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ABSTRACT 

Since European settlement, over 80% of grassland habitat has been lost in the 

Canadian prairies, primarily in the Moist-mixed Grassland and Aspen Parkland 

ecoregions.  Native grassland continues to be lost and degraded.  Reduction of fire and 

overgrazing by livestock has allowed woody vegetation to encroach on grasslands.  

Grassland bird populations in the northern extent of their range have undergone steep 

declines whereas woodland bird populations have increased.  It is unknown whether 

population fluctuations over the past 40 years are a result of land cover changes during 

this period.  The goal of my research was to address this knowledge gap with the use of 

long-term datasets from the Breeding Bird Survey (BBS) and remote sensing.  My 

objectives were to: (1) assess changes in bird population trends over the past 40 years 

along a sub-set of representative BBS routes; (2) determine land cover change along 

these BBS routes from 1970 to 2012; and (3) determine if there is a relationship between 

land cover change and bird population trends over the past 40 years.  I classified 1970 

and 2012 land cover (cultivated, native grassland, and woodland) within an 800 m radius 

of point-count locations along nine BBS routes located in the Moist-mixed Grassland 

and Aspen Parkland ecoregions of Saskatchewan and Manitoba.  Bird population trend 

estimates from 1970 to 2011 were compiled for each BBS route and I grouped species 

based on breeding habitat guild (grassland, scrubland, and woodland). On average, 

grassland and scrubland bird populations decreased by 1.5 %/yr and 0.7 %/yr, 

respectively, and woodland birds increased by 1.4 %/yr along routes.  The amount of 

land cover change from 1970 to 2012 was small along routes, indicating the majority of 

landscape change occurred prior to 1970.  Cultivated land and woodland increased on 
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average by 2.2% and 0.1% respectively, and native grassland decreased by 2.1%.  

Although absolute native grassland loss was small overall, proportion of loss relative to 

what was present in 1970 was large.  The relatively small change in woodland cover was 

likely a result of land being cleared for cultivation but at the same time encroaching on 

native grassland.  Overall, I found no statistically significant relationship between land 

cover change and bird trend estimates.  Possible explanations for a lack of a relationship 

include: (1) land cover change was too small to affect bird populations; (2) common and 

generalist species included in community analyses are less affected by the documented 

habitat changes; (3) factors other than recent land cover change are affecting bird 

populations (i.e., fragmentation, patch size, local vegetation); and (4) habitat loss is 

occurring on migration and winter areas.  Additional research is needed to address shrub 

encroachment rates in my study area, as well as to investigate the effects of habitat 

changes on grassland specialists.   
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1.0 INTRODUCTION 

1.1 Grassland Ecology, Degradation, and Loss   

 Grasslands make up 40% of the earth’s surface and occur on every continent 

except Antarctica (Gibson 2009).  Grasslands are defined as permanent vegetation cover 

made up of herbaceous plant communities (Lemaire et al. 2011) that vary from region to 

region based on climate (Gibson 2009).  Temperate grasslands make up 20% of the 

grassland biome and are found in Australia, South America, North America, Europe, 

Asia, and Africa (Henwood 1998).  Characteristics of temperate grassland include a 

variable climate with rainfall ranging from 25-75 cm/year, and mollisol soils containing 

high organic content in the upper horizons (Smith and Smith 2001).  Temperate 

grasslands have undergone major changes because their rich soils and flat topography are 

perfectly suited for supporting human populations (Henwood 1998).  Over 99% of 

grasslands in south-eastern Australia have been converted to agriculture (Taylor 1998), 

and only 3-5% of steppe habitat in Europe and Russia remains in natural condition 

(Goriup 1998).  Overall, ~50% of the temperate grasslands and savannas have been 

altered, and only ~5% of the global area has been protected. Thus, temperate grasslands 

are among the most endangered habitats on the planet (Hoekstra et al. 2005).   

Only 30% of the historic temperate grasslands in North America (Great Plains) 

remain (Samson et al. 2004).  Within the Great Plains, tallgrass prairie has experienced 

the greatest loss, with approximately 90% of the total land area converted for agriculture. 

Similarly, mixed-grass and short-grass prairie have undergone major changes with 70% 

and 50% of the land converted to agriculture, respectively (Samson et al. 2004).  The 

loss of native grassland began during European settlement in the 19th century with the 
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establishment of the United States Homestead Act in 1862, and the Canada Dominion 

Land Act in 1872.  These two acts likely had the most significant impact on the 

grasslands in North America because land was provided free to homesteaders in 160-acre 

parcels upon agreement that it would be improved over its natural state (Ostilie et al. 

1997).  Land was to be cultivated and dwellings had to be built within the first few years 

of residency to allow for full ownership of the land (Lambrecht 1955).  With the United 

States Homestead Act in effect, nearly 1.5 million people settled close to 200 million 

acres of land primarily in the Great Plains (Samson et al. 2004).  Unfortunately, 

governments did not foresee the impact that this national policy would have directly and 

indirectly on the ecosystem.  Since then, loss of native grassland has continued through 

natural resource and agriculture development and urban expansion.   

On the Canadian Great Plains, also known as the Prairie Ecozone, the Aspen 

Parkland and Moist-mixed Grassland ecoregions have been most affected by human 

activities.  Both ecoregions are major centers of agricultural activity due to the flat 

topography and fertile soils (Ecological Stratification Working Group 1995).  These 

transitional ecoregions are situated between the woodlands of the boreal forest and the 

dry mixed grasslands.  In its natural state, the Aspen Parkland ecoregion is primarily 

composed of aspen poplar (Populus spp.), oak (Quercus macrocarpa), shrubs 

(Symphoricarpos occidentalis, Rosa spp., Elaeagnus commutata) and wheatgrass 

(Elymus spp., Pascopyrum smithii) or fescue (Festuca spp.) grassland communities (Bird 

1961; Acton et al. 1998).  The Moist-mixed Grassland is similar in composition but 

contains fewer trees.  It is primarily characterized by wheatgrass (Elymus spp., 

Pascopyrum smithii ) and speargrass (Hesperostipa spp.) grasslands, shrubs, and aspen 



3 

 

groves found in valleys and around wetlands (Ecological Stratification Working Group 

1995; Acton et al. 1998).  In Saskatchewan, these two ecoregions have the least amount 

of remaining natural cover with 21% remaining in the Moist-mixed Grassland and 24% 

in the Aspen Parkland (Green 2007).  Furthermore, these ecoregions have the lowest 

amount of land under formal protection.  Both ecoregions are now dominated by field 

crops and urban developments (Green 2007), and the remaining grasslands are 

threatened by encroachment of woody vegetation such as trembling aspen (Populus 

tremuloides) and snowberry (Symphoricarpos occidentalis), and exotic species such as 

crested wheat grass (Agropyron cristatum), smooth brome grass (Bromus inermis), and 

leafy spurge (Euphorbia esula; Bird 1961; Murphy and Grant 2005).    

 Not only was native grassland lost during settlement, but natural disturbances that 

are an essential and important part of grassland ecology were substantially altered 

(Gibson 2009).  Fire and grazing and their interaction at the local and landscape scales 

are ecological drivers that shape the heterogeneous grassland landscapes (Fuhlendorf et 

al. 2009).  Historically, tens of millions of plains bison (Bison bison; hereafter bison) 

roamed freely throughout the Great Plains (Shaw 1995), grazing areas every 1-8 years 

depending on rainfall and fire cycles (Malainey and Sherriff 1996; Samson et al. 2004).  

During this grazing cycle, bison would graze, trample, wallow, and browse and topple 

trees (Campbell et al. 1994; Knapp et al. 1999). Once the bison moved on, the area 

would be left to re-generate, creating a mosaic of grasses in different successional stages 

(Samson et al. 2004).  Also, black-tailed prairie dogs (Cynomys ludovicianus) were 

important herbivores on the Great Plains, where they historically occupied ~80 million 

ha of land (Gober 2000).  Prairie dog colonies disrupt the soil with their burrows, and 
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continually graze plants, reducing vegetation height (Whicker and Detling 1988).  

Herbivores, particularly bison, would be attracted to recently burned areas with renewed 

vegetation, causing fire and grazing to interact (Vinton et al. 1993).  Prior to 1840, this 

natural cycle of burning and grazing may have occurred as often as annually in the 

tallgrass prairie (Edwin et al. 1966), every 3-5 years in the mixed prairie (Umbanhowar 

1996), and less regularly in the shortgrass prairie (Brockway et al. 2002).  Fire removed 

excess litter (Knapp and Seastedt 1986), prevented encroachment of woody vegetation 

(Bragg and Hulbert 1976), and increased primary productivity (Knapp and Seastedt 

1986).  From 1830 to 1880, the bison were hunted to near extinction, where only a few 

thousand remained (Knapp et al. 1999).  Shortly after, in the early 1900s, prairie dog 

colonies were eradicated and reduced by as much as 98% (Van Auken 2009), now 

occupying less than 0.4 million ha (Gober 2000).  Furthermore, once homesteads were 

established, the frequency of natural fires decreased due to human prevention.  The 

effects of the removal of dominant species and suppression of fires have decreased the 

quality of remaining native grassland by reducing heterogeneity and allowing woody 

vegetation encroachment. 

1.2 Woody Vegetation Encroachment 

 Woody vegetation encroachment is the result of changes to the main ecological 

drivers of the native grassland landscape after European settlement.  Woody vegetation 

encroachment is the increase in density, cover, and biomass of native trees and shrubs on 

the grasslands.  Historically, cycles of herbivores and fire would naturally control the 

expansion of woody vegetation.  Natural herbivores have now been replaced by domestic 
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livestock, and the continuous and high level of grazing along with the lack of fire is 

thought to be the main driving force behind the encroachment of woody vegetation (Van 

Auken 2000).  The most prominent types of woody vegetation encroaching within the 

Great Plains are deciduous woodlands and small shrubs.  For example, trembling aspen 

has been documented encroaching on grasslands in western Canada (Bailey and Wroe 

1974; Widenmaier and Strong 2010; Guedo and Lamb 2013), with rates of aspen 

expansion ranging from 0.05% to 0.75% total area per year (Johnston and Smoliak 1968; 

Bailey and Wroe 1974).  Bowes (1998) found brush encroaching on 5,881ha land per 

year within Prairie Farm Rehabilitation Administration (PFRA) pastures.  Coniferous 

species such as lodgepole pine (Pinus contorta) and western white spruce (Picea 

albertiana), have also encroached on the fescue grasslands in Canada (Widenmaier and 

Strong 2010).  In the United States, deciduous and coniferous tree species and shrubs are 

invading grasslands as well (Bragg and Hulbert 1976; Mast et al. 1997; Coppedge et al. 

2001a; Briggs et al. 2002; Heisler et al. 2003).  

 Woody vegetation encroachment can strongly affect the structure and function of 

the grassland ecosystem (Lett and Knapp 2005).  Woody vegetation out-competes 

grasses with the assistance of intense grazing by domestic livestock (Van Auken 2000).  

This in turn changes the above and below ground biomass (Lett and Knapp 2005; Van 

Auken 2009), decreases species richness and diversity (Lett and Knapp 2005), and alters 

the soil properties (Fuller and Anderson 1993; McKinley and Blair 2008).  Woody 

species encroachment also changes the habitat for many animals.  As woodland or shrub 

habitat increases, grassland habitat decreases, changing the composition of species 

occupying the area.  This has been well documented in areas around the world for birds 
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(Coppedge et al. 2001b; Grant et al. 2004; Sirami et al. 2009; Sirami and Monadjem 

2012), mammals (Blaum et al. 2007a; Blaum et al. 2007b), and other fauna (Meik et al. 

2002; Blaum et al. 2009).  Generally, woodland species increase in number as grassland 

species decrease, which is particularly evident in bird communities (Coppedge et al. 

2001b; Grant et al. 2004; Sirami et al. 2009; Sirami and Monadjem 2012).  Furthermore, 

fragmentation of the habitat is increased as new patches of woodland or shrubs are 

established (Coppedge et al. 2001a).  Along with fragmentation comes an increase in 

edge habitat and edge-dwelling species.  Grassland songbirds have been shown to have 

decreased nest success closer to woody/grassland edges (Johnson and Temple 1990; 

Winter et al. 2000; Bollinger and Gavin 2004) because of increased predation and nest 

parasitism.  Thus, the encroachment of woody vegetation can have substantial direct and 

indirect effects on the ecosystem.                     

1.3 Role of Remote Sensing and Geographical Information Systems in Ecology 

 Remote sensing and Geographical Information Systems (GIS) have become 

important tools in landscape and wildlife ecology and conservation.  Newton et al. 

(2009) reported that over 400 studies published in the journal Landscape Ecology from 

2004-2008 used remote sensing.  Remote sensing is a technique that obtains information 

about an object using remote sensors (e.g., cameras, scanners, and radar systems) 

without being in physical contact with the object of interest (Avery and Berlin 1992).  

Currently, the most common remote sensing data used in ecology are air photographs 

and satellite imagery (Newton et al. 2009).  GIS is used to interpret remote sensing data.  



7 

 

GIS is a computer system that can manage and spatially analyze referenced data 

(Heywood et al. 2006).   

Common applications of remote sensing using GIS in ecology include land cover 

classification and change-detection analyses.  Land cover data describes physiographical 

characteristics of the earth’s surface (Kerr and Ostrovsky 2003).  The use of land cover 

data have become essential in predicting species distributions and habitat preferences 

(Kerr and Ostrovsky 2003).  The species information is determined by combining 

species spatial data (e.g., nesting locations, radio tracking data, etc.), that are collected 

through field measurements, with remote sensing data.  This has been performed for 

birds (Melles et al. 2009; Hollenback et al. 2011; Rae et al. 2013), mammals (Fernández 

et al. 2006; Prather et al. 2006; Recio et al. 2014), and other wildlife (Hedger et al. 2006; 

Shive et al. 2010; Villamarín et al. 2011).  Integrating a temporal scale into land cover 

data to determine change over time (i.e., change detection) in a certain area is also a 

powerful tool in remote sensing and GIS (Kerr and Ostrovsky 2003).  Change detection 

is useful for determining the amount of change on the landscape (e.g., habitat loss) and 

the effects it may have on wildlife.  For example, Kinnaird et al. (2003) found that 

deforestation over a 14 year period in Indonesia negatively affected the behaviour and 

distribution of large mammals.  In the Great Plains, Fuhlendorf et al. (2002) found that 

the declining Lesser Prairie-chicken (Tympanuchus pallidicinctus) populations are 

influenced by the changes in the landscape over time and by edge density and patch size 

at smaller spatial scales and amount of cropland and juniper at the larger scales.  

Therefore, remote sensing and GIS are vital for detecting and monitoring human induced 

changes on the landscape and are important for wildlife management and conservation.       
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1.4 The North American Breeding Bird Survey: history and importance 

 The North American Breeding Bird Survey (BBS) has been the primary source of 

data for documenting population change over time for more than 400 species of birds in 

North America (Sauer et al. 2003).  The program was developed as a collaboration 

between the United States Geological Survey and the Canadian Wildlife Service in 1966.  

In 2008, the Mexican National Commission for the Knowledge and Use of Biodiversity 

also become a part of the program (Sauer et al. 2013).  The program was established at 

the time of high pesticide use and subsequent concerns regarding the effects of these 

contaminants on bird populations (Robbins et al. 1986).  In response to these concerns, 

Chandler S. Robbins developed a road-side, count-based survey to monitor the status of 

breeding birds over a large geographic area.   

The BBS road-side surveys are conducted on routes that are randomly distributed 

throughout North America within each 1 degree block of latitude and longitude.  A route 

is 40 km of secondary road consisting of 50 three-minute stop locations that are 0.8 km 

apart.  Qualified volunteers survey the route beginning 30 minutes before sunrise once a 

year from late May to early July.  Observers record any birds seen or heard within a 400 

m radius at each stop location (Robbins et al. 1986).  By 2010, over 5,000 routes had 

been established and nearly 60% of them were surveyed that year (Sauer et al. 2013).  

BBS data undergo rigorous statistical analyses that generate route-level and regional 

trend estimates for species and species groups, represented in percent change in 

abundance per year.  Route regression analysis is used to estimate population trends at 

the route level and accounts for observer effects by using a different intercept for each 
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observer (Link and Sauer 1994; Sauer et al. 2013).  At the regional level (e.g., province, 

bird conservation region, country, etc.), hierarchical model analysis using generalized 

linear mixed models fit with Bayesian methods is used to account for year, stratum, and 

observer effects (Link and Sauer 2002; Sauer et al. 2013).  This long-term dataset 

coupled with the sophisticated analyses provides information to conservation 

practitioners about the status of birds, and is a key part of the process for listing avian 

species under the Species at Risk Act (SARA) in Canada and the Endangered Species 

Act (ESA) in the United States.  

1.5 Grassland Bird Declines and Causes 

Globally, birds that breed in grassland habitat (hereafter grassland birds), have 

been experiencing population declines for decades.  In the United Kingdom, grassland 

birds (also known as farmland birds) have undergone widespread declines since the early 

1970’s; those classified as grassland specialists had a net change in abundance by -30% 

on average from 1968-1995 (Siriwardena et al. 1998).  In North America, the decline of 

grassland birds has been described as a “conservation crisis of the 21st century” (Brennan 

and Kuvelsky 2005).  In the United States grassland birds have declined 0.8% per year 

on average from 1966-2012, and in Canada they have undergone even larger declines of 

2.6% per year on average (Sauer et al. 2014).  Within the prairie provinces, 16 grassland 

species have been listed as at risk of extinction by the Committee on the Status of 

Endangered Wildlife in Canada (COSEWIC).  Declines of these species are particularly 

evident in the Aspen Parkland and the Moist-mixed Grassland ecoregions, where many 

grassland birds reach the northern extent of their breeding ranges.  Grassland bird 
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breeding ranges in the Prairie Ecozone are contracting from the north and the east.  For 

example, long-term trend analyses (1970-2010) from the Canadian Wildlife Service of 

two species at risk, the Chestnut-collared Longspur (Calcarius ornatus) and Sprague's 

Pipit (Anthus spragueii), have shown declines of 97% and 76% in the Aspen Parkland, 

and 91% and 83% in the Moist-mixed Grassland, respectively (S. Wilson and S. Davis, 

personal communication).   

Many factors may be contributing to declines in the grassland bird populations.  

Habitat loss and degradation resulting from agricultural intensification has been 

implicated as the main cause (Askins et al. 2007).  Grassland birds have likely been 

decreasing since the major initial habitat loss occurred during European settlement in 

North America (Brennan and Kuvlesky 2005).  However, grassland habitat loss did not 

stop after the initial conversion of land for settlement; ~20% of agricultural land, which 

includes native grassland, has been converted to cropland from 1961 to 2006 in 

Manitoba and Saskatchewan (Statistics Canada 2009).  Only 30% of the historic extent 

of the Great Plains remains (Samson et al. 2004), which leaves little natural habitat for 

grassland birds, especially native grassland specialists.  Furthermore, the remaining 

habitat has been degraded by oil and gas development, inappropriate grazing regimes, 

urban development, and encroachment of woody and exotic vegetation (Brennan and 

Kuvlesky 2005; Green 2007).  Some grassland birds are more abundant or occur more 

frequently in larger patches of prairie as well as in areas with lower amount of 

anthropogenic edge habitat (Davis 2004).  Natural or human-made edges decrease nest 

success of ground-nesting grassland birds via increased frequency of nest predation and 

brood parasitism (Johnson and Temple 1990; Winter et al. 2000; Bollinger and Gavin 
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2004).  The encroachment of woody vegetation has benefited birds that use woodland 

habitat (hereafter woodland birds), which have been increasing since monitoring began 

in the 1970’s.  Woody vegetation has altered the habitat by providing a corridor for 

woodland birds to expand their range at the expense of grassland species (Knopf 1986).  

Further research is needed to determine how these more recent changes to the landscape 

(after initial European settlement) may be contributing to the continual declines of 

grassland bird populations. 

 Broad-scale landscape changes have been associated with changes to bird 

communities. The general approach for quantifying such relationships has been through 

linking remote sensing data (e.g., air photographs and satellite imagery) and long-term 

bird survey datasets such as those from the BBS.  For example, Coppedge et al. (2001b) 

determined that as woody juniper increased over time along BBS routes, woodland birds 

increased and grassland birds decreased.  Rittenhouse et al. (2012) found that species 

richness and abundance were associated with changes in non-dominant land cover types 

such as shrubland loss and wetland loss across the USA.  In Africa, Sirami and 

Monadjem (2012) found species associated with wooded savannah increased with 

increasing shrub cover, while open savannah birds decreased.  However, some studies 

have also shown no clear relationship between land cover changes and bird population 

trends.  For example, McElhone et al. (2011) found no strong relationship between 

changes in woodland cover over a 30 year period and abundance of Cerulean Warbler 

(Dendroica cerulea).  Furthermore, the overall results are variable and the relationships 

between changes in the bird community and land cover change vary between routes 

(Coppedge et al. 2001b) and ecoregions (Rittenhouse et al. 2012).  The few studies that 
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have investigated the effects of land cover change on the bird community have not 

focused exclusively on grassland habitat.  There have been no studies that have 

addressed the impact of land cover change on the grassland bird community in the 

northern extent of their range.   

1.6 Purpose of Research 

It is unknown whether recent declines in grassland bird populations in Canada are 

due to historical habitat loss, recent land cover changes, or other factors.  No large 

temporal or spatial study has been conducted in the northern ranges of grassland birds 

investigating the relationship between bird population trends and land cover change.  

Applying the findings of previous studies in the center or southern areas of grassland 

bird breeding ranges (Coppedge et al. 2001b; Rittenhouse et al. 2012) to populations in 

the northern extent of their breeding range may be inappropriate.  Northern populations 

may be more sensitive to land cover change because they may be occupying less suitable 

habitat and are potentially isolated from core and continuous populations.  This could 

make them more susceptible to extirpation from stochastic or catastrophic events and 

different stressors (Lesica and Allendorf 1995).  Thus, research is needed to investigate 

whether recent changes in land cover on the Canadian prairies are associated with bird 

population trends.  This information will provide insight into the management and 

conservation of these likely sensitive migratory populations.     

 The goal of my research was to examine recent land cover changes and their 

potential relationships to bird population trends on the Canadian prairies.  The particular 

area of interest included the two ecoregions most affected by human development and 
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woody vegetation encroachment: the Moist-mixed Grassland and the Aspen Parkland.  I 

used remote sensing data over a 40-year window, along with BBS data for the same time 

period to examine the relationships between changes in land cover and bird population 

trends.  Specifically, my objectives were to: 

(1) Determine the amount of native grassland, woodland, and cultivated (crop, hay, 

and tame grass) land cover change from 1970 to 2012 along BBS routes in the 

Moist-mixed Grassland and Aspen Parkland ecoregions.   

I predicted that cultivated land cover would increase due to continuing 

agricultural development and woodland cover would increase because of fire 

suppression.  Native grassland cover would decrease in response to both 

cultivated land and woodland cover increasing.  I expected both ecoregions to 

have similar amounts of native grassland and cultivated land cover.  However, 

Aspen Parkland would have more woodland cover encroachment because of the 

ecoregion naturally having more trees and shrubs than the Moist-mixed 

Grassland. 

(2) Use BBS data to assess changes in bird populations from 1970 to 2012 in the 

Moist-mixed Grassland and Aspen Parkland ecoregions. 

I expected grassland bird population trends to be negative during the 40 year 

period and woodland and scrubland birds to have positive population trends.   

(3) Determine the extent to which changes in land cover are correlated with bird 

population changes over the past 40 years.  
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I predicted that there would be a significant relationship between bird population 

trends and land cover change during my study period.  Grassland bird 

populations would be decreasing in response to native grassland loss and 

cultivated land cover increasing.  Woodland and scrubland birds would have 

positive trends because of encroachment by woody vegetation 

2.0 METHODS 

2.1 Study Area 

 My study area was within the Moist-mixed Grassland and Aspen Parkland 

ecoregions of southern Saskatchewan and Manitoba, Canada (Fig. 1).  I chose these 

ecoregions because they have undergone extensive conversion for agricultural use and 

woodland encroachment due to fire suppression (Bird 1961; Bailey and Wroe 1974; 

Green 2007; Widenmaier and Strong 2010; Guedo and Lamb 2013).  The climate ranges 

from continental humid to subhumid with annual daily temperature of 1.4°C and 2.4°C, 

for Aspen Parkland and Moist-mixed Grassland, respectively.  Average annual 

precipitation is 420 mm for the Aspen Parkland and 383mm in the Moist-mixed 

Grassland (Acton et al. 1998).  Both ecoregions have black and dark brown chernozemic 

soils that are rich in organic matter (Acton et al. 1998).  Due to the fertile soils and flat 

topography, these ecoregions are within the top three most populated areas within the 

prairies and are major centers of agricultural activity (Ecological Stratification Working 

Group 1995).  In its natural state, the Aspen Parkland ecoregion is primarily composed 

of open stands of trembling aspen, shrublands (Symphoricarpos occidentalis, Rosa 

woodsii var. woodsii, Elaeagnus commutata, Amelanchier alnifolia var. alnifolia, 
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Prunus virginiana var. virginiana), and sporadic fescue grasslands (Festuca hallii; Acton 

et al. 1998).  The Moist-mixed Grassland ecoregion is characterized by similar shrubs, 

but differs by being dominated by wheatgrasses (Elymus lanceolatus ssp. lanceolatus 

and Pascopyrum smithii) and spear grasses (Hesperostipa comata ssp. comata and 

Hesperostipa curtiseta) grasslands, and aspen groves found in valleys and around 

wetlands (Acton et al. 1998). 

2.2 Breeding Bird Survey Route Selection 

 I chose nine Breeding Bird Survey (BBS) routes as the basis for that data for my 

study (Fig. 1).  The BBS conducts annual surveys along established routes by trained 

volunteers (O’Connor et al. 2000).  Each route is surveyed over 40 km of secondary road 

and consists of 50 three-minute stops 800 m apart.  At each stop location, the observer 

records all birds seen or heard within a 400 m radius (Robbins et al. 1986).  I selected the 

routes based on four criteria:  1) a Sprague’s Pipit, Baird’s Sparrow (Ammodramus 

bairdii), or Chestnut-collared Longspur must have been detected along the route at least 

once during the survey history.  I chose these species because they are obligate grassland 

species of conservation concern (Knopf 1994, Environment Canada 2008, COSEWIC 

2009).  2) An estimating equation route trend estimate must have been generated by the 

BBS for one of the three species mentioned in the first criterion (see Bird Trend Data 

section for trend estimate description).  3) The route had to be surveyed a minimum of 

10 times and at least once from 1970-79 and once from 2000-2010, to compare route 

trend estimates with land cover change from 1970-2012.  4) The route had to be located 

in the Moist-mixed Grassland or Aspen Parkland ecoregion, which are the most 
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developed ecoregions in the prairies.  A total of nine routes made the criteria: five in the 

Aspen Parkland ecoregion (three in Manitoba, two in Saskatchewan), and four in the 

Moist-mixed Grassland ecoregion in Saskatchewan (Fig. 1).  The nine routes, which are 

named after the town nearest to the start of the survey route, were Croll (BBS route 

number 45009), Butler (45011), Riverdale (45018), Lumsden (79013), Bladworth 

(79024), Delisle (79025), Wakaw (79031), Marcelin (79032), and Biggar (79033). 

2.3 Bird Trend Data 

 I obtained estimating equations estimators (EEE) for route trends from 1966-

2011 from the BBS online database for each species and route (Sauer et al. 2012).  The 

EEE route trend estimate (hereafter trend estimate) described by Link and Sauer (1994) 

produces a multiplicative trend that is calculated from a route-regression analysis (Sauer 

et al. 2012).  I chose the time interval of the trend estimates (1966-2011) to overlap with 

the years of the air photos and ground-truthing that were used for characterization of 

habitat changes (see below).  BBS data from 2012, the year of ground-truthing, were not 

available during this project, so I used trend estimates from 2011 and assumed that any 

change in the population trend between 2011 and 2012 would be minimal.  I obtained 

additional information associated with each trend estimate from the BBS database: p-

value, number of years surveyed, variance, average count, and warnings related to 

species with low relative abundance.  I categorized species by breeding habitat guilds 

(Peterjohn and Sauer 1993) that included wetland, urban, grassland, scrub, and woodland 

groups.  I excluded wetland birds from my analyses because wetland habitats were not 

classified due to the low resolution of 1970 imagery.  Species within the urban breeding  
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Figure 1. Locations of Breeding Bird Survey (BBS) routes in Saskatchewan and 

Manitoba, Canada, indicated by black lines and routes names.  Three routes were within 

the Moist-mixed Grassland ecoregion (light grey) and six were within the Aspen 

Parkland ecoregion (dark grey). 
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habitat guild were re-categorized based on their life history into grassland, scrub, or 

woodland guilds.  Urban species were re-categorized because I could not classify rural 

residential structures (i.e., houses and farmyards) confidently in 1970 imagery and as a 

result could not classify urban land cover.  Furthermore, some urban species are still 

known to use historical breeding habitat.  For example, House Sparrow (Passer 

domesticus) was originally categorized in urban breeding habitat type and was changed 

to woodland breeding habitat type.  I included only species with grassland, scrub, or 

woodland breeding habitat associations (including re-classified urban species) and trend 

estimates that did not have a low relative abundance warning in subsequent community 

analyses (see Community Analyses).  I excluded low relative abundance species (species 

not reliably detected) along routes because small sample sizes cause trend estimates to be 

imprecisely estimated (Link and Sauer 1994).   

2.4 Land Cover Change 

 I compared aerial photography from 1970 and 2007-2010, to quantify land cover 

change over time along BBS routes.  Hard copies or negatives of black and white 

1:80,000 scale and 3.4 m resolution air photos from 1970 were scanned, digitized, and 

geo-referenced.  I geo-referenced air photos with eight control points and 2nd order 

transformation using ArcMap Version 10 (ESRI, Redlands, CA, USA).  Colour digital 

ortho-photos taken from 2007-2010 were acquired from the Manitoba Land Initiative 

(MLI) and Saskatchewan Geospatial Imagery Collaborative (SGIC) and were at a 

1:40,000 scale and 0.6-1 m resolution.  I used the 1970 air photos to classify habitat 

conditions in the early 1970s and 2007-10 ortho-photos to quantify current land cover 
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conditions.  I classified land cover within an 800 m radius buffer centered on each BBS 

stop location using GIS.  I chose an 800 m buffer radius to represent habitat occupied by 

bird populations that are detected during the BBS survey.  

I interpreted all land cover manually and digitally within the 800 m buffers using 

a heads-up digitizing technique in ArcMap Version 10 (ESRI, Redlands, CA, USA).  

Heads-up digitizing, also called on-screen digitizing, is a manual method of producing a 

vector map layer (i.e., polygons) from raster data by tracing features of an image 

displayed on a computer monitor (Lauver et al. 2002).  The three land cover categories 

classified were native grassland, cultivated land, and woodland.  Native grassland was 

natural, unmodified grassland typically used for grazing.  Cultivated lands were modified 

for agriculture, and included annual crop, summer fallow, and planted grass for pasture 

(i.e., Agropyron cristatum, Bromus erectus), and hayland (i.e., Medicago sativa, Bromus 

inermis).  Woodland cover was native (i.e., Populus tremuloides, P. balsamifera, Salix 

sp.) and exotic (i.e., Caragana sp.) trees and tall shrubs.  Polygons were delineated by 

natural or man-made vegetation breaks within and between cover types.  If one land 

cover type completely encompassed another, the latter land cover type was not 

delineated unless it was in one of the 3 categories listed above.  For example, if a native 

grassland pasture had a wetland within it, the native grassland polygon would include the 

area of the wetland.  However, if the native grassland pasture had woodland within it, the 

native grassland polygon would not include the woodland polygon, which would be 

quantified separately.  I chose this method because I wanted to quantify only the 3 land 

cover categories in relation to each other and not be influenced by other land cover types.  

All other land cover that was not encompassed by the 3 land cover categories within the 
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800 m buffer was placed in the unclassified land cover category.  This included ditches, 

roads, towns, farmyards, oil and gas development, and natural and man-made water 

bodies.        

I classified the 2007-2010 imagery first (Fig. 2a) and I verified and updated land 

cover by ground-truthing all 9 routes during August-September, 2012.  Ground-truthing 

was conducted from the road with the aid of binoculars and land cover type was recorded 

onto hard copies of the 2007-10 air photos.  I therefore refer to present day land cover as 

2012 instead of 2007-10 because the majority of the land cover classifications were 

updated by ground-truthing.  Areas along the route that were inaccessible and were not 

ground-truthed were matched to confirmed land cover (hereafter reference land cover) 

for quality control.  I filtered all 2012 polygons by defining a minimum mapping unit 

(MMU); the MMU for each land cover type was determined by sorting all 2012 

polygons into area categories (i.e., <0.02, 0.02-0.05, 0.05-0.1, etc, 1.5-2.0, 2.5-3.0, etc, 

5.0-6.0, 6.0-7.0, etc, 10.0-15.0, 15.0-20.0, etc, 30.0-40.0, 40.0-50.0, >50 ha).  I used 

shorter intervals for smaller area categories because the quantity of small-sized polygons 

was much higher than large-sized and I also wanted to determine MMU’s as accurately 

as possible.  I randomly selected three polygons in each area category for each land 

cover type.  These polygons were then overlaid onto 1970 imagery, and re-classified 

based on 1970’s land cover (Fig. 2b).  I recorded a confidence level (low, medium, high) 

based on my ability to classify the land cover manually when comparing it to reference 

land cover that had been verified.  The MMU selected for each land cover type was the 

minimum area category for which all three polygons had a confidence of medium or 

high.  I determined the MMU for native grassland, cultivated land, and woodland to be 
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4.5 ha, 1.5 ha, and 0.1 ha, respectively for both time periods.  Polygons were placed in 

the unclassified land cover category if their area was less than the designated MMU.  I 

then filled all empty holes in the native grassland, cultivated land, and woodland 

polygons that were created by the unclassified land cover polygons.  Polygons equal to, 

or above the MMU for 2012 were overlaid onto the 1970 imagery and then adjusted (i.e., 

resized) to the 1970’s land cover to ensure that artifacts of the low resolution imagery 

did not influence the classification.  Land cover for 1970 imagery was interpreted based 

on tone and texture.  Cultivated land had little to no texture and ranged from dark 

grey/black (hay), to white (crop), and medium grey (tame grassland).  Native grassland 

had light-medium grey tone and often had texture from sporadic shrubs.  Woodland was 

identified by having texture from foliage and was generally a dark grey/black tone.  

Similar to 2012 quality control, I compared 1970 polygons to verified land cover, which 

were habitat polygons that were confirmed in 2012 and were the same in 1970.  I 

summed the total area (ha) for each land cover type of filtered polygons for each route 

for both the 1970 and 2012 time periods.  I calculated percent land cover for each time 

period and route based on the total area of each land cover type classified out of the total 

area classified.  Percent change in land cover type was calculated for each route by 

subtracting 1970 percent land cover from 2012 percent land cover.  Percent change was 

chosen over absolute values for change in area because total area classified for each 

route was not the same in both time periods due to the MMU polygon filter and other 

land cover that was not classified.  For example, a native grassland patch that was >4.5 

ha in 1970 was included in the native grassland category.  In 2012, if the same polygon 

was <4.5 ha, or became urban land cover, it was placed in the unclassified land cover 
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category resulting in a decrease in native grassland.  In addition, some cropland may 

have been converted to urban development, thereby reducing the total area classified.   

The abundances of most grassland bird species decline with increasing amounts 

of woody vegetation on grassland habitat (Coppedge et al. 2001b; Grant et al. 2004).  

Therefore, I wanted to determine the extent to which woodland encroachment has 

occurred on native grassland.  I selected woodland polygons that were completely within 

native grassland (i.e., no edge woodlands) to measure changes in woodland area that 

were not influenced by other land cover types.  The woodland polygons also had to be 

present in both time periods.  Based on these criteria, I was able to use woodland and 

native grassland data from six of the nine routes (Butler, Riverdale, Lumsden, Delisle, 

Marcelin, and Biggar).  I determined the total area (ha) of woodlands within native 

grassland in 2012 for each route, and subtracted the amount in 1970 to calculate the 

change in woodland area contained within native grassland pastures.  I also determined 

the proportion of native grassland area that the woodland area covered and the difference 

in the proportions for each route over the 40 year period.
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(a) 2010 imagery (updated with 2012 land cover)   (b) 1970 imagery 

Figure 2. Examples of habitat polygon delineation in the same location along a route for (a) 2010 imagery and (b) 1970 imagery.  The 

point count locations for BBS surveys are indicated by solid pink circles. The 800 m buffer (pink line) around the BBS route 

delineates the area classified.  Note the replacement of a large area of woodland with cultivated land in the upper left quadrant. 

(Original in Colour) 
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2.5 Statistical Analyses 

2.5.1 Temporal and Ecoregion Differences 

I performed Mann-Whitney-Wilcoxon tests which employed an alpha value of 

0.05 to determine if 1970 and 2012 percent land cover differed between Aspen Parkland 

and Moist-mixed Grassland ecoregions and to determine if percent change in land cover 

differed between ecoregions.  Each land cover variable (woodland, cultivated, and 

native) was tested separately.  I applied a standard Bonferroni correction to the alpha 

value to account for multiple comparisons (alpha value corrected to 0.01).  I tested for 

correlations among percent land cover variables (cultivated, native, woodland) using 

Pearson’s correlation.  All statistical analyses were performed using R (R Core Team 

2014). 

2.5.2 Community Analyses 

 I conducted a Principal Components Analysis (PCA) to examine the similarities 

and differences in trend estimates among species using the R package “vegan” (Oksanen 

et al. 2013).  This linear technique was chosen over other ordination analyses (i.e, 

unimodal) because it allows for negative values.  Only birds with trend estimates for all 9 

routes were included in this analysis because PCA cannot process missing values.  As a 

result, species included in the community analyses were common generalists that were 

abundant throughout the two ecoregions.  Grassland and woodland specialists were not 

included in community analyses because of low abundance.  I used the broken stick 

model to determine the number of PCA axes needed to explain the most variance in the 

data (Borcard et al. 2011).  In addition, I conducted cluster analysis to provide a clearer 
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interpretation of potential species groupings.  I used the Unweighted Pair-Group Method 

with arithmetic Averages (UPGMA) agglomerative clustering based on the Euclidean 

distances among species trend estimates.   

 I used Redundancy Analysis (RDA) to examine the relationships between bird 

population trends and land cover changes.  Population trend estimates that were used in 

the PCA were constrained by percent land cover change from 1970 to 2012 for woodland 

and native grassland variables.  Percent change in cultivated land cover was excluded 

from the analysis because it was highly correlated with changes in native grassland 

(Pearson’s r=-0.9).  Therefore, any relationship between a bird population trend and 

native grassland also meant they could be responding to changes in cultivated land cover.  

I used permutation tests to examine the significance of each individual constrained axis 

and each land cover change variable with an alpha value of 0.05 and 1000 permutations.  

I conducted post-hoc analysis to aid in interpretation of RDA using the “envfit” function 

through package “vegan” in R (Oksanen et al. 2013).  The “envfit” function fit the 

vectors of percent land cover change onto the PCA (see above), which showed the 

maximum correlation of the PCA with the land cover change (Oksanen et al. 2013).    

3.0 RESULTS 

3.1 Bird Trend Data 

 The routes in my study (n=9) had BBS trend estimates for 71 bird species 

belonging to grassland (n=21), woodland (n=30), or scrub (n=20) habitat guilds (Table 

1).  On average, grassland birds declined more per year since 1970 than did scrub and 

woodland birds (Table 2).  Grassland birds also had more extreme declines for individual 
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species.  For example, Sharp-tailed Grouse (Tympanuchus phasianellus) populations 

decreased -33.3 %/yr on the Butler route and Marbled Godwit (Limosa fedoa) 

populations decreased -23.6 %/yr on the Riverdale route (Table 1 and 2).  In contrast, 

woodland birds had the most extreme increases in bird populations.  For example, Purple 

Martin (Progne subis) populations increased 99.4 %/yr on the Croll route and Common 

Raven (Corvus corax) populations increased 31.4 %/yr on the Marcelin route since 1970.   

Species trend estimates varied greatly within guilds (Table 2) and also varied 

within species among routes (Table 1).  Over 70% (52 out of 71) of the species both 

increased and decreased along the routes from 1970 to 2011.  Only two species, 

Sprague’s Pipit and Baird’s Sparrow, both grassland specialists, consistently declined 

across all routes where they had high enough relative abundance to assess trends with 

confidence (SPPI: n=4; BAIS: n=5).  Woodland and scrubland birds that consistently 

increased in abundance on all routes included American Kestrel, American Robin, 

Common Raven, Black-capped Chickadee, and Spotted Towhee.  Sedge Wren 

populations, which use moist grasslands and sedge meadows, also increased in 

abundance along all the routes.  
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Table 1. Species mean, standard deviation (SD), minimum (Min) and maximum (Max) values, and 95% confidence intervals 

(Lower and Upper) for trend estimates (%/yr) from 1970-2011 on the 9 BBS routes located in the Moist-mixed Grassland and 

Aspen Parkland ecoregions in Saskatchewan and Manitoba.  Species are organized taxonomically, and the four letter 

American Ornithological Union (AOU) code is given for each, as well as breeding habitat guild (G=grassland, W=woodland, 

S=scrub). 

Name  
 1970-2011 Trend Estimate 

(%/yr) 

95% Confidence 

Interval 

Common Scientific 
AOU 

Code 

Habitat 

Guild Mean SD Min Max Lower Upper 

Northern Harriera Circus cyaneus NOHA G -0.73 3.84 -5.35 7.38 -3.68 2.22 

Swainson's Hawk Buteo swainsoni SWHA G 4.75 5.19 -3.88 10.55 0.41 9.08 

Red-tailed Hawka Buteo jamaicensis RTHA W 3.90 7.17 -7.70 17.31 -1.62 9.41 

American Kestrel Falco sparverius AMKE W 2.22 2.31 0.59 3.85 -18.49 22.93 

Gray Partridge Perdix perdix GRAP G 1.41 6.30 -6.65 10.93 -6.41 9.23 

Ring-necked Pheasant Phasianus colchicus RNEP G 6.44b  6.44 6.44   

Sharp-tailed Grouse Tympanuchus 

phasianellus 

STGR G -10.66 18.40 -33.31 11.41 -39.95 18.62 

Willeta Tringa semipalmata WILL G -2.06 3.78 -11.55 1.87 -4.97 0.85 

Upland Sandpiper Bartramia longicauda UPSA G 3.58 8.64 -5.74 11.31 -17.87 25.04 

Marbled Godwit Limosa fedoa MAGO G -3.34 9.36 -23.65 7.70 -11.16 4.49 
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Name  
 1970-2011 Trend Estimate 

(%/yr) 

95% Confidence 

Interval 

Common Scientific 
AOU 

Code 

Habitat 

Guild Mean SD Min Max Lower Upper 

Rock Pigeona Columba livia ROPI W 1.88 3.83 -2.96 10.89 -1.07 4.83 

Mourning Dove Zenaida macroura MODO W 1.10 2.77 -3.18 5.34 -1.03 3.23 

Black-billed Cuckoo Coccyzus 

erythropthalmus 

BBCU W -0.88 7.83 -13.55 6.77 -9.10 7.34 

Great Horned Owl Bubo virginianus GHOW W 0.09 1.10 -0.76 1.70 -1.65 1.84 

Yellow-bellied 

Sapsucker 

Sphyrapicus varius YBSA W 10.83b  10.83 10.83   

Downy Woodpecker Picoides pubescens DOWO W 1.95b  1.95 1.95   

Hairy Woodpecker Picoides villosus HAWO W 3.87b  3.87 3.87   

Alder Flycatcher Empidonax alnorum ALFL S -0.03 2.10 -2.29 2.66 -2.63 2.58 

Traill's Flycatcherc  Empidonax sp. TRFL S -0.04 2.11 -2.29 2.66 -2.66 2.58 

Least Flycatchera Empidonax minimus LEFL W 2.56 3.70 -3.67 7.97 -0.28 5.41 

Eastern Phoebe Sayornis phoebe EAPH W 0.49 2.85 -2.79 2.26 -6.58 7.56 

Western Kingbird Tyrannus verticalis WEKI S -0.24 3.45 -6.72 3.29 -3.43 2.95 

Eastern Kingbirda Tyrannus tyrannus EAKI S -0.46 3.15 -4.80 3.45 -2.89 1.96 

Loggerhead Shrike Lanius ludovicianus LOSH S -10.25 10.87 -21.36 0.36 -37.25 16.75 
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Name  
 1970-2011 Trend Estimate 

(%/yr) 

95% Confidence 

Interval 

Common Scientific 
AOU 

Code 

Habitat 

Guild Mean SD Min Max Lower Upper 

Warbling Vireoa Vireo gilvus WAVI W 1.15 3.36 -5.13 6.23 -1.43 3.74 

Red-eyed Vireo Vireo olivaceus REVI W -1.82 4.03 -9.49 1.52 -6.04 2.41 

Black-billed Magpiea Pica hudsonia BBMA S -2.80 3.35 -10.17 0.78 -5.38 -0.23 

American Crowa Corvus 

brachyrhynchos 

AMCR W -2.93 4.63 -11.89 5.34 -6.49 0.63 

Common Raven Corvus corax CORA W 23.89 6.80 18.14 31.39 15.45 32.33 

Horned Larka Eremophila alpestris HOLA G -2.82 3.19 -7.51 1.93 -5.27 -0.37 

Purple Martin Progne subis PUMA W 25.45 49.41 -2.58 99.40 -53.17 104.08 

Tree Swallow Tachycineta bicolor TRES W -1.72 7.05 -16.24 8.58 -7.61 4.17 

Barn Swallowa Hirundo rustica BARS G -1.68 1.96 -5.49 0.67 -3.19 -0.18 

Black-capped 

Chickadee 

Poecile atricapillus BCCH W 5.46 6.57 0.81 10.10 -53.57 64.48 

House Wrena Troglodytes aedon HOWR S 0.92 1.43 -1.15 3.01 -0.18 2.02 

Sedge Wren Cistothorus platensis SEWR G 2.31 1.75 0.52 4.01 -2.03 6.65 

Mountain Bluebird Sialia currucoides MOBL S 1.55 6.26 -2.88 5.97 -54.68 57.77 

Veery Catharus fuscescens VEER W -0.09 1.87 -1.41 1.23 -16.86 16.68 
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Name  
 1970-2011 Trend Estimate 

(%/yr) 

95% Confidence 

Interval 

Common Scientific 
AOU 

Code 

Habitat 

Guild Mean SD Min Max Lower Upper 

American Robina Turdus migratorius AMRO W 2.35 1.35 0.35 4.47 1.31 3.39 

Gray Catbird Dumetella 

carolinensis 

GRCA S -1.10 3.56 -7.44 4.01 -4.07 1.88 

Brown Thrasher Toxostoma rufum BRTH S -3.88 7.16 -15.36 5.86 -9.87 2.11 

European Starling Sturnus vulgaris EUST W -4.06 3.96 -8.79 2.04 -7.36 -0.75 

Sprague's Pipit Anthus spragueii SPPI G -5.57 2.50 -8.45 -2.46 -9.55 -1.58 

Cedar Waxwing Bombycilla cedrorum CEDW W 1.39 6.99 -4.35 16.93 -4.45 7.23 

Orange-crowned 

Warbler 

Oreothlypis celata OCWA S 5.00b  5.00 5.00   

Yellow Warblera Setophaga petechia YEWA S 2.98 3.84 -1.10 10.66 0.02 5.93 

Ovenbird Seiurus aurocapilla OVEN W 2.00b  2.00 2.00   

Connecticut Warbler Oporornis agilis CONW S -3.54b  -3.54 -3.54   

Common 

Yellowthroat 

Geothlypis trichas COYE S 0.34 2.91 -4.15 4.78 -2.09 2.77 

Spotted Towhee Pipilo maculatus SPTO S 4.03 0.47 3.69 4.36 -0.23 8.28 

Chipping Sparrow Spizella passerina CHSP W 5.60 5.59 -1.91 11.16 -0.27 11.46 

Clay-colored Sparrowa Spizella pallida CCSP S -1.17 1.33 -3.54 0.45 -2.19 -0.15 
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Name  
 1970-2011 Trend Estimate 

(%/yr) 

95% Confidence 

Interval 

Common Scientific 
AOU 

Code 

Habitat 

Guild Mean SD Min Max Lower Upper 

Vesper Sparrowa Pooecetes gramineus VESP G 0.87 3.19 -2.92 7.27 -1.58 3.32 

Lark Sparrow Chondestes 

grammacus 

LASP S -3.32b  -3.32 -3.32   

Savannah Sparrowa Passerculus 

sandwichensis 

SAVS G 0.02 2.92 -4.15 4.76 -2.23 2.26 

Grasshopper Sparrow Ammodramus 

savannarum 

GRSP G -8.69b  -8.69 -8.69   

Baird's Sparrow Ammodramus bairdii BAIS G -4.75 5.13 -11.64 -0.11 -11.12 1.63 

Le Conte's Sparrow Ammodramus 

leconteii 

LCSP G 0.00 5.45 -5.22 9.68 -5.72 5.72 

Song Sparrow Melospiza melodia SOSP S -1.94 4.63 -10.96 3.86 -5.81 1.93 

Chestnut-collared 

Longspur 

Calcarius ornatus CCLO G -7.43b  -7.43 -7.43   

Rose-breasted 

Grosbeak 

Pheucticus 

ludovicianus 

RBGR W -2.52 8.90 -8.81 3.77 -82.44 77.40 

Bobolink Dolichonyx oryzivorus BOBO G -5.61 7.79 -19.46 3.28 -12.82 1.59 

Western Meadowlarka Sturnella neglecta WEME G -3.40 3.43 -10.52 1.08 -6.04 -0.77 

Brewer's Blackbirda Euphagus 

cyanocephalus 

BRBL G -0.63 4.43 -6.59 7.87 -4.04 2.78 

Common Gracklea Quiscalus quiscula COGR W -2.01 3.71 -7.62 2.53 -4.86 0.85 

Brown-headed 

Cowbirda 

Molothrus ater BHCO S -1.07 4.11 -7.53 4.37 -4.23 2.10 
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Name  
 1970-2011 Trend Estimate 

(%/yr) 

95% Confidence 

Interval 

Common Scientific 
AOU 

Code 

Habitat 

Guild Mean SD Min Max Lower Upper 

Orchard Oriole Icterus spurius OROR W -6.16b  -6.16 -6.16   

Baltimore Oriolea Icterus galbula BAOR W -0.84 2.12 -3.94 3.17 -2.47 0.79 

Pine Siskin Spinus pinus PISI W 0.26 2.12 -2.17 1.74 -5.01 5.52 

American Goldfincha Spinus tristis AMGO S 0.58 3.79 -4.43 7.50 -2.34 3.49 

House Sparrowa Passer domesticus HOSP W -1.60 2.68 -4.53 4.23 -3.66 0.46 

a Species included in the community analyses because of  high relative abundance values and robust trend estimates for all 9 

routes. 
b Species only have one trend estimate. c Alder/Willow Flycatcher
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Table 2. Mean bird population trend estimates (%/yr) from 1970-2011 for grassland, 

scrubland, and woodland habitat guilds from 9 BBS survey routes located in Moist-

mixed Grassland and Aspen Parkland ecoregions in Saskatchewan and Manitoba.  

Standard deviation (SD), minimum (Min) and maximum (Max), and 95% confidence 

interval values are given. 

 1970-2011 Trend Estimate (%/yr) 95% Confidence Interval 

Habitat Guild Mean SD Min Max Lower Upper 

Grassland -1.53 6.20 -33.31 11.41 -2.61 -0.44 

Scrubland -0.70 4.36 -21.36 10.66 -1.48 0.08 

Woodland 1.43 9.70 -16.24 99.40 -0.08 2.93 
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3.2 Land Cover Data 

 I classified a total of 46,406 ha and 46,599 ha of land within the 800 m buffer 

radius of 9 routes for 1970 and 2012 time periods, respectively (Table 3).  Total 

classified land cover encompassed 84% of the combined 800 m buffer area of the routes 

for both time periods.  The proportion of area classified for each route ranged from 72-

90% in 1970 and 70-92% in 2012.  Land cover that was not classified or did not meet the 

MMU decreased < 1% on average across time periods, and ranged from 10-28% and 8-

30% in 1970 and 2012, respectively.  Delisle (0.9%), Lumsden (1.3%), and Wakaw 

(1.3%) routes increased in unclassified land cover over time likely as a result of an 

increase in urban areas and native grassland parcels falling below the MMU. 

All 9 BBS routes were dominated by cultivated land in both time periods (Fig. 3).  

BBS routes had slightly more cultivated land cover in 2012 ( =89%, range: 61 – 99%) 

than in 1970 ( =87%, range: 56 – 99%), less native grassland ( =5%, range: 0 – 17%; 

=7%, range: 0.2 – 21%, respectively) and similar cover of woodland ( =7%, range: 1 – 

22%; =7%, range: 1 – 23%, respectively).  Biggar and Lumsden routes, located in the 

Aspen Parkland and Moist-mixed Grassland, respectively, had the largest proportions of 

woodland and native grassland.  The Biggar route had 4 – 14 fold (1970: 23%; 2012: 

22%) more woodland than other Aspen Parkland routes, and the Lumsden route had 8 – 

11 fold (1970: 14%, 2012: 13%) more woodland compared to other Moist-mixed 

Grassland routes in both time periods.  There was 7 – 18 times (1970: 21%, 2012: 17%) 

and 3 – 13 times (1970: 18%, 2012: 13%) more native grassland along Biggar and 

Lumsden routes, respectively, compared to other routes in their ecoregions.  In contrast, 
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the Bladworth route had the least amount of woodland (1970 and 2012: 1%) and native 

grassland (1970: 0.2%, 2012: 0%) among routes.  Aspen Parkland routes and Moist-

mixed Grassland routes did not differ significantly in the percentage of each land cover 

type in 1970 (Mann-Whitney-Wilcoxon test; woodland: W=13, p=0.38; native grassland: 

W=8, p=0.91; cultivated: W=7, p=0.70) or in 2012 (Mann-Whitney-Wilcoxon test; 

woodland: W=12, p=0.55; native grassland: W=8, p=0.91; cultivated: W=7, p=0.71). 

On average, the proportion of native grassland and woodland decreased and 

cultivated land increased from 1970 to 2012 (Table 4).  The decrease in native grassland 

averaged -2.1% (± 1.9 SD), but grassland on some routes decreased by as much as 5% 

(Lumsden and Biggar).  On average 43% of the native grassland present in 1970 was no 

longer present by 2012.  All native grassland was lost over the study period along the 

Bladworth route.  Primarily small parcels of native grassland were integrated into 

cultivated land; however, I did observe large parcels (i.e., ¼ sections) of native grassland 

converted to cultivated fields.  In contrast, absolute cultivated land cover increased an 

average of 2.2% (± 2.2 SD) from 1970 to 2012.  The increase in cultivated land relative 

to what was present in 1970 was 3.1% (± 3.4 SD).  The amount of woodlands increased 

along some routes (Bladworth, Delisle, Butler, and Marcelin) and decreased along others 

(Lumsden, Croll, Riverdale, Biggar, and Wakaw).  However, there was little overall 

change in woodland cover over the study period (0.1% ± 1.0 SD).  The change in 

woodland cover relative to what was present in 1970 averaged 6.6% (± 23.6 SD), but 

varied greatly among the routes.  For example, woodland along the Butler route 

increased nearly 50%, and woodland along the Biggar route decreased by 4%.  

Woodland within native grassland parcels increased along all six routes from 1970 to 
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2012; however, it was a small amount (range: 3-27 ha; Fig. 4).  The proportion of native 

grassland taken up by the above woodland on average was 5.7% (range: 2.3-11.0%) in 

1970 and 9.8% (range: 6.3-16.0%) in 2012.  On average, 4.1% (± 0.5 SD) of the native 

grassland area was lost because of woodland encroachment.  There was no significant 

difference in the land cover change between the two ecoregions for each land cover 

variable (Mann-Whitney-Wilcoxon test; woodland: W=8, p=0.91; native grassland: 

W=10, p=0.91; cultivated: W=8, p=0.91). 
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Table 3.  Amount of land cover classified (ha) along the 9 BBS routes located in 

Saskatchewan and Manitoba.  Proportion of land classified for each land cover category 

(native grassland, cultivated land, woodland) out of total area classified is provided in 

parentheses (%).  Routes are ordered by ecoregion and latitude (south to north). 

  Land Cover (ha) 

Route Year Native 

Grass 

Cultivated 

land 

Woodland Total 

Classified 

Unclassified Total 

Route 

Area 

Moist-mixed Grassland  

Lumsden 1970 793.5 

(18.1) 

2994.0 

(68.4) 

589.1 

(13.5) 

4376.6 1726.4 6103.0 

 2012 544.6 

(12.7) 

3204.6 

(74.6) 

548.5 

(12.8) 

4297.8 1805.2  

        

Bladworth 1970 10.3 

(0.2) 

5578.0 

(98.7) 

65.6  

(1.2) 

5654.0 536.3 6190.3 

 2012 0.0  

(0) 

5619.7 

(98.8) 

70.1  

(1.2) 

5689.9 500.4  

        

Delisle 1970 361.1 

(6.4) 

5217.4 

(92.3) 

71.7 

(1.3) 

5468.5 600.6 6251.4 

 2012 224.9 

(4.0) 

5275.4 

(94.3) 

96.1 

(1.7) 

5596.4 655.0  

        

Aspen Parkland 

Croll 1970 71.6 

(1.3) 

5295.7 

(96.8) 

101.3 

(1.9) 

5468.5 862.2 6330.8 

 2012 52.2 

(0.9) 

5369.6 

(97.5) 

86.1 

(1.6) 

5508.0 822.8  

        

Butler 1970 245.1 

(4.6) 

4836.2 

(91.4) 

212.7 

(4.0) 

5294.0 914.0 6208.0 

 2012 119.3 

(2.2) 

4978.2 

(91.9) 

319.7 

(5.9) 

5417.2 790.8  

        

Riverdale 1970 91.6 

(2.0) 

4258.5 

(91.2) 

319.1 

(6.8) 

4669.2 1179.6 5848.8 

 2012 53.2 

(1.1) 

4411.3 

(93.5) 

251.3 

(5.3) 

4715.8 1132.9  

        

Biggar 1970 1095.2 

(21.3) 

2860.0 

(55.6) 

1184.1 

(23.0) 

5139.3 984.1 6123.4 

 2012 873.3 3237.0 1173.6 5283.9 839.5  
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  Land Cover (ha) 

Route Year Native 

Grass 

Cultivated 

land 

Woodland Total 

Classified 

Unclassified Total 

Route 

Area 

(16.5) (61.3) (22.2) 

        

Wakaw 1970 123.0 

(2.5) 

4498.4 

(91.4) 

299.4 

(6.1) 

4920.8 1244.1 6165.0 

 2012 64.6 

(1.3) 

4498.6 

(92.9) 

277.0 

(5.7) 

4840.2 1324.7  

        

Marcelin 1970 190.8 

(3.6) 

4937.0 

(94.3) 

105.3 

(2.0) 

5233.1 993.9 6227.0 

 2012 132.0 

(2.5) 

4987.8 

(95.0) 

130.3 

(2.5) 

5250.1 976.9  

        

Total 1970 2982.7 

(6.4) 

40475.2 

(87.2) 

2948.4 

(6.4) 

46406.3 9041.4 55447.6 

 2012 2064.2 

(4.4) 

41582.3 

(89.2) 

2952.9 

(6.3) 

46599.4 8848.3  
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Figure 3. Proportion (%) of land cover in 1970 and 2012 classified along 9 BBS routes 

in Moist-mixed Grassland and Aspen Parkland ecoregions of Saskatchewan and 

Manitoba.  The left axis is cultivated land cover (0-100%) represented by the wide light 

grey bar.  The right axis is woodland and native grassland cover (0-25%) represented by 

thin black (woodland) and medium grey (native grassland) bars.   
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Table 4. Absolute (differences in land cover from 1970 to 2012) and Relative 

(differences in land cover from 1970 to 2012 divided by the 1970 amount) change for 

each land cover category (%).  Routes are organized by ecoregion and latitude.  Mean, 

and standard deviation (SD) is shown for change and relative change for each land cover 

category. 

  Native Grass change 

(%) 

Cultivated land 

change (%) 

Woodland change (%) 

Route Absolute Relative Absolute Relative Absolute Relative 

Moist-mixed Grassland 

Lumsden -5.5 -30.1 6.2 9.0 -0.7 -5.2 

Bladworth -0.2 -100.0 0.1 0.1 0.1 6.2 

Delisle -2.4 -37.2 1.9 2.1 0.5 35.4 

       

Mean -2.7 -55.8 2.7 3.7 -0.1 12.1 

SD 2.7 38.5 3.1 4.7 0.6 30.0 

 

Aspen Parkland 

Croll -0.4 -27.5 0.7 0.7 -0.3 -15.6 

Butler  -2.4 -52.4 0.5 0.6 1.9 46.9 

Riverdale -0.8 -42.4 2.3 2.6 -1.5 -22.0 

Biggar -4.8 -22.5 5.6 10.1 -0.8 -3.6 

Wakaw -1.2 -46.6 1.5 1.7 -0.4 -6.0 

Marcelin -1.1 -31.0 0.7 0.7 0.5 23.3 

       

Mean -1.8 -37.1 1.9 2.7 -0.1 3.8 

SD 1.6 11.8 2.0 3.7 1.2 26.2 

       

All Routes 

Mean -2.1 -43.3 2.2 3.1 -0.1 6.6 

SD 1.9 23.3 2.2 3.4 1.0 23.6 
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Figure 4. Area (ha) of woodland within native grassland parcels in 1970 (light grey) and 

2012 (black) along 6 BBS routes in Moist-mixed Grassland and Aspen Parkland 

ecoregions of Saskatchewan and Manitoba. 
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3.3 Community Analyses 

  Twenty-five of the 71 species of birds detected were used in community analysis 

(Table 1).  These species were selected because they had high relative abundance on all 9 

BBS routes.  Eight species were in the grassland habitat guild (Barn Swallow, Brewer’s 

Blackbird, Horned Lark, Northern Harrier, Savannah Sparrow, Vesper Sparrow, Western 

Meadowlark, and Willet), seven in the scrubland guild (American Goldfinch, Black-

billed Magpie, Brown-headed Cowbird, Clay-colored Sparrow, Eastern Kingbird, House 

Wren, and Yellow Warbler), and 10 in the woodland guild (American Crow, American 

Robin, Baltimore Oriole, Common Grackle, House Sparrow, Least Flycatcher, Mourning 

Dove, Rock Pigeon, Red-tailed Hawk, and Warbling Vireo).  The first three principal 

component (PC) axes collectively explained 73% of the variance in the species trend 

estimate data.  PC axis 1 (PC1) explained the majority of the variance (39%), followed 

by PC axis 2 (PC2; 19%) and PC axis 3 (PC3; 15%).  The broken stick model indicated 

that the first three PC axes explained the majority of the variance in the data.  Analysis of 

the trend estimates via PCA and cluster analysis did not show any clear groupings of 

birds by habitat guilds (Fig. 5, 6, 7, and 8).  I expected woodland and grassland birds to 

be negatively correlated with each other in the community analysis; however, trend 

estimates did not group based on my expectations regarding habitat guilds. The majority 

of the birds were increasing above average on Croll (45009), Bladworth (79024), and 

Delisle (79025) routes and decreasing below average on Lumsden (79013), Marcelin 

(79032), Wakaw (79031), Riverdale (45018), and Butler (45011) routes (Fig. 5).  The 

Red-tailed Hawk had the highest magnitude of change above average compared to all 

other species, with the largest increase on the Bladworth (79024) route (Fig. 5).  House 



 

 

43 

Sparrow increased above average on Manitoba routes (Riverdale: 45018 and Butler: 

45011) apart from all other species, suggesting that the House Sparrow population is 

increasing along Riverdale and Butler routes more so than the rest of the avian 

community.   

The PC1 and PC2 plot showed major differences in variance among species trend 

estimates for two Manitoba routes, particularly, Croll (45009) and Butler (45011; Fig. 5).  

Not only were these two routes different from each other, but they were also different 

from all other routes that clustered around the center of the axes.  In general, species 

were increasing above average on the Croll (45009) route and decreasing more than the 

average trends on the Butler (45011) route.  The PC1 and PC3 also showed that Croll 

and Butler routes were dissimilar to each other in species trend estimates (Fig. 6).  The 

PC2 and PC3 axes combination explained the least amount of variance in trend 

estimates; however, these axes showed the similarities of routes that were clustered 

around the center of the axes of Fig. 5 more clearly (Fig. 7).  Bladworth (79024) and 

Delisle (79025) routes had similar trend estimates.  The Lumsden (79013) route 

remained at the center of the axes indicating that populations on this route generally had 

average change in population trends (Fig. 7). 

  The two RDA axes explained 32% of the variance when the BBS trend estimate 

data were constrained by land cover change variables (Fig. 9).  However, the relationship 

between land cover change and species trend estimates was weak because no axis 

represented variation significantly different from random (Permutation test; RDA1: 

pseudo-F=1.87, p=0.11; RDA2: pseudo-F=0.99, p=0.43).  Change in woodland 
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(Permutation test; pseudo-F=1.67, p=0.15) and native grassland (Permutation test; 

pseudo-F=1.28, p=0.29) were not significantly different from random in relation to 

population trend estimates in RDA.  Further testing by vector-fitting indicated that land 

cover change variables had no relationship with PC axes scores, confirming that there 

was no relationship between land cover change and species trend estimates (woodland: 

r2=0.19, p=0.48; native grassland: r2=0.12, p=0.69).     
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Figure 5. Principal Components Analysis axes PC1 and PC 2 for route trend estimates 

by bird species; routes numbers are in italics and species in American Ornithological 

Union (AOU) code.  Arrows indicate species that are increasing above average, and the 

length of each arrow indicates the magnitude of change.  Species that have arrows close 

together have similar trend estimates. 
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Figure 6. Principal Components Analysis axes PC1 and PC3 for route trend estimates by 

bird species; routes are in italics and species in American Ornithological Union (AOU) 

code.  Arrows indicate species that are increasing above average and the length of each 

arrow indicates the magnitude of change.  Species that have arrows close together have 

similar trend estimates. 
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Figure 7. Principal Components Analysis axes PC2 and PC3 for route trend estimates by 

bird species; routes are in italics and species in American Ornithological Union (AOU) 

code.  Arrows indicate species that are increasing above average and the length of each 

arrow indicates the magnitude of change.  Species that have arrows close together have 

similar trend estimates. 
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Figure 8. Dendrogram of species in American Ornithological Union (AOU) code 

separated and grouped by Euclidean distance from average agglomerative cluster 

analysis. 
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Figure 9. Plot of first and second Redundancy Analysis (RDA) axes.  Routes are in 

italics and species are in American Ornithological Union (AOU) code.  Grey arrows 

indicate species that are increasing above average.  The gradient of percent land cover 

change for native grassland (NATIVE) and woodland (WOOD) are represented by black 

arrows.  Because native grassland never increased along any of the routes, direction of 

arrow indicates where there was less native grass lost. 
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4.0 DISCUSSION 

My goal was to determine whether habitat changes over the past 40 years 

influenced bird population trends on the Canadian prairies.  Overall, I did not find a 

significant relationship between land cover change and trend estimates for bird 

populations.  Grassland obligate species were in low abundance along many of the routes 

and were not included in the community analysis.  Species that were included in the 

analysis, primarily common and generalist species, showed that there was high variation 

within populations and between routes.  All routes occurred in regions that had been 

extensively cultivated by 1970.  On average, cultivated land cover made up 87% of the 

total route area, and woodland (7%) and native grassland (7%) represented only small 

proportions.  Although absolute changes were relatively small, native grassland habitat 

decreased ( =-2.1%) along every route during the study period, and the amount of loss 

relative to what was present in 1970 was large ( =-43%).  In contrast, cultivated land 

cover increased on all routes over the 40-year time period ( =2.2%).  Woodland change 

varied from route to route (range: -0.8 – +1.9%); however, woodland encroachment 

occurred within native grassland parcels on all routes (range: 3 – 27 ha).   

Changes to the amount of native grassland, woodland, and cultivated land over 

the past 40 years do not seem to be the primary driver of bird population trends on the 

BBS routes I used in my study.  Previous studies investigating relationships between 

changes in land cover and avian populations using BBS data and remote sensing have 

revealed both statistically significant (Coppedge et al. 2001b; Rittenhouse et al. 2012) 

and non-significant (Knick and Rotenberry 2000; McElhone et al. 2011) results.  
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McElhone et al. (2011) found no support for a relationship between Cerulean Warbler 

(Dendroica cerulea) abundance and woodland change from the early 1970’s to the early 

2000’s in the United States Central Appalachians.  In contrast to my study, they observed 

decreasing agricultural land in the Central Appalachians which was due to agriculture 

land abandonment and development.  Deciduous/mixed forest expanded over 10% over 

the time period as well (McElhone et al. 2011).  The authors suggested that microhabitat 

features may be a more important influence on Cerulean Warbler abundance than larger 

scale habitat changes.  Knick and Rotenberry (2000) found that current abundance and 

distribution of five grassland species was more correlated with current habitat than land 

cover change from 1979-1992 in southwest Idaho, USA.  Only Brewer’s Sparrow and 

Horned Lark abundance was positively correlated with increased amounts of grassland 

or disturbed habitats.   However, it is difficult to compare my results to Knick and 

Rotenberry study because they did not use long-term BBS data, and instead collected 

abundance data for a single year.  The authors also measured the amount of change 

between habitat types through differences in spectral values of pixels in the time periods 

(Knick and Rotenberry 2000) which made them unable to separate grassland and 

disturbed habitat so I could not compare proportional changes in land cover with their 

study. 

My findings differed from the most comparable study by Coppedge et al. 

(2001b), who determined the effects of landscape change on the bird community over a 

30 year period in Oklahoma, USA.  They found populations of most grassland species 

decreased with increasing juniper (Juniperus virginiana) encroachment although a few 

grassland birds increased when annual cropland was converted to grasslands.  However, 
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these relationships were not evident on all 3 routes studied and each route varied in bird-

landscape relationships.  Coppedge et al. did observe similar small changes in land 

cover, where native grassland decreased on average at each BBS stop location from -0.7 

to -2.3%.  Changes in deciduous woodlands were variable, as in my study, where on 

average they ranged from decreases more than 10% to a 1% increase.  Interestingly, 

annual cropland decreased on all 3 routes due to conversion of cropland to grassland as 

part of the Conservation Reserve Program after the mid-1980’s (Coppedge et al. 2001b).  

A country-wide study across the United States by Rittenhouse et al. (2012) found a 

relationship between species richness and abundance and land cover changes from 1992-

2001. However, the type of land cover that was significant in influencing species 

richness and abundance varied between ecoregions.  In the temperate steppe ecoregion, 

species richness was positively associated with grassland and shrubland loss and 

abundance was negatively associated with wetland loss.  Although a shorter duration 

study, these authors also found small amounts of land cover change, where only 3.2% of 

the area changed from 1992 to 2001, and the temperate steppe ecoregion had the highest 

grassland-shrubland loss (mean=1%).  Unfortunately, the authors did not investigate the 

effects on specific bird communities or individual species (Rittenhouse et al. 2012).  

Overall, the relationship between recent land cover change and bird population trends 

was weak and variable, which suggests that factors other than broad-scale changes to the 

landscape might be influencing bird populations. 

I did not find any strong relationships between recent land cover change and bird 

trend estimates because the majority of habitat alteration occurred prior to 1970.  Most of 

the area sampled by my study was already dominated by cultivated land in 1970 (over 
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87% on average).  This is in contrast to Coppedge et al. (2001b), where the area around 

stop locations of three BBS routes in Oklahoma consisted of 33-36% cultivated land 

cover and had higher amounts of native grassland (35-60%) on average in 1965.  

McElhone et al. (2011) also had lower average agricultural land (45%) along BBS routes 

in the Central Appalachians in 1967/1971.  Both studies found a small amount of change 

in agricultural land over time.  Other bird-land cover change studies (Knick and 

Rotenberry 2000; Rittenhouse et al. 2012) did not present baseline data of the early time 

period so I was unable to compare original amounts of cultivated land.  Even though 

both Coppedge et al. (2001b) and McElhone et al. (2011) had lower amounts of 

cultivated land cover and small amounts of change in habitat, their results differed.  This 

suggests that factors other than recent land cover change are likely influencing bird 

trends. 

The amount of change in native grassland relative to what was present in 1970 

was large in my study system, even though it decreased on average by an absolute value 

of only -2% along each route.  Some routes lost up to 100% of their remnant native 

grassland (Bladworth), with the lowest relative change being -22% (Biggar).  Watmough 

and Schmoll (2007) found that the relative loss of native grassland was -15% and -8% 

within the Aspen Parkland and Moist-mixed Grassland ecoregions, respectively.  

Furthermore, gross native grassland loss within the Aspen Parkland was 17% and 8% for 

the Moist-mixed Grassland ecoregion.  The large relative loss of native grassland should 

have had a large negative impact on the grassland bird populations; however, I did not 

detect such a relationship.  It is possible that the type of grassland lost in my study was 

not quality habitat for grassland birds.  For example, Watmough and Schmoll (2007) 
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determined that the loss within the Prairie Habitat Joint Venture (PHJV) area was due to 

“squaring the fields”, or small patches of native grassland being integrated into 

surrounding cropland.  Conversion of large patches of native grassland was less 

common.  The occurrence and density of some grassland species is positively related to 

an increase in patch size.  The size of the patch that influences occurrence and density 

varies between species (Ribic et al. 2009).  Also, some grassland birds avoid nesting 

along edges, likely because of high predation and nest parasitism rates (Johnson and 

Temple 1990; Winter et al. 2000; Bollinger and Gavin 2004).  It is possible that I failed 

to detect relationships between bird trends and grassland loss because the native prairie 

lost was of poor quality or less suitable habitat that was lost.  However, the loss of native 

grassland, whether small or large is still a concern because loss of small patches (<150 

ha) could have negative effects of population fecundity (Walk et al. 2010) and 

cultivation of large native parcels was still observed in my study and by Watmough and 

Schmoll (2007).  Furthermore, small patches of native grassland may be important for 

overall biodiversity, including rare plants and invertebrates (Ribic et al. 2009). 

In addition to being cultivated, remaining grasslands are being encroached on by 

woody vegetation in the Moist-mixed Grassland and Aspen Parkland ecoregions. 

Although the change was subtle, woodlands did increase, primarily expanding around 

stands that were already established in 1970.  Furthermore, woodland encroachment was 

documented on all native grassland pastures where 4% of native grassland was lost as a 

result of woodland encroachment over the time period.  Large areas of woodland were 

cleared for agriculture development and remaining woodland within and bordering 

cultivated fields and pastures were reduced which explains the small negative change in 
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woodland.  Compared to my results, past studies which focused on aspen encroachment 

have detected a larger increase in the area of this tree species throughout the Canadian 

grasslands (Bowes 1998; Fent and Richard 1999; and Schutz 2010).  Bowes (1998) 

found that over 2000 ha of brush, primarily aspen, balsam poplar (Populus balsamifera), 

willow (Salix sp.), were encroaching on Prairie Farm Rehabilitation Administration 

(PFRA) grassland pastures each year within the Aspen Parkland in the Canadian prairies.  

Fent and Richard (1999) investigated aspen encroachment in two ecological reserves in 

central Alberta, and found that aspen increased by 9.8 – 44.1 ha ( =31.3 ha) from 1950 

to 1998 on fescue grasslands.  Both of these studies had larger amounts of encroachment 

than I observed (3-27 ha); however, they surveyed larger areas of grasslands.  Within the 

Aspen Parkland ecoregion, Schutz (2010) found that in early time periods (1945-1955), 

grassed sites had greater rates of encroachment, and tapered off recently (1991-2001) 

due to management.  I detected smaller amounts of aspen encroachment compared to 

other studies, likely because I sampled a landscape dominated by cultivated land.  

However, my data provide support for the hypothesis that encroachment is occurring on 

the Canadian prairies.  The routes included in my study may have been in earlier 

successional stages where shrubs such as western snowberry and wolf willow were 

encroaching on the grassland.  These shrubs are part of the gradual succession of 

grassland to aspen forest, where they aid in the establishment of aspen (Bird 1961).  This 

shrubland succession could be contributing to the decline in obligate grassland bird 

populations.      

Remote sensing restrictions, due to low resolution of 1970’s air photos, may have 

also affected my ability to detect a relationship between land cover change and bird 
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population trends.  I did not quantify native grassland polygons of 4.5 ha or less along 

BBS routes because of the low resolution of 1970 imagery.  This excluded change 

detection in small parcels of native grassland, which may be important habitat for 

grassland birds.  Low resolution imagery from 1970 also prohibited me from delineating 

shrubs (e.g., western snowberry, wolf willow).  I detected shrubland encroachment 

occurring on native grassland pastures on several of the routes while ground-truthing.  

However, the low resolution 1970 imagery impaired my ability to quantify changes in 

shrubland cover, and make subsequent correlations to changes in bird populations.  

Encroachment of shrubs presumably decreases the quality of remaining native grassland 

and can decrease reproductive success of grassland birds (Johnson and Temple 1990; 

Winter et al. 2000; Bollinger and Gavin 2004) by increasing the number of predators and 

brood parasites along woody edges.  Grant et al. (2004) found that the probability of 

occurrence of 11 of 15 grassland species decreased markedly when woodland, tall 

shrubs, or brush increased.  Sirami and Monadjem (2012) found shrub cover increased 

from 35% to 61% in a reserve in Swaziland and was the main driver of changes in bird 

occurrence over 10 years.  Extinction of grassland birds from plots was greater in smaller 

sized grass areas with increased shrub cover.  These studies indicate that shrubland 

encroachment can influence grassland bird occurrence.  I most likely underestimated 

woody vegetation encroachment and the possible effects on the bird populations because 

of the limitations of the imagery.    

Grassland birds are the most at risk group of birds on the prairies.  In contrast, 

woodland birds are increasing more than other breeding guilds.  Bird and landscape-

change interaction studies have reported similar results.  In the central United States, 
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Coppedge et al. (2001b) found woodland birds along with open habitat generalists 

increased from 1981 to 1995, while very few grassland birds increased over that time 

period.  Sirami and Monadjem (2012) found similar results in the African savanna, 

where species that increased from 1998 to 2008 were mainly birds associated with the 

wooded savanna, whereas open savanna (or grassland) species decreased.  My findings 

are consistent with national and regional trends for grassland and woodland birds.  

Canada-wide, grassland birds are declining on average -2.6% per year since 1966 (Sauer 

et al. 2014), woodland birds are increasing on average by 0.2% per year, and scrubland 

birds are decreasing by -0.2%.  Within the Prairie Pothole Region of Canada, where the 

Aspen Parkland and Moist-mixed Grassland ecoregions are located, woodland birds are 

increasing more than Canada-wide populations on average by 1.2% per year, and 

scrubland birds by 0.8% per year (Sauer et al. 2014).   

The above differences in trend estimates of woodland, grassland, and scrubland 

species were not evident in my community analysis, likely due to species composition.  

Species included in my analysis were abundant on all nine routes throughout two 

transitional ecoregions, and as a result, were primarily common and generalist species.  

Less common woodland (i.e., Red-eyed Vireo, Vireo olivaceus; Rose-breasted Grosbeak, 

Pheucticus ludovicianus; Pine Siskin, Carduelis pinus) and grassland specialists (i.e., 

Sprague’s Pipit, Chestnut-collared Longspur, Baird’s Sparrow) were excluded from my 

analysis because of the criteria for including species in the analyses.  Originally, I 

expected grassland and woodland species to be negatively correlated with each other, 

where their vectors in PCA and RDA would be in opposite directions.  However, they 

were generally increasing in the same direction, showing positive correlations.  This 
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suggests that the changes in land cover I documented on my study routes are not having 

a substantial influence on the population trends of common/generalist species.  

Transitional areas are often occupied by a mix of species that are generalists rather than 

unique or specialist communities (Baker et al. 2002).  Coppedge et al. (2001b) found 

open habitat generalists, woodland, and scrubland birds were generally increasing 

together along BBS routes.  Grassland generalists (i.e., Savannah Sparrow, Horned Lark, 

Vesper Sparrow) included in the community analysis still had negative trend estimates 

on the routes, although not as extreme as grassland specialists.  Thus, grassland birds, 

independent of habitat specialization, are declining for reasons that remain unclear. 

Grassland bird populations are continuing to decline nearly a century after the 

majority of habitat loss occurred.  The factors that influence the occurrence and density 

of grassland birds can vary between species, where a species can be influenced by 

vegetation structure (e.g., grass height and density; Fisher and Davis 2010) at local scales 

and landscape composition at larger spatial scales (Bakker et al. 2002, Cunningham and 

Johnson 2006, Davis et al. 2013).  Changes in other habitat quality metrics such as patch 

size, fragmentation, habitat richness, and land management (e.g., grazing and fire) have 

also been shown to influence the distribution and abundance of birds (Herkert 1994; 

Knick and Rotenberry 2000; Johnson and Igl 2001; Davis 2004; Coppedge et al. 2008).  

McElhone et al. (2011), suggested that changes in microhabitat at the local scale may be 

influencing Cerulean Warbler declines rather than landscape scale woodland metrics.  

This has also been shown for grassland birds where local vegetation characteristics and 

distance to edges can have significant effects on densities of birds (Koper and 

Schmiegelow 2006).  Multiple factors and interactions are affecting bird populations 
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over time, and it is impossible to ascertain that one factor is solely responsible for 

influencing the changes in these populations. 

The changes to habitat along migration routes and wintering grounds are also 

likely affecting grassland bird populations.  Grassland birds spend over half of their 

lifespan on wintering grounds, and take 2-3 months (e.g. Chestnut-collared Longspur; 

Hill and Gould 1997; Bobolink; Martin and Gavin 1995) migrating to and from these 

areas each year.  Most species over winter in the southern United States and northern 

Mexico; however, some (e.g. Bobolink) are long-distance Neotropical migrants and over 

winter in South America (Vickery et al. 1999).  Wintering habitat quality has been 

shown to affect survival (Macaís-Duarte and Panjabi 2013) and limit reproductive 

success of birds by influencing the arrival date and reproductive success on breeding 

grounds (Norris et al. 2004).  Furthermore, recent habitat loss in overwintering grounds 

has been occurring at an alarming rate.  Annual conversion rate of grassland to cropland 

was documented at 6%, resulting in over 69,000 ha lost, in the Chihuahuan Desert of 

Mexico from 2006-2011.  Ninety percent of migratory grassland birds overwinter in this 

area (Pool et al. 2014).  With this amount of habitat loss occurring, it is possible that 

changes on overwintering grounds are a major contributor to the continual decline of 

grassland birds.  Results summarized by Pool et al. (2014) indicate the need for 

appropriate legislation to conserve and manage wintering habitat for migratory grassland 

birds.                        

4.1 Future Research 

 My research provides important baseline data for future projects within the 

Moist-mixed Grassland and Aspen Parkland ecoregions.  The land cover data I collected 
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could be used for monitoring habitat changes in the future.  Although I determined that 

recent land cover changes in native grassland, woodland, and cultivated land are not 

related to bird population trend estimates, there still remain many unanswered questions 

for the conservation of grassland birds.  The following research needs to be undertaken 

in the future:   

1) Determine amount and rate of shrub encroachment within the Moist-mixed 

Grassland and Aspen Parkland ecoregions and its effects on the bird community.  

I observed large amounts of shrubland encroachment along the BBS routes 

during ground-truthing.  The extent of western snowberry and wolf willow 

invading native grasslands within these ecoregions has not been quantified.  

Grant et al. (2004) determined that an increase in shrubs dramatically affected 

probability of occurrence of many grassland birds.  Therefore, it is important to 

determine how this woody vegetation is affecting grassland birds (and other 

guilds) abundance, occupancy, and reproductive success in these ecoregions. 

2) Quantify wetland and urban development change over time along BBS routes to 

determine the effects of these changes on population trend estimates.  Due to low 

resolution imagery, I was unable to quantify these variables.  Use of other 

technology such as a stereoscope to create three dimensional imaging, as well as 

additional imagery in subsequent years could assist in the classification of 

wetlands and urban development.  Increase in wetlands and urban development, 

including homesteads, could be causing declines in bird populations due to 

habitat loss and degradation.   
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3) Determine the amount of land cover change from 1970 to 2012 within the core of 

the breeding range of grassland and woodland specialists along BBS routes and 

assess the relationship between land cover change and specialist trend estimates.  

I was unable to determine the relationship because the habitat specialists were 

uncommon in the transitional ecoregions.  Specialists will have higher abundance 

in the core of their range, providing a larger sample size which will enable them 

to be included in community analysis.  This research would determine if land 

cover changes over the past 40 years are the cause of the steep increases and 

decreases of specialist populations and would assist in conservation and 

management of these species.    

4.2 Management Implications 

 Bird population trends included in my study were not influenced by land cover 

change over the past 40 years based on my approach to studying this system.  The causes 

for the positive and negative population trends for various species and routes remain 

unclear.  In addition to the research requirements mentioned above, other human factors 

that could possibly affect bird populations directly or indirectly (food, predators, etc.) 

need to be further investigated.  Effects of land cover change along migration routes and 

winter grounds, resource development (e.g., oil and gas), pesticide use, and climate 

change are a few factors that need to be examined.  However, my data do not suggest 

any clear means of managing existing habitat to consistently enhance bird population 

growth, particularly of grassland specialists, and indicate that effort should be expended 

examining other factors. 
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 Despite the lack of clear relationships documented here, it is still imperative that 

native grasslands be protected in my study area.  Native grassland within the Aspen 

Parkland and Moist-mixed Grassland ecoregions is continuing to be lost, and the quality 

of what remains is being threatened by woody vegetation encroachment.  It is crucial to 

prevent further loss and maintain the quality of native grassland for all levels of fauna 

that use it as habitat.  Preserving native grassland may be important for overall 

biodiversity such as rare plants and invertebrates (Ribic et al. 2009).  Endorsing the 

economic benefits of using native grassland in ranching operations may prevent future 

cultivation.  Native grassland is more drought tolerant and can be grazed in late summer 

and fall, unlike tame grass species (Jefferson et al. 2005).  Encouraging the placement of 

conservation easements on the remaining native grassland would also legally prevent 

breaking of native habitat.  Reduction and management of aspen and western snowberry 

encroachment on native grassland pastures would benefit land managers as it increases 

grassland area and primary productivity of pastures (Lett and Knapp 2005).  Controlled 

burns, coupled with herbicide application and proper grazing management or mowing, 

will reduce the amount of woody vegetation on the native grasslands (Bowes 1975; 

Bowes 1998; PFRA 2000).  Landowner incentive programs that provide funds to land 

managers for maintaining healthy native grassland habitat would be a beneficial solution 

for native grassland conservation.                 

4.3 Conclusions 

1) I determined the amount of land cover change from 1970 to 2012 along nine BBS 

routes in the Moist-mixed Grassland and Aspen Parkland ecoregions. 
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The amount of land cover change from 1970 to 2012 within the Moist-mixed 

Grassland and Aspen Parkland ecoregions was small.  Native grassland decreased 

on all BBS routes on average by -2.1%.  Cultivated land cover dominated the 

landscape in both time periods (87-89%) indicating that the majority of land cover 

change occurred prior to 1970.  Cultivated land increased an average of 2.2%.  

Woodlands decreased an average of -0.1%, likely because it was cleared for 

cultivation.  However, woodland increased overall on four routes over time.  Also, 

woodland encroachment occurred on all remaining native parcels on the six routes 

that were assessed, taking over 4% of native grassland. 

2)  I assessed bird population trends in the Moist-mixed Grassland and Aspen 

Parkland ecoregions at the breeding group and species level. 

Grassland birds are the most sensitive group of birds within the Moist-mixed 

Grassland and Aspen Parkland ecoregions, where they have been decreasing on 

average by 1.5 %/yr since the 1970’s, and have the most severe declines for 

individual species.  Although not declining as dramatically, scrubland birds are 

also decreasing on average within the two ecoregions (-0.7 %/yr).  In contrast, 

woodland populations appear to be growing in the prairies where they are 

increasing on average (1.4 %/yr) and had the highest population increases.  

Generalist species that were abundant throughout the transitional ecoregions had 

similar trend estimates, independent of breeding habitat guild.  This indicates that 

common species are not influenced as strongly by breeding habitat than 

specialists. 
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3) I determined whether there is a relationship between land cover and bird 

population changes over the past 40 years.  

No relationship between bird population trends and broad scale land cover change 

from 1970 to 2012 was detected within the Moist-mixed Grassland and Aspen 

Parkland ecoregions.  Species used in the analysis were abundant species that 

were primarily habitat generalists which are not influenced as strongly by habitat 

than specialists.  Limitations to the remote sensing such as inability to classify 

shrubs, wetlands, and urban development, likely prevented me from detecting a 

relationship between land cover change and bird population trends.  Future 

research is needed to investigate the effects of these land cover variables on the 

bird community.  Also, quantifying land cover change in core of specialists range 

would determine the effects of land cover change on birds of conservation 

concern. 
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