 31.3, STDV = 10.6).  

Landscape shape index (LSI), representative of the amount of edge present in a landscape 

for a given land cover relative to the amount of edge present for a maximally compact shape (i.e. 

circle) of equal area (McGarigal and Marks 1995), was used as an index of habitat 

fragmentation. Here, LSI was quantified as the total length of grassland edge divided by the 

minimum edge possible for the amount of habitat in the landscape (i.e. the circumference of a 

single circular patch).  

𝐿𝑆𝐼 =  
𝐸

2 √𝜋 𝐴
 

Thus, for a single circular patch LSI = 1, but for habitat comprised of irregular shapes or multiple 

patches, LSI > 1 (Saura and Carballal 2008). Among the selected landscapes LSI ranged from 

4.62 to 16.78 (�̅� = 9.9, STDV = 2.9). 
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2.3.4 Songbird Surveys 

Avian point-count surveys were used to estimate songbird densities across the subset of 

selected landscapes. Four, 100-m radius point count surveys were conducted in each landscape 

and two rounds of point count surveys (n = 361) were conducted between 25 May and 4 July 

2013 with observers rotated between rounds. Point count plots were situated in grassland habitat, 

as close as possible to the centre of each landscape and at least 100-meters from the nearest 

habitat edge.  Plots were at least 250 metres apart to reduce the likelihood of counting the same 

bird twice.  

Point-count surveys were five minutes. All songbirds seen or heard within 100 metres of 

the point count centre, and distance between the bird and observer, were recorded during each 

survey. To standardize detection probabilities, point count surveys were not conducted during 

inclement weather conditions such as rain or fog, or during strong winds greater than 20km/hour 

(Ralph et al. 1995). All point counts were conducted between sunrise and 10:00 AM. 

2.3.5 Statistical analysis 

I used unadjusted point count data to estimate relative songbird abundances for each 

point count conducted within each round, because previous studies suggest that the assumptions 

of distance sampling and other methods to correct for variation in detection probabilities are not 

met in prairie ecosystems (e.g., Davis et al. 2013, Richardson et al. 2014, Leston et al. 2015). 

Furthermore, studies have shown that detection of grassland songbirds is very high (Leston et al. 

2015), and thus adjusted abundance estimates would have little impact on density estimates.  

Prior to analyses, songbirds were separated into two groups: obligate and facultative 

grassland specialists. Obligate grassland specialists, defined as species that depend on grasslands 

for all or part of their lifecycle, included bobolink, chestnut-collared longspur, grasshopper 
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sparrow, horned lark, Le Conte’s sparrow, Savannah sparrow, sedge wren, Sprague’s pipit, 

vesper sparrow and western meadowlark (Vickery et al. 1999). Facultative grassland specialists, 

defined as species that use grasslands but can complete their lifecycle in their absence, included 

brown-headed cowbird, Brewer’s blackbird, clay-colored sparrow, eastern kingbird, red-winged 

blackbird and western kingbird (Vickery et al. 1999). Effects of habitat loss and fragmentation 

on total relative abundance and richness were analyzed separately for obligate and facultative 

grassland specialists. Savannah sparrow, grasshopper sparrow, brown-headed cowbird, bobolink, 

red-winged blackbird, clay-colored sparrow and sedge wren relative abundances were also 

analyzed. For Brewer’s blackbird, chestnut-collared longspur, eastern kingbird, horned lark, Le 

Conte’s sparrow, Sprague’s pipit, vesper sparrow, western kingbird and western meadowlark, 

abundances were converted to occurrence data because abundance data were too sparse to fit 

normal, Poisson, or negative binomial distributions. Diagnostic plots and deviance/df were used 

to determine the distributions of the residuals of each species response variable, and to ensure 

that data met statistical assumptions. 

Relative effects of habitat amount and fragmentation on grassland songbirds 

I used generalized linear mixed-effects models (GLMM; Proc Glimmix procedure in SAS 

9.3) to determine the responses of grassland songbird abundance, richness and occurrence to 

variation in grassland amount and habitat shape. The model set for this analysis included (1) 

habitat amount (percent grassland), (2) landscape shape index, (3) habitat amount + landscape 

shape index, and (4) a null model. Two random effects, point count plot and landscape, were 

included in all models to account for the hierarchical arrangement of data points, i.e. sampling 

round nested within plot, and plot nested in landscape.  
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I used an Akaike’s information criterion (AIC) framework, corrected for small sample 

size (AICc), to rank and evaluate the relative fit of each model. No single model performed 

substantially better (AICc weight of > 0.9) than others, so rather than identifying a “best” model, 

I model-averaged parameter estimates across the entire model set (Burnham and Anderson 

2002). The model-averaged parameter estimates were used to predict grassland songbird 

abundance, richness and probability of occurrence relative to changes in habitat amount and 

shape. To determine the relative confidence around each estimate, defined here as an index of 

statistical confidence in the measured effect of each variable (Smith et al. 2014), I calculated the 

summed AICc weight (wi) associated with each variable (j) (e.g. w+[j]; Burnham and Anderson 

2002, page 168).  

Although the summed Akaike weights are sometimes interpreted as a measure of relative 

variable importance, where larger values indicate greater variable importance (Burnham and 

Anderson 2002), this inference is inappropriate, particularly when comparing variables that are 

measured on different scales, such as habitat amount and shape (Smith et al. 2014). Thus, it is 

important to note that in this study the summed Akaike weights were used to represent the 

strength of statistical support for each variable, where larger values indicated a greater strength 

of support, but not a greater effect size, relative to other modeled variables (sensu Smith et al. 

2014). For consistency with the literature (e.g. Barbieri and Berger 2004, Schwenk and Donovan 

2011, Davis et al. 2015), I considered the relative strength of support for the measured effect of 

each variable to be important where w+(j) > 0.5. 

While standardized regression coefficients are sometimes used to infer relative variable 

importance when predictors are expressed in different units (Schielzeth 2010, Grueber et al. 

2011, Smith et al. 2014), this approach can be problematic because parameter estimates are on a 
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transformed scale, which can be difficult to interpret biologically (Nakagawa and Cuthill 2007, 

Schielzeth 2010 and Grueber et al. 2011). Also, because standardized estimates are sample 

dependent – meaning that parameters are standardized relative to their standard deviation and the 

range of measurements within the study system – it is difficult to translate standardized estimates 

to other study areas where the variance and range of values might be different (Schielzeth 2010). 

To avoid these challenges, and to have a more biologically meaningful and clear interpretation of 

the data, I chose to evaluate the response of grassland birds to habitat amount and shape in the 

original units (see also Nakagawa and Cuthill 2007, Schielzeth 2010). However, because they are 

in different units, the effects of habitat amount and shape on grassland birds cannot be directly 

compared. Instead, I compared the “percent change in birds” relative to the range of possible 

values for habitat amount and shape within the study area, a useful comparison in our study 

because the range of values for both habitat amount and shape were similar (i.e. a 3.5-fold 

difference across the range of values for both habitat and shape). Comparisons between habitat 

amount and shape were therefore made in the response variable units of “percent change in 

birds” relative to changes in habitat amount and “percent change in birds” relative to changes in 

habitat shape.   

Results 

In total, 18 species of grassland songbirds were detected. The most frequently observed 

grassland birds were Savannah sparrow (n = 812), clay-colored sparrow (n = 440), red-winged 

blackbird (n = 274) and bobolink (n = 158).  

Of the 18 species of grassland songbirds detected, only 16 were suitable for analysis. 

Baird’s sparrow (n=3) and lark sparrow (n=1) were excluded from analyses due to a low number 

of observations (Appendix B).   
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2.4.1 Relative confidence: 

 Overall, there was a considerable amount of uncertainty in the data. Evidence for an 

effect of habitat amount or shape was apparent for only 6 of the 16 species evaluated (w+[j] > 

0.5, Table 1). 

Compared to habitat amount, habitat shape received a higher weight of support across all 

species (average w+[j] = 0.48, stdev = 0.27). There was evidence for an effect of habitat shape 

(w+[j] > 0.5) on obligate species abundance and richness, and on abundance or occurrence of 5 

out of 16 species. However, there was high confidence in the measured effect for only 4 of these 

models (w+[j] > 0.9; Tables 1 & 2).  

Habitat amount had a marginally lower weight of support across species (average w+[j] = 

0.42, stdev = 0.19) than habitat shape, and there was only moderate confidence in the measured 

effect of habitat amount on facultative species abundance and richness, obligate richness and 4 of 

the 16 species analyzed (w+[j] = 0.53-0.85; Tables 1 & 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 26 

Table 1: Relative confidence in the measured effect for each predictor variable – percent 

grassland and landscape shape index – in explaining patterns of grassland songbird abundance, 

distribution and richness in southwest Manitoba, Canada, 2013. Relative confidence was 

determined by summing Akaike weights across all models in which the predictor variable of 

interest occurred.  

 

Response 

Variable 

Relative Confidence 

(w+[j]) 

Percent 

Grassland 

Landscape 

Shape Index 

Obligate 

species   

Abundance 0.44 0.99 

Richness 0.63 0.99 

Bobolink
a
 0.28 0.29 

Chestnut-

collared 

longspur
b
 

0.33 0.27 

Grasshopper 

sparrow
a
 

0.85 0.73 

Horned lark
c
 0.27 0.36 

LeConte’s 

sparrow
b
 

0.30 0.36 

Savannah 

sparrow
a
 

0.27 0.91 

Sedge wren
a
 0.31 0.45 

Sprague’s pipit
b
 0.49 0.39 

Vesper 

sparrow
b
 

0.30 0.31 

Western 

meadowlark
b
 

0.77 0.78 

Facultative 

species   

Abundance 0.71 0.31 

Richness 0.53 0.29 

Brown-headed 

cowbird
a
 

0.53 0.98 

Brewer’s 

Blackbird
b
 

0.27 0.27 

Clay-colored 

sparrow
a
 

0.60 0.27 

Eastern 

kingbird
b
 

0.34 0.23 

Red-winged 0.44 0.84 
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blackbird
a
 

Western 

kingbird
b
 

0.30 0.27 

PG = percent grassland, LSI = landscape shape index
 

a
Abundance 

b
Occurrence
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Table 2: Summary of the relative confidence of predictor variables based on the sum of Akaike weights (w+[j]) averaged across 

individual species. Models described effects of percent grassland and landscape shape index on grassland songbird abundance and 

occurrence in south-west Manitoba, Canada, 2013. Values indicate support for each predictor variable in explaining abundance and 

distribution patterns relative to each other. 

Predictor Variable 
Average Relative 

Confidence 

Number of species for which 

measured effect received a 

greater weight of support 

(w+[j]) 

Number of species for which 

relative confidence
1 

> 0.5 > 0.75 > 0.9 

Landscape Shape Index 

 

0.48 

 

9 5 4 2 

Percent Grassland 

 

0.42 

 

6 4 2 0 

1
Three threshold values (0.5, 0.75, 0.9) are presented to illustrate a range of support (from moderate to strong) for the effects of each 

predictor variable 
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2.4.2 Relative biological importance:  

The magnitude and direction of the effects of habitat amount and fragmentation varied 

among those species for which the relative confidence was > 0.5. Of the 4 species for which 

there was evidence of an effect of habitat amount, 2 responded positively and 2 responded 

negatively to increasing habitat amount. All but 1 of 5 species for which there was evidence of 

an effect of LSI showed a negative response to an increase in LSI. 

In general, obligate grassland songbirds (as a group) responded most strongly to LSI 

(Figures 4 & 5). An increase in LSI from low to high (i.e. 5 to 15), for instance, resulted in a 

decrease in obligate species abundance of 3 individuals (approximately 50%) per point count, 

whereas an increase in habitat amount from low to high (i.e. 20 to 60 ha) only resulted in an 

increase in obligate species of 0.5 individuals (approximately 10%) per point count (Figure 4). In 

addition, an increase in LSI from low to high (i.e. 5 to 15) resulted in a decrease in obligate 

species richness of approximately 1.5 species per point count, while the effects of habitat amount 

on obligate species richness were negligible (Figure 4). The effects of habitat amount and LSI on 

facultative species were weak (Figures 4 & 5). An increase in LSI from low to high (i.e. 5 to 15) 

resulted in an increase in facultative species of only 0.10 individuals (approximately 3%) per 

point count, and an increase in habitat amount from low to high (i.e. 20 to 60 ha) resulted in a 

decrease in facultative species of 0.9 individuals (approximately 40%) per point count (Figure 4); 

neither analysis received a w+(j) > 0.5, further suggesting limited effects of grassland amount 

and LSI on facultative species.  

With the exception of Savannah sparrow and red-winged blackbird, most species for 

which there was evidence of an effect of LSI showed a weak response to LSI, defined here as a 

change of less than 1 bird or 50 percent probability of occurrence per point count relative to a 
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change from high to low (or low to high) in LSI. In contrast, Savannah sparrow and red-winged 

blackbird demonstrated stronger responses, declining by 1 individual per point count 

(approximately 33%) and increasing by 1 individual per point count (greater than 100%) 

respectively, as LSI increased from low to high (i.e. 5 to 15; Figure 6).  

With the exception of grasshopper sparrow, habitat amount did not have a strong 

influence (effect size) on any of the species evaluated in this study, defined as above (Figure 7). 

However, as habitat amount increased from low to high (i.e. 20 to 60 percent), grasshopper 

sparrow increased by 1.5 individuals per point count (greater than 100%).
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Table 3: Model-averaged parameter estimates, unconditional standard error and 95% confidence 

intervals for predictor variables – percent grassland and landscape shape index. Models 

described effects of percent grassland and landscape shape index on grassland songbird 

abundance, occurrence and richness in south-west Manitoba, Canada, 2013.  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

a
Only those species for which the relative confidence, as assessed by multimodel inference, was 

> 0.5 are listed. 
b
Abundance 

c
Occurrence 

 

 

  

Response 

Variable
a 

Percent Grassland Landscape Shape Index 

�̅� SE 
95% CI 

�̅� SE 
95% CI 

Upper  Lower Upper Lower 

Obligate 

species 
       

Abundance 0.012 0.017 0.045 -0.021 -0.318 0.077 -0.167 -0.469 

Richness 0.011 0.009 0.028 -0.007 -0.137 0.034 -0.070 -0.204 

Grasshopper 

sparrow
b
 

0.061 0.029 0.118 0.004 -0.173 0.116 0.054 -0.400 

Savannah 

sparrow
b
 

--- --- --- --- -0.064 0.023 -0.019 -0.109 

Western 

meadowlark
c
 

0.022 0.015 0.051 -0.007 -0.087 0.057 0.025 -0.199 

Facultative 

species 
        

Abundance
 

-0.011 0.008 0.012 -0.008 0.006 0.018 0.010 -0.006 

Richness -0.005 0.005 0.005 -0.015 0.003 0.012 0.026 -0.021 

Brown-

headed 

cowbird
b
 

-0.012 0.013 0.013 -0.037 -0.055 0.017 -0.022 -0.088 

Clay-colored 

sparrow
b
 

-0.010 0.009 0.008 -0.028 --- --- --- --- 

Red-winged 

blackbird
b --- --- --- --- 0.118 0.058 0.232 0.004 
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Figure 4. The effect of (a) habitat amount and (b) landscape shape index on the relative 

abundance of grassland songbird obligate and facultative species in southwestern 

Manitoba, 2013. Points represent the mean number of individuals detected in each 

landscape (averaged across survey round and point count plot).
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Figure 5. The effect of (a) habitat amount and (b) landscape shape index on grassland 

songbird obligate and facultative species richness in southwestern Manitoba, 2013. Points 

represent the mean number of individuals detected in each landscape (averaged across 

survey round and point count plot). 
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Figure 6. The effect of landscape shape index on relative abundance of (a) Savannah sparrow, (b) 

brown-headed cowbird, (c) red-winged blackbird (d) grasshopper sparrow, and (e) probability of 

occurrence of western meadowlark in southwestern Manitoba, 2013. Points represent the mean 

number of individuals detected in each landscape (averaged across survey round and point count 

plot. Only those species for which the relative confidence, as assessed by multimodel selection, 

was > 0.5 are presented. 
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Figure 7. The effect of habitat amount on the relative abundance of (a) grasshopper sparrow, (b) 

brown-headed cowbird and (c) clay-colored sparrow, and probability of occurrence of (d) 

western meadowlark in southwestern Manitoba, 2013. Points represent the mean number of 

individuals detected in each landscape (averaged across survey round and point count plot) Only 

those species for which the relative confidence, as assessed by multimodel selection, was > 0.5 

are presented

0

1

2

3

4

5

0 10 20 30 40 50 60

A
ve

ra
ge

 a
b

u
n

d
an

ce
 

Percent Grassland 

(b)  
Brown-headed Cowbird 

0

1

2

3

4

5

0 10 20 30 40 50 60

A
ve

ra
ge

 a
b

u
n

d
an

ce
 

Percent Grassland 

(a) 
Grasshopper Sparrow 

0

0.2

0.4

0.6

0.8

1

0 10 20 30 40 50 60

P
ro

b
ab

ili
ty

 o
f 

o
cc

u
rr

e
n

ce
  

Percent Grassland 

(d) 
Western Meadowlark 

0

1

2

3

4

5

0 10 20 30 40 50 60

A
ve

ra
ge

 a
b

u
n

d
an

ce
 

Percent Grassland 

(c) 
Clay-colored Sparrow 



 36 

2.5 Discussion 

Declines in grassland bird populations have generally been attributed to the widespread loss and 

fragmentation of grasslands; however, because I detected few effects of grassland amount or 

fragmentation on grassland songbird abundance and occurrence, and, when present, these effects 

were mostly weak and variable, these factors may not be driving the continued decline of 

grassland songbirds on their breeding grounds in southwestern Manitoba.  

Given the strong negative effects of habitat amount reported in both empirical (reviewed 

in Fahrig 2003) and theoretical studies (Fahrig 1997), it is surprising that grassland amount had 

few effects on grassland birds. However, this finding is consistent with other studies conducted 

in the mixed-grass prairies. Koper and Schmiegelow (2006) found little to no effects of grassland 

amount measured within 5 km-radii landscapes on densities and nesting success of grassland 

birds in southern Alberta. In southern Saskatchewan, Davis et al. (2006) found weak and variable 

effects of patch size on grassland songbird abundances and nesting success – although the 

authors did not explicitly look at landscape composition, patch size was positively correlated 

with the amount of grassland in the surrounding landscape suggesting that their results were 

driven by landscape-level factors.  

The lack of effects of habitat amount on grassland songbirds in this study and others  (e.g. 

Koper and Schmiegelow 2006, Davis et al. 2006) suggests that the abundance and distribution of 

songbirds in mixed-grass prairie may be less strongly influenced by habitat amount compared to 

other ecosystems in which strong negative effects of habitat amount on songbird diversity have 

been reported (e.g. tall-grass prairie and forested ecosystems; McGarigal and McComb 1995, 

Trzcinski et al. 1999, Villard et al. 1999, Winter and Faaborg 1999, Winter et al. 2000). One 

reason for this may be that habitat loss in the mixed-grass prairies, unlike tall-grass or forested 
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landscapes, occurs primarily through the conversion of native prairie to alternate land uses with 

similarly short habitat structure, such as agriculture (Sliwinski and Koper 2012), which may not 

impede movement, and continues to provide breeding (e.g. Tews et al. 2013) or foraging habitat 

(e.g. Winter et al. 2006) for some species. Indeed, observations from other studies indicate that 

grassland birds such as bobolink, Savannah sparrow, horned lark and meadowlarks often forage 

in croplands (Winter et al. 2006), which could explain why the abundance and occurrence of 

most species evaluated in this study, with the exception of grasshopper sparrow, showed little to 

no response to habitat amount in the landscape.  

Nonetheless, it is unclear why a positive effect of habitat amount was found for 

grasshopper sparrow but not for other species that typically tend to avoid cropland and non-

native grassland such as Sprague’s pipit and chestnut-collared longspur (Owens and Myres 1973, 

Davis et al. 1999, Davis et al. 2013). A possible explanation is that the sample sizes for these 

other species were not large enough (n= 32 and n=18 respectively) to detect effects of habitat 

amount or fragmentation if indeed they were present.  

Although fragmentation, like habitat amount, had little effect on the abundance or 

occurrence of individual species, with the exception of Savannah sparrow and red-winged 

blackbird, strong negative effects of fragmentation on the abundance and richness of obligate 

species were apparent when these species were pooled. This conflict between analyses of 

individual species, compared with analyses with pooled species, might be because there was 

insufficient statistical power to detect fragmentation effects for some species when analyzed 

separately (Appendix B). A post hoc analysis showed a negative response of rare obligate 

species (species with n < 100) to grassland fragmentation when common obligate species 

(species with n > 100) were removed from the analysis, suggesting that the relationship observed 
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for obligate species was not driven solely by the negative response of abundant species such as 

Savannah sparrow (n = 812). Thus, it is likely that fragmentation due to edge effects could lead 

to further declines of grassland obligates if habitat is not effectively managed. Specific 

recommendations to reduce fragmentation effects include increasing or maintaining grassland 

patches with large amounts of core area thereby minimizing the amount of edge-affected habitat, 

and restricting the development of roads that bisect existing grassland parcels.   

Although a few species responded to habitat amount and fragmentation, overall it seems 

that habitat amount and fragmentation might not be as relevant to grassland songbird recovery as 

previously proposed, and that other factors may be more important. Continued declines of 

grassland songbird populations in southwestern Manitoba may instead be due to ecological 

deterioration of the prairies in this region. Most of the remaining prairie in southwestern 

Manitoba is managed for livestock production, and it is possible that the cumulative effects from 

cattle grazing, fire suppression, haying and range improvement (e.g. reseeding native pasture to 

non-native grasses to increase forage availability) have reduced the quality of prairie habitat in 

this part of the province for grassland birds (Brennan and Kuvlesky 2005). Modern grazing 

practices, such as continuous livestock grazing, if not managed properly, can make habitat less 

suitable for grassland birds by homogenizing and degrading rangelands (Holechek et al. 1998, 

Brennan and Kuvlesky 2005). Similarly, the replanting of native prairie with non-native grasses 

such as smooth brome to increase forage production has been associated with a reduction in the 

availability of food resources (e.g. arthropod prey) as well as the ability of nesting songbirds to 

visually detect predators (Fisher and Davis 2011), which could ultimately lead to lower nest 

productivity. Furthermore, the widespread application of pesticides on managed grassland and 

adjacent cropland may be exacerbating effects from habitat fragmentation and degradation. 
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While there is limited data available on the use of pesticides in southwestern Manitoba, a 

growing body of evidence suggests that pesticide application in agricultural systems is an 

important factor in grassland bird declines (Mineau and Whiteside 2013, but see Hill et al. 2014).   

Conclusion: 

Widespread declines in grassland birds have previously been attributed to the loss and 

fragmentation of native prairies. Although edge effects may contribute to these declines, my 

results suggest that the landscape-scale management of habitat may not be an effective means of 

reversing the ongoing declines of grassland songbird populations, and that local-scale 

management of individual prairies may be required instead. Degradation of remaining grasslands 

resulting from land-management practices and widespread application of pesticides have been 

implicated in grassland declines elsewhere; however, it remains unclear to what extent these 

factors might be contributing to grassland songbird declines in Manitoba. Regardless, future 

studies are needed to identify the main causal factors of grassland songbird declines so that 

effective management strategies for the conservation and recovery of grassland songbirds can be 

implemented. 
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3.0 Relative effects of landscape habitat, landscape matrix and local habitat on grassland 

songbirds in southwestern Manitoba 

 

3.1 Abstract 

 

Using an information-theoretic approach, I examined the relative impacts of grassland amount 

and fragmentation (landscape habitat), matrix composition (landscape matrix), and vegetation 

structure and composition (local habitat) on grassland songbird abundance and occurrence in 47 

2.4 km radius landscapes in southwestern Manitoba. Statistical models indicated that for most 

species, abundance and occurrence were influenced by local habitat or a combination of both 

local habitat and landscape variables (habitat or matrix) more so than by landscape variables 

alone. However, only 6 of 16 species evaluated responded to landscape habitat, landscape matrix 

or local habitat variables (confidence intervals did not overlap zero), and the strength of these 

relationships was generally weak across all scales. These results suggest that management efforts 

focused on breeding habitat alone may have limited success in reversing declines of grassland 

songbird populations in southwestern Manitoba. 
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3.2 Introduction 

Throughout the Great Plains of North America, native prairie has declined dramatically (Samson 

and Knopf 1994). Today, extant prairie continues to be threatened by numerous factors such as 

agriculture, overgrazing, fire suppression, introduction and invasion of exotic plant species and 

woody vegetation, and anthropogenic development (Davis 2004). In turn, wildlife, such as 

songbirds dependent on grasslands in North America, have experienced widespread declines 

(Knopf 1994, Sauer et al. 2011, Davis et al. 2013). Habitat disturbances influence grassland 

songbirds at both the landscape and local scales; however, the relative importance of each scale 

is poorly understood (Cunningham and Johnson 2006, Koper and Schmiegelow 2006). 

Identifying the scale at which habitat factors influence songbirds is needed to develop 

appropriate guidelines for the management and conservation of prairie habitat for grassland 

birds.    

At the landscape scale, habitat loss and fragmentation are usually regarded as the main 

causal factors of songbird declines (Herkert 1994, Vickery et al. 1999). However, an increasing 

amount of research suggests that the presence of certain land uses in the non-habitat portions of 

the landscape (i.e. the composition of matrix) can also influence the abundance and distribution 

of prairie birds. For example, land uses such as agriculture (Tscharntke et al. 2005), woodlots 

(Grant et al. 2004, Hamer et al. 2006) and energy well sites and associated infrastructure 

(Hamilton et al. 2011) have been shown to influence grassland songbird richness and abundance 

in prairies. While the mechanisms underlying these relationships are unclear, the composition of 

matrix habitat in grassland landscapes is thought to be a strong determinant of abundance and 

composition of songbird communities because of its role in regulating the movement of 
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individuals (Ricketts 2001, Ewers and Didham 2006), and mediation of edge (Sliwinski and 

Koper 2012), area and isolation effects (Rodewald 2003).  

In addition to landscape-scale factors, local-scale factors such as vegetation structure and 

composition are also considered to be important determinants of the abundance and distribution 

of grassland songbirds (Bollinger 1995). Structural features of the microhabitat (Ribic et al. 

2009) such as vegetation height and density (Cody 1985) have been shown to influence 

abundances of grassland birds such as bobolink (Dolichonyx oryzivorus; Davis and Duncan 

1999), Savannah sparrow (Passerculus sandwichensis; Madden et al. 2000), vesper sparrow 

(Pooecetes gramineus; Dechant et al. 2000) and Sprague’s pipit (Anthus spragueii; Sutter and 

Brigham 1998). Moreover, some studies suggest that grassland songbirds are also sensitive to 

plant species composition. Sprague’s pipits and chestnut-collared longspurs (Calcarius ornatus) 

are generally more abundant in native grasslands (e. g. Wilson and Belcher 1989, Davis and 

Duncan 1999), suggesting that these species favour native vegetation over non-native plant cover 

despite similarities in the habitat structure of some native and non-native vegetation (Peterjohn 

2003). Conversely, Wilson and Belcher (1989) found that total number of clay-colored (Spizella 

pallida), grasshopper (Ammodramus savannarum) and vesper sparrows were positively 

correlated with the cover of non-native vegetation, suggesting that non-native grasslands may 

provide suitable habitat for some species of grassland birds. 

To date, most studies that have investigated the habitat associations of grassland 

songbirds have been conducted on a single scale (Winter et al. 2006), although both local and 

landscape scale factors influence population sizes and patterns of habitat occupancy of many 

species (Blevins and With 2008). Thus the relative importance of the effects of local and 

landscape scale factors on grassland songbirds remains unclear. The purpose of this study was to 
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determine the relative influence of landscape and local-scale habitat variables on grassland 

songbirds in the mixed-grass prairies of southwestern Manitoba. Using an information-theoretic 

approach, I evaluated the relative impacts of landscape-scale habitat, landscape-scale matrix and 

local-scale habitat variables on the abundance and occurrence of grassland songbirds.  

3.3 Methods 

3.3.1 Study area 

The study was conducted across 14 Rural Municipalities in south-west Manitoba, Canada, 

covering an area of approximately 17,000 square km from the Canada/USA border to Birtle, MB 

(50° 25′ 21″ N, 101° 2′ 51″ W), and the Manitoba/Saskatchewan border to Carberry, MB (49° 

52′ 8″ N, 99° 21′ 34″ W; Figure 8). The landscape in this region is dominated by agricultural 

cropland, consisting primarily of cereal grains (e.g. wheat and oat) and oilseed (e.g. canola and 

sunflower), interspersed with remnant mixed-grass prairie. Here the mixed-grass prairie is 

dominated by perennial grasses, sedges and forbs, but also may include low-lying shrubs such as 

wolf willow (Elaeagnus commutata) and western snowberry (Symphoricarpos occidentalis; 

Coupland 1950), and small stands of trembling aspen (Populus tremuloides; Agriculture and 

Agri-Food Canada 2012). Common grass species include blue grama (Bouteloua gracilis), 

needle-and-thread (Hesperostipa comata), little bluestem (Schizachyrium scoparium) and 

western wheatgrass (Pascopyrum smithii); common forbs include pasture sage (Artemisia 

frigida), prairie crocus (Pulsatilla patens), and moss-phlox (Phlox hoodii). Following European 

settlement, many non-native grassland plant species were introduced to the mixed-grass prairie 

in southwestern Manitoba. Non-native plant species typical of the study region included leafy 

spurge (Euphorbia esula), Kentucky bluegrass (Poa pratensis), crested wheatgrass (Agropyron 

cristatum) and smooth brome (Bromus inermis; Wilson and Belcher 1989).  
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3.3.2 Site selection 

Landscapes were the unit of replication and were delineated as circles having a 2.4 km 

radius. Landscape size was based on a multi-scale analysis of grassland songbird response to 

landscape variables in southwestern Manitoba, which found that landscape structure was 

important most frequently within landscapes of 2.4 km radii or larger (Durán, 2009, unpublished 

data).   

 ArcMap version 10.0 (ESRI 2010) was used to identify and select candidate landscapes 

for this study from a digitized land cover map of southwestern Manitoba (Agriculture and Agri-

Food Canada 2012). The land cover data for this map were obtained from 2000-2002 Landsat 

Thematic Mapper imagery collected at a 30-m resolution. Agricultural cropland, coniferous, 

deciduous and mixed-wood forest, open-deciduous shrub, road, wetland and grassland were 

among the 17 cover classes identified in the land cover dataset. Grasslands were defined as lands 

containing native or non-native prairie grasses and forbs with less than 10 percent shrub or tree 

cover (Agriculture and Agri-Food Canada 2012).   

A subset of landscapes (n=47), which minimized the correlation between amount and 

fragmentation indices while still maintaining variation within each, was selected from a total 

pool of candidate landscapes (n=255; Figure 1). The pairwise correlation between habitat amount 

and fragmentation variables within the 47 selected landscapes was r = -0.14. 

Four point count plots were established within each landscape. Point-count plots were 

situated in grassland habitat, and as close as possible to the center of each landscape.  Plots were 

at least 250 metres apart to reduce the likelihood of counting the same bird twice, and 100-

meters from the nearest habitat edge.  
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Figure 8. Locations of 47, 2.4 km-radii, study landscapes in southwestern Manitoba, 

Canada, 2013.  
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3.3.3 Point count surveys 

Two rounds of 5-minute point counts were conducted between 25 May and 4 July 2013, 

with observers rotated between rounds. All songbirds seen or heard within 100 metres of the 

point count centre, and distance between the bird and observer, were recorded during each 

survey. To minimize detection biases, point counts were not conducted during inclement weather 

conditions such as rain or fog, or during strong winds greater than 20km/hour (Ralph et al. 

1995). All point counts were conducted between sunrise and 10:00 AM. 

3.3.4 Predictor variables  

Because information theory based approaches tend to be biased towards selecting more 

complex models (Mundry 2011), I designed models to ensure that each competing model set (i.e. 

landscape-scale habitat, landscape-scale matrix and local-scale habitat) included the same 

number of explanatory variables (Table 4). Two variables at each scale were used to represent 

landscape-scale habitat, landscape scale-matrix and local-scale habitat structure: 

 Landscape-scale habitat variables: 

Grassland amount was used as an index of habitat loss. Grassland amount was quantified 

as the proportion of the 2.4 km radius landscape composed of grassland habitat. Among selected 

landscapes grassland amount ranged from 17 to 59 percent (�̅� = 31.3, STDV = 10.6). 

Landscape shape index (LSI), representative of the amount of edge present in a landscape 

for a given land cover relative to the amount of edge present for a maximally compact shape (i.e. 

circle) of equal area (McGarigal and Marks 1995), was used as an index of habitat 

fragmentation. Landscape shape index may be an important predictor of grassland songbird 

abundance and occupancy because of the sensitivity to edges of many species. Furthermore, LSI 
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generally has a low correlation with habitat amount making it possible to distinguish between the 

effects of habitat fragmentation and loss (Wang et al. 2014).  

LSI was quantified as the total length of grassland edge divided by the minimum edge 

possible for the amount of habitat in the landscape (i.e. the circumference of a single circular 

patch): 

𝐿𝑆𝐼 =  
𝐸

2 √𝜋 𝐴
 

Thus, for a single circular patch LSI = 1, but for habitat comprised of irregular shapes or multiple 

patches, LSI > 1 (Saura and Carballal 2004). Among the selected landscapes LSI ranged from 

4.62 to 16.78 (�̅� = 9.9, STDV = 2.9). Patch Analyst within ArcMap was used to derive data on 

percent grassland coverage as well as LSI for each landscape. 

 Landscape-scale matrix variables  

Studies that have looked at the effects of matrix composition on grassland birds 

demonstrate that forest cover in the landscape can affect the abundance and distribution of some 

species (e.g. Grant et al. 2004, Renfrew et al. 2005, Thompson et al. 2014), while a number of 

other studies have reported effects of oil and gas well infrastructure on grassland bird nesting 

success (e.g. Aldridge and Boyce 2007) and abundance (e.g. Thompson et al. 2015). Thus, the 

amount of forest and the total number of oil and gas wells in the surrounding landscape were 

used to quantify landscape-scale matrix structure. Cropland, although prevalent throughout 

southwestern Manitoba, was not used to quantify matrix structure because it was inversely 

correlated with grassland amount in the landscape. 
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Forest amount was quantified as the proportion of the 2.4 km radii landscape composed 

of forested habitat and included deciduous, coniferous and mixed-wood stands. Values for forest 

amount ranged from 0 to 50 percent (�̅� = 6.2, STDV = 10.7).  

A GIS shape file of oil and gas well sites for the province of Manitoba was obtained from 

the Petroleum Brach of Manitoba Innovation, Energy and Mines and was used to identify oil and 

gas well locations within the study area. The number of oil and gas wells in the surrounding 2.4 

km radii landscapes ranged from 0 to 29 (�̅� = 3.5, STDV = 10.0). 

 Local-scale habitat variables 

Local-scale habitat variables were selected to measure the structural characteristics and 

plant species associated with grassland bird abundance. Vegetation volume (a measure of visual 

obstruction combining vegetation height and density, sensu Fisher and Davis 2010) and non-

native vegetation cover were used to quantify local-scale habitat structure at each point-count 

plot. Variables were measured within eight 1.0-m × 0.5-m sampling frames located at random 

distances (0-100 meters) from the point-count centre of each plot in each cardinal direction. I 

used the Robel pole visual obstruction method (Robel et al. 1970) to measure vegetation volume. 

Visual cover estimates of the proportion of smooth brome within each sampling frame were used 

as an index of non-native vegetation cover. While other non-native plant species were present in 

the study area, smooth brome was the most predominant. Local-scale habitat measurements were 

made in late May to early July 2013 to coincide with the songbird breeding season. 

Measurements from the eight sampling frames were averaged for each point-count prior to use in 

analyses.  
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3.3.8 Statistical analysis 

I used unadjusted point count data as a measure of relative songbird abundance. 

Unadjusted point counts were used because assumptions of distance sampling and other methods 

to correct for variation in detection probabilities are not met in prairie ecosystems (e.g., Davis et 

al. 2013, Richardson et al. 2014, Leston et al. 2015) and perceptibility of grassland songbirds is 

high (Leston et al. 2015).  

Prior to analyses, songbirds were separated into two groups: obligate and facultative 

grassland specialists. Obligate grassland specialists, defined as species that depend on grasslands 

for all or part of their lifecycle, included bobolink, chestnut-collared longspur, grasshopper 

sparrow, horned lark, Le Conte’s sparrow, Savannah sparrow, sedge wren, Sprague’s pipit, 

vesper sparrow and western meadowlark (Vickery et al. 1999). Facultative grassland specialists, 

defined as species that use grasslands but can complete their lifecycle in their absence, included 

brown-headed cowbird, Brewer’s blackbird, clay-colored sparrow, eastern kingbird, red-winged 

blackbird and western kingbird (Vickery et al. 1999). Effects of habitat loss and fragmentation 

on total relative abundance and richness were analyzed separately for obligate and facultative 

grassland specialists. Savannah sparrow, grasshopper sparrow, brown-headed cowbird, bobolink, 

red-winged blackbird, clay-colored sparrow and sedge wren relative abundances were also 

analyzed. For Brewer’s blackbird, chestnut-collared longspur, eastern kingbird, horned lark, Le 

Conte’s sparrow, Sprague’s pipit, vesper sparrow, western kingbird and western meadowlark, 

abundances were converted to presence/absence data because abundance data were too sparse to 

fit normal, Poisson, or negative binomial distributions. Diagnostic plots and deviance/df were 

used to determine the distributions of the residuals of each species response variable, and to 

ensure that data met statistical assumptions. 
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I used generalized linear mixed-effect models (GLMM; Proc Glimmix procedure in SAS 

9.3) to determine the response of grassland songbird abundance and occurrence to variation in 

landscape-scale habitat, landscape-scale matrix and local-scale habitat variables. Two random 

effects, point count plot and landscape, were included in the models to account for the 

hierarchical arrangement of data points, i.e. rounds nested within plots, and plots nested within 

landscapes. Prior to analyses, the relationship between each pair of independent variables was 

evaluated using Pearson’s correlation coefficient, r, (Appendix C).  

I used Akaike’s information criterion modified for small sample sizes (AICc) to 

determine the relative influence of local, landscape and matrix variables on grassland songbird 

abundance and occurrence. Candidate models for this analysis included the (1) null model, (2) 

landscape-scale habitat model (Habitat Amount + Landscape Shape Index), (2) landscape-scale 

matrix model (Forest Amount + Well Density), (3) local-scale habitat model (Smooth Brome 

Cover + Vegetation Volume) and combinations of these (Table 4). I selected the model with the 

highest AICc weight as the best model for each response variable of interest, unless a simpler 

model, containing fewer variables, was within two AIC units (Δ AIC<2) of the model with the 

highest weight. In this case, I selected the simpler model to avoid over-fitting the data, given the 

bias of AIC towards more complex models (Arnold 2010). Parameter estimates whose 95% 

confidence intervals did not include zero were considered to be potentially biologically 

meaningful. 

 

 

 

 

 

 

 



 56 

Table 4: Summary list of the candidate model set used to compare the effects of landscape and 

local habitat variables on grassland songbird communities in south-west Manitoba, 2013. 

Candidate Model Set  

Null Model 

Landscape-Scale Habitat Model 

Habitat Amount + Landscape Shape Index 

Landscape-Scale Matrix Model 

Forest Amount + Well Density 

Local-Scale Habitat Model 

Smooth Brome Cover + Vegetation Volume 

Landscape-Scale Habitat + Landscape-Scale Matrix Model 

Habitat Amount + Landscape Shape Index + Forest Amount + Well Density 

Landscape-Scale Habitat + Local-Scale Habitat Model 

Habitat Amount + Landscape Shape Index + Smooth Brome Cover + Vegetation 

Volume 

Landscape-Scale Matrix Model + Local-Scale Habitat Model 
Forest Amount + Well Density + Smooth Brome Cover + Vegetation Volume 

Global Model 

Habitat Amount + Landscape Shape Index + Forest Amount + Well Density + Smooth 

Brome Cover + Vegetation Volume 
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3.4 Results 

No independent variables were strongly correlated (p < 0.4). Local-scale habitat variables 

occurred in AICc selected models twice as often as landscape-scale habitat and matrix variables 

(Tables 5 & 6). For bobolink, Le Conte’s sparrow, sedge wren, Sprague’s pipit and eastern 

kingbird, the ‘best’ model, meaning the model with the highest AICc weight, was composed of 

local habitat variables only, whereas the ‘best’ model for all other response variables, excluding 

the probability of occurrence of chestnut-collared longspur, horned lark and western kingbird 

(the null model was the best model for these species), included a combination of both local and 

landscape-scale (habitat or matrix) variables (Table 5). It is important to note, however, that the 

‘best’ model for only 3 of the 18 response variables (obligate species, grasshopper sparrow and 

Savannah sparrow abundance) received an AICc weight > 0.9 (Table 4) indicating a high strength 

of support relative to other models.  

Local habitat. – Only facultative species abundance, and 3 out of 16 species, responded 

(confidence intervals did not contain 0) to local habitat variables (Table 7). Facultative species, 

sedge wren and red-winged blackbird abundance increased with vertical vegetation volume 

(Figure 9), whereas grasshopper sparrow abundance decreased with increasing vegetation 

volume. Facultative species and red-winged blackbird abundances increased by approximately 4 

and 2 individuals per point count (respectively) with an increase of vegetation volume from low 

to high (i.e. 0 - 20). The effect size of vegetation volume on grasshopper sparrow and sedge 

wren, however, was small (Figure 9). Both red-winged blackbird and facultative species 

abundance were negatively impacted by smooth brome cover; however, the effect size for both 

species was small (Figure 10). 
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Landscape habitat. – Only obligate species abundance and 4 of the 16 species analyzed 

responded to landscape habitat variables (Table 7). Obligate species and Savannah sparrow 

abundance increased by 3 and 1 individuals per point count (respectively) with a decrease in 

landscape shape index from high to low (i.e. 15 to 5; Figure 11). Brown-headed cowbird showed 

a weak negative response whereas red-winged blackbird showed a weak positive response to 

landscape shape index (i.e. a change of less than 1 bird per point count relative to a change from 

high to low in landscape shape index; Figure 11). Only one species, clay-colored sparrow, 

showed a response, though weak, to habitat amount (Figure 12). 

Landscape matrix. – Of the landscape-scale matrix variables evaluated, forest amount 

was the only variable to have an effect on grassland songbirds (Table 7). Both facultative species 

and Savannah sparrow abundance decreased by approximately 1 individual per point count with 

an increase of forest cover from low to high (i.e. 0 to 40 percent; Figure 13).
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Table 5: AICc models describing effects of landscape and local habitat structure on grassland songbird abundance in south-west 

Manitoba, Canada, 2013. Delta AICc and AICc weights (model probabilities) are presented. Top AICc weights appear in bold.  

 Model 

Response Variable 

Landscape 

Scale - Habitat 

Landscape 

Scale - Matrix 

Local Scale - 

Habitat 

Landscape 

Scale - Habitat 

+Matrix 

Landscape 

Scale - Habitat 

+ Local Scale - 

Habitat 

Landscape 

Scale - Matrix 

+ Local Scale - 

Habitat 

Null Global 

ΔAICc wi ΔAICc wi ΔAICc wi ΔAICc wi ΔAICc wi ΔAICc wi ΔAICc wi ΔAICc wi 

Obligate species 
                

Abundance 114.91 0.00 90.54 0.00 21.97 0.00 80.18 0.00 9.6 0.01 10.03 0.01 127.42 0.00 0.00 0.99 

Bobolink
a
 73.11 0.00 71.53 0.00 0.00 0.72 75.55 0.00 3.62 0.12 3.30 0.14 69.24 0.00 6.99 0.02 

Chestnut-collared 

longspur
b
 

3.42 0.11 3.51 0.11 3.75 0.10 6.75 0.02 7.32 0.02 7.10 0.02 0.00 0.62 10.23 0.00 

Grasshopper 

sparrow
a
 

54.26 0.00 31.29 0.00 18.84 0.00 25.64 0.00 13.95 0.00 4.71 0.09 60.96 0.00 0.00 0.91 

Horned lark
b
 3.90 0.08 3.81 0.09 2.42 0.17 7.91 0.01 6.45 0.02 5.74 0.03 0.00 0.58 9.93 0.00 

Le Conte’s 

sparrow
b 54.40 0.00 53.96 0.00 0.00 0.63 56.15 0.00 1.81 0.26 4.14 0.08 51.99 0.00 5.99 0.03 

Savannah sparrow
a
 85.36 0.00 85.55 0.00 16.77 0.00 78.32 0.00 5.8 0.05 6.45 0.04 96.76 0.00 0.00 0.91 

Sedge wren
a
 48.87 0.00 48.29 0.00 0.00 0.53 50.34 0.00 1.94 0.20 2.04 0.19 47.00 0.00 3.68 0.08 

Sprague’s pipit
b
 16.71 0.00 19.71 0.00 0.00 0.67 20.3 0.00 2.31 0.21 4.14 0.08 15.68 0.00 6.03 0.03 

Vesper sparrow
b 

22.57 0.00 16.57 0.00 2.66 0.17 20.03 0.00 6.40 0.03 0.00 0.64 19.13 0.00 2.75 0.16 

Western 

meadowlark
b
 

17.49 0.00 26.59 0.00 3.26 0.13 20.76 0.00 0.00 0.68 5.06 0.05 23.1 0.00 3.18 0.14 

Facultative species                 

Abundance 
 108.87 0.00 107.08 0.00 4.35 0.07 105.71 0.00 3.15 0.13 2.80 0.16 109.06 0.00 0.00 0.64 

Brown-headed 

cowbird
ac

 
29.50 0.00 33.26 0.00 7.94 0.01 29.96 0.00 1.55 0.28 3.92 0.09 35.97 0.00 0.00 0.62 
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a
Abundance 

b
Occurrence 

c
A simpler model, within two AIC units (Δ AIC<2) of the model with the highest weight, was selected to avoid over-fitting the data 

(Arnold 2010).

Brewer’s 

Blackbird
b
 

25.58 0.00 18.11 0.00 25.58 0.00 20.46 0.00 9.17 0.01 0.00 0.68 21.56 0.00 1.58 0.31 

Clay-colored 

sparrow
a
 

11.46 0.00 11.28 0.00 8.32 0.01 12.74 0.00 1.57 0.29 4.58 0.06 10.24 0.00 0.00 0.63 

Eastern kingbird
b
 20.81 0.00 18.22 0.00 0.00 0.64 20.15 0.00 3.14 0.13 2.47 0.19 16.05 0.00 5.36 0.04 

Red-winged 

blackbird
a 67.33 0.00 73.5 0.00 7.69 0.01 69.56 0.00 0.00 0.52 8.34 0.01 70.32 0.00 0.28 0.46 

Western kingbird
b 

3.80 0.10 3.61 0.11 3.62 0.10 7.58 0.01 7.32 0.02 7.07 0.02 0.00 0.64 10.92 0.00 
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Table 6: The number of response variables whose AICc-selected model included landscape-scale 

habitat, landscape-scale matrix and local-scale habitat variables. Models described effects of 

landscape and local-scale habitat variables on grassland songbird abundance and occurrence in 

south-west Manitoba, Canada, 2013. 

Model Type 

Number of times variables 

within each model included 

in best model 

Null Model  3 

Landscape-Scale Habitat  8 

Landscape-Scale Matrix  7 

Local-Scale Habitat  15 
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Table 7: AICc selected models and parameter estimates. Models described effects of landscape 

and local-scale habitat variables on grassland songbird abundance and occurrence in south-west 

Manitoba, Canada, 2013. 

Response 

Variable 
Selected Model 

Confidence 

Intervals that did 

not overlap zero 

�̅� SE 

Obligate species     

Abundance Global 
Landscape Shape 

Index 
-0.29 0.08 

Bobolink
a
 

Local Scale 

Habitat 
--- --- --- 

Chestnut-collared 

longspur
b
 

Null N/A --- --- 

Grasshopper 

sparrow
a
 

Global 
Vegetation 

Volume 
-0.24 0.07 

Horned lark
bc

 Null N/A   

Le Conte’s 

sparrow
b
 

Local Scale 

Habitat 
--- --- --- 

Savannah 

sparrow
a
 

Global 

Landscape Shape 

Index 
-0.04 0.02 

Forest Amount -0.02 0.01 

Sedge wren
a
 

Local Scale 

Habitat 

Vegetation 

Volume 
0.16 0.05 

Sprague’s pipit
b
 

Local Scale 

Habitat 
--- --- --- 

Vesper sparrow
b
 

Landscape Scale 

Matrix + Local 

Scale Habitat  

--- --- --- 

Western 

meadowlark
b
 

Landscape Scale 

Habitat + Local 

Scale Habitat 

--- --- --- 

Facultative 

species  
   

Abundance Global 

Smooth Brome 

Cover 
-0.01 0.00 

Vegetation 

Volume 
0.05 0.01 

Brown-headed 

cowbird
ac

 

Landscape scale 

habitat + Local 

Scale Habitat 

Landscape Shape 

Index 
-0.20 0.07 

Brewer’s 

Blackbird
b
 

Landscape Scale 

Matrix + Local 

Scale Habitat 

--- --- --- 

Clay-colored 

sparrow
a
 

Global Habitat Amount -0.02 0.01 

Eastern kingbird
b
 

Local Scale 

Habitat 
--- --- --- 

Red-winged 

blackbird
a
 

Landscape Scale 

Habitat + Local 

Landscape Shape 

Index 
0.16 0.05 
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Scale Habitat Smooth Brome 

Cover 
-0.03 0.01 

Vegetation 

Volume 
0.17 0.03 

Western kingbird
b
 Null N/A   

a
Abundance 

b
Occurrence 

c
A simpler model, within two AIC units (Δ AIC<2) of the model with the highest weight, was 

selected to avoid over-fitting the data. 
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Figure 9. The effect of vegetation volume on relative abundance of (a) sedge wren, (b) 

red-winged blackbird, (c) grasshopper sparrow and (d) facultative songbird species in 

southwestern Manitoba, 2013. Points represent the mean number of individuals detected 

in each landscape (averaged across survey round and point count plot). Only species for 

which 95% confidence intervals did not contain zero are presented. 
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Figure 10. The effect of smooth brome cover on relative abundance of (a) red-winged 

blackbird and (b) facultative songbird species in southwestern Manitoba, 2013. Points 

represent the mean number of individuals detected in each landscape (averaged across 

survey round and point count plot). Only species for which 95% confidence intervals did 

not contain zero are presented. 
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Figure 11. The effect of landscape shape index on relative abundance of (a) obligate species, 

(b) Savannah sparrow, (c) brown-headed cowbird and (d) red-winged blackbird in 

southwestern Manitoba, 2013. Points represent the mean number of individuals detected in 

each landscape (averaged across survey round and point count plot). Only species for which 

95% confidence intervals did not contain zero are presented. 
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Figure 12. The effect of habitat amount on relative abundance of clay-colored sparrow in 

southwestern Manitoba, 2013. Points represent the mean number of individuals detected 

in each landscape (averaged across survey round and point count plot). Only species for 

which 95% confidence intervals did not contain zero are presented. 
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Figure 13. The effect of forest amount on relative abundance of (a) Savannah sparrow 

and (b) facultative species in southwestern Manitoba, 2013. Points represent the mean 

number of individuals detected in each landscape (averaged across survey round and 

point count plot). Only species for which 95% confidence intervals did not contain zero 

are presented.  
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3.5 Discussion 

 

Overall, I found few variables that clearly affected the abundance and occurrence of grassland 

songbirds. Only 6 of 16 species evaluated responded to landscape habitat, landscape matrix or 

local habitat variables, and the strength of these relationships was in most cases weak. Despite 

speculation that local-scale management of individual prairies may be important (see chapter 2 

discussion), these results suggest that management efforts focused on breeding habitat alone may 

have limited success in reversing declines of grassland songbird populations in southwestern 

Manitoba. 

Landscape habitat. –The few relatively weak effects of habitat amount and fragmentation 

detected, with the exception of the effect of fragmentation on obligate species, suggest that these 

factors may not be as relevant to grassland songbird recovery in southwestern Manitoba as 

previously proposed. While there is little doubt that habitat loss and fragmentation through 

conversion of native prairie to agriculture have played a substantial part in grassland songbird 

declines across North America, most of this conversion was completed approximately 70 to 100 

years ago (With et al. 2008, Roch and Jaeger 2014) and therefore might not explain the ongoing 

declines in grassland songbird populations.  

On the other hand, ongoing population declines in southwestern Manitoba may reflect a 

delayed response to past habitat loss and fragmentation. In a model simulation study Schrott et 

al. (2005) found that for landscapes undergoing rapid habitat loss it could take decades for local 

bird densities to reflect demographic changes such as reduced nesting success due to source-sink 

population dynamics. If, for example, grassland songbirds are attracted to disturbed landscapes 

but experience lower productivity due to increased predation or nest parasitism, local populations 

could appear stable, notwithstanding regional declines, due to the influx of individuals from 



 67 

productive source populations (With et al. 2008). Indeed, if highly disturbed and degraded 

landscapes are acting as ecological sinks for grassland songbirds, this could explain why I 

detected few effects of grassland amount on songbird abundance and occurrence within my study 

sites.  

Likewise, if habitat loss at the regional scale is more important than habitat loss at the 

landscape scale this could also explain why I detected few effects of grassland amount on 

songbird abundance and occurrence. For example, if grassland songbirds in southwestern 

Manitoba are at their regional carrying capacity, occupying available habitat regardless of its 

overall quality, population declines may not be evident at the local scale when habitat is removed 

from the landscape, but overall population declines would be apparent at the regional scale. 

However, the fact that population declines for grassland birds are apparent even in prairie 

systems that remain relatively intact (e.g. With et al. 2008) suggests that additional factors are 

involved in these declines (Lloyd and Martin 2005).  

Landscape matrix. – The relatively small effect of forest amount on grassland songbirds 

suggests that the presence of woody vegetation in this region may not be as detrimental to 

grassland birds as found elsewhere. Previous studies suggest that the abundance and occurrence 

of grassland birds may be negatively impacted by the presence of woody vegetation because of 

increased predator efficiency by providing perches for avian predators (reviewed in Thompson et 

al. 2014); however, throughout the study area structures such as fences and transmission lines 

were ubiquitous and we often observed avian predators such as ravens, crows, American kestrels, 

northern harriers and red-tailed hawks perched on these structures. Thus, compared to these other 

structures, predator efficiency may not have increased disproportionately with tree cover. 

Alternatively, it is possible that forest amount had few discernable effects on grassland birds 
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because in general the amount of forest cover across landscapes was relatively small (�̅� = 6.2 

percent). However, because the range of forest amount evaluated here reflects the range of forest 

amount within the given study area in southwestern Manitoba it seems unlikely that forest 

amount is having strong negative impacts on grassland songbirds in this region either way.  

Because my survey plots were at least 400 meters from the nearest oil/gas well, it is not 

surprising that effects of oil well density on grassland songbirds were not detected in this study. 

Some studies have reported negative effects of oil and gas well infrastructure on the density or 

nesting success of grassland songbirds (e.g. Rodgers 2013, Thompson et al. 2015); these effects, 

however, occurred only in close proximity to oil and gas infrastructure. For example, Thompson 

et al. (2015) found that the abundances of some species of grassland songbirds declined within 

350 meters of oil wells and associated infrastructure. Likewise, Rodgers (2013) found fewer 

effects of gas well density in the surrounding landscape on grassland songbirds, however local-

scale impacts were apparent; the abundances of Sprague’s pipit and chestnut-collared longspur 

decreased while the abundances of western meadowlark and vesper sparrow increased with 

increasing proximity to gas wells and associated roads. Understanding how grassland songbird 

densities in southwestern Manitoba respond to oil and gas well infrastructure at a local scale 

could provide some insight into the causes of ongoing population declines.  

Local habitat. – Even though I found few effects of smooth brome on grassland songbird 

abundance and occurrence, other studies suggest that the presence of non-native vegetation can 

reduce the quality of breeding habitat for grassland birds. For example, Lloyd and Martin (2005) 

found few differences between the abundance of chestnut-collared longspurs in native grasslands 

and planted monocrops of crested-wheatgrass, but they found that nest success was higher in 

native grasslands. Similarly, Fisher and Davis (2011) found that post-fledging survival was lower 
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in fields dominated by smooth brome and alfalfa than in native fields. Because I did not did not 

evaluate demographic parameters such as nest success or survival in this study it is not possible 

to say if local habitat quality was reduced for grassland birds by the presence of smooth brome.  

Regardless of local habitat quality, however, Davis et al. (2013) found that grassland 

songbirds can persist in non-native grasslands if located in close proximity to native grasslands, 

which presumably provide supplemental resources to birds nesting in non-native pastures. 

However, because most of the focal pastures in my study area contained both native and non-

native vegetation (personal observation, Ranellucci 2010), grassland birds in this region likely do 

not show strong population or demographic responses to non-native vegetation. 

The lack of strong and consistent effects of vegetation volume on grassland songbird 

abundance and occurrence was surprising, given that a large number of studies have found 

significant effects of vegetation structure on grassland songbirds nesting in the northern mixed-

grass prairies (e.g. Sutter and Brigham 1998, Madden et al. 2000, Davis 2004, Koper and 

Schmiegelow 2006). However, because grassland songbirds respond to numerous structural 

characteristics, with different species responding to different variables (Winter et al. 2005), the 

potential impacts of local vegetation structure cover may not have been adequately captured with 

only a single variable.  

Widespread declines of grassland songbird populations have undoubtedly resulted from 

the loss, fragmentation, and degradation of grassland habitats on their breeding grounds (Samson 

and Knopf 1994); however, because I detected few effects of local habitat, landscape habitat and 

landscape matrix on grassland songbird abundance and occurrence, continuing declines in 

grassland songbirds in southwestern Manitoba may not be solely attributed to disturbances on 

breeding habitat. Although reasons for continued declines of grassland songbird populations are 
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likely multifaceted, over-wintering survivorship is likely a contributing factor (Vickery et al. 

1999). Loss, fragmentation and degradation of wintering habitat (Lymn and Temple 1991), 

competition for food (Pulliam 1983), agricultural intensification and insecticide poisoning 

(Azpiroz et al. 2012) have been associated with declines of bobolink, Swainson’s hawk, 

grasshopper sparrow and upland sandpipers on their wintering grounds. Many other species of 

migratory grassland birds are likely impacted by similar factors during the nonbreeding season; 

however, assessing the effects of these factors on overwintering survival is difficult for most 

species because information on the distribution and habitat requirements of songbirds during the 

nonbreeding season is limited (Igl and Ballard 1999). 

Efforts to conserve grassland birds in southwestern Manitoba may require more 

information on nest productivity and overwinter survivorship. Future studies should assess the 

effects of habitat loss, fragmentation and degradation on nest success. In addition, future research 

questions should focus on knowledge gaps such as those related to habitat use, distribution and 

survivorship of grassland birds during the nonbreeding season. Overall, my results indicate that 

local habitat, landscape habitat and landscape matrix had surprisingly few influences on 

grassland songbird abundance and occurrence. These findings suggest that management efforts 

focused on breeding habitat alone may be met with limited success.  
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4.0 Management Implications 

 

The lack of clear effects of grassland amount, fragmentation, matrix composition and 

local habitat quality on grassland songbird abundance and occurrence make it difficult to develop 

specific management recommendations to increase species abundance and distribution in this 

study system. However, despite conservation recommendations for grassland birds emphasizing 

large patches of high quality breeding habitat (Winter et al. 2006), these results imply that 

conserving or restoring prairies alone may not be sufficient to reverse the ongoing declines of 

grassland birds in southwestern Manitoba, and that other factors are more important. 

Although the reasons for the continued declines of grassland songbird populations are 

likely manifold, the widespread application of pesticides on managed grassland and cropland 

may be a contributing factor to continued songbird declines in southwestern Manitoba. In North 

America, Mineau and Whiteside (2013) found that between the years of 1980 and 2003 the lethal 

risk of acute toxicity from insecticide use in agriculture landscapes better predicted grassland 

bird declines than did habitat loss and degradation during that same period (but see Hill et al. 

2014), while studies from both Europe (Geiger et al. 2010) and North America (Martin et al. 

2000) have found indirect effects of pesticide use on grassland birds through reduction of 

invertebrate prey resources. Martin et al. (2000), for example, found that the application of 

insecticides to grazing lands reduced grasshopper populations by as much as 90 percent, and, as 
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a consequence foraging distance increased while reproductive success decreased for some 

species of grassland songbirds. Though there are few published studies on the effects of pesticide 

use on grassland songbirds, a growing body of evidence suggests that pesticide application in 

agricultural systems may be an important driver in grassland bird declines. 

 Declining grassland bird populations in southwestern Manitoba may also reflect direct 

mortalities associated with mechanical farming operations such as mowing, tilling, seeding, and 

harvesting (Bollinger et al. 1990). These activities generally coincide with the songbird nesting 

period, and result in the destruction of nests, eggs and chicks. While incidental take resulting 

from mechanical farming practices in largely unknown, annual estimates for Canada have been 

as high as 138,000 for Horned Lark and 941,000 for Savannah Sparrow (Tews et al. 2013).   

To date, most explanations for grassland songbird declines have been linked to events 

occurring on the breeding grounds; however, grassland songbird populations may be limited by 

factors affecting survival during migration or wintering periods (Igl and Ballard 1999). 

Managing landscapes solely for high quality breeding habitat may therefore ignore important 

habitat requirements on wintering grounds (Korosy and Reece 2013). 

Although none of the explanatory variables evaluated in this study had a strong influence 

on grassland songbird abundance or occurrence, the overall quality of grassland habitat for 

songbirds may be lower in more fragmented or highly disturbed habitats. Some grassland 

songbirds, for example, may continue to perceive highly disturbed and degraded landscapes as 

attractive, even though they may experience increased predation or lowered nesting success in 

these habitats (With et al. 2008).  Indeed, previous studies on grassland birds (e.g.Vickery et 

al.1992, Winter et al. 2006) indicate that density does not always correlate with nesting success 

and may therefore not be a good indicator of habitat quality (Van Horne 1983). Future studies on 
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nesting success and survival rates are recommended, therefore, to better understand the effects of 

land use change and habitat degradation on grassland songbird demographics in southwestern 

Manitoba and to determine if highly fragmented and degraded habitat is acting as ecological 

sinks for grassland songbirds.  

Efforts to conserve grassland birds in southwestern Manitoba may require additional 

information on factors such as mortality related to pesticide application, mechanical farming 

practices and winter ecology of grassland birds. Moreover, future studies should consider 

looking at nesting success in addition to abundance and occurrence. 
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Appendix A: AICc models describing effects of habitat amount and landscape shape index on 

grassland songbird abundance in south-west Manitoba, Canada, 2013. Delta AICc and AICc 

weights (model probabilities) are presented. Top AICc weights appear in bold. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LSI = landscape shape index, PG = percent grassland
 

a
Abundance 

b
Occurrence 

 

Response 

Variable 

PG LSI Global Null 

ΔAICc wi ΔAICc wi ΔAICc wi ΔAICc wi 

Obligate 

species 
        

Abundance 
12.4 0.00 0.00 0.55 0.22 0.44 13.0 0.00 

Bobolink
a
 

1.96 0.20 1.86 0.21 3.87 0.08 0.00 0.52 

Chestnut-

collared 

longspur
b
 

1.44 0.24 2.04 0.18 3.42 0.09 0.00 0.49 

Grasshopper 

sparrow
a
 

1.86 0.24 3.22 0.12 0.00 0.61 6.70 0.02 

Horned lark
b
 

2.03 0.19 1.87 0.21 3.90 0.08 0.00 0.53 

Le Conte’s 

sparrow
b 1.44 0.21 0.91 0.27 3.22 0.09 0.00 0.43 

Savannah 

sparrow
a
 

8.52 0.01 0.00 0.85 4.10 0.10 6.68 0.03 

Sedge wren
a
 

1.76 0.16 0.49 0.30 1.87 0.15 0.00 0.39 

Sprague’s 

pipit
b
 

0.23 0.29 1.12 0.19 1.03 0.20 0.00 0.33 

Vesper 

sparrow
b 1.73 0.21 1.61 0.22 3.44 0.09 0.00 0.49 

Western 

meadowlark
b
 

2.22 0.19 2.16 0.20 0.00 0.58 5.61 0.04 

Facultative 

species 
        

Abundance
 

0.00 0.50 3.21 0.10 1.70 0.21 1.89 0.20 

Brown-

headed 

cowbird
a
 

8.93 0.01 0.25 0.46 0.00 0.52 7.61 0.01 

Brewer’s 

Blackbird
b
 

1.98 0.20 2.01 0.20 4.02 0.07 0.00 0.53 

Clay-colored 

sparrow
a
 

0.00 0.44 2.85 0.11 2.04 0.16 0.82 0.29 

Eastern 

kingbird
b
 

0.84 0.30 1.70 0.19 4.76 0.04 0.00 0.46 

Red-winged 

blackbird
a 3.60 0.08 0.00 0.48 0.61 0.36 3.60 0.08 

Western 

kingbird
b 1.75 0.22 2.04 0.19 3.80 0.08 0.00 0.52 
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Appendix B: Relative abundance of grassland obligate and facultative species observed in south-

west Manitoba. Abundance was averaged over two rounds of point counts conducted between 25 

May and 4 July 2013. 

 

Species Average Abundance 

Obligate grassland songbirds  

Baird’s sparrow 1.5 

Bobolink 79 

Chestnut-collared longspur 9 

Grasshopper sparrow 53 

Horned lark 6.5 

Le Conte’s sparrow 24.5 

Savannah sparrow 406 

Sedge wren 54 

Sprague’s pipit 16 

Vesper sparrow 16 

Western Meadowlark 44.5 

Facultative grassland songbirds  

Brown-headed cowbird 61.5 

Brewer’s blackbird 26 

Clay-colored sparrow 220 

Common yellowthroat 10 

Eastern kingbird 30 

Lark sparrow 0.5 

Red-winged blackbird 137 

Western kingbird 8.5 
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Appendix C – Pairwise correlations between independent variables using Pearson’s correlation coefficient, r 

 

 

 Correlation Table 
Habitat 

Amount 

Landscape Shape 

Index 
Forest Amount Number of Wells Veg Volume Smooth Brome 

Grassland Amount   -0.14132455 0.162041207 0.125420809 -0.106531569 -0.168879045 

Landscape Shape 

Index 

-0.14132455  0.280153794 -0.073336974 0.029709906 0.053167307 

Forest Amount 0.162041207 0.280153794  -0.143235893 -0.203360795 -0.193064438 

Number of Wells 0.090465754 -0.073336974 -0.143235893  0.16765659 0.049448179 

Veg Volume -0.106531569 0.029709906 -0.203360795 0.16765659  0.342259804 

Smooth Brome -0.168879045 0.053167307 -0.193064438 0.049448179 0.342259804  


