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Abstract

Grassland bird populations have declined dramatically across North America in recent

years. Loss and degradation of native habitat are the most likely causes of these population

declines. In this study I evaluated the role of Wildlife Management Areas (WMAs) for the

conservation of grassland birds. I determined the habitat requirements of grassland birds at both

local and landscape scale. At local level, I evaluated the effects of vegetation structure and

management practices on grassland birds. At landscape level, I determined the effect of landscape

characteristics and determine the scale at which organisms are associated.

Data were collected on richness and abundance of grassland birds within 38 prairie sites

in south-western Manitoba in 2008 and 2009. Bird species were categorized as obligate and

facultative grassland birds to identiff habitat preferences within each group. Prairie sites in the

study areas were not actively managed (idle) or under grazing and haying management. WMAs

supported the lowest richness and abundance of obligate grassland birds. The lack of

management within WMAs and the increase amount of woody vegetation within those areas was

associated with this pattem.

Obligate grassland birds were strongly affected by management practices. Grazing

management was the land use that supported the highest number of species in the study area.

Haying may benefit some of the common species, but may be have negative associations for

other species such as westem meadowlark. Prairie sites that were not actively managed did not

contribute significantly to the number of species and individuals of obligate or facultative

grassland birds.

Bird responses at the landscape level were different for the two groups of grassland birds.

Overall, obligate grassland birds were more affected by the proximity and presence of edges on

the landscape, as well as the surrounding habitat of grassland patches. Some of the most common



species were also negatively affected by the amount of edge on the landscape and the matrix

habitat.

Bird responses in this region were strongly associated with landscapes up to 1800 ha.

More studies are needed that evaluate multiple spatial scales and particularly at broader scales

greater than 800 ha.

This study provided information of the habitat requirements of grassland birds at local

level and some insights at landscape level, in order to provide managers with information for

better management of remaining grassland habitat in south-western Manitoba.
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Wildlife Managemenl Areas and grassland birds in south-western Manitoba S.M. Durán

1. Introduction

1.1 Context

Conservation of biological diversity on prairie ecosystems is critical, as prairies have

suffered the most extensive habitat transformation of the natural communities in North America,

with more than 80% loss of the native habitat (Samson and Knopf 1994).In Canada there is less

than l3o/o of short grass prairie,l9o/o of mixed-grass prairie and lYo of the historical range of tall-

grass prairie remaining (Environment Canada 2006).

Native mixed-grass prairies in south-western Manitoba continue to be under pressure

from habitat fragmentation and degradation due to encroachment of woody vegetation and the

invasion of exotic species (lrtrernberg and Ingstrup 2005, Manitoba Conservation200T).In this

region, several endemic species ofconservation concem have been recorded, such as the

federally and provincially threatened Sprague's pipit(Anthus spragueii), loggerhead shrike

(Lanius ludovícianus) and burrowing owl (Speoryto cunicularía hypugaea). The current status of

these species is critical as many of them have shown negative population trends (Houston and

Schmutz 1999). For example, Sprague's pipit populations have showed one of the steepest

declines of grassland birds in Canada, with a rate of 4.3 Yoper year (Sauer et al. 2005). Other

grassland birds with significant population declines include Loggerhead Shrike (-3.3%) and

Burrowing Owl (-2% per year) in Canada since 1980 (Downes and Collins 1996 in Houston and

Schmutz 1999).

Management of the remaining grassland in south-western Manitoba is imperative, as

many threatened species here are found at the north-eastern edge of their range here. Other

species that may be vulnerable to extirpation in this region include Grasshopper Sparrow

(Ammodramus savannarum) and chestnut-collared longspur (Calcarius ornatus) as indicated by
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Wildlife Management Areas and grassland birds in south-western Manitoba S.M. Durán

the birds status reassessment in Manitoba in 2005. Another species that has shown population

declines is the Baird's Sparrow (Ammodramus baÌrdíi). This species was once considered one of

the most abundant and characteristic species of the Great Plaìns (Coues 1873 in Houston and

Schmutz 1999) and one of the most common birds on the Manitoba prairies (Thompson 1891, in

Davis and Sealy 1998). Its population, however, has declined throughout its native breeding

range (Houston and Schmutz 1999) and is now restricted to the extreme comer of south-western

Manitoba, and it is considered to be endangered in this province (De Smet and Conrad 1 991).

The species may be declining because of increased nest predation and brood parasitism by the

brown-headed cowbird (Molothrus ater), possibly a result of fragmentation and habitat

degradation of native prairie (Davis and Sealy 1998).

1.2 Problem statement

In south-westem Manitoba native grasslands are found within private lands, Crown lands

and Wildlife Management Areas ('WMAs). WMAs are sites designated by the Wildlife Act to

provide better management for wildlife conservation. While V/MAs have obvious recreational

value, little is known about what habitat characteristics make WMAs valuable for conserving

grassland birds.

WMAs in the region have been useful in preventing some grassland from further

transformation to agricultural land or other kinds of development [e.g. construction, urbanization

(Hohn et al. 1994, Parsons and Buck 1994, Wayne and Strutt 2000)1. However, they have not

been able to prevent the conversion from grassland to woody vegetation (Hohn et al. 7994,

Parsons and Buck 1994), which threatens the remaining prairie habitat for grassland dependent

species. Woody vegetation encroachment has been identified as another factor leading to mixed-

grass prairie degradation, which may have a strong impact on the suitability of breeding grounds
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for prairie birds (Houston and Schmutz 1999, Johnson and Igl 2001). It is, therefore, important to

evaluate the extent to which WMAs contribute to the conservation of prairie birds and the degree

to which existing prairie is degraded. Such research will improve our knowledge regarding the

selection and prioritizatioî of management practices for "better management, conservation and

enhancement of the wildlife resources in the region", the purpose for which WMA's were

designated by the Manitoba Wildlife Act (The Wildlife Act2007).

It is also important to evaluate the habitat surrounding the remaining grasslands in the

region, since some species may be affected by the boundary shape or characteristics of the

surrounding landscape, usually referred to as landscape context (Mazerolle and Villard 1999).

Landscape structure and configuration surrounding a patch may affect the ease of movement

between patches (Fahrig 2003). Studies on grassland bird populations have shown that the

amount of grassland, and the landscape context within which the grassland is embedded (e.g.,

forest, cropland), may have a strong effect on habitat selection by grassland birds (Hanson and

Urban 7992,Hanter et al 2006, Koper and Schmiegelow 2006).

Organisms may respond to habitat heterogeneity at multiple scales. Therefore it is

necessary to focus on both the local management of individual fields and their surrounding

landscape context at larger spatial scales for adequately assessing the effects ofhabitat

transformation on wildlife (Freemark 1995, Tumer 2005). This study will evaluate the relative

importance of WMAs and habitat management for the conservation of grassland birds, and will

determine how richness and abundance of grassland birds is affected by local effects and the

influence of landscape context at different scales. This information will provide a better

understanding of habitat requirements of grassland birds, so that effective management can be

prescribed on public and private lands at the regional scale, as well as management at individual

sites such as WMAs.

3-



Wildlife Managemenf Areas and grassland birds in south-western Manitoba S.M. Durán

1.3 Objectives

The general purpose of this research is to evaluate the relative importance of Wildlife

Management Areas (WMAs) and private lands to the conservation of grassland birds. The

specific objectives of my thesis include:

1. Evaluate the contribution of WMAs to conserving grassland birds, by comparing the

richness and abundance of grassland birds at WMAs, and private and Crown lands.

2. Determine the relative imporlance of the effects of habitat management and vegetation

structure on richness, abundance and occurrence ofprairie birds.

3. Determine the influence of landscape context on richness and abundance of grassland

birds at multiple scales.

L.4 Organization of thesis

The second chapter of my thesis presents the literature review of the thesis topic. The

third chapter includes information about the evaluation of the WMAs contribution to grassland

birds, and the fourth chapter presents information about the effect of landscape attributes on

grassiand birds. I conclude with the fifth chapter by reviewing the main findings on the third and

fourth chapter, discussing management implications and outlining future research needs for the

species.

-4-



IVildlife Management Areas and grassland birds in south-wesÍern Manitoba S.M. Durán

2.Literahtre review

2.1 Grassland management

In recent decades, major declines of grassland birds have been associated with reduction

of the amount of native habitat due to changes in agricultural practices (Horn and Koford 2000,

Madden etal2000, Perlut etal.2006). As native grasslands have disappeared, many bird species

have been forced to inhabit a variety ofsecondary grassland habitats that are usually associated

with agriculture (Temple et al.1999). Responses of grassland birds to different management

practices (e.g. haying, cropping, and grazing) have been documented for several grassland bird

species (Dale et al. I 997,Madden et al. 2000, Hamer et aL.2006, Perlut et al. 2006).

Avian response to managed grasslands can vary by species and region (Temple et al. 1999,

Madden et al. 2000). Some studies have shown that rotationally grazed pastures could benefit

nesting birds (Barker et al. 1990). Many factors can influence bird species response to grazing

including soil types, soil moisture, plant species composition, weather, and stocking density and

duration (Herkert and Knopf 1998).

Other management practices on agricultural fields, such as mowing also have a significant

effect on grassland birds. Mowing has been found to alter habitat suitability for bird species by

modiffing vegetation characteristics (Dale et al. 1997),btst it also directly causes the destruction

of nests and young (Horn and Koford 2000). In addition, repeated mowing may impede birds'

abilities to complete their nesting cycles (Bollinger et al. 1990). For this reason, mowing has been

considered an important factor responsible for population declines of some grassland birds in

North America (Hom and Koford 2000).

Individual species responses to agricultural practices may vary among regions. Prairie

research in United States has found that species like Savannah sparrow are more numerous in

-5-
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fields that have been mowed (Horn and Koford 2000). In contrast, Canadian populations of the

species had a higher abundance in idled grassland than annually mowed fields (Dale et al. 1997).

Differences in responses may be influenced by weather patterns such as precipitation and

temperature, vegetation stnÌcture or sampling period during the breeding season (Horn and

Koford 2000).

Species occurrence may vary significantly in agricultural landscapes that are composed of

a mosaic of different habitats such native and cultivated lands. Some species like Sprague's pipits

and chestnut-collared longspurs (Calcarius ornatus) have been found more frequently in native

and seeded pastures than in hayland and cropland; other species, however, like Baird's sparrow,

are less affected by variation in local management practices (Davis et al. 1999).

Responses of grassland birds to management practices vary greatly both spatially and

temporally, due to factors like vegetation characteristics, weather patterns, and harvesting time

(McMaster and Davis 2001, Horn and Koford 2000, Perlut etal.2006). The absence of active

management, such as burning, mowing or grazing, however, may also affect the habitat

suitability for grassland birds (Cunningham 2005). Therefore, managers must evaluate the

management potential of each area to identiff bird habitat needs to optimally manage areas

dedicated to wildlife conservation.

2.2 Y egetation structure and composition

Vegetation cover and structure have been recognized as important factors influencing

habitat selection by grassland birds (Madden et al. 2000, McMaster and Davis 2001). Some

studies have found that vegetation height, density, and litter depth have influenced habitat

selection by species (De Smet and Conrad 1991, Patterson and Best 1996, Cunningham 2005).

Short vegetation has been found to be associated with some species like homed larks

-6-
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(Eremophíla alpestris) and vesper sparrows (Pooecetes gramineus). Others, like Savannah

sparrows (Passerculus sandwÌchensis) are associated with taller and denser vegetation (Davis and

Duncan 1999). Other species, like Sprague's pipits and grasshopper sparrows (Ammodramus

savannarum), prefer grasslands of intermediate height, although the latter species is more

specifically associated with clumped vegetation interspersed with patches of bare ground

(Vickery 1996).

Other vegetation characteristics such as percent cover ofgrasses, forbs and shrubs have

also influenced habitat use of prairie birds. For example, clay-colored sparrow (Spizella pallida)

is associated with shrubs, while Baird's sparrow, Sprague's pipit and western meadowlark

(Sturnella neglecta) are associated with moderate amounts of grass and forb cover (Madden et al.

2000).

Habitat use and species composition of the bird community also vary relative to the

proportion of non-native vegetation. Research on this topic is essential, as the introduction of

exotic species continues to degrade extensive areas of native prairie (Samson and Knopf 1994).

Conversion of native mixed-grass prairie to a non-native habitat, such as crested wheat grass

(Agropyron cristatum), produces a significant decrease in structural diversity of habitat (Sutter

and Brigham 1998), and the abundance of some prairie birds. For example, Sprague's pipits

throughout their range have been found less abundant or absent from areas ofintroduced grasses

compared with native prairie (Dale et al. 1997 , Davis et al. 1999, Madden et al. 2000). Other

species like Baird's sparow, Savannah sparrow and western meadowlark, however, have been

recorded as frequently on both native and non-native habitats (Davis and Duncan 1999). Rather

than choosing one vegetation type over another, bird species show a differential habitat use

depending on vegetation cover and structural cues on native and non-native habitats (Sutter et al.

1995, Davis and Duncan 1999, Madden et al. 2000).
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2.3Influence of the landscape on grassland bird species

Patterns of landscape composition, structure and dynamics are highly influential in

preserving and maintaining biodiversity (Turner 2005). Changes in the composition and quality

of habitats in a landscape affect populations of grassland birds (Hamer et aL.2006). Habitat loss,

due to degradation by woody encroachment or conversion to agriculture, is one of the most

important factors affecting the endangerment of prairie species (Herkert 1994, Johnson and Igl

2001). The transformation of extensive areas of grassland vegetation to agriculture and urban

development has reduced the habitat amount of grassland available for breeding (Herkert 1994).

Habitat loss often results in a reduction and isolation of remnant patches (Fahrig 2003), which

may result in higher local extinction rates (Boulinier et al. 2001).

The presence of a bird species on the landscape may be a function not only of patch size

and shape, but also of the composition of the surrounding landscape. Some studies indicate that

grassland patch size may also influence the occupancy, abundance, and nest success of some

prairie bird species (Herkert 1994, Vickery et al.1994, Winter & Faaborg 1999,Davis et al.

2006). Landscape features of the surrounding matrix habitat affect habitat selection and species

richness of grassland birds (Hamer et al.2006, Koper and Schmiegelow 2006). The

characteristics of the matrix habitat are considered important predictors of bird distributions and

occurrence (Hanson and Urban |992,McGarigal and McComb 1995).

Assessments of the influence of landscape context and attributes should be conducted at

multiple scales. Some prairie bird species have been associated only with local attributes within

grasslands, whereas others are associated with habitat structure at landscape scales (Bakker et al.

2002).In other regions, densities of some grassland birds have been more affected by the land

cover types surrounding the study patch than within-patch habitat composition (Ribic and Sample

2001). Organisms may respond to habitat heterogeneity at multiple scales, and identification of

-8-
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the factors and scales that best explain variation in the presence or abundance of species remains

a key goal in landscape ecology (Tumer 2005).

Research on grassland bird communities has typically focused on either small-scale

studies of local patterns (Dieni and Jones 2003, Sutter et al. 1995, Sutter and Brigham 1998),

identification of habitat features influencing reproduction and habitat selection of each species

(V/ilson and Blecher 1989, Vickery et al. 7994, Davis and Sealy 1998, Davi s 2004,2005), or on

broader-scale relationships between avian diversity and landscape structure (Warner 1994,

Cururingham 2005, Hamer et al.2006, Veech 2006). Multi-scale studies are being increasingly

utilized to determine the effect of both local and landscape factors on prairie birds (Cunningham

and Johnson2006, Koper and Schimiegelow 2006), and in some cases have provided the best

habitat selection models for grassland bird species (Fletcher and Koford 2002, Briske et al. 2005).

Few studies, however, have recognized the importance of including different landscape

metrics and evaluating bird responses at different spatial scales (Ribic and Sample 2001, Bakker

et al.2002). Most ecological processes (e.g. habitat fragmentation) and interactions (e.g.

movement of individuals between patches) depend on spatial scales much larger than a single

habitat patch (Turner 2005). Research on grassland birds also has shown that in some areas,

species are more likely to occur in larger than smaller patches of grassland (Johnson and Igl

2001). Other studies, however, have found that some species are more likely to be present on

patches surrounded by a grassland-dominated matrix than patches of similar size within a matrix

dominated by non-grassland habitats (Hom and Koford 2006).In maintaining populations of

species it is crucial to analyse landscape and local factors affecting habitat preferences ofspecies,

as well as determining the spatial scales at which organisms are more associated. A multi-scale

study approach to management and research is critical, and is considered a high-priority research

area for prairie ecology (Briske et al. 2005).

-9 -
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2.4 Wildlife Management Areas

In Manitoba, some Crown lands are designated as Wildlife Management Areas (tVMAs)

under the Wildlife Act. The primary purpose is to preserve valuable wildlife habitat for the use

and benefit of Manitobans (The Wildlife Act2007). Wildlife are designated as the principal users

of the WMAs. Other land uses must be considered secondary, and land practices that are

detrimental to wildlife must be prevented (The Wildlife Act 2007). The areas are generally open

for sport hunting, but restrictions on access, hunting methods, or the animals that may be hunted

can be imposed (Westhorpe 1973).

The first WMA in Manitoba was established in the south-eastem region in 1961. Since

then, the system has grown to encompass almost two million hectares of valuable wildlife habitat

throughout the province (Manitoba Conservation 2007). In the western part of the province over

thirty WMAs have been designated, of which twelve were included in the current study:

Assiniboine Corridor, Bemice, Broomhill, Gerald Malaher, Lauder Sandhills, Pierson, Riverside,

Souris River Bend, Upper Assiniboine:

- Assiniboíne Corridor tlMA. This area is located south of the military base Shilo. It contains

some riparian forest as well as stabilized sand dunes dominated by little bluestem (Andropogon

scoparius) and blue grama grasses (Bouteloua spp.) (Manitoba Conservation 2007).

- Bernice WMA. Before its designation, the area was used for farming. In 197 5 the area was

created for wildlife and some trees were planted, and some portions were the recipient of an

attempt at direct sod seeding in strips (Manitoba Conservation 2007).

- Broomhill WMA. This area was purchased to preserve and develop habitat for sharp-tailed

grouse (Parsons et al. 1993). Mixed-grass prairie is found here in varying degrees of quality;

some areas have not been managed in few years (up to 5), while others have been recently bumed

(April 2008) due to an accidental fire.
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- Gerald Malaher WMA. This area was forrnerly cultivated land that became unsuitable for

agriculture because the soils were subject to wind erosion. It is currently composed of mixed

forest and small open meadows, with a variety of trees and shrubs that were planted along with

grasses, forage and food plots (Westhorpe 1973).

- Lauder Sandhills WMA. Before its designation this unit was planted with a mixture of alfalfa

and oats. The area was created with the purpose of preserving a vital winter area for white-tailed

deer population (Westhorpe 1973). The whole WMA consists of different units, some of which

are sand dunes and rolling hills. Others are in flat terrain with aspen forests and open grasslands

located towards the area's periphery (Manitoba Conservation 2007). Two units were sampled

within this study, one under haying management and the other one not actively managed.

- Pierson WMA. This WMA includes two units that were designated for preserving habitat for

wildlife. The main unit, Pierson WMA (or Frank W Boyd unit), was created to protect habitat for

white-tailed deer, it has several forage field, as well as aspen woodland areas. Some portions in

this unit were previously cultivated and later reseeded to permanent cover (Westhorpe 1973). The

other unit, Gainsborough Creek unit, contains remnant mixed-grass prairie and riparian habitat,

and it was created to preserve grouse habitat (Westhorpe 1973).

- Riverside WMA. This unit is located along the Souris river; it is primarily riparian woodland

with mixed-grass prairie in upland areas (Manitoba Conservation 2007). Currently, the area is

under lease for grazing under a rotational system.

- Souris River Bend WMA. This area contains one of the most extensive areas of native grassland

vegetation in the region. It includes tracts of riparian woodlands and undisturbed mixed-grass

prairie, and a few areas that were formerly cultivated but reseeded to permanent cover to provide

habitat for white-tailed deer (Parsons and Gifford 1994). This area, similar to Broomhill WMA

was burned due to an accident in the fall of 2007.
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- Upper Assiniboine WMA. This WMA includes portions of the Assiniboine River valley and

associated uplands (Manitoba Conservation200T).It is composed of twelve units. Only one unit

was included within the current study, the Routledge unit, which has partially stabilized sand

dunes with mixed-grass prairie and aspen-oak forest. Currently it contains some oil wells and is

under haying management.
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3. The role of Wildlife Management Areas for the consenvation of grassland birds

3.l Abstract

Loss and degradation of native prairie are the most likely causes of dramatic recent

grassland songbird population declines. In southwestern Manitoba, most native prairies have been

replaced by intensive cultivation. Remaining grasslands are found in a combination of native and

non-native grasslands patches, including Wildlife Management Areas (WMAs). I surveyed

grassland bird diversity and associated vegetation to determine how (1) WMAs contribute to the

conservation ofgrassland birds, and (2) how different land uses affect prairie bird diversity. I

sampled 230 plots on 38 prairies, including 13 private lands, 13 Crown lands and 12 WMAs,

which were characterized by different land uses or management practices (hayed, idle, burned,

and grazed). 'WMAs supported lower richness and abundance of grassland species, compared to

Crown lands. Overall, the abundance and richness of grassland species was higher on grazed

fields than idle and hayed sites. The absence of active management on some areas like WMAs

may affect the habitat suitability for grassland species. My results suggest that some management

practices like haying, however, may not contribute to a high richness and abundance of grassland

birds, and other practices like grazing may play a more important role to provide suitable habitat

in southwestern Manitoba.

3.2Introduction

Grassland bird populations have declined dramatically across North America in recent

decades (Herkert 1994,lgl and Johnsonl99T). Loss and degradation ofnative habitat are the

most likely causes of these population declines (Johnson and Igl 2001). Native grasslands in

North America have suffered the most extensive fragmentation and transformation of any natural
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communities with a reduction in native habitat of 30-99% across the continent (Samson and

Knopf 1994). This habitat alteration has been attributed mostly to conversion of native prairies to

cropland by cultivation, suppression of fires and urban development (Knopf 7994, Madden et al.

2000, Vickery et al. 1994).

In Canada, less than one quarter of the original24 million hectares of mixed-grass prairie

remains (Environment Canada 2006).In Manitoba much of the native prairie has been degraded

through overgrazing and the introduction of exotic species (Manitoba Conservation 2007). The

situation is critical in south-westem Manitoba, where there is less than 18% of the historical

amount of native vegetation (l.trernberg and Ingstrup 2005).

In south-westem Manitoba the remaining grasslands are represented by a combination of

native and non-native grasslands including Wildlife Management Areas (WMAs). WMAs are

sites designated by the Manitoba Wildlife Act for the benefit of wildlife and for the enjoyment of

people (The Wildlife Act 2007). For this reason, they are assumed to play an important role for

biodiversity conservation (Manitoba Conservation200T). However, little is known about the

extent to which WMAs contribute to the conservation of wildlife, particularly to grassland birds.

This is particularly important in this region, since there are several rare prairie birds that are of

high conservation priority. Species of particular concern include the federally and provincially

listed Sprague's pipit(Anthus spragueil), Loggerhead shrike (Lanius ludoviciamls) and

Burrowing owl (Speotyto cunicularÌa hypugaea), and the provincially endangered Baird's

sp¿urow (Ammo dr amus b air dii).

The degree of management on the WMAs in the region varies with such factors as the

size of the area, distance from population centers, and its capability to sustain various wildlife

species (Manitoba Conservation}}}7). Currently in the region most of the WMAs are not

actively managed, although some of them are under lease for private use for haying management
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Lauder Sandhills WMA, Broomhill WMA) or the establishment of oil wells (e.g. Routledge

Pierson WMA).

Manitoba has traditionally set aside lands for habitat conservation through its national and

provincial parks systems as well as special designations such as Ecological Reserves and Wildlife

Management Areas (Environment Canada 2006). Currently, Manitoba Conservation is working

with private landowners through the Critical Wildlife Habitat program to identiff, preserve and

manage grassland habitat in southwestem Manitoba (Manitoba Conservation 2007). Provincial

conservation effons now are focused on private lands as the majority of mixed-grass prairie is in

private ownership. The amount of high quality habitat that remains on public lands such as

WMAs, however, is uncertain, as is its suitability for wildlife use. The difficulty of focusing

conservation efforts on V/MAs in the region is compounded by the fact that they are scattered

across the landscape, and few studies have been conducted within these areas to help guide

management.

To determine the contribution of WMAs to grassland bird conservation, it is important to

evaluate the effects of vegetation composition and structure, since grasslands within WMAs are

composed of both native and non-native vegetation. Vegetation structure has been recognized as

an important factor influencing habitat use and selection by grassland birds on native and non-

native fields (Sutter and Brigham 1998, Davis et al. 1999, Madden et al. 2000). Therefore, it is

important to determine the extent of the effect of vegetation structure on bird richness and

abundance within and among WMAs.

It is also important to evaluate the effect of management practices, since habitat

management may affect habitat selection and reproductive success of grassland birds (Herkert

and Knopf 1998, Horn and Koford 2000, Fondell and Ball 2004, Perlut et al. 2006). Some studies

have found that haying and mowing may significantly affect habitat suitability for prairie birds,
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and in some cases negatively affect nesting success (Horn and Koford 2000, Perlut et aL.2006).

The effects of other practices such as grazing, however, have been variable among studies. Some

studies have found a higher nesting success ofprairie birds on ungrazed fields than grazed areas

(Temple et al. 1999), while others comparing similar practices, have shown that nesting success

differ among distinct grazingregimes (e.g. continuously grazed areas vs. rotational) (Fondell and

B.al|2004).In general, grassland bird responses to management vary spatially and temporally, but

are influenced by harvest time and frequency, grazing intensity and stocking rates, and by

changes in vegetation structure related with land management (Dale et al. 7997, Herkert and

Knopf i998, Temple et al. 1999, Horn and Koford 2000, Fondell and Ball 2004, Perlut et al.

2006). Consequently, to optimally manage WMAs for species conservation, it is necessary to

evaluate bird responses to different land management practices and identifr species habitat

requirements. Obtaining information about habitat associations and about how birds use the

remaining grassland habitat in the region will increase our ability to conduct grassland

conservation efforts and establish effective management programs in the region. WMAs offer a

great opportunity for managers since management is allowed within these areas to enhance

habitat for wildlife conservation (The Wildlife Act2007)

In this study, I evaluated the contribution of WMAs to conserving grassland birds, by

comparing the number of individuals and species of prairie birds on three different land use

designations: WMAs, Crown lands, and private lands. In addition, I evaluated the effect of local

vegetation structure and land management practices on the abundance and richness of grassland

songbirds.
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3.3 Study Area and Methods

3.3.1 Study Area

Field work was conducted from 22May to 20 June in 2008 on 38 field sites located in the

south-westem portion of the mixed-grass prairie ecozone in Manitoba (Fig. 3-1). The study area

encompassed a region that runs approximately 90 km from south (49' 46'N 100" 50'SD to north

(49o 0' N 100' 57'W), and about 145 km from west (49" 3' N 101'20'W) to east (49" 38'N 99"

28'W).

South-western Manitoba includes WMAs, and other protected areas like Wildlife Refuges

and Provincial Parks. Land management in the surroundingarea is primarily agricultural, with

hayland or pasture land adjacent to much of the WMA (Parsons and Buck 1994). The mixed-

grass prairie in the region is dominated by blue grama (Bouteloua gracilis), blunt sedge (Carex

obtusata), porcupine grass (Srþa spartea) and little bluestem (Andropogon scoparius) (Manitoba

Conservation2007).lnvasion of exotic species and woody vegetation encroachment are the

principal factors affecting quality of the remaining grasslands in the region (Manitoba

Conservation200T).

Sample sites within WMAs, Crown lands and private lands were selected using aerial

photographs and inventories done by Manitoba Conservation (Parsons et al. 1993, Hohn et al.

1994, Parsons and Buck 1994, Parsons and Gifford 1994, Wayne and Strutt 2000, Manitoba

Conservation 2006, Murray 2001) and Manitoba Habitat Heritage Corporation. Pastures were

apart from each other at least one mile. Sampled pastures were characterized by a range of sizes

and conditions (e.g., moderate to light grazing), and from completely open (e.g., Fig.3-2) to areas

with light to moderate woody vegetation encroachment (e.g., Fig. 3-3). Sites that were almost

entirely encroached by woody vegetation (e.g., Fig.3-4), however, were excluded from the study,

because they are unsuitable for maintaining grassland bird communities (Davis 2004, Mozel and
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Koper, 2007 unpublished data). The majority of field sites consisted of mixed-grass prairie,

particularly fields along riparian areas. Some areas, however, are composed of both native and

non-native vegetation, as some of the WMAs prior to their designation were dedicated to

farmland and cropland. After WMAs were acquired by the provincial government, they were

established as "go-back" fields, where no cultivation is allowed, and in some cases some portions

of the land were reseeded to provide permanent cover (e.g. Bernice WMA, Pierson WMA). In

this sense, mixed-grass prairie is still found within all field sites but in different amounts and

quality. The sampled WMAs in the study area included: (1) Lauder Sandhills (2 units), (2)

Broomhill, (3) Bernice, (4) Frank W. Boyd Unit, Pierson'WMA, (5) Gainsborough Creek Unit,

Pierson WMA, (6) Gerald Malaher, (7) Routledge Unit, Upper Assiniboine WMA, (8) Riverside,

(9) Souris River Bend, and (10) Assiniboine Corridor (2 units). Field sites across within WMAs,

Crown lands and private lands had one or more of f,rve distinct management practices applied:

burning, haying, idle, continuously and rotationally grazing.

3.3.2 Bfud surveys

I used 100-m radius point-count plots to determine bird richness and abundance in

each point count, recorded over 5-minute. All species identified by sight or sound were recorded

by one of two researchers between sunrise and 9:30 AM on days with dry conditions and winds

under 20kmJh (Koper and Schmiegelow 2006). Plots were located at least 50 m away from roads

and separated from each other by at least 100 m. The first point-count plot in each field site was

established by walking a random distance between 0-100 m from the edges of the study field (e.g.

fence, road). Subsequent point-counts plots were located on a 300 x 300 m grid starting with the

location of this corner plot. Up to 8 point-count plots were included per site. Plots were selected

to avoid non-grassland habitats, such as ponds, wetlands, dugouts, which may be used by species

other than grassland birds.
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3.3.3 Vegetation surreys

Two vegetation plots were established in each point-count plot by pacing a randomly

selected distance (1-100m) in two randomly selected cardinal directions. Vegetation was

measured within 1-2 days of the avian survey to characterize the vegetation structure used by the

birds observed in each field. Vertical density or visual obstruction was determined within each

plot using a Robel pole, which consists of a 1-m height rod with 5-cm intervals. Vertical density

was taken by reading the last 5-cm visible interval from a distance of 4 m from the Robel pole

and at a height of 1 m above the ground (Robel et al. 1970). The Robel pole measures the height

and density of the vegetation; for this reason, it is a useful parameter to compare structure among

field sites, since it constitutes a consistent index of the amount of vegetation (i.e. biomass) of

each site (Robel er al. 1970).

Crossed meter sticks covering an aÍeaof 1 m2 were located in front of the Robel pole at

each vegetation plot to estimate the percent coverage of standing grass (dead and alive), forbs,

shrubs, and bare ground. These estimations were taken for each quarter of the square created by

crossing the meter sticks and the total estimation was summed. Litter depth and vegetation height

was measured using a meter stick.

These vegetation parameters were estimated because they have been found to affect

habitat selection by grassland birds. The amount of forbs, for example, may be an important

component in suitable nesting habitat for some grassland birds such as upland sandpiper and

bobolinks (Bollinger 1995, Klute et al. 1997). Abundances of other grassland species, such as

Savannah sparrow and grasshopper spanow, have been positively associated with percent of

grass (Schneider 1998). Other parameters such as percent ofbare ground, shrubs, vegetation

height, and litter depth have also shown significant effects on the abundances of some species

such as chestnut-collared longspur, bobolink, westem meadowlark, clay-colored sparrow and
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vesper sparo\Ã/ (George and McEwen 1991, Schneider 1998, Sutter and Brigham 1998, Davis et

aL.1999).

X'igure 3-1. Study sites for evaluating the role of Wildlife Management Areas for grassland bird
conservation in south-western Manitoba, 2008.

3.3.4 Statistical analysis

Prior to analyses, I removed all the bird species that were recorded outside the 100-m plot.

Only songbird species were used for data analysis. Estimates of the number of species and

individuals were analyzed on a per point-count plot basis to control for variation in number of

point-count plots among sites.
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f igure 3-2. Aerial photo of a Crown land with open pastue in Edward municipality (south-
westem Manitoba, 2008). 100-m point-count plots and their identif,rcation codes are sho\iln in
yellow.

Pierson WMA
RM of Edward

N

A

X'igure 3-3. Aerial photo of a Wildlife Management Area with moderate vegetation
encroachment in Edward municipality (south-western Manitoba, 2008). 100-m point-count plots
and their identification codes are shown in yellow.
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Ebor WMA
RM of Pipestone

Figure 3-4. Aerial photo of a'Wildlife Management Area in Pipestone municipality (south-
western Manitoba, 2008) that was excluded from site selection due to heavy vegetation
encroachment.

Bird species were classified in three groups for data analysis: obligate grassland birds,

facultative and non-grassland species. Although the definition of grassland bird is not

straightforward, I used the classification proposed by Vickery et al. (1999) where they defined

grassland birds as obligatory and facultative on an ecological basis. They define obligate

grassland bird as "species that are exclusively adapted to or entirely dependent on grassland

habitats and make liule or no use of other habitat types" (Vickery et al. 1999: 6). Obligate

grassland species would probably disappear in regions with unsuitable grassland habitat.

N

A
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Facultative species, in contrast, are defined as species that use grassland on a regular basis, but

are not completely dependent on it. These species may be affected if prairie habitat is destroyed,

but are unlikely to be extirpated from a region (Vickery et al. 1999 6). Non-grassland species

include the remaining songbirds that did not fall in the first two groups and in this study included

some forest species such as yellow warbler (Dendroica petechia) or downy woodpecker

(Picoides pubescens), since the region has an important component of woodland habitat.

Analyses at the species level were performed for the most abundant and common species within

each group, and included 5 obligate and 4 facultative grassland birds, some of which are species

of management concern (e.g bobolink, Sprague's pipit).

I used generalized linear mixed models (GLMM, Hardin and Hilbe 2003) within S-PLUS

8.0 (Insightful 2007) to evaluate the contribution of WMAs to the richness and abundance of all

birds and individual species. The use of WMAs was compared against use of Crown and private

Iands using treatment contrast. Using GLMM, it is possible to analyze the data on a per-point-

count basis, while controlling for the lack of independence among point-counts plots that are

located inside the same field sites (Koper and Schmiegelow 2006).ln a mixed model analysis,

some of the factors are fixed and others are random. Fixed factors consist of all levels of interest

for the different factors included in the design, in other words, all the distinct levels of the

treatments used in the design (Gotelli and Ellison 2004).In this study, the f,rxed factors include

the different levels of land use designations (e.g. WMA, Crown land) and management practices

(e.g. haying, grazing). Inferences of fixed factors are restricted to those particular levels. In

contrast, levels in a random factor analysis, the inferences are intended to be valid for all levels of

the treatment that were not included in the design (Gotelli and Ellison 2004). Random factors in

this study correspond to each prairie site where the point-count plots were established; therefore

the study was designed to extend my results beyond the specific sites surveyed.
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For all analyses, diagnostic residual plots were inspected to make sure statistical

assumptions were met. Gaussian, Poisson and binomial distributions were used in the models

depending on the distribution of the response variable. Tests were considered significant if they

have a P-value lower than 0.1. Although several scientific standard publications use a P-value

lower than 0.05, which minimize Type I error, I selected a higher P-value in order to reduce the

risk of Type II error, since failing to detect an ecological pattem in the data may have significant

negative implications for management and species conservation in the region (Gotelli and Ellison

2004).I also explored the effects of management practices on vertical density, vegetation height,

litter depth, and percent grass, forbs, shrubs, and bare ground using the GLMM.

Effects of management practices and vegetation structure on the richness and abundance

of bird species was also determined using GLMM. First, I analysed the possible effects of the

vertical density, vegetation height, litter depth, percent of standing grass (dead and alive), shrubs,

and bare ground on the three distinct groups of bird species. Then, I evaluated the possible effects

of the management practices alone. Idle fields were evaluated against hayed and grazed areas

using treatment contrasts to determine the main effect of each management practice on the bird

species. Finally, in the last model, I determined the main effect of both management and

vegetation structure on songbirds. Using this approach allowed me to determine if bird responses

to the different management practices are driven only by vegetation characteristics, only by

management, or a combination of both factors.

Preliminary analyses to determine the effects of management on birds did not show

differences between continuously and rotationally grazed areas on bird species. Therefore, I

combined these two treatments for all data analysis. Percent coverage of forbs was excluded from

the models, since this parameter did not have any effect on habitat management or bird species.

Burned sites were included to evaluate the contribution of WMAs to bird species, as the two
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burned sites were within WMAs. However, these burned areas were excluded from the other

analyses due to small sample size.

3.4 Results

A total of 227 point-count plots were conducted within l2 WMAs, 13 Crown land sites,

and 13 private properties. A total of 85 point-count plots were located within Crown lands, 75 in

private lands, and 55 within WMAs. The WMAs had the fewest point-count plots because the

increased amount of woody vegetation encroachment left few suitable sites for sampling. Most of

the WMA plots (over 70%o) were not actively managed (hereafter idle), while the majority of

plots on private and Crown lands were under grazingmanagement.

A total of 67 species were observed in the study area within the point-count plots

(Appendix I). Twenty-nine songbird species were used for data analysis, of which 10 were

obligate grassland birds, 8 facultative and 11 non-grassland species (Table 3-i). The most

common species in the study area were Savannah sparrow and brown-headed cowbird, which

accounted lor 19o/o and 18% of all individuals respectively. Clay-colored sparrow and western

meadowlark were also abundant and accounted for 14Yo and9%o of the individuals observed.

3.4.1 WMAs contribution to grassland birds

Thirty four species were found within WMAs, 37 on Crown lands and 40 on private lands.

Clay-colored sparrow was the most abundant grassland species within WMAs with a mean of

1.54 individuals per plot (Table 3-2). American goldfinch, a non-grassland bird, was the second

most abundant species on WMAs with a mean of 0.29 per plot (Table 3-3).

WMAs had the lowest average number of obligate grassland birds per plot, but the highest

number of individuals of non-grassland species (Table 3-3). The number of facultative and non-

grassland species were similar among land use designations. The abundance of obligate grassland
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birds within the analyses was affected by the abundance of western meadowlark (hereafter

meadowlark). An overall analysis including individuals of all obligate grassland species showed a

significant higher abundance on Crown lands compared to WMAs (Table 3-3). However, when

total abundance of meadowlarks was excluded from the analysis, the abundance did not differ

among land use designations (Table 3-3).

WMAs negatively affected the abundance of western meadowlark. Only clay-colored

sparrow, a facultative grassland species, was more abundant within WMA than private lands

(Table 3-3). Other species such as bobolink, Sprague's pipit, vesper sparow, eastern kingbird

and red-winged blackbird did not vary significantly among land use designations.

3.4.2 Y egetation structu re

In general, idle fields were characterized by higher and denser vegetation compared with

grazed and hayed fields, as indicated by its significantly higher values of vertical density,

vegetation height, percent coverage of grass and shrubs, and the lowest percent of bare ground

(Table 3-4). Idle sites had a higher depth of litter compared with grazed fields, but litter depth

was similar between idle and hayed areas.

The abundance and richness of obligate grassland birds was negatively associated with

higher values of vertical density and percent coverage of shrubs. Vegetation height was also

negatively associated with abundance of westem meadowlark, while it was positively associated

with bobolink and vesper spaffow (Table 3-5). Facultative grassland birds were generally not

affected by local vegetation structure. However, clay-colored sparrow and eastem kingbird were

positively associated with percent of shrubs and vertical density, respectively (Table 3-5).
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Table 3-1. Songbird species composition for evaluating the role of Wildlife Management Areas
for grassland birds in south-western Manitoba, 2008.

Group Family Species Species
Code

Scientific name

Obligate grøssland species

Emberizids Emberizidae

Meadowlarks Icteridae

Føc ultøtív e gr as s land sp e ci e s
Flycatchers Tyrannidae

Wood Parulidae
warblers
Emberizids Emberizidae

Blackbirds Icteridae

Nongrassland species
Woodpeckers Picidae

Horned Lark
Sedge Wren
Sprague's Pipit
Vesper Sparrow
Savannah Spanow
Grasshopper sparrow
Le Conte's Sparrow
Chesnut-collared Longspur
Bobolink
Western Meadowlark

Western Kingbird
Eastern Kingbird
Common Yellowthroa

Clay-colored Sparrow
Lark Sparrow
Red-winged Blackbird
Brewer's Blackbird
Brown-headed Blackbird

Red-headed Woodpecker
Downy Woodpecker
Black-capped Chickadee
Yellow Warbler

Gray Catbird
Brown Thrasher
Chipping Sparrow
Song Sparrow
Yellow-headed Blackbird
Baltimore Oriole
American Goldfinch

Eremophila alpestris
Cislothorus platensis
Anthus spragueii
Pooecetes gramineus
P as s erculus sandw ichensis
Ammodramus bairdii
Ammodramus leconteii
Calcarius ornatus
Dolichonyx oryzivorus
Sturnella neglecta

Tyrannus verticalis
Tyrannus tyrannus
Geothlypis trichas

Spizella pallida
Chondestes grammacus
Agelaius phoeniceus
Euphagus cyanoc ephalus
Molothrus ater

Larks
Wrens
Pipits

Chickadees
1üood

warblers
Thrashers

Emberizids

Blackbirds

Finches

Alaudidae
Troglodytidae
Motacillidae

Paridae
Parulidae

Mimidae

Emberizidae

Icteridae

Fringillidae

HOLA
SEWR
SPPI
VESP
SAVS
GRSP
LCSP
CCLO
BOBO
WEME

WEKI
EAKI
COYE

CCSP
LASP
RWBL
BRBL
BHCO

RHWO Melanerpes erythrocephalus
DOWO Picoidespubescens
BCCH Poecileatricapilla
YEWA Dendroicapetechia

GRCA Dumetellacarolinensis
BRTH Toxostoma rufum
CHSP Spizella passerína
SOSP Melospiza melodia
YIIBL Xanthocephalusxanthocephalus
BAOR lcterus galbula
AMGO Carduelis tristis
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Table 3-2. Number of individuals and species per plot in different land use designations in south-
western Manitoba 2008. Mean value + standard deviation is shown for three different groups of
birds and the most common species.

Species
Land use designation

Crown land Private land
Obligate grassland birds
No. species

No. individuals
Vy'estem meadowlark

Savannah sp¿rrrow

Bobolink
Sprague's pipit
Chestnut-collared longspur

X'acultative grassland bÍrds
No. species

No. individuals
Clay-colored sparrow

Brown-headed cowbird
Red-winged blackbird

Non-grassland birds
No. species

No. individuals
Yellow warbler
American goldfinch

1.21 + 0.84

232 + 1.13

0.16 + 0.24

1 .14 * 1.14

0.55 + 1.05

0.16 + 0.32

0.0

1.68 + 1.06

3.55 t2.35
1.54 + 1'23

0.87 + 0.71

0.77 +0.94

0.62 + 0.58

0.80 + 0.86

0.27 + 0.39

0.29 + 0.40

2.01 +0.59

3.53 + 1.72

0.70 + 0.54

1.34 + 0.74

0.43 + 1.16

0.28 + 0.34

0.09 r 0.17

1.55 + 0.62

2.84 + 1.20

0.84 + 0.73

1.25 +0.70

0.44+0.67

0.54 + 0.48

0.65 +0.62

0.24 + 0.31

0.11 +0.23

1.70 + 0.77

2.57 * 1.31

0.63 + 0.45

1.22 + 0.72

0.14 + 0.22

0.14L0.22

0.14 + 0.38

1.46 + 0.54

2.81 + 0.99

0.75 + 0.88

l.l8+0.79
0.56 + 0.63

0.57 + 0.48

0.69 + 0.55

0.15 + 0.26

0.11 + 0.17
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Table 3-3. Relative abundance of songbird species on WMAs, crown and private lands in south-
westem Manitoba, 2008. Models were generated using generalized linear mixed models and
parameter estimates (B).

WMAvs. Crown land' WMÄ vs. Private landu

Metric

Obligøte specíes

Abundance

Abundance except meadowlark data

Richness

Richness except meadowlark data

Western Meadowlark (meadowlark)

Savannah Sparrow

Facultøtive species

Abundance

Richness

Clay-colored Spanow

Non-grøsslønd specíes

Abundance

Richness

0.s33

0.369

0.673

0.520

1.295

0.3 51

-0.089

0.061

-0.539

0.241

0.253

0.222

0.21 8

0.377

0.301

0.245

0.241

0.446

0.033

0.1 53

0.004

0.023

0.001

0.252

0.716

0.800

0.235

0.204 0.246 0.413

-0.001 0.260 0.994

0.434 0.225 0.062

0.214 0.958 0344
1.2s8 0.380 0.002

0.22s 0.305 0.464

-0.069 0.246 0.780

0.025 0.106 0.915

-0.848 0.457 0.072

-0.223 0.370 0.s50 -0.126 0.369 0335

-0.210 0.34s 0.546 -0.150 0.347 0.667
u A positive value of B indicates higher mean values on Crown and private lands.
b Significant effects at P <0.1 are highlighted

Table 3-4. The effect of management on vegetation structure in south-western Manitoba, 2008,
using generalized linear mixed models and parameter estimates (B). Parameters with P< 0.1 are
shown.

Idle vs. Grazedu Idle vs. Hayed' Hayed vs. Grazedb

Metric

Vertical density

Vegetation height

Litter depth
o/o Standing grass
o/o Shrubs

%o Bare ground

-0.621 0.146 0.0001 -0.391 0.179

-0.650 0.133 <.0001 -0.534 0.r66

-2.710 0.962 0.007 -1.984 1.203

-0.142 0.07'1 0.074 2.504 6.293

-0.689 0.299 0.027 -3.11s 0.707

1.298 0.386 0.002 L 165 0.456

0.030 -0.230 0.173 0.192

0.00i -0.120 0.161 0.462

0.101 -0.725 1.107 0.517

0.791 -7.r80 5.870 0.223

<.0001 2.485 0.698 0.001

0.011 1.913 2.909 0.s1s
u A negative value of B indicates higher mean values on idle fields.
b A positive value of B indicated higher mean values on grazed fìelds.
" Significant effects at P <0.1 are highlighted

-29 -



lVildlife Management ,4reas and grassland birds in soufh-wesÍern Manitoba

Table 3-5. Effects of local vegetation characteristics on songbird species in south-western Manitoba, 2008, using generalized linear
mixed models and parameter estimates (B). Probability distribution (Family) is shown for each variable.

Species

Obligøte

Abundance Poisson -0.025

Richness Poisson -0.019

WEME Poisson 0.050

SAVS Poisson -0.023

BOBO Binomial -0.072

SPPI Binomial -0.080

VESP Binomial -0.325

FacallatÍve

Abundance Poisson 0.014

Richness Poisson <.001

BHCO Poisson -0.008

CCSP Poisson 0.019

EAKI Binomial 0.084

RWBL Binomial 0.018

Non-grøssland

Family Vertical density

psE

0.013 0.050 0.003 0.005 0.521 -0.005 0.01I 0.663 0.005

0.0r0 0.075 0.005 0.004 0.219 0.011 0.009 0.225 <.001

0.027 0.065 -0.024 0.012 0.049 0.035 0.0r 8 0.048 0.004

0.017 0.172 0.004 0.006 0.477 -0.027 0.016 0.109 0.006

0.044 0.103 0.04r 0.0r5 0.006 -0.02r 0.049 0.666 0.02s

0.057 0.159 0.01r 0.018 0.s38 -0.027 0.049 0.s82 0.006

0.078 <.001 0.035 0.020 0.075 0.195 0.050 <.001 -0.001

0.0r0 0.r90 -0.002 0.004 0.s92 -0.004 0.01I 0.700 <.001

-0.008 0.942 -0.003 0.003 0.368 -0.002 0.009 0.798 -0.001

0.020 0.682 -0.007 0.008 0.3 79 0.008 0.0 I 8 0.653 <.00 I

0.013 0.149 -0.001 0.005 0.814 0.003 0.016 0.852 0.006

0.045 0.064 -0.019 0.023 0.404 -0.055 0.044 0.212 -0.014

0.035 0.610 -0.002 0.013 0.877 -0.023 0.041 0.563 -0.007

P

Vegetation height

psEP

Abundance Poisson 0.026 0.016 0.1l6 -0.003 0.007 0.636 <.001 0.020 0.988 0.010

Richness Poisson 0.017 0.016 0.283 <.001 0.006 0.991 0.002 0.020 0.910 0.005

Litter depth

SE

'Significant effects at P <0.1 are highlighted

%o Standing Grass

SE

S.M. Durán

0.002 0.029

0.002 0.'t32

0.004 0.327

0.003 0.r08

0.012 0.037

0.010 0.540

0.01I 0.871

0.002 0.938

0.002 0.6t2

0.004 0.924

0.003 0.109

0.010 0.187

0.009 0.433

0.005 0.043

0.004 0.276

P

7o Shrubs

SEP

-0.019 0.007

-0.023 0.006

-0.027 0.014

-0.0r7 0.009

-0.012 0.028

-0.028 0.032

-0.093 0.038

0.005 0.007

0.00s 0.005

0.004 0.011

0.01 5 0.009

0.009 0.025

-0.008 0.024

0.0r6 0.012

0.0 l 5 0.012

Bare ground

SE

0.011 0.001

<.001 0.002

0.056 0.012

0.078 0.002

0.650 0.028

0.375 -0.024

0.017 -0.004

0.426 <.001

0.337 -0.003

0.714 0.004

0.099 -0.00s

0.720 -0.004

0.742 -0.020

0.1 83 0.0 r r

0.201 0.007
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0.006 0.783

0.004 0.557

0.01I 0.27s

0.008 0.767

0.024 0.242

0.023 0.30 r

0.023 0.842

0.006 0.914

0.00s 0.563

0.009 0.653

0.010 0.603

0.023 0.836

0.023 0.387

0.012 0.326

0.01I 0.546
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3.4.3 Effect of field management on songbird species

A total of 60 point-count plots were located within idle fields, 7ll on grazed sites and 30

within hayed fields. Twenty one bird species were found within idle fields, 18 on grazed pastures

and27 in hayed areas (Table 3-6).

Table 3-6. Number of individuals and species per site detected within 100-m point count plots in
distinct management practices in south-western Manitoba 2008. Mean value + standard deviation
is shown for three different groups of birds and the most common species.

Species Management
Grazed Hayed

Obligate grassland birds
No. Species

No. Individuals
Western meadowlark

Savannah sp¿tlrow

Bobolink
Sprague's pipit
Chestnut-collared longspur

Facultative grassland birds
No. Species

No. Individuals

Clay-colored sparrow

Brown-headed cowbird
Red-winged blackbird

Non-grassland birds
No. Species

No. Individuals
Yellow warbler
American goldfinch

Richness of obligate grassland birds was lower on idle fields than grazed and hayed areas.

Abundance was higher on grazed compared with idle sites, but there was no difference between

idle and hayed areas (Tabl e 3-7). Conversely , grazed fields supported the lowest number of

1.20 +.0.91

2.46 +2.00

0.26 + 0.36

0.95 + 0.84

0.83 + 1.44

0.19 + 0.39

t.6l + 1.01

3.39 +2.14

1.71 + 1.21

0.77 + 0.74

0.65 L0.76

2.10 + 0.59

3.37 + 1.63

0.75 +0.44

1.25 + 0.75

0.31 + 0.97

0.23 + 0.27

0.16 * 0.34

1.54 + 0.48

2.95 + 0.87

o.tt + 0.74

1.43 +0.69

0.43 + 0.64

1.64 *.0.43

2.79 + 1.03

0.33 + 0.52

1.19 + 0.84

0.19 * 0.35

0.28 + 0.30

1.42 + 0.92

2.16 +2.41

0.62+0.82

0.87 +0.64

1.05 + 1.32

0.81 * 0.63 0.36 + 0.27 0.67 + 0.59

1.09 + 0.87 0.41 + 0.30 0.80 + 0.74

0.31+0.42 0.09 + 0.19 0.36+0.42

0.31 + 0.40 0.12 + 0.14 0.20 + 0.29
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species and individuals of non-grassland species. Facultative species did not respond to the effect

of management at the group level, but two of the most common facultative birds were affected by

gr azing management (Table 3 -7).

Table 3-7. Effects of management practices on bird species in south-western Manitoba, 2008,
using generalized linear mixed models and parameter estimates (B).

Species X'amily Idle vs. Grazedu Idle vs. Hayedu Hayed vs. Grazedb

BSEPBSEP BSEP
Oblþøte
Abundance

Richness

WEME
SAVS
BOBO
SPPI

VESP

Føcultøtíve
Abundance

Richness

BHCO
CCSP

EAKI
RWBL

Non-grassland
Abundance Poisson -0.840 0.316 0.0ii -0.199 0.380 0.600 -0.641 0.368 0.090

Richness Poisson -0.688 0.306 0.031 -0.068 0.366 0.852 -0.620 0.352 0.086
u A negative value of B indicates higher mean values on idle fields.
b A positive value of B indicated higher mean values on grazed fields.
" Significant effects are highlighted

Poisson 0.398

Poisson 0.628

Poisson 0.940

Poisson 0.269

Binomial -1.052

Binomial 0.481

Binomial 0.632

0.224 0.080

0.183 0.001

0.337 0.008

0.252 0.293

1.005 0302
0.749 0.524

0.682 0.360

0.217 0.265

0.414 0.220

0.068 0.447

0.647 0.293

-l.09s 1.022

1.103 0.879

-0.490 0.953

0.180 0.24s 0.466

0.213 0.199 0.293

0.87 r 0.3 89 0.031

-0.371 0.266 0.16s

0.042 1.127 0.969

-0.622 0.713 0.426

1.122 0.867 0.204

0.153 0.262 0.562

0.103 0.253 0.686

0.s16 0.296 0.090

0.136 0.454 0.765

0.600 0.781 0.447

-1.383 0.761 0.077

Poisson 0.120 0.226

Poisson 0.1 88 0.222

Poisson 0.718 0.262

Poisson -0.677 0.382

Binomial 0.308 0.651

Binomial -0.093 0.689

0.s96 -0.032 0.268

0.402 0.085 0.256

0.009 0.202 0.340

0.085 -0.814 0.414

0.639 -0.292 0.8s9

0.893 L290 0.788

0.412

0.061

0.877

0.028

0.285

0.211

0.607

0902
0.740

0.552

0.050

0.739

0.1 03
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Table 3-8. Evaluation of the effect of vegetation structure and field management on bird species
in south-western Manitoba, 2008. Models were generated using generalized linear mixed models
and parameter estimates (B).

Metric Family Parameters with
P<0.1

Oblígate specíes

Abundance

Richness

WEME

BOBO

VESP

Føcultøtíve species

BHCO
CCSP

EAKI
RV/BL

Non-grassland species

Abundance Poisson

Richness Poisson

Poisson Verticaldensity -0.027

% Sh¡ubs -0.020

Poisson Idle < Grazed 0.510

% Shrubs -0.023

Poisson Idle < Grazed 0.871

Hayed < Grazed 1.028

Vertical density 0.048

Vegetationheight -0.023

% Shrubs -0.028

Litter depth 0.043
Binomial Vertical density -0.083

Vegetation height 0.036

Binomial Vertical density -0.291

Vegetationheight 0.035

% Shrubs -0.089

Litter depth 0.179

Poisson Idle < Grazed 0.687
Poisson % Standing grass 0.008

% Shrubs 0.019

Binomial Vertical density 0.076
Binomial Idle < Hayed 1.377

Hayed < Grazed -1.347

Idle > Grazed -0.680

% Standing grass 0.014

% Shrubs 0.021

% Standing grass 0.009

% Shrubs 0.022

0.012 0.033

0.007 0.00s

0.179 0.007

0.006 <.001

0.342 0.015

0.375 0.009

0.026 0.074
0.012 0.062

0.014 0.045

0.018 0.017

0.042 0.0s0

0.015 0.022

0.082 <.001

0.020 0.084

0.039 0.025

0.050 <.001

0.283 0.020

0.004 0.084

0.009 0.046
0.045 0.095

0.831 0.099

0.783 0.094

0.366 0.072

0.005 0.014

0.013 0.099

0.00s 0.097

0.012 0.083
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3.4.4 Habitat characteristics asso ciated with son gbird species

Obligate grassland birds were affected by both vegetation characteristics and habitat

management. When only vegetation was evaluated, richness of obligate grassland birds was

affected by vertical density and percent coverage of shrubs (Table 3-5). When only management

was evaluated, the number of species was higher on grazed fields than idle and hayed sites (Table

3-7). Howevet, when both models are combined, richness of obligate grassland birds was only

found higher on grazed fields compared to idle sites (Table 3-8). This means that the initial

differences on the number of species found between hayed and grazed fields was probably driven

by differences in local vegetation structure (e.g. vertical density, percent coverage of shrubs,

Table 3-5), while the differences between idle and grazed f,ields may be affected by factors

besides for example the percent cover of shrubs or vertical density measured within each

management field, since there is still a significant effect of the management practices after

controlling for vegetation structure (Table 3-8). Similarly, the differences between grazed and

idle fields on the abundance of obligate grassland birds and some of the common species

(obligate and facultative), are explained not only by differences on percent coverage ofshrubs,

but also by other factors, as differences in management are still found significant after adding the

vegetation variables in the model (Table 3-8). Richness and abundance of non-grassland species

were significantly higher on idle fields, driven partly by a higher percent of shrubs in these areas,

and also by other factors including percent of grass (Table 3-5, 3-8).

Abundances of bobolink, vesper sparrow, clay-colored sparrow, and westem meadowlark

were influenced by vertical density, vegetation height, percent of shrubs, percent of grass, or by a

combination of these (Table 3-8). Abundances of brown-headed cowbird and red-winged

blackbird, however, were only affected by habitat management (Table 3-5,3-7,3-8).
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3.5 Discussion

3.5.1 Grassland birds in WMAs

WMAs supported the lowest richness of obligate gassland birds, but did not affect the

facultative grassland species. Some of the inherent factors of 'WMAs may explain this pattern.

First, land uses within WMA are highly variable. For example, it is possible to find within the

same site, both hayed and idle areas. Second, WMAs are not consistently managed throughout

year or among years. Third, some of the WMAs had been cultivated (e.g. Routledge unit) in the

past, or only recently have been converted to "go-back" fields, where no cultivation is allowed.

All these management practices influence not only the kind of habitat on WMAs, but also the

permanence of that habitat over time, which may affect habitat selection by species. Areas with a

relatively permanent habitat may support obligate grassland birds more effectively than a shifting

habitat, since some of these species display site fidelity and tends to use familiar territories from

one year to another (Herkert et al.2002, Temple 2002). Permanence of suitable habitat is also

essential for obligate species that are entirely dependent on grassland habitat and make little or no

use of other kinds of habitat (Vickery et al. 1999).

Other studies that have evaluated the effect of habitat management on grassland birds

have found that differences in harvesting time within ayear or from one year to another have

influenced occupancy of some grassland species (Bollinger et al. 1990, Nocera et al. 2007). For

example, cutting vegetation on hayfields late in the summer (e.g. before late August) to allow for

extra growth and height prior to winter may favour the occupancy and abundance of bobolinks

and Nelson's sparrow in Nova Scotia, while delaying the harvesting time for early fall (e.g. after

August) may increase abundance of other species such as Savannah sparrow (Nocera et al.2007).

Another factor that may have affected richness of grassland birds on WMAs is that most

of the WMAs showed a higher encroachment of woody vegetation compared with Crown lands
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and private lands. Woody vegetation encroachment is one of the principal factors that affect

grassland habitat suitability (Samson and Knopf 1994, Nemberg and Ingstrup 2005), and it has

been associated with population declines of some grassland birds (Johnson and Igl 2001). The

higher woody encroachment and historical cultivation may also explain the higher abundance of

non-grassland species, which use a wider array of habitats

3.5.2 Bird species responses to vegetation structure

Although vertical density has been positively associated with habitat selection and nesting

success of some grassland species (Patterson and Best 1996, Vickery and Gill 1999, Fondell and

Ball 2004), in my study it was negatively associated with the abundances of obligate bird species

both at community and population scales. This may be because taller and denser vegetation

within grasslands may not provide habitat for some species such as chestnut-collared longspur,

and horned lark, which require short and sparse vegetative cover (Owens and Myres 1973,Dale

1983, Prescott and Murphy 1996).

Westem meadowlark was the only obligate grassland bird that responded positively to

vertical density, although it was also negatively associated with vegetation height. This species

has been found on a variety of vegetation heights and densities in the Great Plains, but they avoid

extremely sparse or tall cover (Dale 1983, Patterson and Best 1996). In my study, this species

was also positively associated with litter depth, and lower percent of shrubs, consistent with

previous studies (Dale 1983, Schneider 1998).

Similarly to other studies, percent of shrubs was negatively associated with the abundance

of westem meadowlark and Savannah spanow (Schneider 1998, Madden et al. 2000). However,

clay-colored sparrow was positively associated with shrubs, as it has been widely described (Dale

1983, Prescott eta|.7995, Schneider 1998).
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3.5.3 Effect of field management on songbird species

Grazing animals, such as cattle, may play a pdmary role in maintaining and enhancing

sward structural heterogeneity by changing the abundance of food plants, which contribute to

grassland biodiversity management, since it has an influence on flora and faunal diversity (Rook

and Tallowing 2003). In my study, grazed fields supported a higher abundance of richness of

obligate grassland birds, as well as higher abundances of two coÍìmon species such as western

meadowlark and brown-headed cowbird. Other studies have found that these two species

responded positively to grazing. Westem meadowlark usually responds positively to light and

moderate grazing (Kantrud and Kologiski 1982, Bock et al. 1993), while cowbirds are cotnmon

in moderately and heavily grazed areas (Prescott et aL.7995, Morris and Thompson 1998). Some

endemic grassland species such as chestnut-collared longspur and horned-lark have been found

more abundant on grazed fields (Kantrud 1981, Knopf 1994).

My results are also consistent with other studies that indicated that unhayed grassland was

the most attractive habitat for some grassland birds (Dale et al. 1997). In south-western Manitoba,

densities of Baird's sparrow were higher in idle native habitat than in cultivated hay (DeSmet and

Conrad 1991). Cultivated hay may be unsuitable for some grassland birds, as haying interrupts

the completion of the nesting cycles through the destruction of nests and young (Bollinger et al.

1990, Hom and Koford 2000). In my study, hayed fields, however, were positively associated

with abundances of Savannah sp¿urow compared to idle fields, which may have been driven by

their avoidance of the higher percent of shrubs on idle sites compared to hayed areas. Haying

pastures may be beneficial for some species that prefer areas with short, sparse vegetation with

little or no woody vegetation such as horned lark and chestnut-collared longspur (Berkey et al.

1993, Carnp and Best 1993; Prescott and Murphy 1996).It is critical, however, that farmers delay

their hay harvest until after fledging to allow for nesting completion, since haying during the
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breeding season may cause nest failure due to destruction of eggs and nestlings, nest

abandonment, or small-mammal predation (Bollinger et al. 1990, Perlut et al. 2006). Similarly, it

is important that the harvesting time is not too late in the season (e.g. early fall) in the previous

year to ensure adequate vegetation growth in the spring Qliocera et al.2007).

3.5.4 Habitat characteristics and grassland birds

The effect of management on the richness and abundance of obligate grassland birds and

some individual species was probably driven by differences on local vegetation structure. At the

species level, some species such as bobolinks, Savannah sparrow, and vesper spaffow responded

more to vegetation than habitat management. Similarly, for some facultative grassland birds, such

as clay-colored sparrow and eastem kingbird, the vegetation contributed more to explain the

differences in abundances among habitats. Idle fields had taller and denser vegetation than grazed

and hayed fields. The higher abundance of clay-colored sparrow on idle f,relds also indicate that

these areas are characterized by shrubby and denser vegetation, as this species is strongly

positively associated with plant communities dominated by shrubs (Schneider 1998, Prescott et al.

1995). Higher values of vertical density, vegetation height, and percent of shrubs on idle fields

may affect habitat suitability for grassland birds that prefer short and spa.rse vegetation such as

chestnut-collared longspur, vesper sp¿rlrow, and horned lark (Dale 1983, Arnold and Higgins

1e86).

Patterns of species richness and local vegetation structure on idle fields indicated

differences in the overall habitat suitability for prairie birds on WMAs, as most of the idle helds

are within WMAs. In this region, trees and shrubs have encroached on many WMAs due to the

absence of active management such as burning, haying or grazing. Although habitat requirements

vary by species, the presence of woody vegetation within WMAs may reduce attractiveness of

many obligate grassland species such as western meadowlark, bobolink and Sprague's pipit,
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which prefer habitat with little or no woody vegetation (Bollinger et al. 1990, Dale 1992, Madden

1996). Western meadowlark in the Great Plains has been found using a variety of vegetation

heights and densities, but they avoid extremely tall cover (Patterson 1994,Patferson and Best

1996), which probably also explains the lowest abundance of this species within idle fields, as the

vegetation within these sites was significantly taller than other prairie fields.

The higher woody encroachment and historical cultivation may also explain the higher

abundance of non-grassland species on idle fields, which use a wider array of habitats and were

positively associated with percent of shrubs. It is unknown; however, if the higher abundance of

non-grassland birds on idle sites may be affecting habitat use by grassland songbirds through

competition for space or food resources within idle fields.

Over much of the Great Plains region, conservation practices emphasized relatively tall

and dense cover on wildlife management areas or land enrolled in the Conservation Reserve

Program, such as some regions in the United States (Gilbert et al. 1996). This strategy seems

adequate in some areas where such vegetation cover is uncommon on private lands, and it has

been found to attract numerous grassland birds (Fondell and Ball 2004). In this area, however,

this is not the case, and tall and dense cover due to idle management within V/MAs are

negatively influencing habitat suitability for obligate grassland birds. Most temperate grasslands,

particularly on moist regions such as in my study area, require periodic disturbance and periodic

defoliation to control for plant species succession. In the absence ofthese controls, grasslands are

invaded by taller and woody vegetation and ultimately become woodland habitat (Rook and

Tallowin 2003). Woody vegetation not only reduces the amount of grassland habitat, but also

may contribute to degradation of the remaining open habitat for grassland nesters, since taller

vegetation shelters predators and edge-dwelling competitors (Johnson and Temple 1990, Burger

et al. 1994). Woody vegetation encroachment is one of the principal factors that affect grassland
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habitat suitability (Samson and Knopf 1994, Nernberg and Ingstrup 2005), and it has been

associated with population declines of some grassland birds (Johnson and Igl 2001). Grassland

songbirds have evolved with grazing and fire, hence continuous and periodic disturbances are

important in maintaining suitable habitat for obligate prairie birds (Vickery et al.1999).

3.5.5 Management implications

Obligate grassland birds are of conservation priority here, as they rely entirely on

grassland habitat, and were found in this study to be significantly lower on WMAs. Although

WMAs may be assumed to play an important role in wildlife conservation, this is not the case for

grassland birds. WMAs, in contrast to provincial parks and other protected areas, provide a

significant opportunity for planners and managers to improve habitat quality, since some

agricultural practices may be allowed to improve land management and enhance habitat for

wildlife (The Wildlife Act 2007). To increase habitat suitability for prairie songbirds, managers

should promote management practices within V/MAs to reduce woody vegetation. Leaving some

shrub component is necessary, as some species such as clay-colored sparrow nest in shrubs. In

North Dakota, clay-colored sparrow has been found in areas with low percent of shrubs, and

probably 3% of shrub cover will suffice for maintaining suitable habitat for this facultative

grassland bird (Madden et al. 2000).

Managers should also consider the possibility of allowing grazing within WMAs, as

grazing was positively associated with richness and abundance of grassland birds. This can be

achieved by providing a lease to local landowners, as is the current situation within Riverside

WMA, which is under rotationally grazed system.
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3.6 Study limitations

This study represents one of the initial efforts in evaluating management practices on the

mixed-grass prairie ecozone in Manitoba. It is limited, though, by the absence of information on

avian reproductive success and habitat area needs, which are critical factors to the long-term

viability of grassland bird populations (Vickery et al. 1999, Johnson and Igl 2001). The absence

of a bird species within a particular habitat, however, strongly suggests that those areas are not

providing suitable habitats for the birds for establishing breeding territories.

Bird responses in this study correspond to local parameters such as vegetation or local

grazing management; however, it is unknown how birds respond to other mechanisms at broader

scales such as the amount of grassland in the landscape, and the context within the grassland is

embedded. Effects of habitat at broader spatial scales are explored in Chapter 4.

Other factors that were not measured in this study such as prey abundance or other

vegetation parameters, may also contribute to explaining differences among management

practices and the differences between WMAs and Crown lands, in terms of their effect on species

richness of grassland birds and abundance of the most common species.

3.7 Conclusion

WMAs usually exclude both grazing and haying, which promote a higher woody

vegetation encroachment. Past management practices on V/MAs (e.g. cultivated with alfalfa) may

influence suitability of native habitat for grasslands specialists. Therefore, it is necessary to

evaluate the management potential of each area on a case-by-case basis, to identifu bird habitat

needs to optimally manage areas dedicated to wildlife conservation. My results suggest that

active management is required to maintain grassland habitat, and to reduce woody vegetation

encroachment within WMAs. Although WMAs have a great potential for enhancing habitat for
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wildlife conservation, if they are not actively managed, they will lose their value to conserve

some species of management concem such as obligate grassland birds. Moreover, conservation of

grassland habitat within WMAs may be more feasible than private lands, since habitat

management in the latter ones depend on the economic conditions of farmers or the continuous

financial support of farming programs. WMAs, in contrast, offer a great opportunity for

preserving grassland habitat at long term, since WMAs are protected areas and are entitled by

legislation to enhance habitat for wildlife conservation (The Wildlife Act2007).
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4. Effects of landscape characteristics on grassland songbirds

4.l Abstract

The evaluation of bird responses to changes in land use and land cover is important to

understand habitat requirements of species and propose management strategies. Recent ecological

studies suggest that the landscape context or habitat surrounding remnants of grassland habitat

may significantly influence abundance and species occurrence of prairie birds. My study

examined the effects of broad-scale landscape characteristics on the richness, abundance and

species occurrence of obligate and facultative grassland birds. I evaluated bird responses to

percent cover offorest, grassland habitat, distance to the nearest forest, and edge density around

grasslands at different spatial scales at radii of 800, 1200, 1600,2400,3200,4000 and 4800 m.

Obligate grassland birds were positively associated with edge density and distance to the forest,

while facultative species were not affected by the amount of edge or other landscape variables.

Responses for some individual obligate and facultative species showed opposite trends as well.

Savannah spaffow and bobolinks were positively associated with percent of forest, while clay-

colored sparrow and brown-headed cowbird showed a negative association. Birds responded

differently at distinct spatial scales, and some pattems were identified only at larger spatial scales

(> 1500 ha). Studies should evaluate both species responses at larger extents and at multiple

spatial scales to be able to determine the scale at which landscape effects are biologically

significant.

4.2Introduction

Conservation of grassland songbirds is critical, as these species have undergone

population declines at a higher rate than any other avifaunal group in North America (Knopf
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1994, Herkert 1995). These declines have been associated with habitat loss and degradation of

the breeding habitat (Johnson and Igl 2001). Native grasslands in south-western Manitoba have

been severely altered by agricultural development and land-use practices. Prairie inventories

initiated in 1996 by Manitoba Conservation identified four major threats to this region, including

cultivation, woody vegetation encroachment, exotic species and inappropriate grazing

management (Manitoba Conserv ation 2007 ).

Processes of habitat transformation and destruction across the region may greatly change

the landscape structure and local ecosystem functions (Kareiva and Wennergern 1995). In south-

westem Manitoba, there are several species of high conservation interest such as the federally and

provincially threatened Sprague's pipit (Anthus sprogueli), loggerhead shrike (Lanius

ludovicianus) and burrowing owl (Speotyto cunicularia hypugaea), and the provincially

endangered Baird's sparrow (Ammodramus bairdii). However, there is little information about

the ecological requirements of grassland birds across the province (DeSmet and Conrad 1991,

Davis and Sealy 1998) that provides managers with information for conducting conservation

efforts and establishing adequate management of the remaining habitat.

Due to the concern of declining populations of grassland birds, numerous studies have

focused on describing habitat associations and determining local pattems of avian species

associated with, for example, vegetation structure, prey abundance, nest selection, and nest

predation (Sutter et al. 1995, Dieni and Jones 2003, Fondell and Ball 2004, Perlut et al. 2006).

However, many ecological processes and interactions depend on scales much larger than a single

habitat patch (Turner 2005). Species occurrence of grassland birds on patches, for example,

depends on grassland abundance on the landscape. The effects of habitat fragmentation on avian

populations at smaller spatial scales also may be dependent on the larger landscape context

(Stephens et al. 2003). Small patches within landscapes with high grassland abundance may have
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higher occupancy rates than larger patches \¡/ith suitable vegetation within low grassland

landscapes (Bakker et al.2002). Consequently, for both ecological and management purposes, it

is important that studies include both landscape and local variables, to distinguish either

landscape or local factors are driving species responses ofgrassland birds.

The composition of the surrounding matrix habitat also contributes to explaining some

local patterns. Some prairie species of management concern such as bobolink, grasshopper

sparrow, and western meadowlark have shown lower densities on landscapes surrounding by

woody vegetation (Ribic and Sample 2001). Proximity to woodland habitat has also shown

negative impacts on nest success in grassland habitats (Johnson and Temple 1990; Burger et al.

1994). On landscapes dominated by cropland and woodland, some prairie species may be more

strongly influenced by patch-level variables than landscape factors (O'Connor et al.1999).

Similarly, on landscapes dominated by shrubby vegetation, some grassland species responded

more strongly to local variables than landscape composition. Species dependent on shrubs,

however, have been found to respond strongly to landscape variation (Ifuick and Rotenberry,

1995). Therefore, it is important to study both local and landscape mechanisms, since some

patterns at the local level result from landscape-level mechanisms rather than local ones (Koper

and Schmiegelow 2006).

Multi-scale studies that have investigated ecological mechanisms at both local and

landscape levels have found different species responses. Some species, such as Savannah spanow,

bobolinks and western meadowlark respond more to local variables (Bakker et aL.2002), while

others such as loggerhead shrike may be more associated with landscape-scale factors only

(Michaels and Cully 1998). Bird species may respond to different spatial scales because

mechanisms vary among scales. Population abundance and species richness, for example, depend

not only on patch characteristics, but also on the characteristic of the landscape surrounding the
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patch, known as patch context (Fahrig 2003). Finding the scales at which birds respond most

strongly to landscape features is useful in predicting environmental responses in contrasting areas,

and guide habitat management, ensuring that efforts are applied at appropriate scales (Bakker et

al.2002, Cunningham and Johnson 2006).

In south-western Manitoba, grassland birds have shown responses at the local level to

habitat management and variations in vegetation structure (Chapter 3). However, the ecological

mechanisms that influence abundance and presence of these species at the landscape level are

still unknown. Because species show variable responses to landscape composition and local

variables, patterns of habitat use in one region may not be extrapolated to others (Bakker et al.

2002, Cunningham and Johnson 2006). Until we have more information about the status of these

species in the region, and particularly information about habitat requirements and associations at

multiple spatial scales, it will be difficult to evaluate the overall ability of the region to support

viable populations of grassland birds.

The purpose of my study was to determine (1) the influence of landscape characteristics

on grassland songbird occurrence, abundance and richness, and (2) the spatial scale at which

grassland bird species are associated with landscape variables. My study was exploratory as the

project was originally designed to collect data for analyses at local scale. A range of different

scales were evaluated at the landscape spatial scale in order to identify factors and scales that best

explain variation in the presence or abundance of species.

4.3 Methods

4.3.1 Landscape characterization

To characterize land cover in the study area, I used a digital map of land use and cover

classes (30 x 30 m resolution) derived from Landsat Thematic Mapper (TM) from data collected
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in2000-2002 (Prairie Farm Rehabilitation Administration 2005). This image identifies 17 land

uses classes in Manitoba, which include information about amount of distribution of grassland

habitat, forest, and cropland among others (Fig. a-l). In this classification grassland includes

native and non-native prairie, grazed fields, and may also include scattered stands of associated

shrubs that represents less than l0o/o cover (Prairie Farm Rehabilitation Administration 2005).

To determine the landscape units to evaluate the effect of landscape characteristics on

grassland birds in south-westem Manitoba, I used as a reference the 230 point-count plots

established within the 38 prairie sites in 2008 (Fig. 3-1, Chapter 3). Each of these prairie fields

included between 3-8 point-count plots, but it did not have a specific boundary or patch area

defined. For this reason, I calculated the geometric mean of the point-count plots in each site to

determine a reference point for establishing landscapes centered on each field. Landscapes were

generated with a geographic information system (GIS) using ATcGIS 9.3. I established nested

buffer areas at radii of800, 1200, 1600,2400,3200,4000 and 4800 m from the center ofeach

prairie. I used 800, 1200 and 1600, since some studies have found associations between

landscape factors and richness and abundance ofgrassland birds at these spatial scales (Bakker et

aI.2002, Curmingham and Johnson2006, Renfrew and Ribic 2008). In addition, I included larger

spatial scales because broader spatial scales have not been widely evaluated, despite some studies

showing strong associations between grassland bird abundance and habitat characteristics up to

5000 m radius (Koper and Schmiegelow 2006). However, using nested data sets can result in

landscapes that are not spatially independent due to overlapping, a problem that increases with

spatial extent. For this reason, I discarded landscapes that were overlapping at the largest radius

of 4800 m to generate study sites. After discarding overlapping landscapes, selection generated a

total of 20 independent units for data analysis (Fig. 4-2). These 20 landscapes were surveyed in

2008 and 2009.
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Figure 4-1. Land cover classes and bird study sites in south-western Manitoba, 2008
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Figure 4-2. Selection of study sites for evaluating bird responses at landscape level in south-
westem Manitoba 2008. Circles represent buffer areas at 4800 m radius. Red points represent the
geometric mean calculated for each prairie site. Bold circles in green represent the 20 selected
landscapes included in the analysis.

4.3.2 Selecting landscape yariables

I selected variables at both local and landscape level to be included within the model. To

avoid overparametrization,I selected only four variables as only 20 landscapes were established

as independent units. Estimations of each variable were performed with geographic information

systems using ATcGIS 9.3. I chose the amount of forest as one of the variables, which was

estimated within ATcGIS as the percent of forest habitat in each landscape by combining the four

distinct cover classes of forests in the land use classification (Fig. 4-1). Forest cutovers included

forest lands where commercial timber has been completely or partially removed, and areas that

have been replanted, and were included within the four forest classes. Studies that have evaluated

bird responses at landscape level have demonstrated that the extent of woody habitat affects the
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distribution of many $assland birds (Coppedge et al.2001, Ribic and Sample 2001). Evaluation

of bird responses at local scale level indicated that habitats that have a high proportion of woody

vegetation due to lack of management supported the lowest richness of grassland birds compared

to grazed or hayed pastures (Chapter 3). Although some of these differences were explained by

variation in vegetation structure, there may be other mechanisms that are still unknown. However,

because the spatial scale of these mechanisms is unknown, in addition to amount of forest, which

is a parameter at landscape scale, I also included in the model the distance to the nearest forest.

Distance to nearest forest or wooded edge was calculated at per plot scale, thus it did not vary

with buffer size.

I chose the amount of grassland habitat as another landscape-level variable, calculated as

percent of grassland per landscape, since it may influence habitat use by prairie birds (Hamer et

a12006, Koper and Schmiegelow 2006).I also used the edge density, which was calculated as the

total edge length (total perimeter in meters) between grassland and any other habitat within a

landscape divided by the total area of grassland (in hectares). Edge density reflects the perimeter-

area ratio of grassland patches and it provides a better measure of landscape quality than the

proportion of grassland alone, since it accounts for the shape of the grassland habitat (Helzer and

Jelinski 1999, McGarigal et al.2002). The amount of habitat edge is also an important parameter

to predict presence and species richness of prairie species in fragmented landscapes (Helzer and

Jelinski 1999), since more fragmented landscapes contain more edge (Fahrig 2003). Estimations

of all variables were performed with geographic information systems using ATcGIS 9.3.

4.3.3 Statistical analysis

Bird responses to landscape variables were evaluated for obligate and facultative

grassland species (Vickery et al. 1999, see Chapter 3 for details), and non-grassland birds were
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excluded. Preliminary analysis showed similar bird responses between yeats (2008 and 2009, see

Appendix II), thus I combined bird data from both years.

Percent cover of the main habitat types (e.g. cropland, forest, grassland) within each

scales were estimated using ATcGIS to identify changes on percent and the total amount of

habitat types across scales. I also identified the scale at which the number of patches and the edge

density was higher by calculating the mean value for each of these variables.

I used linear mixed models (LME) and generalized linear mixed models (GLMM) (S-Plus

8.0,Insightful2007) to compare bird responses to percent of grassland habitat, percent of forest

habitat, distance to nearest forest and edge density across spatial scales. LME analyses were used

if data \ilas norrnally distributed. GLMM, in contrast, were used for data with binomial

distributions. Tests were considered significant at an a-level lower than 0.1 .

I analyzed the same model across all focal spatial extents, since my objective was to

explore how bird responses differed among spatial scales, rather than choosing a particular one. I

evaluated the strength of relationships at different spatial scales by counting the number of

significant parameter at each spatial scale. This approach has been used on other studies that have

evaluated responses at different spatial scales to determine the scale at which species respond

most strongly to a variable of interest (Holland et aI.2004).

4.4 Results

A total of 19 songbird species were observed within 1 1 I point-count plots in the 20

selected landscapes, of which 11 were obligate grassland species and 8 were facultative species

(Table 4-1). The most common species were Savannah sparrow, westem meadowlark, clay-

colored sparrow and brown-headed cowbird (Table 4-1).
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Table 4-1. Grassland birds found in mixed-grass in south-westem Manitoba,2008-2009. Number
of individuals (abundance) is calculated within the 20 landscape prairie sites and average for both
years.

X'amily Species Species
Code

Scientific name Mean
abundance

Oblþøte grøsslønd specíes
Alaudidae Horned Lark
Troglodytidae Sedge Wren
Motacillidae Sprague'sPipit
Emberizidae Vesper Sparrow

F øc ultøtiv e grøs s lønd sp e cíes
Tyrannidae Western Kingbird

Savannah Sparrow

Grasshopper sparow

Baird's Sparrow*
Le Conte's Sparrow
Chesnut-collared Longspur
Bobolink
Western Meadowlark

Eastern Kingbird
Common Yellowthroat
Clay-colored Sparrow
Lark Sparrow

Red-winged Blackbird
Brewer's Blackbird

Brown-headed Blackbird

Eremophila alpestris
Cisrothorus platensis
Anthus spragueii
Pooeceles gramineus
Passerculus
sandwichensis
Ammodramus
sdvannarum
Ammodramus bairdii
Ammodramus leconteii
Calcarius ornatus
Dolichonyx oryzivorus
Sturnella neglecta

Tyrannus verticalis
Tyrannus tyrannus
Geothlypis trichas
Spizella pallÌda
Chondestes
grammacus
Agelaius phoeniceus
Euphagus
cyanocephalus
Molothrus ater

HOLA
SEWR
SPPI
VESP
SAVS

GRSP

BAIS
LCSP
CCLO
BOBO
WEME

WEKI
EAKI
COYE
CCSP
LASP

RWBL
BRBL

BHCO

6.5
4.0
36.s
6.5

132.5

16.5

2.0
12.5

0.5
24.s
t22.0

1.5

20.s
8.5

9s.5
14.s

124.0
25.0

66.0

Icteridae

Parulidae
Emberizidae

Icteridae

* Observed only in 2009.

Landscape units were primarily composed of three different habitat types: grassland,

cropland, and woodland habitat (Figure 4-2).Percent of grassland habitat within each landscape

decreased with scale, while percent of cropland increased (Figure 4-3). Percent of woodland

habitat was relatively similar across spatial scales (Figure 4-3). The number of patches within the

landscape, as well as the perimeter-area ratio (edge density) of grassland habitat increased with

scale as the amount of grassland habitat decreased (Table 4-2), which indicates a more
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fragmented grassland habitat at higher spatial scales (Table 4-3). This may also explain the

negative association between grassland and cropland habitat (Table 4-2).

The total amount of grassland habitat and edge density increased with scale (Table 4-3).

In contrast, at higher scales, the percent of grassland was lower. This may be indicating that

grassland habitat is highly fragmented, since percent of grassland at 4800 m radius, for example,

is less than20%ó of the total amount of grassland, and it is distributed in alarge number of

patches with high amount of edge habitat.

The distance to the nearest forest in the region ranged between 30 to 2085 meters, and

was highly variable with an average of 680.90 and a standard deviation of 566.00. The mode

value indicates that the most frequent distance in the area was about 150 meters.

Table 4-2. Conelation matrix of landscape parameters (n :20) to evaluate the effect of
landscape characteristics on grassland birds in south-western Manitoba2008-2009. Numbers
below the diagonal are Pearson coefficients of correlation for all pair-wise associations.

% No. grassland Edge
Grassland patches density

% Cropland oá Forest -?::::: :.nearest lorest
o/o Grassland
No. grassland

patches

Edge density

% Cropland
o/o Forest

Distance to
nearest forest

-0.60

-0.77

-0.60

-0.12

0.14

0.86

0.10

0.31

-0.44

0.13

0.50

-0.52

-0.70

0.32 -0.49

Bird responses at community level for obligate grassland birds showed a higher number

of significant tests at scales higher than2400 m radius. A total of seven significant responses

were found at2400-m radius, five at 3200-mradius, seven at 4000-m radius and eight at 4800-m

radius (Table 4-4). When individual responses were evaluated for the most corrunon species of

each group, however, the highest number of significant responses (e.g. ten) was found up to
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2400-m radius (Table 4-5,4-6). At scales higher than2400-m radius only up to eight significant

responses were found (Table 4-5,4-6). Overall, at larger spatial scales, I found significant effects

that were already identihed at smaller spatial scales, and overall no new information was

provided at areas greater than2400 m radius (or > 1800 ha).

Bird responses across scales varied between obligate and facultative grassland birds.

Overall, richness and abundance of obligate grassland birds tended to increase with distance to

the nearest forest, and away from edge habitats (Table 4-4). Percent coverage of forest was

positively associated with obligate grassland birds, but only at larger spatial scales.

Table 4-3. Summary of metrics in landscape units for evaluating bird responses at landscape
level at different spatial scales in south-western Manitoba, 2008-2009.

Spatial scale
Landscape variable

800m 1200m 1600m 2400m 3200m 4000m 4800m

Percent of cropland habitat 17 .0

Total area of cropland 
6g1 .5

habitat (ha)

Percent of woodland habitat 13.9

Total area of forest or
woodland habitat (ha) 5) /' l

Percent of grassland 64.6

Total area of grassland (ha) 2599.0

Mean number of grassland 
6.0

patches per landscape

Total number of grassland 
',0.0patches

Mean length of grassland 
11055.4

edges (m)

Mean of edge density (m/ha) 99.1

22.9

2015.1

1s.3

1 3 85.1

57.2

5178.7

12.8

255.0

21953.2

97.9

28.8

4639.4

15.5

2491.0

s0.9

8184.0

23.2

464.0

36442.4

101.2

41.7

41952.6

14.9

14944.0

3 8.0

1909.3

151 .6

303 r.0

202260.0

119.0

44.8

64817.4

13.4

193 85.0

36.4

52716.9

218.7

4373.0

284027.6

121.6

34.8 38.7

12s93.8 24882.3

16.0 15.7

s779.2 10080.7

44.4 40.4

16053.3 25988.9

50.6 94.1

101l.0 1882.0

77321.5 132397 .8

109.2 114.5

Total area (ha) 201.1 452.4 804.2 1809.6 3217 .0 5026.5 7238.2

Facultative grassland birds, in contrast, were negatively associated with distance to the

forest, which indicates a higher number of species and individuals near forest or woodland
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habitats (Table 4-4).The number of species of facultative birds was also negatively associated

with percent coverage of forest.

Bird species responded to different spatial scales. Savannah sparrow was positively

associated with distance to forest across scales, and with percent coverage of forest at larger

spatial scales (Table 4-5). Western meadowlark was negatively affected by percent coverage of

forest at small scales and at larger scales the number of individuals was negatively associated

with increase amount of edge on the landscape (Table 4-5). Species occurrence of Sprague's pipit

and bobolinks was negatively affected by edge density, but at distinct spatial extents. Bobolinks,

however, were also found to be positively associated with percent coverage of forest and

negatively associated with the amount of grassland (Table 4-5).

Abundance of clay-colored sparrows was positively associated with edge density across

scales, and negatively associated with forest distance (Table 4-6). Presence of brown-headed

cowbird was associated with lower amounts of woodland habitats. At the smallest spatial extents,

red-winged blackbird was associated with distance to the nearest forest only at the smallest

spatial scales (Table 4-6). Eastern kingbird, however, was negatively associated with the amount

of grassland in the landscape and positively associated with edge density at the largest spatial

scale (Table 4-6).
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Table {4.Effect of landscape characteristics on grassland birds
point counts within 20 landscapes. Models were generated using

Scale
o/o Forest

Boo m í:$'3i'äi
Forest distance

Parameter

o/o Forest

12oo m í;å'3i"ä1,
Forest distance

% Forest

1600 m 
o/o Grassland
Edge Densify

Forest distance

-0.01s 0.010 0.146
0.008 0.010 0.409
-0.001 0.005 0.918
0.000 0.000 0.286

Richness

Obligate grassland birds

o/o Forest

2400 m 7o- Grassland
Edge Density

Forest distance

SE

in south-western Manitoba 2008-2009. Richness and abundance are based on
linear mixed models and parameter estimates (B).

-0.000 0.008
-0.000 0.009
-0.010 0.004
0.000 0.000

% Forest

32oom íå;ï#
Forest distance

0.004 0.008 0.634
-0.002 0.010 0.832
-0.010 0.003 0.01I
0.000 0.000 0.3 s3

Abundance

-0.018 0.018 0.336 -0.01 1

0.018 0.017 0.318 -0.019
0.00s 0.010 0.586 -0.002
0.001 0.000 0.005 -0.000

0.955 0.008
0.994 -0.00s
0.040 -0.015
0.453 0.001

o/o Forest

4ooom íå$'i."*
Forest distance

SE

0.010 0.006 0.137
-0.012 0.010 0.230
-0.0r 5 0.003 <0.001

0.000 0.000 0.334

o/o Forest
o/o Grassland

48oo m 
Edge Densify

0.012 0.007 0.1 20
-0.016 0.012 0.228
-0.016 0.004 0.001
0.000 0.000 0.684

0.01 s 0.605 -0.01 5
0.017 0.145 -0.017
0.008 0.070 0.001

0.000 0.012 -0.000
0.014 0.014 0.3 l9 -0.01 s

-0.007 0.017 0.680 -0.017
-0.017 0.006 0.021 0.001
0.001 0.000 0.009 -0.000

"-signifrcant effects at P <¿ 1

Richness

Facultative srassland birds

0.01 s 0.008 0.073
-0.01 8 0.013 0.180
-0.017 0.004 0.001
0.000 0.000 0.708

SE

Forest distance

0.023 0.013 0.083 -0.018
-0.010 0.01 9 0.609 -0.01 8
-0.020 0.006 0.007 0.003
0.00r 0.000 0.007 -0.000

0.010 0.294
0.010 0.084
0.005 0.6s7
0.000 0.014

S.M. Durán

0.01 6 0.008
-0.023 0.013

-0.01 7 0.004
0.000 0.000

0.012 0.007 0.120 -0.020
-0.016 0.012 0.228 -0.010
-0.016 0.004 0.001 0.005
0.000 0.000 0.684 -0.000

0.009 0. r 28 -0.034
0.01 1 0.123 -0.031

0.005 0.781 -0.005
0.000 0.037 -0.002

Abundance

-0.028 0.029 0.337
-0.039 0.028 0. r 81

-0.012 0.0r 4 0.399
-0.002 0.000 0.006

are highlighted

0.030 0.014 0.051 -0.019
-0.005 0.024 0.838 -0.012
-0.020 0.008 0.020 0.004
0.000 0.000 0.013 -0.000

0.009 0. r 28 -0.03 s

0.011 0.123 -0.043
0.004 0.78 r -0.004
0.000 0.037 -0.001

SE

111

0.076 0.030 0.01s 0.067 -0.019 0.012 0.1s3
0.094 -0.013 0.024 0.593 -0.012 0.019 0.538

<0.001 -0.020 0.007 0.013 0.003 0.006
0.564 0.000 0.000 0.008 -0.000 0.000

0.009 0.0s8 -0.039
0.014 0.226 -0.038
0.004 0.411 0.000
0.000 0.030 -0.001

0.027 0.218
0.030 0.312
0.013 0.722
0.000 0.0r0
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0.01 0 0.077 -0.042
0.0r8 0.581 -0.030
0.006 0.37 5 0.002
0.000 0.027 -0.001

0.02s 0.173

0.031 0.192
0.0r 2 0.706
0.000 0.010

0.0il 0.1 13 -0.036
0.020 0.528 -0.056
0.006 0.s30 -0.005
0.000 0.016 -0.002

0.024 0.130
0.038 0.334
0.012 0.963
0.000 0.014
0.028 0.1 5l
0.047 0.s32
0.01 5 0.882
0.000 0.01r

0.612
0.009

0.030 0.243

0.051 0.292
0.016 0.743
0.000 0.005

-0.033 0.032 0.318
-0.067 0.050 0.200

-0.008 0.0r 5 0.577
-0.002 0.000 0.002
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Table 4-5. Effect of landscape characteristics on the species occurrence and abundance of obligate grassland birds in south-western
Manitoba 2008-2009. Parameter estimates (B) were generated using linear mixed models and generalized linear mixed models.

SAVS. \ilEME" BOBOb SPPIb

ScaleParamete¡fIEPpSEPpSEP
0/o Forest 0.011 0.009 0.242 -0.021 0.005 0.002 0.028 0.031 0.458

o/o Grassland 0.014 0.009 0.140 -0.001 0.005 0.968 -0.028 0.038 0.461
õuu m 

Edge Density 0.000 0.004 0.gi4 -0.003 0.002 0.185 0.003 0.018 0.873
ForestDistance 0.001 0.000 0.002 0.001 0.000 0.113 0.000 0.000 0.526

o/o Forest 0.014 0.008 0.1 16 -0,015 0.004 0.006 0.076 0.037 0.059
% Grassland 0.01 I 0.009 0.245 0.001 0.005 0.839 -0.077 0.045 0.107r¿uu m 
Edge Densiry -0.001 0.004 0.688 -0.006 0.002 0.020 -0.025 0.019 0.195

ForestDistance 0.000 0.000 0.004 0.000 0.000 0.296 0.000 0.000 0.396
o/o Forest 0.01 5 0.008 0.094 -0.014 0.005 0.022 0.087 0.037 0.032 0.044

.?^^ %Grassland 0.011 0.010 0.287 0.003 0.007 0.514 -0.094 0.050 0.084 0.007rouu m 
Edge Densify -0.002 0.004 0.506 -0.004 0.002 0.1 l8 -0.033 0,017 0.083 -0.048

ForestDistance 0.000 0.000 0.003 0.000 0.000 0.142 0.000 0.000 0.533 0.000
o/o Forest 0.015 0.008 0.080 -0.009 0.005 0.120 0.101 0.038 0.017 0.076

o/o Grassland 0.017 0.012 0.173 -0.002 0.008 0.758 -0.098 0.057 0.108 0.009¿+vu m 
Edge Density -0.002 0.004 0.562 -0.006 0.002 0.040 -0.035 0.018 0.072 -0.056

ForestDistance 0.000 0.000 0.004 0.000 0.000 0.100 0.000 0.000 0.450 0.000
0% Forest 0.014 0.009 0.131 -0.009 0.006 0.168 0.144 0.053 0.016 0.091

-A^^ o/o Grassland 0.020 0.015 0.200 -0.005 0.01 I 0.646 -0.125 0.072 0.102 -0.01 Ir¿uu m 
Edge Density -0.001 0.005 0.777 -0.007 0.003 0.056 -0.055 0.026 0.054 -0.060

ForestDistance 0.000 0.000 0.003 0.000 0.000 0.163 0.000 0.001 0.871 0.000
0/o Forest 0.017 0.009 0.086 -0.008 0.007 0.257 0.148 0.057 0.020

¡^^^ o/o Grassland 0.015 0.016 0.343 -0.010 -0.01 I 0.404 -0.1 18 0.077 0.148*uuu m 
Edge Densiry -0.003 0.005 0.494 -0.008 0.003 0.034 -0.050 0.025 0.072

ForestDistance 0.000 0.000 0.002 0.000 0.000 0.141 -0.001 0.000 0.879
o/o Forest 0.01 8 0.01 0 0.088 -0.008

4800 m í:$'ä*äi _iä: 33åi 3:l?'r .3:3åi
ForestDistance 0.000 0.000 0.002 0.000

a ilÆ ---5-Êl- -ll-: -, ::-- iìllllllll-- hcaussian dishibrtio" ffi-slgnirtcant errects at p <u I ur" r'ighright.d

S.M. Durán

-0.01 6 0.045 0.732
0.0r 5 0.038 0.685
-0.031 0.024 0.210
-0.001 0.000 0.937

SEP

0.043 0,039 0.294
-0.024 0.044 0.593
-0.060 0.027 0.041
0.000 0.000 0.848

0.007 0.302 0.r39 0.0s7 0.021
0.011 0.2s4 -0.099 0.076 0.214
0.003 0.032 -0.040 0.023 0.1 16

0.000 0.102 -0.001 0.000 0.870

0.041 0.293
0.047 0.878
0.024 0.07r
0.000 0.720
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0.046 0.1 1 8

0.053 0.866
0.025 0.045
0.000 0.624
0.060 0.142
0.067 0.87r
0.030 0.070
0.000 0.614

0.080 0.05s 0.174
0.007 0.07 r 0.9 r 6

-0.047 0.027 0.102
0.000 0.00 r 0.485
0.079
-0.001
-0.045
0,000

0.0s6 0.180
0.07 r 0.996
0.026 0.104
0,000 0.36s
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Table 4-6. Effect of landscape characteristics on the species occurrence and abundance of facultative grassland birds in south-western
Manitoba 2008-2009. Parameter estimates (B) were generated using linear mixed models (LME) and generalized linear mixed models,

CCSP' BHCOb RWBLb EAKIb

% Forest 0.015 0.01 I 0.185 -0.158 0.056 0.012 0.012 0.040 0.169
o/o Grassland -0.01 8 0.01 I 0.1 l3 -0.124 0.067 0.085 -0.008 0.039 0.832

ðuu m 
Edge Density 0.000 0.005 0.942 -0.025 0.023 0.293 0.006 0.0r 9 0.izj

ForestDistance -0.001 0.000 0.114 -0.001 0.001 0.417 0.001 0.000 0.098

Parameter

0/o Forest -0.001 0.000 0.164 -0.100 0.033 0.008 0.012 0.039 0.160
o/o Grassland -0.005 0.009 0.606 -0.102 0.050 0.053 -0.034 0.044 0.445rruu m 
Edge Density 0.010 0.004 0.042 -0.025 0.01 7 0.162 -0.003 0.019 0.857

ForestDistance -0.009 0.010 0.412 -0.001 0.001 0.801 0.001 0.000 0.102
% Forest -0.010 0.008 0.227 -0.095 0.031 0.008 0.009 0.031 0.812

o/o Grassland -0.01I 0.010 0.275 -0.072 0.043 0.1 l7 -0.043 0.048 0.384rouu m 
Edge Density 0.011 0.004 0.010 -0.018 0,015 0.247 -0.008 0.018 0.664

ForestDistance -0.001 0.000 0.102 -0.001 0.001 0.516 0,001 0.000 0.155
0% Forest -0.014 0.007 0.089 -0.085 0.032 0.018 0.014 0.038 0.713

o/o Grassland -0.016 0.012 0.182 -0.060 0.047 0.224 -0.060 0.061 0.352¿*vu m 
Edge Density 0.011 0.004 0.012 -0.015 0.015 0.360 -0.009 0.020 0.648

ForestDistance -0.001 0.000 0.096 -0.001 0.000 0.527 0.001 0.000 0.1 l8

SE

o/o Forest -0.01 1 0.009 0.236 -0.083 0.035 0.031 0.006 0.043 0.875 -0.027 0.041 0.513
0/o Grassland -0.020 0.016 0.223 -0.082 0.057 0.168 -0.012 0.075 0.865 -0.014 0.073 0.848

r¿uu m 
Edge Densiry 0.010 0.005 0.078 -0.022 0.020 0.281 0.004 0.024 0.839 0.024 0.022 0.290

SE

4000 m

ForestDistance -0.001 0.000 0.096 -0.001 0.001 0.402 0.001 0.000

0/o Forest -0.012 0.01 I 0.269 -0.064 0.038 0.1 I 5 0.01 3 0.049
% Grassland -0.014 0.017 0.430 -0.109 0.060 0.088 -0.028 0.078{ðuu m 
Edge Density 0.010 0,005 0.072 -0.028 0.019 0.160 -0.005 0.022

ForestDistance -0.001 0.000 0.020 -0.001 0.001 0.363 0.001 0.000

o/o Forest -0.012 0.010 0.251 -0.074 0.037 0.064 0,008 0.045
% Grassland -0.023 0.017 0.202 -0.099 0.061 0.127 -0.01 1 0.080
Edge Density 0.008 0.005 0.124 -0.025 0.020 0.239 0.000 0.024

ForestDistance -0.001 0.000 0.034 -0.001 0.001 0.382 0.001 0.000

SE

ffieinomial dìshiuution 'sgnlrtcan-t eneas at r <. t are n¿ntigtrtea

S.M. Durán

-0.008 0.037 0.81 8

-0.051 0.036 0.17s
0.001 0.0r7 0.936
0.000 0.00 r 0.869

SE

-0.00 r 0.033 0.968
-0.078 0.040 0.068
0.002 0.01 6 0.870
0.000 0.000 0.416
-0.001 0.032 0.960
-0.08 r 0.045 0.093
0.009 0.014 0.534
0.000 0.00r 0332
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-0.016 0.034 0.643
-0.062 0.060 0.319
0.017 0.0r 7 0.347
0.000 0.000 0.434

0.126 0.000 0,000 0.660
0.848 -0.058 0.047 0.232
0.890 0.050 0.080 0.s43
0.971 0.040 0.023 0.109
0.185 0.000 0.000 0.654
0.788 -0.075 0.053 0.1 80
0.727 0.080 0.080 0.331

0.800 0.044 0.023 0.072
0.266 0.000 0.000 0,671
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4.5 Discussion

Several studies oflandscape responses ofgrassland birds have evaluated landscape

parameters up to 1200 m (Ribic and Sample 2007, Bakker elaL.2002, Cunningham and Johnson

2006).In the current study, however, I found that some parameters were important most

frequently within landscapes of 2400 m radius. This highlights the importance of conducting

studies not only at multiple spatial scales, but also including larger spatial scales on landscape-

scale studies to be able to determine the appropriate scales at which mechanisms operate

(Stephens et al. 2003, Cunningham and Johnson 2006).

4.5.1 Obligate grassland bird response to landscape factors

Overall richness of obligate grassland birds and abundance of some individual species

decreased close to all edge habitats, including wooded edges. The percent cover of grassland,

however, did not have any effect on individual species. These results suggest that obligate

grassland birds respond more strongly to habitat fragmentation (the breaking apart of habitat,

Fahrig 2003:495), than habitat amount per se. Area sensitivity may result from edge avoidance,

which may be influenced by differences on vegetation structure between grassland edges and

interior (Renfrew et al. 2005). Some grassland species that have been considered area-sensitive

include Baird's sparrow, bobolinks, and sedge wren, all of which were observed in my study area

(Winter and Faaborg 1999, Johnson and Igl 2001). Grassland patches with minimal amount of

edge habitat play an important role for the conservation of prairie birds (Davis 2004).

Other studies have found that the amount of edge around grasslands has a strong influence

on species occurrence and richness of grassland birds (Helzer and Jelinski 1999, Hamer et al.

2006). A higher probability of occurrence has also been found on areas with fewer wooded edges

(Bakker et al.2002). Negative responses to edge density may also translate into a negative effect

of fragmentation per se at the landscape scale, since fragmentation increases the amount of edge
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on the landscape (Fahrig 2003). Landscapes dominated by edge habitats may be detrimental to

the viability of grassland birds, as higher nest predation rates may occur on fragmented

landscapes (Bollinger et al, 1990).

The significant and positive association with distance to the forest of obligate grassland

birds and some of the common species such as Sprague's pipit may also indicate negative edge

effects generated by wooded edges. Some studies have suggested that woodland habitats may be

a source of potential predators (Sullivan and Dinsmore 1990), in particular wooded edges may

provide camouflage for some mammalian predators (Bergin et al. 2000). Nest density of some

obligate grassland birds have been found lower near pasture edges than in the interior habitat of

pastures (Fletcher and Koford 2003, Renfrew et al. 2005). Edge habitats may provide lower

habitat quality for establishing territories due to a reduction in food density for grassland birds,

and increased competition with edge-associated species (Renfrew et al. 2005). Edge avoidance,

however, may not necessarily reduce predation rates for grassland species (Renfrew et al. 2005).

Contrary to what it has been reported in the literature (Best et aL.2001, Coppedge et al.

2001, Ribic and Sample 200i) about a negative effect of woodland habitats on grassland birds. In

my study area, obligate grassland birds were positively associated with percent forest cover. This

association, however, occurred only at larger spatial extents. In this region, probably the amount

of forest on the landscape is very low to generate a negative impact on grassland birds. Other

studies that have evaluated the effect of woodland habitats on grassland birds have shown

negative effects on the probability of occurrence on these species with woodland cover higher

than 25o/o (Grant et al. 2006). The amount of forest in this region, however, was lower than I 8%

at all spatial scales. Nonetheless, it is possible that bird species may be more affected by the

interaction between grassland and forest than the amount of each habitat by itself. Murray et al.

(2008) found that some obligate grassland birds such as upland sandpiper and westem
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meadowlark were more abundant on landscapes with high percent cover of grassland (60-80%),

but low percent cover of forest (less than 5%). Other grassland birds in other regions (e.g.

dickcissel) have been also positively related to the proportion of grassland with little to moderate

forest (5-20%), but showed no relationship to proportion of grassland with higher amount of

forest (>20%) (Munay et al. 2008).

Other interactions may be related with the effects of the surrounding landscape. In this

region, the amount of grassland decreases with an increase of cropland habitats. At broader

spatial extents where the amount of grassland habitat has been severely reduced (less than 40yo),

and the amount of cropland has increased (>40o/o), forested habitats may become a more

hospitable surrounding habitat than cropland and contribute to landscape complementation

(Dunning et al. 1992). Cropland habitats may be poor habitat for grassìand species (Patterson and

Best 1996, Best et al. 2001). Matrix quality can be enhanced by maintaining heterogeneous

landscapes with a diversity of vegetation characteristics, and by reducing factors that cause

mortality of species such as pesticides (Fahrig 2001).

Bobolinks were positively associated with percent of forest, but were negatively

associated with edge density, which may suggest that they avoid edges between cropland and

grassland, rather than edges between grassland and forest. Species richness of some grassland

birds has been negatively associated with the extent of agricultural land uses surrounded the

grassland patches (Helzer and Jelinski 1999, Hamer et al. 2006). The ability of a species to use

the resources in adjacent patches depends on the nature ofthe boundary between patches, and to

some degree, the shape and size of the patch itself (Dunning et al.1992).

Savannah sparrow abundance increased with distance to wooded edges. Although this

species is an obligate grassland bird, other authors have categorized the species as ubiquitous and

generalized in habitat preferences (Madden et al. 2000). However, it is possible that other
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mechanisms may be involved. For example, edge avoidance may be a result of area sensitivity, or

differences of vegetation structure between grassland interior and edge habitats, brood parasitism,

or higher predation rates neæ edges. Some studies have found that brood parasitism rates by

brown-headed cowbird are lower near wooded edges (Johnson and Temple 1986, 1990), and this

may explain the positive association of Savannah sparrow with distance to the forest. Although I

did not evaluate brood parasitism, Savananh sparow has been found as cornmon host of the

brown-headed cowbird elsewhere (Johnson and Temple 1990, Shaffer et al. 2003).

Both Savannah sparrow and bobolinks were negatively associated with edge density, but

positively associated with distance to forest and percent cover of forest. These patterns indicate

that responses of these species on the landscape are affected by a combination of factors related

to the interaction between amounts of grassland/forest. Renfrew and Ribic (2008) found that

abundances of these species were positively related with core area of grassland when woodland

cover was high (47.2%). However, when woodland cover was low (average of 5Yo), abundances

of these birds did not show any relationship with the amount of grassland (Renfrew and Ribic

2008). In my study area, probably the landscape configuration is more important than the

landscape composition in affecting bird abundances of bobolinks and Savannah sparrow. Other

studies have suggested that landscape configuration, particularly edge effects, may have a

stronger effect on birds than landscape composition (Helzer and Jelinski 1999, Fletcher and

Koford 2003). Wooded edges are also important in providing habitat for other obligate grassland

birds such as vesper spaffow (Grant et al. 2006).

Vy'estem meadowlark is a species that has been found in a wide range of grassland habitats

(Rotenberry and Wiens 1980). In this study area, however, it seemed to prefer grassland habitats

with low woody vegetation (see Chapter 3) and was negatively associated with forest cover and

amount of edges. Other studies have found lower abundances associated with the amount of
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woody vegetation (Bakker et aL.2002). This pattem also may contribute to explain the lower

abundances of meadowlarks within WMAs (see Chapter 3), since these areas have a high

proportion of woodland habitat.

4.5.2 Facultative grassland bird response to landscape factors

In contrast to obligate grassland species, facultative species were negatively associated

with distance to the forest. Facultative species that are adapted to use a wider array of habitats,

rather than grasslands only (Vickery et al. 1999), may be more abundant on areas with higher

resources availability, such as edge habitats, since changes in vegetation structure near edges may

be influencing prey availability on the landscape (Grant et al. 2006).

Clay-colored sparrow was associated with edge density, which is probably related with

changes in vegetation structure associated with edges, such as the presence of shrub species,

which are often used by this species (Dale 1983). Other studies also have found that clay-colored

sparrow responded positively to edge habitats, such as forest edges (Johnson and Temple 1990),

and have a higher nest survival near wooded edges (Grant et aL.2006). Grasslands surrounded by

forest edges may be an important habitat for protecting shrub-dependent species, since shrubland

habitats has been reduced due to habitat loss and fragmentation (Krannitz2007). Other studies

have found that bird diversity and abundance of some shrubby-dependent species such as clay-

colored sparrow are enhanced ifshrub cover and nesting sites are interspersed with open grassy

areas (Finch 2005, Grant et al. 2006)

Another facultative species that responded to landscape factors was brown-headed

cowbird, which was negatively associated with percent of woodland habitat in the landscape, and

also negatively associated with amount of grassland at smaller spatial scales. Although this

species has been associated with habitat edges in other studies (Grant et al. 2006), I did not found

any edge effects. Probably, cowbirds were responding to abundances of the species they
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parasitized, rather than some particular features on the landscape. Although other studies have

found that brown-headed cowbirds were very common on woody vegetation (Cunningham and

Johnson 2006),1 found at local level that abundances of cowbirds were higher on grazed fìelds

than idle areas, despite higher abundance of shrubs and woody vegetation in idle fields (Chapter

3).

Occurrence of red-winged blackbird was associated with distance to the forest only at the

smallest spatial scale. Other studies have also found this species less frequent on wetlands

sumounded by trees or greater tree cover Qllaugle et al. 1999, Cunningham and Johnson 2006).

Although this species may not be entirely dependent on grasslands, since it is a facultative

grassland bird (Vickery et al. 1999), habitat loss on wetlands and tree encroachment within

grasslands may reduce overall quality of available breeding habitat (Cunningham and Johnson

2006).

Eastern kingbird was negatively associated with amount of grassland on the landscape and

with the amount of edges at larger spatial scales. As they are facultative grassland birds, eastern

kingbird may use a broad array of habitat types, and I found them to be associated more with

local scale parameters such as height-density of vegetation (see Chapter 3). The pattern found

here may be also related with the fact that eastem kingbird usually requires perches for nesting,

and usually breeds in fields along woodland edges in forested regions (Murphy 1996).

4.5.3 Management implications

The results of my study should be interpreted with caution as my sample size was small.

However, these results provide important insights of grassland bird responses to landscape. First,

they highlight the importance of evaluating landscape-scale habitat parameters in addition to

local parameters to explain habitat associations of grassland birds (see also Ribic and Sample

2001, Bakker et aL.2002, Cunningham and Johnson2006, Hamer et aL.2006, Koper and
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Schmiegelov 2006). My findings also highlight the importance of including different spatial

scales, rather than include the single best set of explanatory variables, since evidence indicates

that habitat characteristics, and species responses to them, can vary widely with scale (Levin

7992, Bergin et aI.2000, Coppedge etal.200I, Ribic and Sample 2007, Schneider 2001, Bakker

etal.2002, Stephens etal.2003, Cunningham and Johnson2006, Koper and Schmiegelow 2006,

Murray et al. 2008, Renfrew and Ribic 2008). In contrast to other studies, which have widely

used landscapes smaller than 800 ha (up to i600 m radius) (Cunningham and Johnson 2006,

Renfrew and Ribic 2008, Murray et al. 2008), my study emphasizes the importance of including

landscapes greater than 800 ha (1200 m radius) and up to1800 ha (2400 m radius).

Bird responses to the effect of habitat surrounding grassland patches may be related with

the variation on the amount of grassland habitat in the landscape. Andren (1994) suggested that

effects of habitat fragmentation on bird populations are not evident until the amount suitable

habitat is about 30o/o.The number of individuals a landscape can support may be related with the

amount of habitat available to those species, but the relationship is not necessarily proportional

(Fahrig 2003).ldentifying these kinds of interactions for species of management concern such as

the obligate grassland birds is critical, as there may be a threshold habitat level below which

populations cannot be sustained on the landscape (Fahrig 2002).

Some multi-scale studies have found that variables evaluated at smaller extents and within

grassland patches have been better predictors to explain abundances ofgrassland species than

variables at larger extents (Ribic and Sample 2001, Bakker etaL.2002, Cururingham and Johnson

2006, Murray et al. 2008). These studies, however, measured landscape variables at smaller

extents (S8OO ha or up to 1600 m radius) than the ones I included in my study. For example, in

the multi-scale study done by Cunningham and Johnson (2006) they found that for most

grassland birds parameters provided better models at larger landscape scales (1600 m radius) than
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models at smaller scales, indicating the importance of including larger scales to provide a better

understanding of habitat selection of those species. My results suggest that some landscape

pattems may be evident at greater spatial extents than 800 ha. Few multi-scale studies, however,

have evaluated bird responses on landscapes greater than 800 ha, most of them on forest birds

(Trzcinski et al. 1999, Villard et al. 1999, Mitchell et aL.2007), and only one to my knowledge on

grassland birds (Koper and Schimiegelow 2006). Using a set of different spatial scales, and

particularly including larger spatial extents will increase our ability to identify significant effects

of landscape features for a particular region.

4.6 Study limitations

This study is an exploratory. One limitation is that the land use information was collected

a few years before bird surveys were done. Another limitation in this study is the sample size.

Although I was able to obtain twenty independent landscape units, this number limited the

number of variables included in the model and hence my understanding of broad-scale patterns

within the region. In addition, some species had very low abundances and I was unable to include

them in the analysis at landscape level.

4.7 Conclusion

Grassland songbirds were influenced by variables at several spatial extents. My results

highlight the importance of evaluating bird responses at landscape level to provide a better

understanding of the influence of landscape context on the habitat selection of grassland species

in a particular region. It is also important to evaluate the effect of scale and provide how

parameters change with variations in spatial scale. Habitat characteristics vary across scales;

therefore, studies that attend to correlate presence or abundance of animal populations at
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landscape level are particularly vulnerable to incorrect selection of scale (Mitchell et al. 2001).

Choosing an incorrect scale may generate misinterpretations of results, which can have undesired

consequences for designing management strategies for species conservation.
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5. General conclusions and recommendations

With grassland bird populations declining across North America (Samson and Knopf

2004), the establishment and improvement of grassland habitat are some of the primary strategies

for advancing the conservation of these communities (Herkert et al. 1996). Wildlife Management

Areas (WMAs) as protected areas offer the opportunity to provide many ecological benefits for

the conservation of remaining grassland habitat and its associated wildlife. In south-western

Manitoba, however, WMAs are not actively managed and are not contributing to the conservation

of grassland birds. Legislation associated with WMAs allows for managing the land for

enhancing habitat quality for wildlife. In this sense, they offer a valuable opportunity for a long-

term preservation of remaining grassland. Conservation of grassland birds should not depend

entirely on the amount of suitable habitat within Crown and private lands. Habitat management

and land uses within these areas depend on the political will and economic conditions of

landowners; therefore, grassland habitat will not necessarily be preserved over time. Permanence

of suitable habitat is important for grassland birds, especially for those that display site fidelity

and tends to use familiar territories from year to year (Herkert et aI.2002, Temple 2002).

The categorizarion of birds into obligate and facultative grassland birds helped to find

different species responses to local and landscape parameters. At local level, obligate grassland

birds were more abundant on prairies that are actively managed and have low vertical density of

the vegetation, and little woody vegetation. Richness and abundance of facultative grassland

birds, however, was not affected by vegetation structure or habitat management, although there

were some effects on some of the most common facultative species.

At landscape level, obligate grassland species, which depend entirely on grassland habitat,

may be more affected by habitat fragmentation than facultative species, which are able to use a
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wider array of habitats on the landscape. Although the differentiation between obligate and

facultative grassland birds has not been widely used (but see Shriver et al. 2005, Coppedge et al.

2008, Murray et al. 2008), my results at both landscape and local levels (Chapter 3), found

different pattems on habitat selection and association of bird species, which highlight the

importance of using categorization. This classification also allows managers to ensure that

management strategies are designed towards the conservation of the most vulnerable groups.

This study provided insights into spatial scales at which birds respond to landscape

features. Obligate and facultative grassland birds were affected by landscape composition and

structure at broader spatial scales. For some species, the habitat surrounding grassland patches

also contributed to explain abundances in the region.

The identification of bird responses at landscape level was useful to establish the link

between local and landscape pattems. Although the amount of edge is affected by mechanisms at

the landscape level (e.g. habitat fragmentation), species responses to edge effects constitute a

local response (Fahrig 2003). Consequently, patterns found at landscape level may be useful to

generate management strategies at local level that may increase species abundance of prairie

birds.

More research is needed to provide a deeper understanding of relationships between

grassland birds and landscape structure. Further studies should evaluate other parameters such as

the effect of surrounding matrix habitat (e.g. cropland) on habitat selection, distances to edge, as

well as the interaction among these components. This will result in a comprehensive analysis at

both local and regional scales for adequately assessing the effects of field management practices

on individual species and the grassland bird community
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Appendix I. Summary of bird species found in 38 prairie sites within 100-m point counts in
south-western Manitoba 2008-2009 .

Land use designation Management

Common name Scientilic name wMA t:""i" täit Idle Grazed Hayed Burned

Obligate grassland
birds
Baird's sparrow

Bobolink

Chestnut-collored
longspur

Ferruginous hawk

Grasshopper sparrow

Horned lark
Le Conte's sparrow

Marbled godwit

Northern harrier

Savannah sparrow

Sedge wren

Sprague's pipit

Sharp-tailed grouse

Swainson's hawk

Upland sandpiper

Vesper sparrow

Western meadowlark

Facultative
grassland birds
Blue-winged teal
Brown-headed
cowbird

Brewer's blackbird

Canada goose

Clay-colored sparrow

Common snipe
Common
yelloWhroat

Eastern kingbird
Franklin's gull

Killdeer
Lark sparrow

Ammodramus bairdii
Dolichonyx oryzivorus

Calcarius ornatus

Buteo regalis
Ammodramus
savannarun|

Eremophila alpestris

Ammodramus Ieconreii

Limosa fedoa
Circus cyaneus
Passerculus
sandwichensis

Cistothorus plafensis

Anthus spragtreii

Tympanuchus
phasianellus

Buteo swainsoni

Bartramia longicattda

Pooeceîes gramineus

Sturnella neglecÍa

Anas discors

Molothrus aÍer

Euphagus cy anoc ephalus

Branta canadensis

Spizella pallida
Gallinago gallinago

Geothlypis trichas

Tyrannus lyrannus

Leucophaeus pipixcan

Charadrius vociferus

Chondestes grammacus

09 09

08/09 08/09

08/09

08 08/09

08/09 08/09

09 08/09

08/09 08/09

09 08/09

09 09

08/09 08/09

08/09 08/09

08/09 08/09

08/09 08/09

08

09 08/09

08/09 08/09

08/09 08/09

09 09

08/09 08/09 08/09

08/09 08/09

08/09 08/09 08/09

08/09 08/09 08/09

08/09 09 08/09

09 09 08/09

08/09 09 08/09

09 09 09

08/09 08/09 08/09

08 08 08/09

08/09 08/09 08/09

08/09 08/09 08/09

08/09

09 08/09 08/09

08/09 08/09 08/09

08/09 08/09 08/09

09

08/09 09

09 09

09

08/09 09

08/09

09

08/09 09

08/09 09

08/09 09

09

09 09

08 08/09

08/09 08/09

08/09 09

08/09 09

08/09 09

08/09 08/09

08/09 08/09

08/09 08/09

09

09 09

09

09

08/09 08/09

09 08/09

08/09 09

08/09 08/09

08/09

08/09 08/09

08/09 08/09

08/09 09

08/09 08/09

09 08/09

09

08/09 08/09 08/09

08/09 09 08/09

08/09 08/09 08/09

08/09 08/09 08/09

09 09 08/09

08/09 08/09 08/09

08/09 08/09 08/09

08 08 08/09

08/09 08 08/09

09 09 08/09
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Land use designation Management

Common name Scientific name
wMA t:"rî" Private Idte Grazed Hayed Burned

Mallard
Mourning dove

Northern shoveler

Northern pintail

Ring-necked pheasant

Red-winged
blackbird
rùy'estern kingbird

Willet
Non-grassland birds
American crow

American goldfinch

American robin

Baltimore oriole

Bank swallow
Barn swallow

Black-billed magpie

Black-capped
chickadee

Black tern

Brown thrasher

Chipping sparrow

Cliff swallow

Common grackle

Double-crested
cormorant

Downy woodpecker

Eastern phoebe

Gray catbird

Great-blue heron

House wren

Lark bunting

Pied-billed grebe

Red-headed
woodpecker

Red-tailed hawk

Ruffed grouse

Song sparrow

Tree swallow

Anas platyrhynchos

Zenaida macroura

Anas clypeata

Anas acuta

Phasianus colchicus

Agelaius phoeniceus

Tyrannus verticalis

Tringa semipalmara

08/09 08/09

08/09 08/09

09

09

08/09

08/09 08/09

08 08/09

08 08/09

Corvus brachyrhynchos 08/09 08/09

Carduelis tristís 08/09 08/09

Turdus migraÍorius 09

Icterus galbula 08/09

Riparìa riparia 09 09

Hirundo rustíca 08/09 08/09

Pica hudsonia 09

Poecile atricapillus 09

Chlidonias niger 09

Toxostoma rufum 08/09

Spizella passerina 08/09 08/09

Petrochelídon pyrrhonota 08

Qutscalus qttiscula 09 09

Phalacrocorax auritus 09

Picoides pubescens

Sayornis phoebe 09 09

Dumetella carolinensis 08/09 08/09

Ardea herodìas 09

Troglodytes aedon 09
Calamospiza
melanocorys

Podilymbus podi.ceps

Melanerpes
erythrocephalus

Buteo jamaicensis

Bonasa umbellus

Melospiza melodia

Tachycineta bicolor

08

09 09

09 09

08/09 08/09

08/09 08/09

08/09 08/09 08/09

09 09 08/09

09

09 09

08/09

08/09 08/09 08/09

08/09 08 08/09

08/09 08 08/09

08/09 08/09 08/09

08/09 08/09 08/09

08 08

09

08 08 08/09

09

09

08

08/09

08

09

09 09

08 08/09

08 08/09

08 08

09 09

08

08/09 08/09

09 09 09

08/09 08/09 08/09

08/09 08/09 08/09

08/09 08/09

08 08

09 09

08/09 08/09 08/09 08/09 08/09

09

09

09 09

09

08/09 09

08/09 08/09

09

08/09 08/09

08/09

08/09 09

08/09 09

09

09 08

09

08/09 09

09

09

08/09

09

09

09

08/09 09

08 08/09

09
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Land use designation Management

common name scientifrc name 
wMA a,rr""î" Private Idre Grazed Hayed Burned

Wild turkey Meleagris gallopavo 09 09

Wilson's phalarope Phalaropus lricolor 09 09

Yellow-bellied
sapsucker Sphyrapicus varius 08 08

Yellow warbler Dendroica petechia 08/09 08/09 08/09 08/09 08/09 08/09 08/09

Yellow-headed Xanthocephalus
blackbird xanthocephalus 09 09 08/09 09 08/09 08/09 09
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Appendix II. Exploratory analysis of effects of landscape characteristics on grassland birds in
south-westem Manitoba2008-2009 for determining differences between yearsa.

2008 2009

Variable % % EdgeDistance % % EdgeDistance
response Forest Grassland density to forest Forest Grassland density to forest

Obligate grassland birds

Number of species X

Number of individuals X

Savannah sparrow X

Western meadowlark XX

Bobolink XXX

Sprague's pipit XX

Facultative grassland birds

Number of species XXXXX

Number of individuals

Clay-colored sparrow XXXX

Brown-headed cowbird XX

Red-winged blackbird X

Eastern kingbird

u Non-significant effects at P<0.1 are highlighted.
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