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ABSTRACT 

CONSERVATION AND LAND MANAGEMENT PRACTICES AND THEIR IMPACT 

ON SUSTAINING BREEDING AND NON-BREEDING GRASSLAND BIRD 

POPULATIONS IN THE SOUTHEAST 

Amy E.M. Johnson, M.S. 

George Mason University, 2017 

Dissertation Director: Dr. David Luther 

 

Birds that depend on grass and shrubland habitats for survival are experiencing a greater 

decline than any other avian assemblage in North America. Habitat loss and degradation 

on both breeding and wintering grounds are among the leading causes of these declines, 

though research on wintering bird communities throughout the Americas is limited. In 

my dissertation I explored the response of breeding and wintering grassland bird 

communities to conservation and land management in the eastern US. Using point count 

survey data collected through a regional citizen science program, Virginia Working 

Landscapes, I used statistical models to predict breeding grass and shrubland bird 

abundance based on habitat and landscape composition. Shrubland birds exhibited 

increased densities in fields managed through the Virginia Quail Recovery Initiative, a 

targeted habitat program directed towards the conservation of Northern Bobwhites 

(Colinus virginianus). In contrast, grassland-obligate avian species exhibited higher 
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breeding densities in fields managed as hayfields and pastures. Results indicate that quail 

habitat management can be promoted as a tool to conserve habitat for early successional 

songbirds, but not grassland species. However, grassland fragmentation may be 

influencing the response of grassland birds to quail management and therefore requires 

further investigation. To explore how these habitats influence avian communities during 

the non-breeding period, I used transect data to identify differences in wintering species 

diversity between fields comprised of native warm-season grasses (WSG) and fields 

comprised of non-native cool-season grasses (CSG). WSG fields had higher species 

diversity than CSG fields. In addition, timing of field management influenced bird 

communities, with fields managed in summer or fall months exhibiting lower avian 

abundance than those managed in the winter or not at all. For my final chapter, I used 

data collected from a national citizen science program, eBird, to create an occupancy 

model for a declining grassland bird, the Loggerhead Shrike (Lanius ludovicianus). The 

occupancy model revealed important species-environment relationships that can be used 

to predict shrike occurrence throughout the southeastern portion of the US. Though open 

country habitats were the main driver of occupancy year-round, seasonal changes in 

distributions were driven by temperature and percent forest cover in the landscape, 

indicating a potential tradeoff of predation risk for increased cover from harsh weather in 

winter. The results of this work demonstrate how conservation and land management 

influence avian communities in eastern grasslands on multiple spatial scales during 

breeding and non-breeding seasons. These findings can be used to improve best 
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management practices of grasslands to optimize habitat quality for declining species 

throughout the full annual cycle.  
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CHAPTER ONE : INTRODUCTION 

In recent decades North America’s grassland birds, which are defined as any bird 

species that require grassland habitat for survival (McCracken 2005), have declined in 

numbers and extent more than any other guild of bird species. Results from the North 

American Breeding Bird Survey (BBS) have shown declines in 32 of 37 North American 

grassland-associated species between 1966 and 2004 (Sauer et al. 2005). Research 

attributes these declines with the degradation and loss of grassland habitat on breeding 

and wintering grounds (Noss et al. 1995) and land use changes associated with 

intensification of agriculture (Masse et al. 2008). These factors are exacerbated by broad-

scale threats such as climate change and increasing energy demands (North American 

Bird Conservation Initiative 2013). Although native, intact grasslands are idyllic for 

grassland bird conservation, most remaining grassland habitat is human-managed for 

economic benefits for private landowners. Given the steep declining population trends of 

grassland birds it is imperative that conservation research address these habitats, and their 

dependent species, and facilitate a more practical model of human-habitat relationships. 

Private lands are important for conservation of grassland birds in North America 

as they comprise 85% of grasslands (including both pastures and prairie) (North 

American Bird Conservation Initiative 2013). In North America, 29 grassland-obligate 

avian species are distributed on private lands for the majority of their breeding range; 7 of 
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which are distributed on private lands for more than 90% of their breeding range (North 

American Bird Conservation Initiative 2013). Successful conservation of grassland birds 

depends largely on decisions made by private landowners, and conservation managers 

may miss important learning opportunities due to minimal access to private lands (Hilty 

& Merenlender 2003). As a result, several organizations are acknowledging this gap by 

placing more effort on private land conservation through landowner education and 

outreach, citizen science and habitat incentive programs (e.g. see Hilty & Merenlender 

2003; Heath et al. 2008; Swallow et al. 2012). For example, Virginia Working 

Landscapes (VWL; www.VAWorkingLadscapes.org), a conservation initiative in 

Northern Virginia, works with landowners to promote biodiversity and wildlife habitat 

amongst working landscapes on both public and private land. To better understand how 

regional land management practices influence biodiversity, the program works with 

citizen scientists to monitor biodiversity and land management techniques on private and 

public properties throughout a 16-county region. Therefore, VWL offers a unique 

opportunity to understand the influences of private land management on bird 

communities in eastern U.S. grasslands.  

Despite decades of research on habitat needs of breeding birds, there has been 

limited attention directed towards the non-breeding season (Marra et al. 2015a). For 

grassland birds in particular, it is speculated that the loss and degradation of habitat on 

wintering grounds is one of the main contributors to the observed declines (Brennan et al. 

2005a), though few studies explore grassland habitats outside of the breeding season 

(Hovick et al. 2014). There are several challenges associated with surveying non-



3 

 

breeding birds that have likely contributed to the reduced research attention. Inclement 

weather makes conducting surveys impractical, birds almost never vocalize during the 

non-breeding season, and flushing birds are hard to identify (Fletcher Jr et al. 2000). 

Nonetheless, multiple methods have been employed to survey winter bird communities in 

the south- and mid-west (e.g. see Gutzwiller 1991, 1993; McMellen & Schweitzer 2005; 

Twedt et al. 2008; Heath et al. 2008; Hovick et al. 2014; Saalfeld et al. 2016) with eastern 

grassland habitats essentially ignored. With species assemblages, land use patterns and 

environmental features differing by ecoregion, it is essential to fill this information gap to 

better understand how management of eastern grasslands impacts over-wintering species.  

Species-environment relationships are important for generating best management 

practices and identifying conservation priority areas for declining species. Though 

habitat-specific relationships can reveal important information on species requirements, 

habitat selection is a process that occurs on multiple spatial and temporal scales (Vistnes 

& Nellemann 2008). For example, habitat is selected at the scale of a species’ range, a 

home range of a particular population, a breeding territory, and even resource selection 

within that territory, such as a nesting site (Esely Jr & Bollinger 2001). On the other 

hand, temporal habitat selection is based off of differences between seasonal and daily 

decisions, such as changes in foraging opportunities and predation risk (Mayor et al. 

2009). Ultimately, spatial and temporal scales are inextricably linked, and both require 

attention when exploring species distributions for conservation planning. These 

considerations have been explored through multi-season occupancy models (Norris et al. 

2004; Norris & Marra 2007; Studds & Marra 2007; Marra et al. 2015) but have lacked 
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attention in grassland species. However, habitat needs should be explored at multiple 

spatial and temporal scales to optimize conservation opportunities for grassland birds.  

The overall objective of my research was to explore how conservation and land 

management influenced grassland habitat structure and to determine impacts on grass and 

shrubland-dependent species (hereafter referred to as grassland birds). I used VWL 

properties to collect data on grassland bird diversity and abundance on local grasslands 

during two annual events - breeding (Chapter 2) and wintering (Chapter 3). In Chapter 2, 

I used citizen science data collected on VWL properties during the breeding season to 

explore how habitat management plans recommended for the conservation of Northern 

Bobwhite (Colinus virginianus) impacted non-target grassland species. This chapter 

aimed at identifying how conservation initiatives can influence bird communities and can 

be used by conservation managers to promote the implementation of such programs for a 

broader suite of grassland species. In Chapter 3 I utilized private lands obtained through 

the VWL program to compare grassland bird associations in fields comprised of native or 

introduced grasses during winter to explore benefits of field structure on supporting over-

wintering species. This chapter identified important winter habitat needs and used the 

results to make inferences about optimal management practices for over-wintering 

species in eastern grasslands. In Chapter 4 I combined information learned in the first two 

chapters about essential habitat-scale features with landscape-scale features to create an 

occupancy model for a declining grassland bird, the Loggerhead Shrike (Lanius 

ludovicianus) in breeding and non-breeding seasons. This chapter took a landscape 

approach by using national-level citizen science data (www.eBird.org; Sullivan et al. 

http://www.ebird.org/
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2009) to identify broad-scale species-environment relationship that drive occupancy of 

this species throughout the southeastern United States. The output maps resulting from 

this chapter can be used to facilitate population-monitoring studies, identify conservation 

priority areas and to locate new populations while serving as a model for use in other 

species. Results of this dissertation demonstrate the importance of full annual cycle 

research for understanding habitat needs, identify impacts of private land management on 

breeding and non-breeding avian communities, and demonstrate the use of citizen science 

data in conservation research and planning.  
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CHAPTER TWO : THE UTILITY OF QUAIL MANAGEMENT PLANS FOR 

CONSERVING NON-TARGET SPECIES 

Introduction 
Grasslands are the most endangered terrestrial ecosystem in North America 

(Samson & Knopf 1994; Henwood 2010). Decline in grassland quantity and quality has 

been attributed to habitat loss and fragmentation (Herkert 1994; Cully et al. 2003) due to 

conversion to cropland (Rashford et al. 2011), energy and mining development (Petersen 

et al. 2016) urbanization (Jarzyna et al. 2016), and improper livestock management 

(Brockway et al. 2002). As a result, birds associated with grassland and grass-shrub 

habitats (hereafter referred to as grassland birds) have exhibited the most significant 

decline among birds in North America (Reif 2013). Though the causes of these declines 

vary nationwide, reforestation and habitat fragmentation intensify the declines observed 

in the eastern United States (Brennan, Kuvlesky & Morrison 2005). These landscape 

changes have created a lack of early successional and old field habitats within a 

landscape fragmented by roads, development, intensive agriculture, and forest (Jarzyna et 

al. 2016).  

Due to widespread recognition of grassland habitat loss and degradation, a 

substantial funding base exists for the conservation, restoration and management of select 

grasslands in the United States. For example, U.S. Department of Agriculture (USDA) 

Farm Bill conservation programs have resulted in increased conservation practices on 
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agricultural lands, marginal cropland, and wetlands (Ciuzio et al. 2013). Conservation 

planning for birds in North America is more advanced than for any other vertebrate group 

(Ciuzio et al. 2013) and private land-use decisions to benefit birds are enhanced by the 

availability of financial incentive programs and conservation plans that set habitat goals 

for specific groups of birds. This is particularly true for conservation plans focused on 

game species, such as waterfowl or upland game birds (Heffelfinger et al. 2013). 

The National Bobwhite Conservation Initiative (NBCI) facilitates habitat 

restoration for the Northern Bobwhite (Colinus virginianus) in 25 states by connecting 

landowners to information and incentive programs administered by state agencies. For 

example, the Virginia Quail Recovery Initiative (VQRI; www.VAQuail.com) has created 

and/or maintained 33,800 acres of quail habitat, written over 1,900 quail habitat 

management plans for private landowners (Puckett 2017, pers. communication), and 

helped distribute more than $4.3 million in habitat management incentive funds (Puckett 

et al. 2015). The primary habitat management action of these initiatives is the restoration 

of native warm-season grasses (WSG) that provide ground-dwelling bird species with the 

needed bare ground and overhead cover that is missing from non-native cool-season 

grasses (CSG) (Moorman et al. 2017). When WSG conversion is not feasible, the VQRI 

recommends adding field borders to the edges of croplands or idling fields (Burger 2001). 

Field borders are created through the retention or re-planting of vegetation along tree 

lines or hedgerows and have been shown to increase avian diversity and abundance in 

agricultural landscapes (Heath et al. 2017). In the absence of WSG or field borders, idle 
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grasslands can provide suitable habitat, although field quality can vary substantially 

depending on the type and density of grasses (Washburn et al. 2000). 

While other species-targeted conservation programs have observed benefits to 

species co-occurring in focal habitats (e.g., Hanser & Knick 2011; Swallow et al. 2012), 

there has not been a thorough assessment of the effects of quail habitat initiatives on non-

target bird species in eastern grasslands. Although quail populations in Virginia have 

continued to decline over the past decade, habitat enhancement efforts may be benefitting 

other grassland species (Puckett et al. 2015). There is precedence for this view, as 

Northern Bobwhites are an umbrella species for declining grassland bird species in 

Oklahoma (Crosby et al. 2015a). In the Oklahoma study, bobwhite occupancy in fields 

was a predictor for occupancy of nine grassland bird species, five of which also occur in 

Virginia. However, Crosby et al. (2015a) investigated occupancy of grassland species in 

relation to quail occupancy, and did not directly measure habitat type or quality.  

The definition of “grassland species” ranges from grassland-obligate species to 

those more prevalent in shrub habitat. This range of habitat preferences makes it difficult 

to create single management prescriptions that benefit all grassland birds. Several 

grassland-obligate species are sensitive to landscape contiguity whereas other species are 

more sensitive to proximate features, such as shrub and tree cover (Cunningham & 

Johnson 2006). While the VQRI has identified priority areas that promote landscape-

scale contiguity, its management recommendations focus primarily on proximate habitat-

scale features such as WSG establishment, shrub cover, field borders and idling land 

(Puckett et al. 2015). These site-specific management recommendations may limit the use 
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of restored fields by some grassland species. While there is growing recognition that the 

landscape features beyond field-specific management can affect habitat use, most 

research focusing on WSG restorations, and their impact on bird communities, has been 

conducted in the northern tallgrass prairie region (Bakker et al. 2002; Cunningham & 

Johnson 2006; Davis et al. 2013). Therefore, relatively little is known about the responses 

of grassland birds to WSG in eastern regions, where late successional fields and 

fragmentation are prevalent. Moorman et al. (2017) recently found that WSG fields in 

North Carolina are not a better alternative to CSG for grassland birds, but are better for 

shrubland birds. However, Moorman et al. (2017) only considered two species from each 

guild and did not investigate the effects of landscape composition. Also, to my 

knowledge, no study has quantified the potential benefits of idle land compared to WSG 

restorations, both recommended quail management practices.  

My objective was to quantify the response of breeding grassland species to a 

conservation initiative (VQRI) designed for a single species - Northern Bobwhite. I 

evaluated how the density of 12 grassland bird species varied in response to field 

structure and composition, along with a suite of landscape and habitat variables. I 

compared grassland bird communities in WSG fields (hereafter referred to as wildlife 

fields), idle fields, and agricultural fields dominated by CSG (including pastures and 

hayfields but excluding croplands). Based on previous studies (Cunningham & Johnson 

2006; Ribic et al. 2009; Moorman et al. 2017) I hypothesized that not all species would 

respond positively to wildlife fields, as species-specific habitat preferences will vary 

along with landscape and habitat effects. Specifically, I predicted that idle and wildlife 
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fields would support a higher density of grassland species associated with early 

successional and shrub-scrub habitats, while larger fields (regardless of management), 

would support a higher density of grassland–obligate species. 

Methods 

Study Area 

This study was conducted during four breeding seasons from 2012 – 2015 on 39 

public (n=6) and private (n=33) properties across a 16-county region in Virginia, US 

(Figure 2.1). The private field sites were acquired and surveyed through Virginia 

Working Landscapes (VWL), a conservation initiative convened by the Smithsonian 

Conservation Biology Institute (SCBI) in Front Royal, VA 

(www.vaworkinglandscapes.org). This 16-county region is characterized by rolling hills 

of igneous and metamorphic bedrock with stretches of karst geology throughout the 

western portion (Hyland 2005). The center of the study region is intersected by 

Shenandoah National Park along the Blue Ridge Mountains. The land cover is dominated 

by eastern temperate deciduous forest with grasslands comprising approximately 30% of 

the study region (National Land Cover Database 2011). Most grasslands are comprised of 

mostly non-native cool season grasses such as tall fescue (Schedonorus arundinaceus), 

Kentucky bluegrass (Poa pratensis) and orchard grass (Dactylis glomerata). Fields 

converted to WSG contained a mix of grasses (e.g., big bluestem (Andropogon gerardi), 

switchgrass (Panicum virgatum) and Indiangrass (Sorghastrum nutans)) and forbs (e.g., 

asters (Symphyotrichum sp.), monarda (Monarda sp.), milkweeds (Asclepias sp.). Idle 

fields generally contained a variable mix of non-native CSG, with some portion of WSG, 
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as well as native and non-native forbs and shrubs. Average annual temperature for the 

entire study area ranged between 8°C and 20°C the average annual precipitation was 

112.5cm (NOAA 2017).  

Field Methods 
Field sites (n=57) were at least eight contiguous hectares of grassland and were 

divided into three management categories: 1) Wildlife (n=21); 2) Agriculture (n=21); or 

3) Idle (n=12). Wildlife fields were managed to maintain a mix of WSG and forbs. 

Seventeen of the 21 wildlife fields were established and/or managed as part of the VQRI, 

while the remaining properties managed fields according to VQRI recommendations by 

burning, disking and/or selective herbicide application on a rotational basis. Agricultural 

fields were dominated by CSG and were managed by continuous or rotational grazing 

and/or by mowing (hay) at least twice annually. Idle fields were defined as any field in an 

early successional stage that had not been converted to WSG and was not actively 

managed by grazing, mowing or other means on an annual basis. Each survey field had a 

cluster of three sampling points, to anchor bird and vegetation surveys, which were a 

minimum of 100 m from field edges and 200 m from one another. If a property contained 

more than one survey field, adjacent survey clusters were separated by >400 m to reduce 

the probability of double-counting birds between survey fields (Davis et al. 2013). 
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Figure 2.1. Locations of survey properties in Northern Virginia, 2012-2015.  

Labels are county names. Survey fields were selected opportunistically through a 

landowner network convened by Virginia Working Landscapes 

(www.VAWorkingLandscapes.org). Survey fields are a minimum of 20 contiguous acres. 

Each survey field contains 3 point count stations at least 200 m apart. 

 

Approximately 50 volunteers were recruited each year to assist with bird and 

vegetation surveys. Volunteers were required to attend a 3 hr training session each year 

that explained the bird and vegetation survey protocols. Bird survey training also 

included field training and an annual quiz that tested surveyors on their ability to identify 

grassland birds by sight and sound. Volunteer birders obtaining >90 % accuracy on the 

annual quiz were assigned two fields per year (six point count stations) and were paired 

with a novice birder as a scribe.  
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Bird Surveys 
Each field was visited three times by volunteers and once by me, with each visit at 

least 7 days apart, between 15-May and 30-Jun of each year. Point counts were 10 

minutes in length and conducted by a single observer with one scribe between 30 min 

before sunrise until 3 hr after sunrise (range: 0500-0900 EST) on mornings with no 

precipitation and wind speeds less than <20 km/hr (Gabrey et al. 1999). Surveyors used a 

fixed-radius method with distance bands at 0-50 m and 50-100 m. We calculated the 

detection probability of each species based on their distance from surveyor (Selmi & 

Boulinier 2004). All birds seen and heard within the survey radius were recorded and 

observers tracked the movement of individuals to ensure birds were not double counted 

within and among points. Birds observed as flyovers, beyond 100 m, and before and after 

the survey period were recorded as incidentals and not included in the analyses. 

Temperature, observer, date, time, wind speed and cloud cover were also recorded for 

each site visit as covariates of detection.  

Vegetation Surveys 
Vegetation was sampled once between 1 and 30 June and again between 1 Aug 

and 31 August to account for the seasonal growth of both cool and warm season grasses. 

Seven 1 m2 plots were surveyed at each of the three survey stations within a field. Plots 

were located at randomly chosen distances from 1 to 100 m in each cardinal direction 

from the bird survey point, with the heading of some lines altered to stay within the field 

confines. Percent cover of soil, rock, duff, and vegetation was visually estimated for each 

plot and recorded. All vegetation within each plot was identified to species, with 

unknown species collected, pressed and later identified with the assistance of botanists. 
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Percent shrub cover was estimated by measuring the size of all shrub patches within 

100m radius of each point count station and calculating a percent total shrub cover within 

each point count circle. For the purpose of this study, shrubs were defined as woody 

vegetation < 2m height. Total number of trees present (if any) in each point count circle 

was also recorded as well as utility poles, fence posts and other perching features. 

Vegetation height was estimated by bird surveyors as short (<0.5m), medium (0.5m-

1.0m) or tall (>1.0m) at the beginning of each point count survey. 

Statistical Analysis  
I included year as a covariate in my models and each annual survey for a specific 

field was considered an independent survey because some sites were managed differently 

in different years, and because a number of the sites were not surveyed in all 4 years of 

the study.  

Site-level covariates were calculated using the means of all variables for each 

field including native forb richness, proportion of native to non-native grasses, and 

percent shrub cover (Table 2.1). Landscape-level covariates were created by quantifying 

the percentage of grassland, open and forest habitats within 1 and 5-km radius buffers 

drawn with ArcGIS using the National Land Cover Database (NLCD, 2011). The 

grassland category was comprised of the NLCD categories of grassland/herbaceous, 

shrub/scrub and pasture/hay. Open landscape was created by combining NLCD 

categories of grassland/herbaceous, shrub/scrub, pasture/hay, cultivated crops and 

developed open space. The forest category was created by combining NLCD categories 

for deciduous, evergreen and mixed forest layers. For comparison among variables and 
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across species, I standardized covariates by centering on the mean and scaling by one 

standard deviation. I examined the correlation between covariates using Spearman’s rank 

correlation coefficient. If any two variables had a correlation ≥ 0.7, the most biologically 

relevant variable (based on our review of the literature) was kept in the model and the 

other discarded. Vegetation structure and landscape attributes (n=11) were compared 

between field types using one-way analysis of variance (ANOVA). With significant 

ANOVA results (P <0.01), I calculated Tukey post-hoc pairwise comparisons to 

determine significant differences between groups. To account for multiple testing, I used 

the Bonferroni correction and considered significant only those covariates for which P < 

0.05/11 = 0.004. 

Modeling Density 
Bird density at each point count station was estimated using a multinomial N-

mixture model (Royle 2004), which uses repeated counts to account for detectability. 

This model assumes a three-stage stochastic process. The first process accounts for the 

count data in relation to the habitat and landscape variables (Kéry et al. 2005). The 

second process accounts for the probability of birds being available for detection and 

included survey-specific variables (Table 2.1; Julian day, minutes after sunrise, wind 

intensity, and temperature). Year was also included as a covariate as not all sites were 

sampled the same years. The third process accounts for probability of detection (Royle et 

al. 2005) and included variables that would affect an observer’s ability to detect a bird 

(Table 2.1; time of day, date, vegetation height, percent obstruction and wind intensity). I 

modeled density for all species detected on at least 10% of sites using the negative 
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binomial distribution to account for over-dispersion (Chandler et al. 2011). I ranked and 

compared all models using Akaike’s Information Criterion (AIC, Akaike, 1974) and 

models having a difference of < 2 AIC units were considered equally parsimonious 

(Burnham & Anderson 1998).  

 

 Table 2.1. List of variables included in the models for 12 grassland bird species. Sample 

size for categorical covariates is reported in the range column. Standard error (SE) of the 

mean for continuous variables is reported in parentheses.  

 
Density submodel Range Mean (SE) 

Habitat Covariates     

Site description; categorical Agriculture: 99,  
Idle: 72,               
Wildlife: 93 

  

Total number of forb species per field ( surveyed in 21m2 per 
field) 

2 - 48 18.33 (0.60) 

Percent of all grasses that are native per field 3.4 - 100 46.83 (1.64) 

Mean percent grass cover of all surveyed plots per field 6.28 - 99.30 43.95 (1.25) 

Average height of dominant vegetation 1: <0.5m,      
2: 0.5-1.0m,    
3: >1.0m 

  

Woody species cover (% of 100 m diameter circle)  1 - 45 22.23 (0.83) 

Landscape Covariates     
Percent grassland within 1km  0 - 85 42.24 (1.21) 
Percent grassland within 5km 0.7 - 72 36.39 (1.10) 
Percent forest within 1km 2.2 - 88.5 44.00 (1.31) 
Percent forest within 5km 15.2 - 94.5 50.10 (1.14) 
Percent open space within 1km 8.5 - 96.7 51.75 (1.25) 
Percent open space within 5km 5.2 - 83.8 46.02 (1.10) 

 Availability submodel     

Day of year (January 1st = Day 1) 135 - 181 157.19 (0.14) 
Time since sunrise (min) -15 - 198 89.33 (0.55) 
Wind intensity (MPH) scored according to the Beaufort Scale; 
categorical 

0: no wind,      
1: 1-3,         
2: 4-7,         
3: 8-12,        
4: 13-18,       
5: >18 

  

Temperature at beginning of point count (°C) 7-29 18.56 (0.04) 
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Year of study; categorical 2012: 60,              
2013: 81,               
2014: 60,              
2015: 63 

  

 Detection submodel     

Day of year (January 1st = Day 1) 135-181 157.19 (0.14) 

Time since sunrise (min) -15 - 198 89.33 (0.55) 

Average dominant vegetation height at each point measured at 
each visit 

1: <0.5m,            
2: 0.5-1.0m,            
3: >1.0m 

  

Wind intensity (MPH) scored according to the Beaufort Scale; 
categorical 

0: no wind,      
1: 1-3,        
2: 4-7,         
3: 8-12,        
4: 13-18,       
5: >18 

  

 

I developed my models in 3 stages as previously described by West et al. (2016). 

First, I examined field type along with detection and availability covariates and compared 

my results to null models to determine if site-level management influenced density and to 

identify factors affecting availability and detection. I used the best-fit set of availability 

and detection covariates in all subsequent models of density. Second, I added field-level 

vegetation metrics to the top models from the first stage. Third, I added landscape-level 

metrics to the top models from the second stage. I examined the beta estimates from the 

highest ranked models to determine the direction and strength of the relationship between 

species density and model parameters. I assessed model fit using a parametric 

bootstrapping approach (Kéry et al. 2005) in which I compared the observed sum of the 

squared residuals to its expected sampling distribution based upon the top model. All 

analyses were conducted using R software environment version 3.1.2 (R Core Team 
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2015a) using function ‘gdistsamp’ in the package unmarked (Fiske & Chandler 2011) to 

model density. 

Modeling Bird Community Structure 
 I used a multivariate analytical approach to quantify the difference in grassland 

bird communities across years and sites. I classified 20 of the species detected as 

grassland, successional-scrub species, or other, according to the Breeding Bird Survey’s 

habitat groupings (Sauer et al. 2011; Table 2.2). I used this suite of species to compare 

species richness, Shannon diversity, and community composition between field types.  

 

 Table 2.2. List of bird species used to quantify the difference in grassland bird 

communities between field types across years and sites and to compare species richness. 

Highlighted species were observed at < 10 % of field sites and excluded from individual 

species models. Superscript represents level of conservation concern; 1 = Partners in 

Flight (PIF) Yellow Watch list; 2 = Appalachian Mountains Joint Venture (AMJV) 

Priority Species; 3 = >40% of breeding population in AMJV region. 

Alpha 
Code Common Name Species Name 

Breeding Habitat Group 
(BBS) 

AMKE American Kestrel Falco sparverius Other 

BLGR Blue Grosbeak Passerina caerulea Successional-scrub  

BOBO Bobolink1 Dolichonyx oryzivorus Grassland 

COYE Common Yellowthroat Geothlypis trichas Successional-scrub  

DICK Dickcissel Spiza americana Grassland 

EABL Eastern Bluebird Sialia sialis Other 

EAKI Eastern Kingbird Tyrannus tyrannus Other 

EAME Eastern Meadowlark2 Sturnella magna Grassland 

EATO Eastern Towhee2 Pipilo erythrophthalmus Successional-scrub  

FISP Field Sparrow2 Spizella pusilla Successional-scrub  

GRSP Grasshopper Sparrow2 Ammodramus savannarum Grassland 

INBU Indigo Bunting2 Passerina cyanea Successional-scrub  

NOBO Northern Bobwhite2 Colinus virginianus Successional-scrub  

OROR Orchard Oriole Icterus spurius Other 
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PRAW Prairie Warbler1,2,3 Setophaga discolor Successional-scrub  

RWBL Red-winged Blackbird Agelaius phoeniceus Other 

SAVS Savannah Sparrow Passerculus sandwichensis Grassland 

WEVI White-eyed Vireo Vireo griseus Successional-scrub  

WIFL Willow Flycatcher Empidonax traillii Successional-scrub  

YBCH Yellow-breasted Chat2 Icteria virens Successional-scrub  

 

I created a site by species matrix of abundance and used non-metric 

multidimensional scaling (NMDS; Minchin 1987) based on Bray-Curtis dissimilarity 

(Bray & Curtis 1957; Faith et al. 1987) to explore how bird species composition varied 

across the sample locations. I visualized my results using a triplot of sample points, bird 

species, and environmental variables. I conducted all statistical analysis in R version 

3.2.2 (R Core Team 2015a) and used the package vegan (Oksanen et al. 2013) for the 

NMDS. 

Results 
Wildlife fields had a higher ratio of native to exotic grasses compared to Idle and 

Agriculture fields (F(2,261) = 36.21, P < 0.001; Table 2.3). Idle fields had highest 

percentage of woody cover (F(2,261) = 33.95, P < 0.001) and percent forest within 1 km  

(F(2,261) = 13.5, P < 0.001). Agriculture fields had the highest percent grass cover (F(2,261) 

= 26.29, P < 0.001) and the least number of native forb species (F(2,261) = 54.64, P < 

0.001) compared to Idle and Wildlife fields. 

 

 Table 2.3. Means and standard errors (SE) for vegetation and landscape covariates in 3 

habitat types in Virginia 2012-2015. Agriculture = fields dominated by non-native cool 

season grasses and managed at least twice annually by mowing (hay) and/or by 
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continuous or rotational grazing; Idle = fields in an early successional stage and not 

actively managed by grazing, mowing or other means on an annual basis; Wildlife = 

fields comprise a mix of native warm-season grasses and forbs. Superscript letters 

indicate significant differences between habitat types after Bonferroni correction (P < 

0.004) 

  Agriculture Idle Wildlife 

Total number of forb species 12.4 (0.7)a 20.8 (0.8)b 23.6 (1.1)b 

Percent of point count circle area dominated by 
woody cover 

2.7 (0.3) a 11.4 (1.4) b 4.2 (0.5) a 

Total number of trees in 100 m point count circle 31.2 (3.3) a 61.9 (6.4) b 59.7 (4.9) b 

Percent grass cover 43.1 (1.8) a 39.6 (1.9) b 35.8 (1.6) b 

Percent of all grasses that are native 29.1 (1.9) a 32.3 (2.0) b 62.6 (1.9) c 

    

% grassland within 1km 50.1 (2.2) a 31.6 (2.7) b 45.0 (1.5) a 

% forest within 1km 34.5 (1.6) a 52.9 (3.1) b 45.0 (2.1) c 

% open space within 1km 59.7 (1.9) a 42.1 (2.7) b 52.9 (2.0) a 

% grassland within 5km 39.1 (1.9)  37.1 (2.4) 36.5 (1.5)  

% forest within 5km 42.8 (1.4) 50.1 (2.6)  53.2 (1.8) 

% open space within 5km 49.9 (1.4)  48.2 (2.5)  44.0 (1.7)  

 

I recorded 12 species of grass and shrubland songbirds that were present at >10% 

of survey fields (Table 2.4). Most common were Field Sparrows (Spizella pusilla; 49% of 

fields) and Indigo Buntings (Passerina cyanea; 48%). Least common were Blue 

Grosbeaks (Passerina caerulea; 11%) and Northern Bobwhites (Colinus virginianus; 

11%). Field preferences differed among individual species (Figure 2.2). The density of 

shrubland species, including Common Yellowthroats (Geothlypis trichas), Indigo 

Buntings, Yellow-breasted Chats (Icteria virens) and Northern Bobwhites, was 

significantly higher in wildlife fields than agriculture and idle fields. One generalist 

species, the Eastern Bluebird (Sialia sialis), was also found at higher densities in wildlife 

fields. Two shrubland species, Field Sparrows and Prairie Warblers (Setophaga discolor) 
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showed significantly lower densities in agriculture fields but did not differ between idle 

and wildlife fields. In contrast, Grasshopper Sparrows (Ammodramus savannarum) and 

Eastern Meadowlarks (Sturnella magna), both grassland species, were more abundant in 

agriculture fields, while Red-winged Blackbirds (Agelaius phoeniceus), Eastern 

Kingbirds (Tyrannus tyrannus) and Blue Grosbeaks did not show significant differences 

across field types.  

Woody shrub cover and native forb richness were the most important habitat 

variables for predicting shrubland bird density (Table 2.4). Shrubland species strongly 

preferring woody shrub cover included Common Yellowthroats, Northern Bobwhites, 

Prairie Warblers and Yellow-breasted Chats. Eastern Kingbirds, a generalist species, also 

preferred woody shrub cover. Native forb richness was associated with reduced density 

of density of Red-winged Blackbirds and Eastern Meadowlarks, but was associated with 

increased density of Field Sparrows, Grasshopper Sparrows and Indigo Buntings. Of 

landscape variables, percent forest within 5 km had the strongest negative relationship 

with avian density, particularly with grassland species including Eastern Meadowlarks, 

Grasshopper Sparrows and Red-winged Blackbirds. Percent forest had mixed effects on 

shrubland species, demonstrating a positive effect on the density of Blue Grosbeaks 

within 1 km and Indigo Buntings within 5 km and a negative effect on the density of 

Common Yellowthroats and Prairie Warblers at 1 km and 5 km, respectively. The only 

species responding to percent open space were Field Sparrows, having a positive 

relationship with open country habitats within 5 km. 
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Figure 2.2 Predicted density of 12 grassland-associated bird species in agriculture, idle and 

wildlife fields in Virginia. Letters indicate significant differences between field types (P<0.05). 

Species codes: COYE=Common Yellowthroat; EABL=Eastern Bluebird; EAME=Eastern 

Meadowlark; FISP=Field Sparrow; GRSP=Grasshopper Sparrow; INBU=Indigo Bunting; 

NOBO=Northern Bobwhite; PRAW=Prairie Warbler; RWBL=Red-winged Blackbird; 

YBCH=Yellow-breasted Chat; BLGR=Blue Grosbeak; EAKI=Eastern Kingbird 



 

 

Table 2.4. Beta estimates from the top models for 12 grassland-associated species in Virginia. Grouped by habitat class 

according to Breeding Bird Survey habitat groupings (Sauer et al. 2011). 

Density 

Shrubland Grassland Other 

BLGR COYE FISP INBU NOBO PRAW YBCH EAME GRSP RWBL EABL EAKI 

Intercept 0.1699 1.601 2.4196 2.175 -2.78 0.725 0.968 0.151 -0.06 1.424 1.183 0.968 

Habitat- Agriculture -0.6685 -0.164 -0.5247 -0.132 0.642 -1.555 -1.113 1.015 1.97 -0.055 -0.129 -1.113 

Habitat- Wildlife 0.0832 0.38 -0.0173 0.369 3.371 -0.115 0.214 0.607 -0.17 0.274 0.645 0.214 

Forb Richness   
 

0.3322 0.164 
  

  -0.391 0.5 -0.5 
 

  

Percent woody shrub   0.451 
  

0.791 0.456 0.599       
 

0.599 

Percent grass cover   
     

        
 

  

Native - exotic grass ratio -0.5732 
     

        
 

  

Grass 1km    -0.268 
    

        
 

  

Grass 5km   
    

 -0.872         
 

  

Forest 1km 0.4634 
     

        
 

  

Forest 5km   
  

0.228 
  

  -0.84 -0.63  -0.562 
 

  

Open 1km   
     

        
 

  

Open 5km     0.1373                   

Availability                         

Date   1.27 
 

43.8 
  

6.37 -0.976   -5.73 
 

6.37 

Time   2.25 
 

1.62 1.620 
 

-41.73 -0.368     
 

-41.73 

Year            2013        3.849          4.793   

                    2014     -10.00      -6.155  

                    2015     -1.502      -10.46  

Wind   
    

7.85         -0.914   

Temperature -1.2   3.78 17.2   5.27     -1.31       

Detection                         

Date   0.0422 0.0206 
 

-0.133 
 

0.0617       
 

0.0617 

Time   
 

0.0272 
   

        
 

  

Wind   
  

0.0206 
  

        
 

  

Height           0.101       0.0311     

2
4
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Mean abundance of grassland birds per field (n = 5 species), was negatively 

correlated with proportion of forest within 5 km (Figure 2.3A), especially in agricultural 

fields. Mean abundance of shrubland birds (n = 10 species) was positively correlated with 

percent woody shrub cover (Figure 2.3B). However, woody shrub cover had a stronger 

relationship with shrubland birds in idle fields than in wildlife fields. 

 

 

Figure 2.3. Relative abundance of (A) grassland birds and (B) shrubland birds in three 

habitat types. In agriculture fields, grassland birds demonstrate a 40% threshold on the 

proportion of forest within 5 km of a field, above which abundance drastically decreases. 

Abundance of shrubland birds increases with the proportion of woody shrub cover in 

wildlife fields but more so in idle fields. 

 

All species were used for community analyses. An NMDS plot of all sites, species 

and covariates showed grassland obligate species had greater associations with grasslands 

and open landscapes while shrubland species showed greater associations with habitat 
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features, such as forb richness, proportion of native grasses and percent woody shrub 

cover (Figure 2.4). Shrubland species also demonstrated a higher association with the 

proportion of forest within 5 km. 

 

 

 
Figure 2.4. Visualization of the grassland bird community across 16 counties in Northern 

Virginia using nonmetric multidimensional scaling (NMDS). Gray points represent sites 

and 4-lettercodes represent bird species. Arrows represent continuous site covariates and 

point in the direction of most rapid increase and their lengths are proportional to the 

correlation between the covariate and site occupancy. See Table 2.2 for species codes. 

 

Discussion 
The need to understand grass and shrubland bird associations with landscape and 

habitat features and the conservation practices meant to restore habitats is particularly 

important as population numbers decline for grassland birds, particularly in the eastern 
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United States. While habitat restoration projects are gaining momentum on a small scale 

in eastern grasslands, urban development, agricultural intensification and reforestation 

continue to encroach on remaining habitat (Jarzyna et al. 2016). State-level conservation 

initiatives that focus on grasslands, like the VQRI, play an important role in promoting 

management techniques that should benefit a suite of species in eastern grasslands. Here, 

I explored the potential benefits of this program to guilds of grass and shrubland species 

by quantifying the combined impacts of field management, habitat structure and 

landscape on species density and community structure. My results suggested that quail-

specific management plans are also beneficial to several shrubland bird species in 

Virginia, but not to grassland obligates. 

Native warm-season grasses have been promoted as a way to restore and sustain 

viable populations of declining early successional species (Moorman et al. 2017). In the 

current study, wildlife fields dominated by WSG supported a higher density of six of 

seven early shrubland species and one other species (Eastern Bluebird) compared to 

agricultural fields. Moorman et al (2017) reported territory densities of two early 

successional species, Indigo Buntings and Field Sparrows, to be 14.6 and 3 times greater, 

respectively, in WSG fields than in hayed and grazed CSG fields in North Carolina. In 

my study, the densities of Indigo Buntings and Field Sparrows were 1.5 and 1.7 times 

greater in wildlife fields than in CSG agriculture fields. However, my study considered 

additional species not reported in the North Carolina study. For example, I found 

densities of Northern Bobwhites and Prairie Warblers were, on average, 13 and 5.5 times 

greater in wildlife fields than in agriculture fields, respectively. The striking differences 
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among conspecific densities may be due to different management schedules. In my study, 

CSG fields were not managed during the survey season (not hayed or grazed between 

May 15-June 30th), which may have encouraged more shrubland birds to use these fields 

during that time. Information on timing of management is not reported by Moorman et al 

(2017). 

Two species, Field Sparrows and Prairie Warblers, had comparable densities in 

idle fields and wildlife fields (P>0.05), which suggests that idle and wildlife fields are 

comparable habitat for these species. However, when exploring the site-level habitat 

metrics, I found shrubland bird density increased in idle fields as woody shrub cover 

increased whereas wildlife fields maintained high bird density with minimal woody shrub 

cover (<20%). Woody cover reduces wind velocity and other impacts of weather in CSG 

fields, allowing vegetation to maintain an upright structure (Miller et al. 1974). Without 

substantial woody cover, vegetation in CSG fields is more horizontally dense while WSG 

maintain vertical structure with taller, denser bunch grasses and greater forb coverage 

than CSG (Henningsen et al. 2005). Therefore, increased woody cover is an important 

component for optimizing the potential for idle fields to support shrubland species 

whereas wildlife fields can maintain adequate habitat structure with minimal woody 

cover. This observation is important to consider in the context of a grazing regime, as 

woody cover reduces forage palatability and ease of field management (Collins & 

Wallace 1990). WSG, on the other hand, have been promoted for livestock forage and 

can be managed with moderate grazing intensity while still providing adequate cover for 

grassland birds (Moorman et al. 2017). Thus, creating grazing areas suitable for 
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shrubland birds may be more achievable through WSG establishment than idling CSG 

fields.  

Habitat structure differed among field types and demonstrated species-specific 

associations in line with species habitat groupings. For example, agricultural fields had 

lower forb richness, woody cover and vegetation height than idle and wildlife fields. 

Grasshopper Sparrows and Eastern Meadowlarks, both grassland obligates, exhibited 

significantly higher densities in agricultural fields than in idle or wildlife fields. Both 

species are typically associated with fields with minimal vertical structure, sparse 

vegetation density and greater bare ground (Knopf 1994; West et al. 2016), features 

lacking in idle and wildlife fields. Additionally, Eastern Meadowlarks were negatively 

correlated with increased forb richness, which was higher in wildlife fields. In contrast, 

idle and wildlife fields contained taller vegetation, more forbs and/or woody cover. 

Densities of Yellow-breasted Chats, Prairie Warblers, Northern Bobwhites, Eastern 

Kingbirds and Common Yellowthroats were positively correlated with increased woody 

cover, which is characteristic of idle fields and, as previously suggested, structurally 

matched by native bunch grasses in wildlife fields (McCoy et al. 2001; Henningsen et al. 

2005).  

While habitat covariates provided information on regional site-level preferences 

specific to each species, it is also important to consider landscape effects in the context of 

grassland bird density, as many are area-sensitive (Cunningham & Johnson 2006). For 

example, Ribic et al. (2009) reported Eastern Meadowlark density increased with an 

greater proportion of grassland within 200 m of a field. Grasshopper Sparrows were 
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positively associated with the amount of grassland habitat, and negatively associated with 

the amount of development and forest within 5-8 km on the Delmarva Peninsula (Irvin et 

al. 2013). When multiple spatial extents were used to compare grassland bird densities, 

the largest extent (4 km) produced the strongest responses (Shahan et al. 2017). In the 

current study, agriculture fields had a higher proportion of grasslands and open 

landscapes within 1 km and 5 km than other field types, which could explain why 

Grasshopper Sparrows and Eastern Meadowlarks were most abundant in these fields. 

Although proportion of grassland was not included in top models for the grassland 

obligates, my results found a negative effect of forest within 5 km of the site on grassland 

obligates, indicating that the matrix of open and agricultural landscapes could be 

increasing the effect size of fields. For most grassland species, I observed a threshold of 

approximately 40% forest cover within 5 km of a field, below which population density 

declined. This threshold was also reported for Grasshopper Sparrow, Eastern 

Meadowlark, Northern Bobwhite and Red-Winged Blackbird, but at a much smaller scale 

(250 m; West et al. 2016). Conversely, my wildlife and idle fields had a higher 

proportion of forest cover within 1 km and 5 km, and were therefore likely less attractive 

for the grassland obligates. Interestingly, the wildlife field with the highest mean 

abundance of grassland species had 30% and 40% and forest cover within 1km and 5 km, 

respectively. Though this field is only one example, it demonstrates that quail habitat can 

potentially be suitable for grassland obligates if forest cover is at or below the 40% 

threshold within the landscape. More research is required to corroborate this finding. 
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Quail have recently been identified as an umbrella species for grassland and 

shrubland bird communities (Crosby et al. 2015b). However, the results of my study 

demonstrated that quail habitat management practices do not significantly impact 

densities of grassland species in the eastern US and therefore this designation should be 

revised to omit grassland obligates. Also, my study indicated that there is great value in 

encouraging the adoption of quail management plans, regardless of their success in 

restoring quail populations as these plans do create suitable shrubland bird habitat. 

Although quail were present in only 10% of sites in the current study, quail management 

practices increased the density of seven of 12 species in the absence of quail, six of which 

are designated shrubland species. The Appalachian Mountains Joint Venture (AMJV), a 

partnership-based group that prioritizes and coordinates bird conservation activities 

within the study region, lists five of these species as in need of immediate conservation 

attention (www.amjv.org). Thus, quail management practices can be promoted as a tool 

to conserve populations of declining shrubland birds in the eastern US. For example, 

Prairie Warbler populations have declined by > 50% since the 1960’s and are on several 

watch lists for the region, including Partners in Flight, Appalachian Mountain Joint 

Venture, Atlantic Coast Joint Venture, and the species is listed in the Virginia Wildlife 

Action Plan (Rosenburg et al. 2016). Prairie Warblers were as much as 7 times more 

abundant in wildlife fields than in agricultural fields. Therefore, the promotion of quail 

management practices could be an effective conservation strategy for Prairie Warblers, 

especially when species-specific conservation funds are limited.  

http://www.amjv.org/
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Management Implications 
 Native warm-season grasses play an important role in Northern Bobwhite 

conservation planning and are beneficial to the maintenance of shrubland bird 

populations in grasslands of the eastern U.S., where habitat fragmentation is prominent. 

Therefore, continued support and promotion of programs supporting habitat management 

for quail provides an important opportunity to manage habitat for less charismatic or 

directly valued species undergoing similar population declines. However, my study 

demonstrates that current management of quail habitat in Virginia is not suitable for 

grassland obligates, which are also steeply declining, due to their affiliation with open 

landscapes. Grassland species may benefit more from quail plans if efforts were placed 

on enhancing both landscape and site-specific attributes, as demonstrated by one of the 

wildlife sites in our study. Additionally, distinct conservation measures for grassland 

obligates should be ensured into the future by securing remaining large, contiguous tracts 

of grassland and promoting programs in these areas that provide incentives for delayed 

hay harvests and low-intensity grazing.  
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CHAPTER THREE : EFFECTS OF FIELD COMPOSITION AND 

MANAGEMENT ON GRASSLAND BIRDS OVER-WINTERING IN VIRGINIA 

Introduction 
The impacts of land management on grassland bird communities has been a topic 

of considerable attention in recent decades, as grassland birds have experienced a steeper, 

more consistent, decline than any other guild of birds in North America (Samson & 

Knopf 1994; Askins et al. 2007). Land management activities such as burning 

(Churchwell et al. 2008), mowing (Bollinger et al. 1990; Blank et al. 2011), use of 

agricultural chemicals (Martin et al. 2000; Bartuszevige et al. 2002; Newton 2004; 

Mineau et al. 2005) and conservation buffers (Burger et al. 2006; Berges et al. 2010) all 

impact breeding populations of grassland birds. For example, earlier and more frequent 

hay harvests result in increased nest failures for Savannah Sparrows (Passerculus 

sandwichensis), Bobolinks (Dolichonyx oryzivorus) and other grassland-dependent 

species (Perlut et al. 2006, 2011). In contrast, establishing conservation buffers increases 

breeding bird abundance, species richness and diversity (Berges et al. 2010) and 

improves nest success (Adams et al. 2013). Though we have gained much knowledge 

from decades of research on breeding habitats, we have limited knowledge of the habitat 

needs of grassland birds during the non-breeding season. However, the loss and 

degradation of winter habitat has been hypothesized as a major contributing factor in bird 

declines (Hostetler et al. 2015; Marra et al. 2015a). Therefore, there is an urgent need to 
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fill this information gap on non-breeding season requirements, especially for imperiled 

populations of grassland birds. 

The quality of winter habitat affects the survival and reproduction of several long 

distance migrants and these factors influence population dynamics in subsequent 

breeding seasons (Marra et al. 1998; Studds et al. 2008; Robb et al. 2008; Costantini et al. 

2010; Harrison et al. 2011; Marra et al. 2015b). Specifically, productive winter and 

staging habitats result in earlier departure dates and improved survival during migration 

in long-distance migratory species. This has been documented in American Redstarts 

(Setophaga ruticilla) wintering in the Caribbean (Marra et al. 1998; Studds et al. 2008; 

Marra et al. 2015b) and in Snow Geese (Chen caerulescens atlantica) staging in 

southeastern Canada (Bêty et al. 2003). In short-distance migrants and resident birds, 

increased food availability in winter can increase survival (Jansson et al. 1981), advance 

breeding dates (Salton et al. 2015), laying dates and increase fledgling success (Robb et 

al. 2008; Costantini et al. 2010). Of 56 species that breed in grasslands and early 

successional-scrub habitats in eastern North America (Eastern BBS Region; Sauer et al. 

2011), nearly half also winter in the United States. However, many current land 

management recommendations for grassland birds only pertain to breeding bird habitats, 

leaving a deficit of information available on best management practices for lands with 

over-wintering species.   

Vegetation structure and composition are important measures of habitat quality 

for birds, but optimal measures vary considerably between species groups (MacArthur & 

MacArthur 1961; Tews et al. 2004). For breeding grassland birds, the structure and 
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composition of vegetation can have a significant influence on bird communities, as 

increased structural heterogeneity is correlated with increased bird community diversity 

and stability (Hovick et al. 2015). In winter, a heterogeneous vegetation structure can 

provide thermal protection (Ginter & Desmond 2005), improve foraging opportunities 

(Bechtoldt & Stouffer 2005; Ginter & Desmond 2005) and decrease predation risk (Watts 

1996). However, grasslands in the eastern US are often managed so as to leave minimal 

structure during winter months. For example, hay fields in eastern grasslands are 

harvested as late as September (Plantureux et al. 2005) and pastures are stockpiled with 

cattle for winter grazing (Poore et al. 2000), leading to reduced seed resources and 

offering limited foraging and shelter opportunities for birds during winter. Thus, timing 

of grassland management could have severe impacts on winter habitat suitability and 

associated bird survival. 

While the majority of hay and pasture lands in the eastern US are comprised of 

non-native cool season grasses (CSG), there are also a growing number of fields being 

restored to native warm-season grasses (WSG), often through state conservation 

initiatives (Moorman et al. 2017). Warm-season grass fields increase the structural 

heterogeneity of fields during the growing season and are associated with higher mammal 

(Mengak 2004), arthropod (McIntyre & Thompson 2003), pollinator (Myers et al. 2012) 

and bird diversity (Flanders et al. 2006; Harper et al. 2015). Best management practices 

for WSG in the eastern US are designed to optimize structural heterogeneity and 

minimize invasions by non-native species (Washburn et al. 2000) which also benefits 

breeding grassland bird populations (Flanders et al. 2006). However, there is limited 



35 

 

research on habitat use by winter bird communities in WSG, with most of this work 

focused in ecoregions of the mid-west and southern US (McMellen & Schweitzer 2005; 

Conover et al. 2007; Plush et al. 2013; Monroe & O’Connell 2014; Hovick et al. 2015; 

Saalfeld et al. 2016). For example, nonnative vegetation negatively influences the density 

of several grassland obligate species over-wintering in the Texas coastal plains (Saalfeld 

et al. 2016) while birds over-wintering in the Flint Hills of Kansas and Oklahoma are 

positively associated with increased vegetation height (Monroe & O’Connell 2014). With 

variation in species assemblages, ecoregion attributes, land use and resulting habitat 

structure between these regions (Omernik 1987), it is imperative to understand differing 

responses in the bird community to optimize conservation opportunities specific to 

eastern grasslands.  

 The objective of this study was to understand how the winter bird community 

responds to land management and associated habitat structure in eastern US. I 

investigated the relative abundance of grassland birds during the winter in fields 

comprised of either WSG or CSG that differed in management timing. I hypothesized 

that the avian community would vary among management regimes, expecting that field 

type and management timing would strongly influence vegetation structure. I expected 

higher species richness and diversity in fields associated with increased structural 

heterogeneity. I also hypothesized that fields comprised of non-native vegetation would 

exhibit lower avian diversity because of increased homogeneity in the vegetation 

structure. Results from this study will inform best management practices for grasslands 

with over-wintering bird species.  
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Methods 

Study Area 
This study was conducted during 3 winter seasons from 2013 – 2016 on 25 

properties across 11 counties in Virginia, US, that were either in public (n=4) or private 

(n=21) ownership (Figure 3.1). The private field sites were recruited and surveyed 

through Virginia Working Landscapes (VWL), a conservation initiative convened by the 

Smithsonian Conservation Biology Institute (SCBI) in Front Royal, VA 

(www.vaworkinglandscapes.org). This 11-county region is characterized by rolling hills 

over igneous and metamorphic bedrock with stretches of karst topography throughout the 

western portion (Hyland 2005). The center of the study region is intersected by 

Shenandoah National Park along the Blue Ridge Mountains. The land cover is dominated 

by eastern temperate deciduous forest with grasslands comprising approximately 30% of 

the study region (National Land Cover Database 2011). Grasslands are mostly comprised 

of non-native CSG such as tall fescue (Schedonorus arundinaceus), Kentucky bluegrass 

(Poa pratensis) and orchard grass (Dactylis glomerata). Fields converted to WSG 

contained a mix of grasses (e.g., big bluestem (Andropogon gerardi), switchgrass 

(Panicum virgatum) and indiangrass (Sorghastrum nutans)) and forbs (e.g., asters 

(Symphyotrichum sp.), monarda (Monarda sp.), milkweeds (Asclepias sp.)). Average 

temperature for the study months and area ranged between -10.56°C and 15.56°C (mean 

= 1.48°C) and the average snowfall was 13.77 cm (NOAA 2017).  

Field Methods 
 Field sites (n=43) were at least 8 contiguous hectares of grassland and included 

varying compositions of forbs and woody vegetation but were divided into two field 
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types: 1) WSG (n=23); or 2) CSG (n=20). Fields were also categorized by management 

timing: 1= Fall (Sept-Nov), 2= Summer (May-Aug); 3 = Late Winter/No management 

(Jan-Apr). No fields were managed during survey months. Fields managed in late winter 

were combined with fields with no management, as they had at least 7 months of growth 

prior to being surveyed. Management included burning, disking, mowing, grazing and 

bush-hogging. For this paper I combined all management activities and focused on 

vegetation attributes following management. In each field, three 200 m-long transects 

were established using the criteria of a minimum of 100m from field edges and 200m 

apart. If a property contained more than one survey field, adjacent survey clusters were 

separated by >400 m to reduce the probability of double-counting birds between survey 

fields (Davis et al. 2013).  
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Figure 3.1. Locations of survey properties in Northern Virginia, 2013-2016. Survey fields 

were selected opportunistically through a landowner network convened by Virginia 

Working Landscapes (www.VAWorkingLandscapes.org). Survey fields were a minimum 

of 20 contiguous acres; thus some properties had more than one survey field >400 m 

apart. Each survey field contained 3 survey stations at least 200 m apart. 

 

Bird Surveys 
Each field was visited three times during the survey period (once per month in 

December, January and February). Birds were surveyed using variable width transect 

surveys and distance sampling techniques (Buckland et al. 2001; Diefenbach et al. 2003). 

The line transects were surveyed for bird abundance by a single observer between 0900-

1300 (EST) on days with no precipitation and wind speeds less than <20 km/h (Gabrey et 
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al. 1999). In contrast to breeding season, birds can be surveyed throughout the day during 

the non-breeding season (Fletcher et al. 2000). The observer traveled NE to SW to avoid 

sun glare at a rate of approximately 40m/min recording the perpendicular distance of 

detected birds from the centerline to the nearest 5 m over 5 minutes. A record was made 

of all birds regardless of detection method (e.g. flushing from ground, perched in 

vegetation, vocalizing). Temperature, date, time, wind speed, snow cover and cloud cover 

were also recorded for each site visit.  

Vegetation Surveys 
Vegetation and structural heterogeneity of each field was measured along each 

line transect once a year between January and February at a time of no snow cover. Six 1 

m2 plots were surveyed at 40 m intervals along each transect. Percent ground cover of 

grasses, forbs, woody, leaf litter and bare ground was visually estimated and recorded for 

each plot (Daubenmire & others 1968). 

Two measures were used to estimate habitat openness along multiple dimensions. 

For vertical visual obstruction I used a modification of the Robel method (Robel et al. 

1970) using a 1-m pvc pole divided into 10 cm segments. Robel measurements were 

recorded in 2 opposite corners of each plot, from a distance of 2 m from the pole, 

resulting in 12 measures per transect. Briefly, the number of visible 10 cm segments were 

counted and recorded leaving those segments fully obstructed by vegetation to account 

for height of vertical obstruction to the nearest 5 cm. Using the same pole, the cone of 

vulnerability was estimated from the center point of each plot (Kopp et al. 1998) totaling 

6 measures per transect. The cone of vulnerability is a 3-dimensional view of visual 
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obstruction and has been used as a measure of habitat structure for ground-dwelling 

species such as northern bobwhites (Kopp et al. 1998). The segmented pvc pole was also 

used to measure the height of the tallest plant in each plot to the nearest 5 cm. 

Statistical Analyses  
Each annual survey for a field was considered an independent survey because 

some sites were managed differently each year, and because a number of the sites were 

not surveyed in all 3 years of the study.  

Site-level covariates were calculated using the means of all variables for each 

field including percent cover of grasses, forbs, woody stems and bare ground; vegetation 

height; cone of vulnerability (COV) and visual obstruction (Robel). Categorical 

covariates included field type (WSG vs. CSG), management timing (1= Fall, 2= Summer; 

3 = Late Winter/No management) and a combination of the two (management: WSG 1, 

WSG 2, WSG 3, CSG 1, CSG 2, CSG 3). I examined the correlation between covariates 

using Spearman’s rank correlation coefficient and no two variables had a correlation over 

0.7.  Measures of habitat structure (n=7) were compared between field types and 

management timing using one-way analysis of variance (ANOVA). With significant 

ANOVA results (P <0.01), I calculated Tukey post-hoc pairwise comparisons to 

determine significant differences between groups. To account for multiple testing, I used 

the Bonferroni correction and considered significant only those covariates for which P < 

0.05/7 = 0.007. 

 



41 

 

I classified 16 of the species detected as grassland (n=5), successional-scrub 

species (n=8), or other (n=6), according to the Breeding Bird Survey’s habitat groupings 

(Sauer et al. 2011; Table 3.1). Species classified as “other” were included in the analysis 

due to their frequent use of my sites in winter. I calculated relative abundances by 

dividing the total number of detections for each species by the number of transects 

surveyed in each field during each year of the study.  

 

Table 3.1. List of bird species used to quantify the difference in grassland bird 

communities between field types across years and sites. Superscript represents level of 

conservation concern; 1 = Partners in Flight (PIF) common bird in steep decline; 2 = 

Appalachian Mountains Joint Venture (AMJV) priority species. 

 
Alpha 
Code Common Name Species Name Habitat Group (BBS) 

AMGO American Goldfinch Carduelis tristis  Successional-scrub  

ATSP American Tree Sparrow1 Spizella arborea  Other 

EABL Eastern Bluebird Sialia sialis Other 

EAME Eastern Meadowlark 1,2 Sturnella magna Grassland 

EATO Eastern Towhee2 Pipilo erythrophthalmus Successional-scrub  

FISP Field Sparrow 1,2 Spizella pusilla Successional-scrub  

FOSP Fox Sparrow Passerella iliaca  Successional-scrub  

HOLA Horned Lark1 Eremophila alpestris Grassland 

KILL Killdeer Charadrius vociferus Other 

NOBO Northern Bobwhite 1,2 Colinus virginianus Successional-scrub  

RWBL Red-winged Blackbird Agelaius phoeniceus Other 

SAVS Savannah Sparrow Passerculus sandwichensis Grassland 

SOSP Song Sparrow Melospiza melodia  Successional-scrub  

SWSP Swamp Sparrow Melospiza georgiana  Other 

WCSP White-Crowned Sparrow Zonotrichia leucophrys  Successional-scrub  

WTSP White-Throated Sparrow Zonotrichia albicollis  Successional-scrub  
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To explore potential relationships between relative abundance of target species 

and habitat characteristics I used non-metric multidimensional scaling (NMDS; Minchin 

1987) based on Bray-Curtis dissimilarity (Bray & Curtis 1957; Faith, Minchin & Belbin 

1987). Specifically, I used relative abundances and the “metaMDS” and “envfit” 

functions in the vegan package (Oksanen et al. 2013) to project a summary of habitat use 

for the subset of 16 species. I chose to use the Bray-Curtis distance metric in NMDS 

because it is sensitive to differences in the most abundant species and less sensitive to 

infrequently encountered species (Pillsbury et al. 2011). I visualized the results using a 

triplot of sample points, bird species, and environmental variables, to identify the most 

prominent habitat characteristics to include in subsequent occupancy models. 

I used multispecies occupancy models (MSOMs, (Zipkin et al. 2010) to determine 

the effects of grassland management and associated structure on non-breeding bird 

diversity. These models are an extension of the single-species occupancy model 

(MacKenzie et al. 2002) that analyzes detections of all species encountered during 

replicated surveys at a set of sites. I defined occupancy as a binary variable where 

presence equals one for any species that occurred within 50m of transect counts and zero 

otherwise.  Replicated surveys over multiple visits allowed for a distinction between 

species that are absent and species that are present but not detected (Royle, Nichols & 

Kéry 2005).  I assumed that occurrence and detection probabilities varied by species and 

were influenced by habitat management, structural characteristics and survey-specific 

features. I modeled the occurrence probabilities for all species at each transect dependent 

on whether transects were in WSG fields or CSG fields. This allowed for species level 
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effects to differ between the two habitat types. I also incorporated effects of management 

timing, as this influenced vegetation structure. In addition, I included two structural 

characteristics: cone of vulnerability (COV) and vegetation height based off of NMDS 

results. For the detection model, I included vegetation height, temperature, minutes after 

sunrise and day of season (Dec 1 = 1, Feb 28 = 90) as possible species-specific detection 

covariates. Continuous covariates for both the occurrence and detection models were 

standardized to have a mean of zero. 

Bayesian analysis of the model was carried out using data augmentation 

techniques described by Royle, Dorazio & Link (2007), which allow for an estimation of 

the number of species in the community, including those that were unobserved during 

sampling. Analysis by data augmentation ensures increased precision of occurrence 

estimation and improved analysis of community species richness. The model was 

analyzed using a Bayesian approach in the programs R version 3.2.2 (R Core Team 2015)  

and WinBUGS (Spiegelhalter et al. 2003). I ran two chains of length 10,000 after a burn-

in of 5,000 and thinned the posterior chains by 5. Convergence was assessed using the R-

hat statistic (Zipkin et al. 2010). 

I used the MSOM results to compare species richness, including unobserved 

species (n=50) between the two field types as well as under different management 

treatments (field type + management timing) by averaging the number of species 

estimated by the model for each treatment group. Species richness was compared 

between field types and management using one-way analysis of variance (ANOVA). 

With significant ANOVA results (P <0.01), I calculated Tukey post-hoc pairwise 
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comparisons of species richness. I also compared transect-specific associations of 

richness with COV and vegetation height. 

Results 
Warm-season grass fields, on average, had a higher percentage of bare ground 

(P<0.001), visual obstruction (P<0.001) and vegetation height (P<0.001) than CSG 

(Table 3.2). Cool-season grasses had higher COV (P<0.001) and percent grass cover 

(P<0.001). Percent woody and percent forb did not differ between field types (P>0.004). 

Cool season fields that were not managed in Fall or Summer had a significantly higher 

percentage of woody cover than all other field types (P<0.001) and relatively high 

percent forb cover. Warm-season grass fields had the lowest COV but when considering 

fields managed in the fall, previous winter or not at all, COV did not differ between CSG 

and WSG (Table 3.2). 
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Table 3.2. Summary of covariates among habitat types and management timing. Values presented are means with standard 

errors in parentheses. Grey numbers represent mean values of each habitat type: CSG = Cool-season grasses; WSG = Warm-

season grasses. Management timing categories are: 1= Fall, 2= Summer; 3 = Late Winter/No management. Asterisks indicate 

significant differences between field types (CSG vs. WSG) in grey rows while superscript letters indicate significant 

differences between habitat-timing combinations after Bonferroni correction (P < 0.007). 

 

 Vegetation 
Height (m) 

Cone of 
Vulnerability 

(m3) 

Cover (%) Visual 
Obstruction 

(%) 
  

Grass (%) Forb (%) Woody (%) 
Bare Ground 

(%) 

CSG 
Mean  

0.62 (0.07) 7.45 (0.93) * 73.53 (3.08) * 13.40 (2.18) 7.67 (1.64) 15.59 (1.33)  7.87 (1.11)  

1 0.21 (0.08)a 13.82 (0.80) a 85.06 (2.83) a 0.81 (0.81) a 1.15 (1.15) a 10.60 (1.51) a 1.00 (1.01) a 
2 0.74 (0.06) b 4.39 (0.76) b 77.38 (2.86) a,b 21.18 (3.58) b 8.39 (2.62) b 14.98 (2.03) a 10.57 (0.75) b 
3 1.15 (0.11) b 1.56 (0.48) b 46.18 (5.93) b,c 21.97 (2.32) b 17.98 (3.3) c 25.54 (1.08) b 16.03 (1.36) b,c 

WSG 
Mean 

1.32 (0.09) * 2.63 (0.56)  46.63 (3.17)  12.82 (2.34) 8.24 (1.64) 26.01 (1.61) * 17.33 (1.71) * 

1 0.67 (0.30) a,b 7.62 (2.27) a 66.33 (8.72) a,b 2.00 (2.00) a 0.00 (0.00) a 25.56 (5.02) b 9.32 (3.58) b 
2 1.17 (0.30) b,c 3.20 (1.37) b 47.00 (9.17) b,c 14.11 (6.85) b 3.33 (2.04) a,b 23.11 (5.85) b 10.99 (3.20) b,c 
3 1.47 (0.08) c 1.56 (0.38) b 42.77 (3.31) c 14.65 (2.83) b 10.76 (1.99) b 26.66 (1.77) b 20.08 (1.96) c 
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A total of 7,505 individuals of 41 species of birds were detected during winter 

transect surveys (Table A1 in the Appendix). The model estimated 47.1 species in the 

whole of the region (95% Posterior Interval, PI: 44-57). Sixteen species were selected for 

NMDS analysis either based on their BBS habitat groupings or for their frequent use of 

our grasslands in winter (Table 3.1). Visualization of the NMDS demonstrated 

correlations of grassland-obligates to higher COV and lower visual obstruction, and a 

higher percentage of grass cover (Figure 3.2). In contrast, early successional species were 

correlated with taller vegetation and increased percentages of woody stems, forb cover, 

and bare ground. Cone of vulnerability explained the most variation in species 

composition between the survey points (MRPP; A= 0.498; P = 0.000; Figure 3.2). Fields 

with higher COV values had a higher abundance of grassland-obligates, as well as Red-

Winged Blackbirds and Eastern Bluebirds. Early-successional species were most 

abundant in fields with lower COV.  
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Figure 3.2. Visualization of the bird community over-wintering in Northern Virginia 

grasslands using nonmetric multidimensional scaling (NMDS) demonstrating (top panel) 

correlations of site covariates and species abundance and (bottom panel) abundance of 
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species based on cone of vulnerability. Circles represent sites, 4-letter codes represent 

bird species and arrows represent continuous site covariates and point in the direction of 

most rapid increase and their lengths are proportional to the correlation between the 

covariate and site occupancy. Fitted contours represent a continuous gradient of COV 

values. See Table 3.1 for species codes. 
 
 

All observed species were considered for the MSOM (n=41) as were unobserved 

species (n=50). Transect-specific estimates of species richness were significantly higher 

in WSG fields than CSG (F(1,226) = 76.21, P < 0.001; Figure 3.3A) though occurrence 

probabilities for many species were similar in the two habitat types (Figure 3.3B). Values 

of species richness estimated by the model were similar to observed species richness in 

WSG (Observed = 5.62 ± 0.33 vs. Estimated 5.49 ± 0.22) and CSG fields (Observed = 

2.78 ± 0.35 vs. Estimated = 2.86 ± 0.19). 

 

N	=	47.1	 R-squared	=	0.3215	
P	=	0.000	

CSG	 WSG	

a	

b	

(A)	

 

N	=	47.1	 R-squared	=	0.3215	
P	=	0.000	
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a	

b	

a	
a	

a,b	 a,b,c	

b	

c	b	

a	a	
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Figure 3.3. Estimated transect-specific bird species richness in fields comprised of non-

native cool–season grasses (CSG) and native warm-season grasses (WSG; A) and mean 

estimated species-specific probabilities of occurrence in WSG vs. CSG (B). 
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Estimated species richness was also significantly influenced by management 

timing, with fields managed during the previous winter or not at all exhibiting higher 

estimated richness than fields managed in summer or fall (F(2,225) = 59.36, P<0.001; 

Figure 3.4A). When combined with field type, WSG fields managed in the previous 

winter or not at all (WSG_3) had higher estimated species richness than any other 

treatment group (F(5,222) = 32.01, P<0.001; Figure 3.4B).  Though CSG_3 fields had 

higher estimated richness than CSG_1 and CSG_2 fields (P<0.001), they were not 

significantly different from WSG_1 (P = 0.521) and WSG_2 (P=0.999) fields. 
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Figure 3.4. Estimated species richness in fields managed in Fall (1), Summer (2), the 

previous winter or not at all (3; A) and mean estimated richness in CSG vs. WSG 

managed in fall, summer or winter/none (B). Regardless of field type, fields managed in 

the previous winter or not at all had significantly higher richness than all other treatments 

(A). When combined with field type (B), warm season grass fields managed in the 

previous winter or not at all had the highest estimated species richness. 
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Species richness and individual species occurrence probabilities were also 

significantly influenced by structural characteristics. Estimated species richness was 

significantly higher in fields with tall vegetation (R2 = 0.32, P<0.001; Figure 3.5A) and 

significantly lower in fields with high cone of vulnerability measurements (COV; R2 = 

0.27, P<0.001), indicating that field openness reduced species occupancy. In addition, 

species-specific detection probability was negatively influenced by vegetation height 

(Figure 3.5B). 
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 Figure 3.5. Posterior means of estimated species richness for each sampled point plotted 

against vegetation height (scaled; A) and species-specific sampling effects of vegetation 

height on detection probability (B). 

 

Discussion 

Grass and shrubland birds have experienced greater population declines than any 

other guild of birds in North America, and yet we know little about habitat use and the 
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effects of management during their period on wintering sites. The lack of information on 

over-wintering grassland birds limits our ability to establish best management practices to 

optimize their conservation. We investigated impacts of grassland management timing on 

associated habitat structure for the winter bird community. Fields comprised of WSG had 

taller vegetation, more vertical and horizontal structure and more bare ground, resulting 

in significantly higher species diversity than fields comprised of non-native CSG.  

Warm season grasses have been endorsed by conservation managers to improve 

breeding habitat for grassland and early successional species (West et al. 2016). Several 

recommended management practices for WSG enhance habitat quality and structural 

heterogeneity, resulting in increased bird diversity and reproductive success during the 

breeding season. For example, patch-burning and grazing, a process by which a field is 

burned and/or grazed in patches, creates a more heterogeneous system and increases 

species diversity (Fuhlendorf et al. 2006) while patch-burning also improves reproduction 

for nesting birds (Churchwell et al. 2008). In contrast, traditionally managed CSG, such 

as hayfields or pastures, are managed homogenously with disturbances occurring 

frequently and uniformly across the landscape. Uniform management limits field 

heterogeneity and therefore only satisfies the habitat requirements of a limited suite of 

species (Fuhlendorf et al. 2006). This was demonstrated in the current study by a reduced 

suite of species occupying CSG fields in winter compared to WSG fields. In contrast, 

many of the WSG fields included in the study were managed using patch-burning 

techniques and had less frequent disturbances, resulting in increased structural 

heterogeneity, and thereby increased bird species diversity. 
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The response of bird communities to management timing can vary greatly during 

the breeding season (Brawn et al. 2001; Perkins et al. 2009), though few studies have 

explored the response of wintering bird communities. Furthermore, no studies have 

compared the response of winter bird communities to the timing of management in CSG 

vs. WSG fields. Hovick et al. (2014) explored the response of six overwintering grassland 

species to time since disturbance in a tallgrass prairie and found varying results, with 

each species demonstrating habitat-associations at different stages of regrowth. However, 

time since disturbance was binned into larger time windows than the current study, with 

shortest time since disturbance being within < 12 months and the longest being > 24 

months. The current study explored the response of the winter bird community on a 

shorter time scale (< 12 months), as grasslands in the study region can be managed 

several times throughout the year. For example, traditionally managed hayfields in the 

eastern US are harvested earlier and more frequently than WSG, with as many as 3-4 

cuttings annually (Savoie et al. 1985). In contrast, WSG fields managed for hay or 

biomass production are harvested later in the season to accommodate a later growing 

season, and only allow for one or two harvests a year (Vogel et al. 2002). Fields managed 

for wildlife are generally managed during winter months to coincide with optimal 

burning conditions (e.g., prescribed burns) or to stimulate forb growth (e.g., disking) and 

thus are not disturbed during the growing season (Harper 2007). My findings show that 

fields left undisturbed through the growing season, regardless of grass type, have 

significantly higher bird species diversity during the winter months than traditionally 

managed CSG fields. Thus, leaving CSG fields fallow throughout the growing season, or 
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longer, can promote similar structure to WSG, resulting in increased species diversity. 

However, WSG fields managed throughout the growing season did not differ 

significantly from CSG fields that had not been managed in fall or summer. This result 

suggests that WSG fields improve winter habitat quality regardless of management 

timing. One explanation of this result is that WSG develop later in the growing season 

than CSG (Newman & Moser 1988) resulting in later emergence and dispersal of seeds, 

potentially providing an important winter food source. Another explanation is that WSG 

are harvested at a taller height (20-40 cm stubble; Forwood & Magai 1992) than 

traditionally managed CSG fields (5 - 15 cm stubble; Gillen & Berg 2005), leaving more 

cover for winter birds. My vegetation surveys estimated a higher average height of fall- 

and summer-managed WSG fields (0.67 m and 1.17 m, respectfully), compared to the 

average height fall- and summer-managed CSG fields (0.21 m and 0.74 m, respectively). 

However, my study had few fall- (n = 5) and summer-managed (n = 3) WSG fields. 

Further work needs to focus on identifying optimal management timing in WSG for 

wintering grassland bird species. 

My findings suggest that WSG fields improve winter habitat quality for a suite of 

early successional species, and therefore can be promoted as a conservation tool for 

declining species. NMDS results demonstrated that early successional species were most 

abundant in fields with increased structural heterogeneity, which was conducive to WSG 

fields. In contrast, fields with low structural heterogeneity were more conducive to 

grassland-obligate species with the exception of Savannah Sparrows. Similar to previous 

winter studies, Savannah Sparrows had less specific requirements and were observed in a 
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range of habitat types, vegetation heights and COV values (Hovick et al. 2014; Saalfeld 

et al. 2016). Previous studies have also made this observation of Eastern Meadowlarks 

(Hovick et al. 2014; Saalfeld et al. 2016), though my study had almost exclusive 

occupancy of this species in recently managed fields regardless of field composition. This 

could be due to differences in regional responses of vegetation to management, which 

differ as a function of rainfall and soil type, in addition to season of management 

(Baldwin et al. 2007; Twidwell et al. 2012). It is possible that increased rainfall and 

productive soils during the growing season in eastern regions result in denser vegetation, 

which deters meadowlarks during the breeding season (West et al. 2016). This result 

emphasizes the importance of considering regional differences in habitat structure and 

associated habitat-use, especially for species of concern.  

Events and processes occurring during the non-breeding season can significantly 

influence individual performance in subsequent seasons (Harrison et al. 2011). For 

example, high quality wintering habitat is associated with earlier arrival dates on the 

breeding grounds and increased fledgling survival in American Redstarts (Norris et al. 

2004). Barn Swallows (Hirundo rustica) demonstrate earlier arrival dates with favorable 

winter conditions, resulting in increased frequency of second broods and a higher number 

of fledged offspring (Saino et al. 2004). It is likely that short-distance migrant and 

resident species occupying North American grasslands in winter are similarly influenced 

in subsequent seasons by winter habitat quality, though these findings have not been 

elucidated. Therefore, timing of grassland management could have severe impacts on 

winter habitat suitability and associated bird survival and reproduction. Though the 
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results of current study do not reflect habitat-associated survival, they demonstrate 

patterns of habitat-use for wintering bird communities that provide a foundation for 

future research. For example, recent advances in the use of intrinsic markers provide 

opportunities to quantify winter habitat quality using habitat-specific isotopic signatures 

(Marra et al. 1998; Norris & Marra 2007; Rushing, Marra & Dudash 2016). Thus, future 

work should focus on comparing the quality of CSG and WSG fields as wintering habitat 

and the associated survival and subsequent reproduction of birds overwintering in these 

fields.  

Management Implications 
My findings agree with research on grassland bird communities during the 

breeding season that the structural heterogeneity associated with WSG and their 

management support higher bird species diversity and richness in winter. This work has 

important conservation implications, as many researchers have speculated that North 

American grassland bird populations are limited by habitat during the non-breeding 

season (Brooks & Temple 1990a; Hostetler et al. 2015; Marra et al. 2015b). My results 

support the hypothesis that the composition of plant species and their management timing 

strongly influences vegetation structure, and these factors influence the winter grassland 

bird community. Without information on how land management affects survival and 

subsequent reproduction, these findings can lay a foundation for future research exploring 

the factors that influence these important responses. This work increases our 

understanding of avian habitat associations during winter and provides empirical support 
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for optimizing management practices to improve the quality of habitat for grassland birds 

during the non-breeding season. 
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CHAPTER FOUR : SEASONAL CHANGES IN THE DISTRIBUTION OF A 

PARTIAL MIGRANT 

Introduction 
Understanding seasonal distribution patterns of species is a fundamental part of 

monitoring and conserving populations. For animals that migrate, a spatial and temporal 

study across multiple scales is necessary to adequately identify potential focal areas for 

effective conservation throughout their annual cycle (Haig et al. 1998). However, 

migratory behavior influences seasonal variation in species-habitat associations (Sol et al. 

2005; Zuckerberg et al. 2016). For example, long-distance migrants exhibit seasonal 

changes in habitat use (Robbins et al. 1989) while temperate short-distance migrants and 

residents often occupy similar habitats throughout the annual cycle (Zuckerberg et al. 

2016). For species that are partial migrants, with some individuals in a population 

migrating and others being sedentary (Chapman et al. 2011), seasonal changes in habitat 

use are not well understood.  

Occupancy models generate spatially explicit predictions of occurrence for 

species by identifying significant species-habitat associations (MacKenzie et al. 2002). 

Model results can guide conservation decisions by predicting a species response to 

important ecological events, such as climate change (Sinclair et al. 2010), biological 

invasions (Giljohann et al. 2011), and habitat loss (Hefley et al. 2015). Occupancy 

models are also used to delineate habitat for species conservation and reintroduction 
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programs (Pearce & Lindenmayer 1998; Monnet et al. 2015). However, they rarely 

incorporate annual migrations (Guisan & Thuiller 2005). Although occupancy models are 

well suited for studying migratory species (Jones 2011), collecting occurrence data at 

large scales such as in different breeding and non-breeding habitat can be logistically 

problematic and expensive (Haig et al. 1998). Open access databases collected by citizen 

scientists can provide species’ occurrences across North America (Link et al. 2008; 

Sullivan et al. 2009; Sauer et al. 2011), and may provide the missing element to creating 

occupancy models for migratory species. This is especially useful for monitoring species 

of management concern that are listed as threatened or endangered by state or federal 

agencies but lack funding allocated for monitoring.  

The Loggerhead Shrike (Lanius ludovicianus), a predatory songbird, is an 

example of a declining, but not yet endangered, species that is well documented by open 

access databases such as Breeding Bird Survey (Sauer et al. 2011) and eBird (Sullivan et 

al. 2009). The Loggerhead Shrike is a partial migrant, with migratory northern 

populations and resident southern populations (Burnside 1987; Pérez & Hobson 2007). 

Their total abundance in North America has declined by more than 70% since the 

initiation of the Breeding Bird Survey in 1966 (Rosenburg et al. 2016), but the decline 

has not been geographically uniform. Migratory populations in the northeastern United 

States and Canada are nearly extirpated, warranting a reintroduction program in Ontario 

(J. Steiner 2013), whereas Loggerhead Shrikes are still common in scrubland along the 

Gulf coast from Texas to Florida (Cade & Woods 1997). Therefore, high-density regions 
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in the southeast offer an opportunity to determine which environmental features are 

conducive to high Shrike densities throughout their annual cycle. 

The causes of Loggerhead Shrike declines remain unclear and likely involve 

events on both the breeding and non-breeding grounds. Evidence suggests that habitat 

loss and degradation on the wintering grounds are the primary driver of the declines 

(Prescott and Collister 1993, Yosef 1994, Cade and Woods 1997, Chabot et al. 2011). 

However, current habitat suitability models are constructed from breeding season habitat 

associations alone (Yosef & Grubb 1994; Lauver et al. 2002; Etterson 2003; Jobin et al. 

2005; Shen et al. 2013a) and fail to consider the non-breeding season, a period of the 

annual cycle that could be critically important for Shrike populations. For example, 

several models have identified a positive relationship with open country landscapes, such 

as pastures and old fields, characterized by widely-spaced shrubs and low trees (Brooks 

& Temple 1990b; Cade & Woods 1997; Jobin et al. 2005). More recently, satellite 

imagery was used to identify a negative relationship between Shrike presence and 

productive grassland habitats using normalized difference vegetation index (NDVI) 

(Shen et al. 2013a). Several of these fine-scale models suggest that Shrikes are not 

limited solely by habitat because of the presence of unoccupied “high quality” habitat 

(Lauver et al. 2002; Etterson 2003; Fornes 2004), but, these models do not incorporate 

climatic or landscape features. Illán et al. (2014) found precipitation and winter 

temperature to be significant predictors of bird distributions and abundance for 59% of 

bird species modelled in the northwestern United States. Area effects (e.g., proportion of 

grassland) accounted for 17% of the variation in breeding grassland bird species richness 
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in Wyoming (Hamer et al. 2006). Like Loggerhead Shrikes, several of these grassland 

species are year-round residents or partial migrants, indicating that area effects are not 

limited to breeding habitat use. Therefore, occupancy models incorporating climatic, 

landscape and site-specific features simultaneously may better identify suitable breeding 

and non-breeding habitat for species that exhibit partial migration.  

In this chapter, I used occupancy models (MacKenzie et al. 2002) to estimate 

occupancy and detectability of a partial migrant, the Loggerhead Shrike, in the 

southeastern US during breeding and non-breeding seasons. My objectives were to: (1) 

estimate current Shrike occupancy across the southeastern US; (2) identify relationships 

between landscape-level habitat variables and Shrike occupancy during breeding and 

non-breeding seasons; and (3) identify differences in habitat associations between 

seasons. I hypothesized that site-specific habitat preferences of Shrikes would not change 

significantly between seasons, but that climatic and landscape-scale associations would 

shift occupancy patterns. In addition, I predicted that estimated occupancy would be 

greater in the southeast during non-breeding compared to breeding season due to the 

southern migration of northern populations.  

Methods 

Study Area 
Environmental attributes and bird abundance data were collected from 17 

physiographic areas within the mid-Atlantic and southeastern US (Figure 4.1). Though 

the complete range of Loggerhead Shrikes extends north into Ontario and Quebec and 

west of the Rockies, I limited the study area to this eastern region where Shrikes occur 
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year-round; an area that falls within a single terrestrial biome (temperate broadleaf and 

mixed forests) (Olson et al. 2001). Within this region, Shrike populations range from 

stable to significantly declining (Sauer et al. 2011), offering an opportunity to explore 

species-environmental relationships related to population decline independent of shifting 

biomes, as evidenced by long-distance migrants (Leisler 1990).  

 

 

Figure 4.1. Map of study area based on 17 physiographic regions defined by Partners in 

Flight where Loggerhead Shrikes occur. 
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Loggerhead Shrike Detections  
Detections of Loggerhead Shrikes during both the breeding and non-breeding 

season were obtained from eBird (Sullivan et al. 2014), an online database of real-time 

bird observations populated by birders. Occurrence maps were created from a subset of 

eBird checklists that report observer effort, number of observers, every species detected, 

provided the number of Shrikes detected and used a “stationary” protocol whereby the 

observers remained at a single GPS location while birding. Using this protocol avoids the 

misidentification of observation locations that can occur when observations are submitted 

as one location but collected over several kilometers of birding. Breeding season records 

were obtained between 1 April and 30 June and for the non-breeding season between 1 

November and 28 February. Eight years of data were selected (2008-2015) to coincide 

with the collection period for the environmental data. Years were pooled to increase the 

likelihood that sites were sampled multiple times and sites visited only once were 

eliminated from the data set. I assumed no annual change in distribution for each seasonal 

sampling period. I created capture histories, structured by month, for each site using 

Shrike detections resulting in three intervals for each sampling season. Complete 

checklists submitted where no Shrikes were detected were used as absence points. 41,637 

locations were used to model breeding season occurrence, 3% (n=1,231) of which 

reported Shrike detections (Figure A.1. A in the Appendix). 47,410 locations were used 

to model non-breeding season occupancy, with 5% of sites (n=2,501) reporting Shrike 

observations (Figure A.1. B in the Appendix). 
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Detection Covariates (p) 
I used observation effort covariates to model differences in Shrike detection 

probability among observers and sites (Table 2 in the Appendix). These included the time 

spent searching for birds (in minutes; NM), the number of submitted checklists for each 

site (CL) and the distance of the observer to the road (in meters; RD). Distance to road 

was included as an observation covariate as bird watchers commonly station themselves 

on or near roads due to ease of traveling and concerns over property ownership (Downes 

et al. 2016; Lituma & Buehler 2016). ArcGIS 10.3.3 (ESRI 2015) was used to measure 

the Euclidean distance (shortest linear distance) from each eBird location to the nearest 

primary or secondary road. Month of detection (MO) was also included as an observation 

covariate to describe seasonal trends.  

Occupancy Covariates (Ψ) 
Environmental covariates used for breeding and non-breeding models included 

habitat, climate and landscape features. These covariates were selected based on 

perceived ecological relationships between Shrike occupancy and environmental features 

(Table 4.1). Karst rock formations (USGS 2004) were included in the model as a 

simplified binary layer of presence/absence as other species of Shrikes have been 

associated with this topography (Baláž 2007). The national land cover categories (USDA 

2011) were collapsed to five to reflect only those land cover features relevant to Shrikes: 

Deciduous forest, evergreen forest and mixed forest were combined into one “forest” 

category; cultivated crops, open space and low-intensity development were combined 

into a “low development” category; pasture/hay was combined with all shrubland and 

herbaceous categories to form “open landscape”; all medium to high intensity 
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development categories were merged into “high development”; and all remaining land 

cover types were combined in an “other” category. Maximum normalized difference 

vegetation index (NDVI; Didan 2015) was calculated for breeding and non-breeding 

seasons respectively using the online Google Earth Engine platform (Google Earth 

Engine Team 2015).  
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Table 4.1. Data descriptions, sources and relevancy for occupancy covariates included in breeding and non-breeding models 

(Ψ). 

 
Covariate  Description Source Relevancy to model Reference(s)  

Habitat Variables 

Coverb,n 

Land cover reduced to 5 general habitat classes: 

Open landscape, Cropland/Low Development, High 

development, Forest, Other 

Crop Land 

USGS 

2011 

Shrikes are generally found in open 

landscapes with interspersed shrubs 

and trees such as old fields, pastures 

and scrublands.  

Brooks and Temple 

1990a, Chabot et 

al. 2011, Fornes 

2004 

karstb,n Presence/absence of karst topography 
USGS 

2004 

Karst landscapes provide shelterbelts 

of osage orange (Maclura pomifera), 

red cedar (Juniperus virginiana) and 

honey locust (Gleditsia triacanthos); 

all preferred nesting trees for 

Loggerhead Shrikes.  

Pruitt and others 

2000, Beckmann et 

al. 2001  

max_NDVIb 
Maximum Normalized Difference Vegetation Index 

(NDVI) recorded during April-June, 2008-2015 MODIS 

2008-2015 

Loggerhead Shrikes are negatively 

associated with productive grassland 

habitats in midwestern-Canada 

Shen et al. 2013a, b 

mean_NDVIn 
Mean Normalized Difference Vegetation Index 

(NDVI) recorded during Nov-Feb, 2008-2015 

Climatic Variables    

b6n Minimum temperature (°C) of coldest month 

BioClim 

Precipitation and winter temperature 

are significant predictors of bird 

distributions and abundance in 

northwestern US 

Illán et al. 2014  

b1n 
Mean minimum temperature (°C) of coldest quarter 

(3 months) 

b15b,n 
Precipitation seasonality (percentage of precipitation 

variability) 

b16b,n Precipitation (mm) during the wettest quarter 

b19n Precipitation (mm) during the coldest quarter 

Landscape Variables 

perc_forb,n % forest cover within a 2.5km radius  Crop Land 

USGS 

2011 

Area effects, such as the proportion of 

grassland influence grassland bird 

species richness 

Hamer et al. 2006 
perc_grasb,n % grassland cover within a 2.5km radius  

road_denb,n Density of roads per square km  

TIGER 

census 

2012 

Road mortality a significant thikes; 

Anthropogenic noise from roads 

drives habitat selection by birds 

Blumton 1989, 

Kleist et al. 2016 

b Covariate included in breeding models, n Covariate included in non-breeding models 

6
5
 



66 

 

The remaining climate variables were downloaded from WorldClim (Hijmans et al. 

2005). The Worldclim data we used are climate rasters with a spatial resolution of 1 km2. 

I included monthly total precipitation of the wettest quarter (3-months), monthly total 

precipitation of the coldest quarter, mean minimum temperature of the coldest month, and 

mean temperature of the coldest quarter. These bioclimatic variables represent 

seasonality and extreme or limiting environmental factors (Beaumont et al. 2005). 

Rasters for the landscape covariates were created using the ArcGIS 10.3.3 (ESRI 2015) 

focal statistics tool to calculate proportions of land cover classes (% cover of grassland 

and forest) and line density calculations of roads (road density; U.S. Census Bureau 

2012). Categorical covariates were modelled as binomial variables, and continuous 

covariates were standardized across the entire data set by centering to a mean value of 

zero (Zuckerberg et al. 2011). All rasters were resampled to a common cell size of 750 x 

750 m to reflect the range of territory sizes reported for Loggerhead Shrikes (10-20 ha; 

(Brooks & Temple 1990c; Lauver et al. 2002; Douglas M Collister 2007) and to account 

for the minimum suitable habitat required surrounding a territory (50 ha; Chabot, Titman 

& Bird 2011; Jobin et al. 2005). Rasters were created and manipulated in ArcGIS 10.3.3 

while R (R Core Team 2015b) was used to manipulate and organize all Shrike occurrence 

data. The R package “raster” (Hijmans et al. 2016) was used to extract values from 

habitat rasters to eBird locations.
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Occupancy Model 
 I used a single-season occupancy model (MacKenzie et al. 2002) and the package 

“unmarked” in R (Fiske & Chandler 2011) to analyze the habitat associations of 

Loggerhead Shrikes. I first tested models that included only detection covariates and used 

an intercept-only model for occupancy. I ranked and compared detection models using 

Akaike’s Information Criterion (AIC; Akaike 1974) and considered the covariates in the 

AIC-best detection model as useful for accounting for variation in the probability of 

detection. Models having a difference of < 2 AIC units were considered equally 

parsimonious (Burnham & Anderson 1998). I used the best-fit set of detection covariates 

in all subsequent models of occupancy. I included combinations of habitat, climatic, and 

landscape covariates that I predicted would affect species occupancy based on the 

literature. Spearman’s rank correlation was used to ensure that covariates within each 

model were not highly correlated (r<0.5). I ranked and compared occupancy models 

using the same methods as detection models. I tested the fit of the highest-ranked 

occupancy models using the parboot function in unmarked. I assessed model fit using 

error sum of squares (SSE). Only models that fit the data (SSE > 0.05) were used to make 

inferences about habitat associations. Maps of estimated breeding and non-breeding 

season occupancy for the entire study area were generated in ArcGIS using predicted 

values from the top models.  

Results 

Detection Probability 
Loggerhead Shrike detection probability (p) varied as a function of number of 

checklists submitted and distance to road during both breeding (Table 4.2) and non-
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breeding seasons (Table 4.3). The probability of detection increased with the number of 

checklists submitted for each location and decreased as distance to road increased. 

Detectability did not vary predictably between breeding and non-breeding locations. 

 

Table 4.2. Parameter estimates from the top breeding season occupancy model for 

Loggerhead Shrikes. Variables are listed in order of contribution based on beta estimates.  

Top Modelƚ: Ψ(road_dens+Cover+max_NDVI+karst+perc_for) p(CL+RD) 

Covariate Covariate Description Estimate SE 

Occupancy: 

(Intercept) 

 

-3.273 0.108** 

Cover4 Grassland 1.011 0.109* 

perc_for % forest cover within a 2.5km radius -0.996 0.077** 

road_dens Road Density -0.871 0.061** 

karst1 Karst present 0.673 0.078** 

Cover5 High Development -0.376 0.140* 

max_NDVI Maximum NDVI during breeding -0.372 0.051** 

Cover3 Forest -0.150 0.157 

Cover2 Other (wetlands, barren, etc.) 0.126 0.116 

Detection: 

(Intercept) 

 

-1.417 0.092** 

CL Number of checklists 0.921 0.083** 

RD Distance to nearest road -0.133 0.028* 

*P<0.01; **P<0.001 

Breeding Occupancy 
Multimodel inference identified a single most parsimonious model for breeding 

season occupancy based on the lowest AIC (AIC = 10,441.07; Table 3 in the Appendix). 
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This model included effects of karst topography, land cover, maximum NDVI, road 

density and percent forest cover (Table 4.2). Model fit statistics suggested the most 

parsimonious model fit the data (SSE = 0.396). Probability of breeding occupancy (Ψ) 

was highest in dry open landscapes with a low percentage of forest cover within 2.5 km 

and a low road density. The presence of karst topography increased the probability of 

breeding occurrence while high NDVI values decreased occurrence. The most influential 

landscape-scale predictors of breeding occupancy were road density (Figure 2A in the 

Appendix) and percent forest within 2.5 km (Figure 2B in the Appendix), both 

demonstrating significant negative relationships with Shrike occupancy. The beta 

coefficients of this model were used to create a breeding season occupancy map for the 

southeastern US (Figure 4.2) with a range of predicted occupancy values from 0.00-0.95. 
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Figure 4.2. Current occupancy probability during breeding season for Loggerhead 

Shrikes based on predicted values from the top model. Classification breaks were derived 

using Jenks' Optimization (Jenks 1967) to identify natural breaks in the predicted 

occupancy estimates. 
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Table 4.3. Parameter estimates from the top winter season occupancy model for 

Loggerhead Shrikes. Variables are listed in order of contribution based on beta estimates. 

 

Top Modelƚ: Ψ(road_dens+Cover+b11+karst+perc_for) p(CL+RD)  

Covariate Covariate Description Estimate SE 

Occupancy: 

(Intercept)   -2.31 0.073** 

Cover4 Open landscape 1.036 0.085** 

bll 
Mean temperature of coldest 3 months of each 

year 
0.998 0.057** 

road_dens Road density  -0.577 0.053** 

perc_for % forest cover within a 2.5km radius -0.382 0.050** 

Cover2 Other (wetlands, barren, etc.) -0.222 0.086 

karst1 Karst present -0.189 0.07* 

Cover5 High Development -0.17 0.102* 

Cover3 Forest -0.075 0.116 

Detection: 

(Intercept)   -1.157 0.059*** 

CL Number of checklists 0.38 0.031*** 

RD Distance to nearest road 0.016 0.017 

*P<0.01; **P<0.001; P<0.0001 

 

  



72 

 

 

Non-Breeding Season Occupancy 
The top model (Table A.4. in the Appendix) for non-breeding season occupancy 

based on AIC included effects of land cover, percent forest, road density, temperature and 

karst (AIC = 19,599.55; Table 4.3). Model fit statistics suggested the most parsimonious 

model fit the data (SSE = 0.228). Probability of non-breeding occupancy (Ψ) was highest 

in grasslands with warm winter temperatures and low road density. Percent forest within 

2.5 km had a negative effect on occupancy as did the presence of karst. The most 

influential predictors of non-breeding occupancy were grassland land cover and mean 

temperature (Figure A.2. A in the Appendix), which both demonstrated positive 

relationships with Shrike occupancy. Similar to breeding occupancy, road density (Figure 

A.2. B in the Appendix) was strongly and negatively related to Shrike occupancy. The 

beta coefficients of this model were used to create a non-breeding season occupancy map 

for the study region (Figure 4.3) with a range of predicted occupancy values from 0.00-

0.76. 
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Figure 4.3. Current occupancy probability for Loggerhead Shrikes during the winter 

season based on predicted values from the top model. Classification breaks were derived 

using Jenks' Optimization (Jenks 1967) to identify natural breaks in the predicted 

occupancy estimates. 

 

Maps of estimated occupancy probability show similar distribution patterns for 

Shrikes between the breeding and non-breeding seasons, with the breeding season model 

estimating slightly higher predicted occurrence patterns for areas identified as suitable by 

the model (mean occupancy probability for (1) breeding: 0.16 and; (2) non-breeding: 

0.12). Using >5% probability of occurrence as a threshold to define potential Shrike 

occurrence, the non-breeding model predicted 22% more suitable area within the study 
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region (Figure 4.4), compared with the models created from breeding season. Covariates 

in both models were consistent across seasons, with the exception of NDVI being 

included only the breeding model and temperature being included only the non-breeding 

model. However, the strength of covariates used in both top models differed between 

seasons. Percent forest cover had a greater effect during the breeding season (beta 

coefficient: -0.996) than non-breeding season (beta coefficient: -0.382), having a negative 

effect on occupancy in both seasons. Climate-related covariates had a higher predictive 

ability during the non-breeding season, with warmer temperatures having a positive effect 

on non-breeding Shrike occupancy (beta coefficient: 0.998), while maximum NDVI had 

a negative influence on occupancy during the breeding season (beta coefficient: -0.372). 
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Figure 4.4. Seasonal differences in Loggerhead Shrike occupancy with a threshold of one 

standard deviation (0.8) from 0. Winter populations have a higher occupancy in southern 

regions with breeding populations having higher occupancy in northern and interior 

regions. 

 

Discussion 
The conservation of a migratory species requires an understanding of habitat 

relationships throughout the annual cycle. Occupancy models can effectively model 

habitat relationships over large scales (MacKenzie et al. 2002), which is especially useful 

for species with large ranges or those that migrate. Recent research on non-breeding 

migratory songbird habitat has focused on long-distance migrants (e.g., Cooper et al. 
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2015, Hallworth et al. 2015, Marra et al. 2015b, Blackburn and Cresswell 2016, Rushing 

et al. 2016). Partial migrants have been less thoroughly studied and generally assumed to 

inhabit similar breeding and non-breeding habitat (Gilroy et al. 2016) like many resident 

species (McClure et al. 2013). This assumption could have major impacts on the 

conservation of partial migratory species that are in decline, as current conservation 

efforts are often based on data collected during the breeding season (Marra et al. 2015a). 

Many threatened migratory bird species appear to be declining due to changes in 

wintering habitats (Greenberg et al. 2005), including the Loggerhead Shrike (Brooks & 

Temple 1990b; Cade & Woods 1997), making the identification of non-breeding habitat 

requirements essential.  

My occupancy models documented a seasonal shift in species-environmental 

relationships of Loggerhead Shrikes. During the non-breeding season, minimum 

temperature of the coldest 3 months was a strong predictor of occupancy. Shrikes, like 

other partial migrants (Chapman et al. 2011), move south in winter to seek warmer 

temperatures and probably increased arthropod and other prey abundance (Craig 1978). 

The non-breeding range shifts I documented can be used to generate predictions for how 

Shrikes might respond to changing environmental conditions. For example, Vélez-Espino 

et al. (2013) demonstrated that high environmental variation decreased fitness of a partial 

migrant, the brook trout (Salvelinus fontinalis), and highlighted the importance of 

preserving migrant and resident phenotypes throughout the eastern US to mitigate these 

effects. Thus, to minimize the detrimental effects of environmental change on other 

partial migrants, it may be important to consider the status of both migrant and resident 
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populations. With migrant Shrike populations currently declining more so than residents 

(Vallianatos et al. 2002), conservation emphasis should be placed on both the breeding 

and non-breeding grounds of the migrant population. 

Although percent forest was included in both breeding and non-breeding models, 

the breeding model demonstrated a stronger, negative effect of forest cover on Shrike 

occupancy. Forest habitat has been linked to increased predation of Shrikes by raptors 

(Blumton 1989; Yosef 1994; Walk et al. 2006) particularly during the winter season. 

However, Shrikes also seek habitat adjacent to forests during winter for cover during 

inclement weather (Blumton 1989). The weaker influence of percent forest cover on non-

breeding Shrike occupancy compared to breeding suggests that wintering Shrikes may 

prioritize cover during harsh weather over risks of predation. Meanwhile, the stronger 

negative relationship during breeding suggests that Shrikes may be making more of an 

effort to avoid predation to themselves and/or offspring during breeding by avoiding 

areas of dense woody vegetation.  

The relationship between Shrike occupancy and forest cover also emphasizes the 

importance of considering landscape-scale features. Using percent forest cover within a 

2.5 km radius (~2000 ha) as a surrogate measure of habitat fragmentation improved the 

model in both seasons (breeding season ∆AIC: 194; non-breeding season ∆AIC: 55), 

suggesting the importance of contiguous, open landscapes for Shrike conservation on a 

much larger scale than previously suggested. Previous studies have highlighted the 

importance of suitable habitat within 50 ha of occupied Shrike territories (Chabot et al. 

2011, Jobin et al. 2005), which was incorporated into the cell size of the current model. I 
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included two additional patch sizes for incorporating percent forest – within 1.5 km 

(~1000 ha) and 2.5 km, with the latter consistently included in the most parsimonious 

models. I suggest two reasons why forest cover at this scale was negatively correlated 

with Shrike occupancy. First, the 2.5 km scale is likely a surrogate for habitat 

fragmentation (Wang et al. 2014). Second, areas with more contiguous, unfragmented 

open space support more Shrikes (Lagios et al. 2015), perhaps due to conspecific 

attraction (Etterson 2003).  

Maximum NDVI was negatively related to occupancy during the breeding season. 

This relationship is likely the consequence of Loggerhead Shrikes selecting sparsely 

vegetated habitats for breeding. NDVI has been identified as important in a study of fine 

scale habitat use by Shrikes in Saskatoon (Shen et al. 2013a, 2013b). However, at the 

landscape scale considered here, scrubland habitats with karst geology likely have a 

relatively low NDVI compared to agricultural grasslands and forest. Shrikes, like other 

open-country avian predators require vegetation interspersed with bare ground (Atkinson 

et al. 2004; Britschgi et al. 2006). Indeed, presence of karst had a positive relationship 

with Shrike occupancy in the breeding model. Karst landscapes are known to exhibit 

relatively low productivity, as they include geologic features consistent with shallow, 

acidic soils with high drainage formed on limestone and dolostone (Waltham et al. 2007). 

In addition, karst landscapes may be associated with lower human development due to 

zoning regulations, and may play a role in occupancy (Dinger & Rebmann 1991). More 

research is needed to understand the importance of karst topography to Loggerhead 

Shrikes. 
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Both breeding and non-breeding models demonstrated that open landscapes are a 

strong predictor of Shrike occupancy. This result has important implications for the 

conservation of remaining open country habitat such as pastures, old fields and 

scrublands. Grassland habitats are becoming smaller and more fragmented by 

reforestation and development, particularly in the northeast (Cade & Woods 1997; 

Brennan et al. 2005a; Sleeter et al. 2013) where Shrikes are experiencing the steepest 

declines. Habitat loss and fragmentation has been suggested as one of the leading causes 

of Shrike population declines (Shen et al. 2013a). My model results suggested that 

conservation efforts for Loggerhead Shrikes should focus on the most contiguous, 

remaining areas of low-productivity shrubland, much of which is threatened by 

conversion to cropland, urbanization, and mining (Sleeter et al. 2013). Within these areas, 

managers should work to retain Shrike-specific habitat features such as scattered shrubs 

and trees in open country habitat (Bohall-Wood 1987; Chabot et al. 2001; Douglas M 

Collister 2007) and limit pesticide use (Blumton et al. 1990; Yosef 1994; Mineau & 

Whiteside 2013; Gibbons et al. 2015). 

The decline of Loggerhead Shrikes has also been attributed to road mortality 

(Blumton 1989), one of the leading causes of direct anthropogenic mortality for North 

American birds (Loss et al. 2014). I found that road density was a significant negative 

predictor of Shrike occurrence in both breeding and non-breeding models. Road mortality 

was responsible for one third of reported winter mortalities in Virginia, with the highest 

mortality rates coinciding with the coldest temperatures (Blumton 1989). Noise 

associated with roads, which negatively affects birds during both breeding (Francis et al. 
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2009; Nemeth et al. 2013; Kleist et al. 2016) and non-breeding seasons (Ciach & Fröhlich 

2016) could also be a factor. Further research is needed to test the relative strength of 

these two hypotheses.  

Loggerhead Shrike occupancy in the Southeastern US is significantly greater 

during non-breeding than in breeding season. This has important implications for the 

design of future studies for Shrikes and other partial migrants. Data used to model non-

breeding occupancy included non-resident and subdominant juvenile birds, in addition to 

residents, that may have been occupying low-quality habitat (Van Horne 1983). Quality 

of non-breeding habitats influences reproductive performance in the subsequent breeding 

season (e.g., Norris and Marra 2007, Tonra et al. 2011, Harrison et al. 2011), and as a 

result choices in habitat selection in winter can have important consequences on survival 

and reproduction (Inger et al. 2010). Thus, future studies should focus on how partial 

migrants use non-breeding habitats and how the quality of these habitats affect non-

breeding and subsequent breeding survival and reproduction.  

Occupancy models derived from citizen science data serve as a low-cost 

alternative to count indices and enable conservation managers to focus efforts over large 

areas that would otherwise be logistically impossible to monitor (Gould et al. 2012). The 

eBird dataset allowed me to model Loggerhead Shrike occupancy across the southeast 

US. However, eBird locations that are more frequently visited by birders, such as those 

nearby city centers or more accessible by car, reduce the number of points surveyed in 

the most rural and inaccessible areas, where Shrikes may be thriving. I built on the 

methods of Hallworth et al. (2015) to reduce these biases by including number of 
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checklists, number of minutes spent birding, and distance to road as observation 

covariates in the model. Number of checklists had a significantly positive relationship 

with detection probability in both breeding and non-breeding models, corroborating that 

locations more frequented by birders were more likely to have Shrikes detected if present 

and available for detection. Although distance to road was included in top models for 

both seasons, it had a much weaker effect on detectability than number of checklists, 

suggesting the two factors are linked. My protocol for use of citizen-science data is not 

species-specific and could be used as a guide for analysis of other resident or partial 

migrant species with large spatial extents.  

In conclusion, Loggerhead Shrikes exhibit seasonal differences in occupancy 

across their range but only subtle shifts in habitat associations. My results provided 

further support that open country habitats are critical to the species, and suggested that 

road density and forest cover reduce Shrike occurrence. In addition, the negative 

influence of forest cover differed between seasons, with the breeding season exhibiting 

stronger negative relationships with forest. I also found that temperature was a strong 

predictor of occupancy during the non-breeding season. These relationships can be used 

to frame future research on the species’ ability to withstand environmental change and to 

inform range-wide habitat conservation plans. While breeding season models are linked 

to habitat of the core breeding populations, the similarity of the important factors 

included in the top non-breeding model indicates that habitat limitations may not be 

linked to breeding activities but rather landscape features that impact adult survival. The 

results presented here demonstrate that occupancy models can uncover seasonally 
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complex species-environment relationships critical for informing conservation 

management of partial migrants throughout the annual cycle.  



 

 

APPENDIX 

Table A.1. Total counts for all species observed in each year of surveying. Number of sites are indicated in parentheses. Three 

200 m transects were surveyed at each site and each transect was visited three times within a season. Field types are CSG = 

cool-season grass fields and WSG = warm-season grass fields. 

      2014 2015 2016   

Alpha 
Code Common Name Species 

CSG 
(14) 

WSG 
(15) 

Total 
(29) 

CSG 
(16) 

WSG 
(18) 

Total 
(34) 

CSG 
(12) 

WSG 
(6) 

Total 
(18) 

All 
years 

AMCR American Crow Corvus brachyrhynchos 0 0 0 6 0 6 4 0 4 10 

AMGO American Goldfinch Spinus tristis 5 153 158 104 315 419 21 151 172 749 

AMKE American Kestrel Falco sparverius 2 6 8 5 6 11 3 1 4 23 

AMRO American Robin Turdus migratorius 48 2 50 2 4 6 11 0 11 67 

ATSP American Tree Sparrow Spizelloides arborea 1 76 77 25 39 64 3 23 26 167 

BLJA Blue Jay Cyanocitta cristata 0 3 3 0 5 5 0 0 0 8 

CACH Carolina Chickadee Poecile carolinensis 0 0 0 1 2 3 0 0 0 3 

CAGO Canada Goose Branta canadensis 53 9 62 0 201 201 0 0 0 263 

CARW Carolina Wren 
Thryothorus 
ludovicianus 0 3 3 1 4 5 0 0 0 8 

COHA Coopers Hawk Accipiter cooperii 0 0 0 0 0 0 0 1 1 1 

DEJU Dark-Eyed Junco Junco hyemalis 18 36 54 65 14 79 50 17 67 200 

DOWO Downy Woodpecker Picoides pubescens 0 2 2 2 6 8 0 3 3 13 

EABL Eastern Bluebird Sialia sialis 49 40 89 53 128 181 15 23 38 308 

EAME Eastern Meadowlark Sturnella magna 36 67 103 29 44 73 21 3 24 200 

EAPH Eastern Phoebe Sayornis phoebe 0 0 0 0 1 1 0 0 0 1 

EATO Eastern Towhee Pipilo erythrophthalmus 0 0 0 2 0 2 0 3 3 5 

EUST European Starling Sturnus vulgaris 62 3 65 328 12 340 43 0 43 448 

FISP Field Sparrow Spizella pusilla 5 79 84 83 205 288 7 65 72 444 

8
4
 



 

 

FOSP Fox Sparrow Passerella iliaca 0 4 4 2 1 3 0 1 1 8 

HOLA Horned Lark Eremophila alpestris 26 41 67 0 0 0 0 0 0 67 

HOSP House Sparrow Passer domesticus 0 0 0 0 1 1 0 0 0 1 

KILL Killdeer Charadrius vociferus 0 0 0 0 4 4 0 0 0 4 

MODO Mourning Dove Zenaida macroura 0 0 0 0 31 31 0 0 0 31 

NOBO Northern Bobwhite Colinus virginianus 0 0 0 0 4 4 0 1 1 5 

NOCA Northern Cardinal Cardinalis cardinalis 8 11 19 11 7 18 3 5 8 45 

NOFL Northern Flicker Colaptes auratus 11 18 29 0 1 1 0 0 0 30 

NOHA Northern Harrier Circus cyaneus 3 12 15 2 11 13 1 2 3 31 

NOMO Northern Mockingbird Mimus polyglottos 13 2 15 10 3 13 2 3 5 33 

NOSH Northern Shrike Lanius excubitor 2 0 2 0 0 0 0 0 0 2 

RBWO 
Red-Bellied 
Woodpecker Melanerpes carolinus 0 3 3 1 1 2 0 0 0 5 

RSHA Red-Shouldered Hawk Buteo lineatus 2 0 2 1 1 2 0 0 0 4 

RTHA Red-Tailed Hawk Buteo jamaicensis 0 0 0 0 3 3 0 0 0 3 

RWBL Red-Winged Blackbird Agelaius phoeniceus 2 2 4 9 1 10 0 0 0 14 

SAVS Savannah Sparrow 
Passerculus 
sandwichensis 15 385 400 62 345 407 5 130 135 942 

SEOW Short-Eared Owl Asio flammeus 0 0 0 0 0 0 5 0 5 5 

SOSP Song Sparrow Melospiza melodia 133 696 829 414 1216 1630 77 439 516 2975 

SSHA Sharp-Shinned Hawk Accipiter striatus 2 0 2 0 0 0 0 0 0 2 

SWSP Swamp Sparrow Melospiza georgiana 11 36 47 15 42 57 0 4 4 108 

TUTI Tufted Titmouse Baeolophus bicolor 0 0 0 4 0 4 0 0 0 4 

WCSP 
White-Crowned 
Sparrow Zonotrichia leucophrys 0 0 0 13 1 14 0 2 2 16 

WTSP 
 White-Throated 
Sparrow  Zonotrichia albicollis 20 56 76 68 67 135 2 39 41 252 

Total  527 1745 2272 1318 2726 4044 273 916 1189 7505 

8
5
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Table A.2. Data descriptions and sources for detection covariates included in breeding 

and non-breeding models (p). Covariates were selected based on literature suggesting 

important detection covariates and are cited under references. All covariates were used in 

both breeding and winter models.  

Model 
Covariate  

Description Data Source Reference(s) 

RD Euclidean distance to road in 
meters 

TIGER census 
2012 

Downes et al. 2016, 
Lituma and Buehler 
2016 

NM Number of minutes spent birding eBird Hallworth et al. 2015 

CL  Number of submitted checklists for 
that location 

eBird Hallworth et al. 2015 

MO Month of observation eBird Hallworth et al. 2015 
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Figure A.1. Locations of birding checklists submitted to eBird during breeding (A) and 

non-breeding (B) seasons. Locations with Loggerhead Shrike observations show similar 

patterns across the seasons, with more observations submitted during winter. 
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Table A.3. Summary of all models considered for breeding season occupancy with the 

most parsimonious models listed in order from top to bottom 

Model 
ID Occupancy covariates (Ψ) 

Detection 
covariates 
(p) nPars ∆AIC 

fm6 Cover+perc_for+road_dens+max_NDVI+karst CL+RD 12 0 

fm5 Cover+perc_for+road_dens+karst CL+RD 11 62.46 

fm4 Cover+perc_for+road_dens+max_NDVI  CL+RD 11 75.73 

fm9 Cover+perc_for+road_dens CL+RD 7 144.31 

fm8 perc_for+road_dens+karst CL+RD 7 162.7 

fm7 perc_for+road_dens CL+RD 6 235.02 

fm2 Cover+road_dens CL+RD 9 493.49 

fm3 Cover+perc_for CL+RD 9 508.92 

fm1 perc_for CL+RD 5 630.22 

ob3 ~ CL+RD 4 12065.48 

ob1 ~ CL  3 12161.72 

ob4 ~ NM+RD 4 12214.23 

ob2 ~ NM 3 12305.44 

null ~ ~ 2 12324.57 
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Figure A.2. Expected breeding occupancy of Loggerhead Shrikes in response to (A) road 

density and (B) percent forest cover within 2.5 km. Probability of breeding occupancy 

decreases with an increase in road density (km of road per km2) in three habitat types, 

indicating a negative relationship with human encroachment. Probability of breeding 

occupancy decreases with an increase in forest cover in three habitat types. For plotting 

road density, percent forest and NDVI were held constant (at their mean) while karst was 

set to “present”. For plotting percent forest, road density and NDVI were held constant 

(at their mean) while karst was set to “present”. 
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Table A.4. Summary of all models considered for non-breeding season occupancy with 

the most parsimonious models listed in order from top to bottom 

Model ID Occupancy covariates (Ψ) 

Detection 
covariates 
(p) nPars ∆AIC 

fm9 Cover+b11+road_dens+perc_for+karst  CL+RD 12 0 

fm8 Cover+b11+road_dens+perc_for+max_NDVI CL+RD 12 5.01 

fm6 Cover+b11+road_dens+perc_for CL+RD 11 5.44 

fm5 Cover+b11+road_dens+snow CL+RD 11 23.43 

fm4 Cover+b11+road_dens CL+RD 10 74.54 

fm1 Cover+b11 CL+RD 9 239.27 

fm2 perc_for+b11 CL+RD 6 432.93 

fm3 perc_for+road_dens CL+RD 6 681.22 

ob3 ~ CL+RD 4 2907 

ob1 ~ CL  3 3003.24 

ob4 ~ NM+RD 4 3055.75 

ob2 ~ NM 3 3146.96 

null ~ ~ 2 3166.09 
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Figure A.2. Expected non-breeding occupancy of Loggerhead Shrikes in response to (A) 

temperature and (B) road density. Probability of occupancy during the non-breeding 

season increases with an increase in mean temperature in three habitat types, indicating a 

positive relationship with warm climate during non-breeding months. Probability of non-

breeding season occupancy decreases with an increase in road density (km per square 

km) in three habitat types, indicating a negative relationship with human encroachment. 

For plotting temperature, road density was held constant (at its mean) while karst was set 

to present. For plotting road density, temperature was held constant (at its mean) while 

karst was set to present. 
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