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ABSTRACT 

Grassland sparrow populations have experienced substantial declines across their range, and 

reclaimed surface mine grasslands have been recognized for their importance to grassland 

sparrow populations. The influence of vegetation structure on the probability of nest survival for 

grassland bird species has received considerable attention. There is some evidence that the mere 

presence of woody vegetation results in decreased survival rates, but these results are correlative 

in nature. Increasingly, individuals and institutions have called for the removal of woody 

vegetation from grasslands to promote grassland sparrow populations. To understand how woody 

vegetation and landscape components affect grassland sparrow ecology on reclaimed surface 

mine grasslands I implement two research projects.  

For the first research project, I monitored grasshopper (Ammodramus savannarum) and 

Henslow’s (A. henslowii) sparrow population dynamics over a three-year period (2009-2011) 

across eight 20.2 ha plots of surface mine grasslands with various amounts of scattered woody 

vegetation coverage (~5-36%) in Pennsylvania. Using a before-after-control-design for pairs 

(BACIP), woody vegetation was removed from treatment plots following the first breeding 

season. I monitored daily nest survival (DNS), interspecific brood parasitism rates, fledgling 

production and calculated changes in apparent survivorship, juvenile return rates, and population 

growth rates in response to woody vegetation removal. Following woody vegetation removal the 

DNS of 216 nests was unaffected by either the density of woody vegetation around a nest, 

distance to closest shrub, or shrub coverage percent for either species. I recorded no incidences 

of interspecific brood parasitism by brown cowbirds (Molothrus ater). Grasshopper and 

Henslow’s sparrow DNS probabilities (mean ± SE; 0.952 ± 0.001, 95% CI: 0.950 – 0.955), 

regardless of treatment or control plot status, were at least as high as other studies have 
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previously reported. Fledgling production from successful nests, however, declined slightly 

(95% CI: -0.046 – -0.002, per unit change on the logit scale) as woody vegetation coverage 

increased across plots. My results suggest that the presence of woody vegetation on reclaimed 

surface mines does not necessarily equate to poor nesting habitat for grasshopper and Henslow’s 

sparrows, and that both species successfully nest and produce young in habitats with greater 

amounts of woody vegetation than has previously been considered. The grasshopper sparrow 

apparent survival rate did not differ between control and treatment plots (all years and plots �� = 

0.42, 95% CI: 0.34 – 0.52). Henslow’s sparrow populations, however, experienced a three-fold 

decrease in apparent survivorship following woody vegetation removal compared to Henslow’s 

sparrow populations on control plots (�� = 0.08, 95% CI: 0.02 – 0.35, and �� = 0.23, 95% CI: 0.12 

– 0.43, respectively). The overall grasshopper sparrow population size across treatment plots 

increased by 14% (�� = 1.15, 95% CI: 1.14 – 1.16) from 2009-2011 while the overall population 

on control plots declined (�� = 0.83, 95% CI: 0.82 – 0.85). Henslow’s sparrow populations 

declined more rapidly on treatment plots compared to control plots over the same time period (�� 

= 0.68, 95% CI: 0.65 – 0.70, and �� = 0.87, 95% CI: 0.85 – 0.89, respectively). Henslow’s 

sparrow population size for any given plot and year was 0.12 (95% CI: -0.09 – 0.33) the size of 

the grasshopper population on that plot. I observed low juvenile annual return rates for 

Henslow’s and grasshopper sparrows (3.7% and 1.8%, respectively) across all plots. My results 

suggest that removal of woody vegetation from surface mine grasslands has a positive and 

immediate effect on grasshopper sparrow populations and no positive effect on Henslow’s 

sparrow populations at least during the two years following woody vegetation removal.  

In the second research project I used unpublished data from 2002 and newly-collected 

data from 2011 to estimate how grasshopper and Henslow’s sparrow densities and surface mine 
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vegetation have changed during those 9 years. I visited 61 surface mine grasslands in 2011; 

twenty-three of those had been previously visited in 2002. Vegetation changed very little over 

those 9 years, but woody vegetation increased by 2.6 fold, and grasshopper and Henslow’s 

sparrows declined by approximately 13% and 7% per year, respectively. Grasshopper sparrows 

were 2.41 times more likely to occupy a grassland than Henslow’s sparrows, and both species 

were more likely to occupy large and simply-shaped grasslands with low perimeter-to-area ratios 

and with few woody shrubs that were dominated by grass cover. My results suggest that without 

management that reclaimed surface mine grasslands are ephemeral habitats, but that low 

densities of both species occur on small grasslands (≤13 ha) and on grasslands with extensive 

woody vegetation coverage (up to one woody shrub per 16.5 m2). Forecasted declines in 

Appalachian coal production over the next several decades will likely result in a 50% reduction 

of newly-created reclaimed surface mine grassland. Populations of grasshopper and Henslow’s 

sparrows in Pennsylvania will likely continue to decline as they become concentrated on these 

small, isolated and woody grasslands. 
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CHAPTER 1: Research Background, Rationale, and Objectives 

 

The once-extensive grassland systems of the United States have experienced declines 

since European settlement, and grasslands are among the most critically endangered ecosystems 

in the United States (Noss et al. 1995). Prairie grasslands have been disproportionately affected 

with many states (e.g., Kentucky, Iowa, Texas, Indiana) having lost greater than 99% of their 

original prairie acreage (reviewed in Noss et al. 1995); more than 90% of the once extensive 

tallgrass prairie system has been reduced to fragmented and island-like remnants (Madson 1990). 

Losses of other grassland systems also have been severe including in low elevation areas of 

western Montana (losses > 80%; Chadde 1992; Noss et al. 1995), shrub-steppe grasslands in the 

Columbia River Basin of Oregon and Washington (>90% loss; The Nature Conservancy 1992), 

and wet and mesic costal grasslands in Louisiana (>99% loss; Smith 1993).  

With the extensive loss of grasslands, it is not surprising that grassland birds as a group 

have declined by 37% across North America (95% credible interval: -10.4% to -55.8%) from 

1968 to 2008 (Sauer and Link 2011). From 1966 to 2010, Henslow’s sparrows (Ammodramus 

henslowii) and Grasshopper sparrow (A. savannarum) populations have annually declined in 

Pennsylvania where my research was conducted by an average of -4.3% and -5.5%, respectively 

(Sauer et al. 2011). As a result of this decline the Henslow’s Sparrow is considered one of the 

highest conservation priority grassland bird species in eastern U.S. grasslands (Pashley 1996). 

The ultimate cause of these grassland bird declines goes beyond simple loss of habitat. The 

remaining grasslands face threats from habitat degradation due to fire suppression and the 

intensification of woody encroachment (Briggs et al. 2005; Askins et al. 2007). 
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Many people think of the rolling hills of the Midwest when grasslands and grassland 

birds are mentioned, but the northeastern United States provides habitat for 15 species of 

obligate grassland bird species (Vickery et al. 1999). These populations of grassland birds were 

likely in the Northeast historically, albeit it in much more scattered and reduced presence 

(Askins 1999). The debate over whether grasslands and grassland organisms are native to the 

Northeast (e.g., Motzkin and Foster 2003) is historically important, but it is a distraction from the 

conservation challenges facing these avian populations. In New England, grassland birds 

extensively use agricultural fields (predominantly hay) and pasturelands (Askins et al. 2007). 

Agricultural land in Pennsylvania plays a less important role for most species of obligate 

grassland birds (Wilson and Brittingham 2012), and reclaimed surface mine grasslands (e.g., 

Mattice et al. 2005) likely provide a substantial portion of habitat for these grassland birds in 

Pennsylvania. The distribution of Henslow’s sparrows in Pennsylvania, for example, closely 

follows the distribution of surface mine grasslands (Brauning 1992).  

Since the Surface Mining Control and Reclamation Act of 1977 (SMCRA, 30 U.S.C. 

1201-1328; 91 Stat. 445), surface mine operators have been required to reclaim surface 

conditions following the cessation of mining activities. Prior to the passage of the Act many 

surface mines were left without vegetation coverage and without any soil grading (Brothers 

1990). The Act grants the property owner broad leeway for the plant species used during the 

reclamation process, but tall fescue (Festuca arundinacea), a competitive cool-season grass 

native to Europe, is by far the most commonly planted species (Brothers 1990; J. Hill pers. obs.). 

Additional species in the seed mix may include orchard grass (Dactylis spp.) and alfalfa 

(Medicago sativa) (Brothers 1990), and black locust (Robinia pseudoacacia), a perennial woody 

plant (Ashby et al. 1985). The resulting habitat is a largely non-native assemblage of plant 
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species that thrive on these lands where native hardwood trees cannot easily persist and largely 

exist as islands of grass in a sea of forest.  

Whitmore and Hall (1978) were among the first to note the potential of reclaimed surface 

mine grasslands as a breeding habitat for obligate grassland birds. Early studies (e.g., Bajema et 

al. 2001; Bajema and Lima 2001) demonstrated that large (≥110 ha) and relatively shrub-free 

reclaimed surface mines can harbor high densities of grassland birds, namely grasshopper and 

Henslow’s sparrows. Fewer studies quantified the nesting success of grassland birds on these 

lands (e.g., Ingold 2002), and even fewer considered the contribution of relatively small surface 

mine grasslands (
̅ = 15 ha, n = 108, in western Pennsylvania; Mattice et al. 2005) to breeding 

grassland bird populations. 

Recently, the influence of woody vegetation on the nesting success of grassland birds has 

been identified as being potentially hazardous to grassland birds, including grasshopper and 

Henslow’s sparrows (e.g., Askins et al. 2007). Rates of brown-headed cowbird (Molothrus ater) 

parasitism are higher for grasshopper and Henslow’s sparrow nests near woody field boundaries 

(Patten et al. 1996), which suggests that parasitism rates may increase as the amount of woody 

vegetation within a grassland increase as well. Rates of nest predation may be higher for 

grassland sparrows near woody edges (Johnson and Temple 1990; Winter et al. 2000; but see 

Conover et al. 2011). Graves et al. (2010) reported lower nest survival rates of grasshopper and 

Henslow’s sparrow nests as the amount of woody vegetation increased around a nest. Their 

analysis, however, confounded shrub coverage around the nest with distance to woodland edge. 

Grasshopper sparrows tend to avoid nesting and establishing territories adjacent to patch 

boundaries, including woodland edges (Wiens 1969; Delisle and Savidge 1996; J. Hill unpub. 

data). All of these results suggest that grasshopper and Henslow’s sparrows are negatively 
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affected by proximity to edge habitat, not necessarily woodland edge habitat, and both species 

have been described as being edge sensitive (Johnson 2001).  

How do grasshopper and Henslow’s sparrows respond to the presence of woody 

vegetation within grasslands? Grasshopper sparrows tend to have reduced abundance (Winter 

1998), and possibly reduced nesting success (Klug et al. 2010), but Sutter and Ritchison (2005) 

did not observe this relationship. Klug et al. (2010), however, combined nests of 5 species of 

grassland birds in their nest survival analysis, and grasshopper sparrows composed 17% (n = 38 

nests) of the nests in their analysis (n = 38 of 222 nests). Dickcissels (Spiza americana), a 

species which rarely nest directly on the ground like grasshopper sparrows and frequently nest in 

shrubs (reviewed in Temple 2002), composed the bulk (70%) of their sample size (n = 156 of 

222 nests). They do not report observed nest success rates for grasshopper sparrows, and thus it 

is difficult to discern what effect shrub coverage had on nesting grasshopper sparrows. 

Conceivably, predators were attracted to the shrub-nesting dickcissels in their study, which 

accounted for their reported relationship between nesting success and shrub coverage. The 

relationship between Henslow’s sparrows nesting success and woody vegetation is inconclusive 

(reviewed in Herkert 2003), and no study has documented Henslow’s sparrow nesting success in 

relation to woody coverage to my knowledge. 

Beyond nesting success and nesting density, I am unaware of any study to document how 

woody vegetation within grasslands affects other fitness components (e.g., fledgling production 

and adult survival) or population level processes (e.g., emigration or population growth rates) of 

grasshopper and Henslow’s sparrows. Nor am I aware of any studies, regardless of grassland 

size, to examine vegetation change and population changes of grasshopper and Henslow’s 

sparrows through time across reclaimed surface mine grasslands. 
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Currently, the encroachment of woody vegetation is likely a greater threat to the long-

term persistence of grasslands in the world than habitat loss (Mitchell 2000). In western 

grasslands, woody encroachment has increased because of a number of factors including fire 

suppression, climate change, and grazing pressure (reviewed in Briggs et al. 2002 and Briggs et 

al. 2005). Eastern reclaimed surface mines generally are not used for grazing land (J. Hill pers. 

obs), and fire is essentially absent from these lands (Brothers 1990). Reclaimed surface mine 

grasslands are resistant, but not immune, to the successionary processes that lead to woody 

encroachment because of their compacted, acidic, and nutrient-poor soil (Brothers 1990; Clay 

and Holah 1999). Mining companies often plant woody vegetation, especially black locust 

(Robinia pseudoacacia), along elevation contours at the cessation of reclamation activities to 

provide soil stabilization and nitrogen fixation (Ashby et al. 1985).  

Clear differences exist in the origin and management history of western grasslands and 

eastern reclaimed surface mine grasslands; unlike in western grasslands fire is rarely used to 

manage reclaimed surface mine grasslands and these grasslands have an anthropogenic origin. In 

light of this history and the seemingly contradictory results of studies investigating the effects of 

woody vegetation on grassland birds, there are many questions with ambiguous answers. Do 

grassland birds use small surface mine grasslands and what factors influence their occupancy and 

use of these grasslands? Does the vegetation and suitability of these grasslands change over 

time? Does the presence of woody vegetation result in lower nest survival rates and lower 

fledgling production? Does the presence of woody vegetation hamper population growth and 

influence return rates? A number of researchers (e.g., Graves et al. 2010; Klug et al. 2010) have 

identified removal of woody vegetation from grasslands as a management action to benefit 

grassland birds. Pennsylvania’s Wildlife Action Plan (Pennsylvania Game Commission and 
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Pennsylvania Fish and Boat Commission 2008) mandates the development of best practices for 

priority grasslands and to manage woody vegetation on grasslands to promote grassland-

associated species. 

With these questions in mind, I designed a single-season occupancy study and a multi-

year large-scale experimental before-after-control-impact-design for pairs (BACIP) study to 

examine the influence of woody vegetation on the breeding ecology of grassland sparrows on 

reclaimed surface mine grasslands in Pennsylvania. I restricted my analyses to grasshopper and 

Henslow’s sparrows, the two most common grassland obligate bird species that I encountered on 

my study sites. I also monitored other grassland species, (e.g., vesper sparrow [Pooecetes 

gramineus] and savannah sparrow [Passerculus sandwichensis]), but they did not occur on all 

study sites and definitive conclusions could not be made for these species. 

 I searched for study sites in autumn 2008 for the BACIP study with support from the 

Pennsylvania Game Commission, a landowner of some large reclaimed surface mine grasslands 

in Pennsylvania. I restricted my search to public game lands and examined orthorectified digital 

imagery (PAMAP 2007) of all game lands in western Pennsylvania. Most game lands did not 

contain contiguous areas of grassland large enough for my study purpose. I visited approximately 

10 game lands, and quickly realized that the aerial photos (PAMAP 2007) provided only a rough 

estimation as to the conditions of the grasslands. Woody plants <2 m in diameter were generally 

not visible in the aerial photos. Ground cover was also difficult to discern from the aerial photos; 

some sites that looked acceptable in the aerial photos were actually dominated by forbs with little 

grass cover. Ultimately, I selected state game lands 108 and 330 in Cambria and Clarion 

Counties, respectively (Figures 1.1 and 1.2). The plots located in Clarion County were reclaimed 

during the 1970s and were within a Globally Important Bird Area (2617 ha; >50% grassland), as 
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designated by the National Audubon Society for its large populations of grassland birds. The 

plots within Cambria County were reclaimed at varying times prior to the 1990s, and game land 

108 has at least 400 ha of grassland habitat. During winter of 2008-2009 I traversed 

approximately 50 km of transects, counting woody plants within a 4-m swatch to identify areas 

of similar shrub coverage. 

 During summer of 2009, I monitored grassland bird populations (described in subsequent 

chapters) on the eight 20.2 ha plots. During winter of 2009-2010 I removed or pulverized woody 

vegetation using Caterpillar track loaders (Caterpillar Inc., Peoria, Illinois, USA) equipped with 

masticating heads and a Hydro-Ax (Blount Inc., Portland, Oregon, USA). I restricted machinery 

use to periods with snow cover to minimize disturbance to the soil and the herbaceous 

vegetation. Some slopes were too steep for machinery, so in early April 2010 I cut shrubs with 

chainsaws and trimmers and physically removed the shrubs off the plots.  

 I continued to monitor grassland bird populations (described in subsequent chapters) 

across the eight 20.2 ha plots from 2010-2011. As expected, woody vegetation removal in winter 

was effective in killing all conifer species and some deciduous species, but other species (e.g., 

black locust, and non-native honeysuckles [Lonicera spp.]) resprouted during spring of 2010. In 

September 2010, after grassland birds were no longer detected on my plots, herbicide was air-

blasted onto treatment plots with a combination of Garlon 3A (triclopyr) and Escort (metsulfuron 

methyl) at a rate of 1 quart of Garlon 3A and 1 ounce of Escort per gallon of water to kill woody 

vegetation with minimal harm to grasses and forbs. During winter 2010-2011, I again removed 

the standing woody vegetation with the same procedures as described previously. I carefully 

choose the woody vegetation removal strategy for this project after speaking with many land 
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managers and private contractors; the chosen strategy was selected to mimic the process a private 

landowner might employ on a reclaimed surface mine grassland (>10 ha) with sloped terrain.  

 The occupancy modeling project (Chapter 4) was designed to incorporate a set of 

unpublished data collected in 2002 (D. Diefenbach, unpub. data). In 2002, researchers visited 

128 surface mine grasslands within a 70,686 ha study area that that included portions of 

Clearfield, Centre, and Cambria Counties, Pennsylvania. Researchers visited each of the 129 

grasslands once to sample vegetation and perform distance sampling to record the presence of 

grassland sparrows. Researchers in 2002 did not consider reclaimed surface mine grasslands with 

approximately >5% coverage of woody vegetation. I randomly selected 23 of these 129 

grasslands and forty other grasslands that had not been previously surveyed (Figure 3). I visited 

these 61 grasslands twice in 2011 and conducted distance sampling to estimate abundance and 

occupancy of grassland sparrows and to sample vegetation.  

 The following three chapters described the results of my two independent research 

projects: the large-scale manipulative removal of woody vegetation (Chapters 2-3) and the 

single-season occupancy study (Chapter 4). The fifth chapter is a reflection on my research and 

an attempt to synthesize my findings into a single narrative with an emphasis on what questions 

remain to be asked and answered.  
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Figure 1.1. Outline of Pennsylvania’s Counties showing approximate locations of my study plots 

on State Game Land 330 (yellow circle within blue-outlined Clarion County) and State Game 

Land 108 (green circle within blue-outlined Cambria County).  
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Figure 1.2. Blue outline of State Game Land 108 in Cambria County, Pennsylvania, showing six 

20.2 ha plots (orange outline) where I monitored grasshopper and Henslow’s sparrow 

populations from 2009-2011. White outlines represent other State Game Lands. Aerial 

photography from 2010 (USDA 2010). 
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Figure 1.3. White outline of State Game Land 330 in Clarion County, Pennsylvania, showing the 

two 20.2 ha plots (orange outline) where I monitored grasshopper and Henslow’s sparrow 

populations from 2009-2011. Aerial photography from 2010 (USDA 2010). 
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CHAPTER 2: Nest Survival and Fledgling Production in Woody Grasslands: an 

Experimental Test of Vegetation Structure 

 

ABSTRACT 

 

The influence of vegetation structure on the probability of nest survival for grassland bird species 

has received considerable attention. There is some evidence that the mere presence of woody 

vegetation results in decreased survival rates, but these results are correlative in nature. Over a 

three-year period we monitored nests of grasshopper (Ammodramus savannarum) and Henslow’s 

sparrows (A. henslowii) on 162 ha of reclaimed surface mines in Pennsylvania with up to 36% 

areal coverage of woody vegetation in a before-after-control-impact-design for pairs (BACIP) 

framework. We removed woody vegetation from treatment plots following the first breeding 

season, but survivorship of n = 216 nests was unaffected by either the density of woody 

vegetation around a nest, distance to closest shrub, or shrub coverage percent for either species. 

Grasshopper and Henslow’s sparrow daily nest survival probabilities (95% CI: 0.95 – 0.96), 

regardless of treatment or control plot status, were at least as high as other studies have 

previously reported. Fledgling production from successful nests, however, declined slightly 

(95% CI: -0.046 – -0.002, per unit change on the logit scale) as woody vegetation coverage 

increased across plots. Our results suggest that the presence of woody vegetation on reclaimed 

surface mines does not necessarily equate to poor nesting habitat for grasshopper and Henslow’s 

sparrows, and that both species successfully nest and produce young in habitats with greater 

amounts of woody vegetation than has previously been considered. 
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INTRODUCTION 

 

Measures of vegetation structure are common components of models predicting avian habitat use 

(Hildén 1965; Rotenberry and Wiens 1980). These models are best viewed in terms of 

hierarchical decision making processes where birds are simultaneously selecting features of their 

environment at multiple scales (Cody 1981; Hutto 1985), and these models should provide 

greater insight into habitat use than models taking a single-scaled approach (Kristan 2006). 

Models that relate organism abundance to habitat attributes are useful, but measurements of 

individual fitness components offer a more complete cost-benefit analysis of surviving in that 

environment (Pulliam 1988). Without knowledge of measures of fitness (e.g., survival or 

recruitment), habitat selection models based on abundance only can lead to erroneous 

conclusions regarding the quality of a habitat (Vickery et al. 1992) with disastrous results (Best 

1986; Bollinger et al. 1990). This concern is especially relevant for grassland-obligate species 

that have experienced population declines (Stephens et al. 2004) and whose populations continue 

to decline throughout North America (Sauer and Link 2011).  

Most grassland ecosystems in North America have experienced loss in acreage and 

suitability (Noss et al. 1995), including tallgrass prairies (≥90% loss) and native California 

grasslands (99% loss). Grasslands on surface mine sites, however, continue to be produced by 

reclamation activities following the cessation of mining. There are >800,000 hectares of 

reclaimed surface mine grasslands in Pennsylvania alone (Yahner and Rohrbaugh 1996). The 

value of these savannah-like grasslands to grassland-obligate bird species have been questioned 

(Wray et al. 1982), but they are generally considered to be globally important habitats for 

obligate-grassland bird species (Brothers 1990, Bajema et al. 2001; Stauffer et al. 2011). These 
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grasslands can have a density of one woody shrub per 1.5 m2 since mining companies frequently 

plant woody shrubs, especially black locust (Robinia pseudoacacia) for its nitrogen-fixing 

abilities, during the reclamation process (Ashby et al. 1985; J. Hill pers. obs.).  

There is substantial interest in the effect of woody vegetation on grassland passerines’ 

abundance and demographic parameters in all grasslands (Askins et al. 2007) and specifically in 

reclaimed surface mine grasslands (Graves et al. 2010). It is clear that many grassland bird 

species are negatively affected by proximity to woody edges adjacent to grasslands including 

increased rates of brood parasitism (Patten et al. 1996), and increased nest predation (Johnson 

and Temple 1990; but see Conover et al. 2011). Fewer studies, however, have found negative 

effects of woody vegetation within grasslands on components of fitness (With 1994; Graves et 

al. 2010; Klug et al. 2010a) while some have not found any (Sutter and Ritchison 2005; Conover 

et al 2011). Brown-headed cowbird (Molothrus ater) parasitism rates, however, have been 

positively associated with increasing amounts of woody vegetation within grasslands (Patten et 

al. 2006). A direct measure of fitness (i.e., juvenile recruitment into the population) is always 

preferable, but can be exceedingly difficult to acquire (Newton 1989). Weatherhead and Dufour 

(2000) argued that fledgling success can be a dependable proxy for recruitment into a population. 

Grasshopper and Henslow’s sparrows (Ammodramus savannarum and A. henslowii, 

respectively) are common residents of reclaimed surface mine grasslands in the Eastern United 

States (Bajema and Lima 2001; DeVault et al. 2002; Scott and Lima 2004). Both species have 

experienced substantial declines, which in part could be due to the increase of woody vegetation 

within grasslands (Askins et al. 2007). Decreased nest success in the presence of woody 

vegetation within grasslands has been documented for both species (Scheiman et al. 2003; 

Graves et al. 2010), but we know of no studies that have related fledgling production for either 



21 
 

species to vegetation characteristics. Prior to this study, we observed grassland sparrows 

throughout the summer months, and presumably nesting, within woody grasslands (1 woody 

shrub per 31.1m2; D. Diefenbach unpub. data) in Pennsylvania. We wondered if these 

populations were self-sustaining, given the negative relationship between nesting success and 

woody vegetation these other studies have found. 

We designed a multi-year manipulative research project to examine the response of 

grasshopper and Henslow’s sparrow nesting success and fledgling production to the removal of 

woody vegetation. We conducted our research on reclaimed surface mine grasslands in 

Pennsylvania from 2009-2011 in a before-after-control-impact-design for pairs (BACIP) 

framework. We identified 4 pairs of 20.2 ha study plots with each pair of plots having similar 

areal coverage of woody vegetation and randomly assigned each pair as a treatment and control. 

We employed a removal strategy for woody vegetation to each treatment plot similar to the 

process a landowner might realistically use to remove woody vegetation from their reclaimed 

surface mine. The goals of our research were to quantity daily nest survival (DNS), parasitism 

rates, and fledgling production on these grasslands in an effort to understand the sensitivity of 

these species to the presence of woody vegetation. We hypothesized that DNS, fledgling 

production, and rates of cowbird parasitism would be inversely related to the presence of woody 

vegetation and that the removal of woody vegetation from treatment plots would lower rates of 

brood parasitism and improve DNS and fledgling production for both species. 

 

METHODS 
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Study area and experimental design 

Our study areas consisted of eight 20.2 ha plots of reclaimed surface mine grasslands located on 

public lands within Pennsylvania: 2 plots in Clarion County in a mixed agricultural and forested 

landscape (41°08'33"N, 79°29'20"W), and 6 plots in Cambria County in a largely forested 

landscape (40°38'21"N, 78°30'15"W). We selected plots in the middle of large grassland 

complexes to avoid confounding edge effects with any negative effects of shrubs within 

grasslands. Both landscapes contained a mosaic of large reclaimed grasslands and active surface 

mines, which like our plots, were located upon ridgelines. The plots located in Clarion County 

were reclaimed during the 1970s and were within a Globally Important Bird Area, as designated 

by the National Audubon Society for its large populations of grassland birds. The plots within 

Cambria County were reclaimed at varying times prior to the 1990s. Vegetative cover on these 

plots consisted of cool season grasses (e.g., fescue, Festuca spp., and timothy, Phleum pretense), 

forbs (e.g., goldenrods [Solidago spp.], and Queen Anne’s lace [Daucus carota]), and woody 

shrubs (predominantly black locust, and pines [Pinus spp.]).  

 We selected plots as part of a BACIP design, with paired plots located 0.3-1.2 km apart. 

In Cambria County the three sets of pairs were between 2 and 7 km apart from each other. For 

each pair of plots, we randomly selected one plot as a treatment plot and the remaining plot was 

designated the control. We paired plots without knowledge of grassland bird populations but 

based on similar characteristics in terms of vegetation, past management practices, landscape 

context, and time since reclamation. We avoided areas of extremely dense woody vegetation or 

tree-like stands and delineated plot boundaries to identify a plot with scattered shrubs that a 

grassland bird might conceivably identify as potential breeding habitat. Areal coverage of shrubs 
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ranged from 5-36%, as estimated by our first year plot-wide vegetation sampling described 

below. 

 In the first year of the study, 2009, no treatments were applied but breeding bird activity 

was monitored (described hereafter in Methods). During winter of 2009-2010, when the ground 

was frozen and snow-covered, we pulverized all standing woody vegetation to ≤0.3 m high on 

the four treatment plots using Caterpillar track loaders (Caterpillar Inc., Peoria, Illinois, USA) 

equipped with masticating heads and a Hydro-Ax (Blount Inc., Portland, Oregon, USA). On 

steep slopes, we removed shrubs with chainsaws in early April, before grassland sparrows had 

returned to the plots. The treatment was effective in killing conifer species, but some deciduous 

shrubs (e.g., black locust, and honeysuckles [Lonicera spp.]) re-sprouted from stumps in spring 

2010. These stump sprouts were above the grass layer by mid-May. In September 2010, we air-

blasted herbicide onto treatment plots with a combination of Garlon 3A (triclopyr) and Escort 

(metsulfuron methyl) at a rate of 1 quart of Garlon 3A and 1 ounce of Escort per gallon of water 

to kill woody vegetation with minimal harm to grasses and forbs. During winter 2011, we again 

pulverized any dead standing woody vegetation. 

  

Nest monitoring 

We first observed grassland sparrows on study plots in late April so by 7 May of each year we 

systematically searched each plot for nests once per week and continued through mid-July. We 

discovered nests by observing food-carrying by adults to the nest or by flushing females from 

nests while walking systematically in parallel transect lines across the plot. Rope-dragging, a 

common method of searching for grassland bird nests was impractical. We marked nests with a 



24 
 

flag placed 5 m from the nest and re-visited nests every 3-4 days to monitor their status. We 

made every effort to minimize disturbance to the vegetation around the nest, and when the nest 

entrance was conspicuous we visually monitored nests with binoculars from several meters 

away. At each nest visit we observed the nest contents and checked for the presence of brown-

headed cowbird eggs and nestlings. We aged nestlings using a photographic reference card made 

with photographs from nestlings of known age and through the descriptions of Stauffer et al. 

(2011). When nestlings were approximately six days old they were fitted with a U.S. Geological 

Survey aluminum leg band a unique combination of three plastic color bands. We classified a 

nest as successful if the nest was intact without signs of disturbance ≤2 days prior to the expected 

fledging date. For nests that were intact and empty >2 days prior to the expected fledging date, 

we considered the nest successful only if we observed parental feeding behavior near the nest 

during a subsequent one hour observation.  

 

Vegetation sampling 

From 22 July to 5 Aug of each year, we measured vegetation characteristics at nests and across 

each plot because predator abundance at grassland bird nests is best reflected by multi-scale 

models (Klug et al. 2009). We chose to measure vegetation at a single point in time to reduce 

temporal variation in the nest vegetation data and to facilitate the comparison of vegetation data 

collected at the nest and plot level (Grant et al. 2006). We quantified vegetation at three distinct 

scales: ≤1 m of the nest (“immediate nest vegetation”), 5 -25 m from the nest (“adjacent nest 

vegetation”), and at the plot level.  
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We sampled vegetation using a combination of point-transect sampling and 1-m2 

quadrats. We considered a shrub any woody plant with ≥1 stem originating from a basal clump 

that exceeded 0.5 m in height. To measure immediate nest vegetation, we placed one quadrat 

centered over the nest and in each corner measured litter depth (cm) and maximum grass and 

maximum forb heights (cm). We estimated the percent cover of bare ground, grasses, and forbs 

within each quadrat in five categories: 1 = <5%, 2 = >5-25%, 3 = >25-75%, 4 = >75-95%, and 5 

= >95%. To measure adjacent nest vegetation, we averaged these same measurements collected 

at four additional quadrats placed 5.5 m from the nest, starting at 45° and every subsequent 

increment of 90°. We calculated shrub density per m2 by counting all shrubs within 6 m of the 

nest, and we measured the distance from the nest to the nearest shrub (m). We estimated shrub 

cover using line intercept sampling with distances recorded at 25 cm intervals. For plot 

vegetation sampling, we located 50 equally spaced points on each plot using ArcGIS 

(Environmental Systems Research Institute, Redlands, CA). We sampled all 50 points for each 

plot in 2009 and 12-16 randomly selected points in subsequent years. 

 

Nest survival analysis 

We used program MARK (White and Burnham 1999) to identify temporal and vegetative 

features related to daily nest survival of grasshopper and Henslow’s sparrows. These two species 

have similar vegetation preferences for nesting locations so we jointly analyzed their DNS rates 

(Galligan et al. 2006), and grouped data by year and plot status (control vs. treatment). We 

followed the systematic and hierarchical approaches of Dinsmore et al. (2002) and Hovick et al. 

(2012) to select and compare models with the sample size adjusted Akaike’s Information 



26 
 

Criterion (AICc; Burnham and Anderson 2002) using six model selection steps. We retained the 

most parsimonious model (i.e., the model with the lowest AICc value) from each step for use in 

the subsequent step, which included the most parsimonious from the previous step if adding an 

additional covariate did not improve the parsimony of the model. 

First, we compared 12 a priori models with immediate and delayed treatment effects and 

models without treatment effects. These models contained constant (.), linear (T), and quadratic 

(TT) time trends (Table 2.1). Second, we introduced a covariate coding for the plot where a nest 

was located in the event that DNS was affected by factors not represented in our models (e.g., 

soil conditions and past management conditions). Third, we included a dummy variable to 

represent a species effect. Fourth, we singly added in the plot-wide vegetation covariates. Fifth, 

we singly added in the adjacent vegetation covariates including the three woody vegetation 

covariates. Lastly, we singly introduced the immediate nest vegetation covariates. 

We removed any nested model with one additional parameter (� + 1) that fell within 

∆AICc < 2 of the simpler model with � parameters (Burnham and Anderson 2002; Arnold 

2010). We then created a confidence set of models, which included the models with an 

accumulated 90% of AIC weights, and then modeled-averaged the coefficients in the 90% 

confidence set (Burnham and Anderson 2002). 

 

Fledgling production 

We estimated fledgling production only for grasshopper sparrows because we monitored few 

Henslow’s sparrow nests that survived to fledging (n = 10 of 18). First, we used mixed-effects 

models with an identity link to estimate variation in fledgling production across time and 
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treatment conditions. From successful nests only we used the number of young fledged in each 

nest to examine the relationship of plot-level vegetation characteristics to fledgling production. 

We first chose our random effects model structure using the global model fit with three different 

individual random effects accounting for plot, pair, and county identity in program R (R 

Development Core Team 2011) and estimated with restricted maximum likelihood estimation 

(REML; Zurr et al. 2009). To determine if any random effect improved the model, we fit a 

generalized least squares model with REML, but without any random effects and compared that 

model using AICc to the series of models fit with the three different random effects. We retained 

the most parsimonious random error structure, and then compared models with different fixed 

effects using maximum likelihood estimation. We used the same procedure as our DNS models 

for selecting vegetation covariates, and created a 90% confidence suite of models. We refit the 

models in the 90% confidence set using REML and averaged parameters using the MuMIn 

package (Barton 2011). Then, using the lme4 package (Bates et al. 2011) we estimated the mean 

number of young produced per treatment per year (Yij) using the means parameterization of the 

model Yijk = α + β1i + β2j + β3ij + β4 + εij where α is the overall mean number of fledglings 

produced, β1i is the effect due to the ith level of the treatment condition, β2j is the effect due to 

time in year j, β3ij is the interaction effect of the ith level of the treatment condition in the jth 

year, and β4 is the same random effect that I selected in the other fledgling analysis, and ε ~ N(0, 

σ
2). This method estimates the expected number of fledglings produced from a successful nest in 

each treatment and year combination after taking the random effect into consideration. 

 

RESULTS 
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We monitored 198 grasshopper sparrow nests and 18 Henslow’s sparrow nests between 2009 

and 2011 (Table 2.2), of which 71% (n = 153) were discovered before hatching occurred. We did 

not detect any incidences of brown-headed cowbird parasitism over the three years of this study, 

nor did we ever observe a brown-headed cowbird on our study plots. Our earliest nest initiation 

dates for grasshopper and Henslow’s sparrows were 12 May and 15 May, respectively, and our 

last fledging dates were 25 July and 12 July, respectively. Nests were discovered on slopes as 

steep as 25 degrees. Besides reducing the woody vegetation coverage, our treatment actions had 

little effect on other treatment plot vegetation characteristics and non-woody vegetation (e.g., 

percent cover of grass, bare ground, and forbs) on control and treatment plots were similar 

(Table 2.3). Woody vegetation coverage on control plots changed little from 2008-2011, while 

woody vegetation coverage on control plots declined each year (Table 2.3). There was an 

increase in shrub density in 2010 on treatment plots as cut shrubs sent up numerous new shoots 

(Table 2.3). 

 A constant survivorship model across all years and plots most parsimoniously explained 

variation in DNS. To the constant survivorship model, an intercept representing plot identity 

improved the model by decreasing the AICc 3.04 units, and we found no species effect. The 

addition of plot-level vegetation covariates did not improve the model, but our hierarchical 

model selection procedure favored models that included adjacent grass height, and nest grass 

height and nest grass percent cover. The composite model from our 90% confidence set 

explained DNS as a function of constant survivorship across both species and all years and plots 

(model-averaged ��±SE = 1.28 ± 0.12; 95% CI: 1.04 – 1.52) + nest grass height (��±SE = 0.02 ± 

0.01; 95% CI: 0.001 – 0.033) + adjacent grass height (��±SE = 0.03 ± 0.01; 95% CI: 0.01 – 0.06) 

+ nest forb height (��±SE = 0.01 ± 0.01; 95% CI: -0.004 – 0.027; Figure 2.1) plus a plot-specific 
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dummy variable ranging from 0 (reference level) to 1.70 ± 0.85. Four models explaining 

variation in nest survivorship were included in our 90% confidence set (Table 2.4). Overall DNS 

for both species combined was estimated to be 0.952 ± 0.001, 95% CI: 0.950 – 0.955. 

Henslow’s sparrows on average produced fewer young per nest than grasshopper 

sparrows (
̅±SD = 1.85 ± 2.01, max = 5, and 2.28 ± 2.14, max = 6, respectively). Only 

considering nests that fledged ≥1 young, however, Henslow’s sparrows produced a similar 

number of fledglings per nest as grasshopper sparrows (
̅±SD = 3.7 ± 1.10, n = 10, and 4.00 ± 

1.01, n = 112, respectively). The mixed-effects model estimated that the expected number of 

grasshopper sparrow fledglings did not vary across years and treatments (Figure 2.2). The 

mixed-effects model selection procedure selected a random effect structure corresponding to pair 

of plots. The composite model constructed from the 90% confidence set of models (Table 2.5) 

explained increasing fledgling production as a function of a global intercept (β±SE = 4.05 ± 

0.55; 95% CI: 2.961 – 5.143), decreasing plot level woody vegetation coverage (-0.024 ± 0.11; -

0.046 – -0.002), decreasing bare ground within 6 m of the nest (-0.034 ± 0.01; -0.057 – -0.011), 

increasing thatch depth within 6 m of the nest (0.203 ± 0.09; 0.029 – 0.377), and decreasing 

woody vegetation coverage around the immediate nest area (-0.031 ± 0.01; -0.061 – -0.001). 

 

DISCUSSION 

 

Our research further confirms that grasslands located on reclaimed surface mines provide 

relatively safe and stable environments with little to no interspecific parasitism and high rates of 

DNS for nesting grasshopper and Henslow’s sparrows (DeVault et al. 2002; Monroe and 
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Ritchison 2005; Stauffer et al. 2011), and we did not find support for negative effects of woody 

vegetation on the daily survival of grasshopper and Henslow’s sparrow nests. Although our study 

plots were located within large grassland complexes, relatively small grasslands (<13 ha) on 

reclaimed surface mines also are inhabited by these species in Pennsylvania (Mattice et al. 2005; 

Chapter 4). Incidences of interspecific brood parasitism is uncommon on reclaimed surface mine 

grasslands (Wray et al. 1982; DeVault et al. 2002; Ammer 2003), but cowbird parasitism of 

grassland birds is associated with increasing amounts of woody vegetation in prairies (Patten et 

al. 2006). Despite the large amounts of woody vegetation on some of our plots, including those 

plots exceeding 20% coverage by woody shrubs, we detected no incidences of brown-headed 

cowbird parasitism.  

 Our daily nest survival estimates for grasshopper and Henslow’s sparrows combined 

(0.95, 95% CI: 0.95 – 0.96) suggest that our study plots provide for a relatively safe nesting 

habitat for grassland sparrows that varied little annually over the course of our study. Other 

published grasshopper sparrow DNS estimates are on average lower for prairies (~0.916, 

Rohrbaugh et al. 1999; 0.93, Winter and Faaborg 1999), conservation reserve program (CRP) 

lands (0.936-0.956, Patterson and Best 1996; 0.91-0.95, Koford 1999), and pastures (0.90 for 

nests during the incubation stage, and 0.94 for nests during the nestling stage, Renfrew et al. 

2005). Our DNS estimate was generally higher than other published studies for Henslow’s 

sparrows in prairies (0.95, Winter and Faaborg 1999; 0.88-1.00, Winter et al. 2000) and an 

unspecified grassland type in Indiana (0.947, Robb et al. 1998). Admittedly, we found few 

Henslow’s sparrow nests, but our sample size (n = 18) was similar to other studies that produced 

DNS estimates for Henslow’s sparrows from reclaimed surface mine grasslands (n = 21, 

Galligan et al. 2006; n = 18, Graves et al. 2010; n = 33, Stauffer et al. 2011). In general, DNS 
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estimates from reclaimed surface mine grassland for these two species are higher than other 

types of grasslands (Galligan et al. 2006, Stauffer et al. 2011, this study; but see Graves et al. 

2010). 

 Our composite nest survival model contained relatively small positive effect sizes (≤ 0.03 

per unit change on the logit scale) for our individual vegetation covariates: nest grass height, 

adjacent grass height and nest forb height (Figure 2.1). Our results are similar to Galligan et al. 

(2006) who found a positive relationship between grasshopper sparrow DNS on reclaimed 

surface mine grasslands and vegetation height within 1 m of the nest, which has also been 

supported for other grassland bird species (Winter 1999; Davis 2005). Ammer (2003), however, 

found no relationship between DNS and grass height at grasshopper nests on reclaimed surface 

mine grasslands. Presumably, greater density of vegetation around a nest location conceals the 

nest from visual discovery by predators (Stauffer et al. 2011), but this relationship may be 

dependent upon the composition of the predator community (Sutter and Ritchison 2005). 

 Predator movements in grasslands also may be influenced by the presence of woody 

vegetation. Klug et al. (2010a) studied two snake species (Coluber constrictor flaviventris and 

Pantherophis emoryi) in Kansas prairies and documented that C. constrictor flaviventris, but not 

P. emoryi, disproportionately used areas of greater shrub cover and that combined DNS of all 

grassland bird species on their plots was negatively associated with increasing shrub coverage. 

We may not have found similar effects to DNS (Klug et al. 2010a) in our study because C. 

constrictor flavi1ventris does not occur in Pennsylvania (although C. constrictor constrictor does 

occur here) and 70% (n = 156) of their nests were dickcissel (Spiza americana) nests which 

rarely nest directly on the ground and frequently nest in shrubs (reviewed in Temple 2002). In 

those prairies, C. constrictor favientris may be cueing in on shrubs in search of dickcissel nests.  
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 Dozens of species have been videotaped predating grassland bird nests (Pietz and 

Granfors 2000; Klug et al. 2010b). Removing a single structural component of the grassland 

vegetation is unlikely to affect all of these predators equally, and is unlikely to produce the same 

effect from one grassland type to another given the large amount of variation in predator biomass 

and diversity across different types of grasslands (Grant and Birney 1979). The small mammal 

community also can fluctuate among years within one grassland type (Grant and Birney 1979). If 

shrubs in grasslands are associated with snake predation (Klug et al. 2010a), then the removal of 

those shrubs could lessen snake predation pressure on other grassland bird nest predators which 

might negate any positive effect of snake abundance reduction. Over time, birds should evolve 

nesting strategies to reduce predation risk to specific predator assemblages (Weatherhead and 

Blouin-Demers 2004), and indeed, some grassland passerines seem able to detect and respond to 

the density of mammalian predators and adjust their territories by shifting to habitats with less 

predation risk (Thieme 2011).  

We did not find support for negative effects of woody vegetation on the daily survival of 

grasshopper and Henslow’s sparrow nests. Graves et al. (2010) found support for the hypothesis 

that the presence or proximity of woody vegetation is associated with decreased nesting success 

for grasshopper and Henslow’s sparrows. Their analysis, however, does not separate edge effects 

from the percent cover of woody vegetation around a nest (Graves et al. 2010), and both species 

are known to be edge sensitive (Johnson 2001). Woody vegetation was associated with slightly 

reduced fledgling production among grasshopper sparrow nests that fledged at least one nestling. 

Perhaps insect availability is reduced in areas with increased shrub coverage, but we know of no 

studies that have compared forage availability for grassland sparrows in relation to woody 

vegetation. Fledgling production, however, did conclusively increase on our treatment plots in 
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the years following woody vegetation removal. Our final composite model suggests that across 

all plots woody vegetation coverage is associated with decreased fledgling production and that a 

grasshopper sparrow nest on a grassland plot with 40% shrub coverage should on average 

produce one less fledgling than a nest on a plot without any shrubs. Taking these two apparently 

conflicting results together, we suggest that the subtle benefits of woody vegetation removal on 

fledgling production are not realized immediately following woody vegetation removal and that 

>2 years will be needed to see a realized increase in fledgling production. This might be because 

the predator community associated with shrubs was still present on our plots after removing the 

shrubs. This type of legacy effect was observed by Gazda et al. (2002), who found an overall 

inverse relationship between Russian olive (Elaeagnus angustifolia) abundance and duck nest 

success in grasslands. In their study, black-billed magpies (Pica pica) were important duck nest 

predators that nested in the olives. Following the removal of the Russian olive, magpies simply 

changed their nesting substrate while not reducing their density, and duck nest success did not 

improve. 

Our modeling process also identified that fledgling production was positively associated 

with an increase in thatch depth and a decline in the percent coverage of bare ground adjacent to 

the immediate nest area. This is noteworthy because grasshopper sparrow foraging habitat is 

often characterized as patchy areas of bare ground and grass that lack dense ground cover 

(Vickery 1996). On our study plots, “bare ground” was most often bare rock as opposed to bare 

soil, and bare rock and gravel likely offer poor foraging opportunities for grasshopper sparrows. 

Our thatch depth across the plots was approximately 3 cm, on average (Table 2.3), which is 

unlikely to prohibit foraging behavior by grasshopper sparrows, and may actually be preferred 

foraging habitats on our plots.  
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Offspring production in birds is most strongly influenced by nest predation rates, but food 

limitation is likely important as well (Martin 1992). Partial predation events are not uncommon 

for grassland bird species (Halupka 1998; Pietz and Granfors 2000), so our estimates of fledgling 

production are not simply direct measurements of parental quality or food availability with a bird 

pair’s territory. Nevertheless, our estimates of fledgling production for the average successful 

nest were generally higher than other estimates for grasshopper (3.71, McCoy et al. 1999; 3.5-

4.1, Wray et al. 1982; 3.7, Rohrbaugh et al. 1999; 4.05, Stauffer et al. 2011) and Henslow’s 

sparrows (4.0, Robb et al. 1998; 2.64, Monroe and Ritchison 2005; 3.95, Stauffer et al. 2011). 

A number of researchers (e.g., Graves et al. 2010; Klug et al. 2010a) have identified 

removal of woody vegetation from grasslands as a management action to benefit grassland birds. 

Reclaimed surface mine grasslands are resistant to woody encroachment (Clay and Holah 1999; 

Scott and Lima 2004), and reducing the amount of woody vegetation within these grasslands 

would reduce woody vegetation recruitment by reducing the source of propagules (e.g., seeds 

and shoots); which would likely increase the duration that these grasslands remain suitable for 

grassland birds. Removing woody vegetation is by no means an inexpensive or simple endeavor. 

Estimating our treatment costs is difficult because we relied on donated in-kind services and the 

extensive use of volunteers to assist in our woody vegetation removal efforts, but we estimate a 

cost of $100-200 per hectare (depending on the topography and amount of shrub coverage) for 

the total costs of herbicide and removal of the physical woody vegetation structure. 

 Fire is an essential process in grassland ecosystems (Collins and Wallace 1990; Gibson 

2009), and prescribed burning might be an acceptable approach for killing and removing the 

woody structure in some reclaimed surface mine grasslands. Black locust, the most common 

shrub on our study plots and on reclaimed surface mine grasslands in central Pennsylvania (J. 
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Hill pers. obs.), readily survives fire and mechanical cutting and responds by spreading 

rhizomatically (Anderson and Brown 1980). Herbicide is necessary to control black locust and 

other woody species that positively respond to fire and mechanical treatments, which will 

increase the costs, associated with woody vegetation removal. A considerable amount of the 

woody vegetation found within reclaimed surface mines is planted during the reclamation 

process to stabilize slopes, reduce erosion and improve soil fertility (Ashby et al. 1985), so an 

opportunity exists to work with reclamation companies to reduce stocking densities of woody 

plants. 

 Our research supports the findings of other researchers that reclaimed surface mine 

grasslands are valuable and productive habitats for some grassland bird species (Bajema and 

Lima 2001; DeVault et al. 2002; Scott and Lima 2004; Galligan et al. 2006; Stauffer et al. 2011), 

even with woody vegetation coverage exceeding 20% and woody shrub densities as high as 0.3 

shrubs m-1. Grasshopper and Henslow’s sparrows may be more likely to occupy grasslands with 

fewer woody plants (Coppedge et al. 2001; Chapter 5), but the presence of woody vegetation 

does not necessarily decrease nest survivorship or fledgling production on reclaimed surface 

mine grasslands. 
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Table 2.1. The 12 a priori models with � parameters that we used to compare temporal variation 

in daily nest survival of grasshopper and Henslow’s sparrows from 2009-2011 on reclaimed 

surface mine grasslands in Pennsylvania. Models included constant (.), linear (T), and quadratic 

trends (TT) to model daily nest survival variation on control and treatment plots (where woody 

vegetation was removed during winter 2010). We hypothesized that daily nest survival 

probability might not vary as a function of the treatment or control status of a plot (no treatment 

effect), or it could vary between treatment and control plots in either the following (immediate 

treatment effect) or 2nd year (delayed treatment effect) following woody vegetation removal. 

Model 

Hypothesized 
treatment 

effect � 

Constant survival(.) across all years None 1 

T across years None 2 

Constant by year None 3 

TT across years None 3 

T by year None 6 

TT by year None 9 

2009 & 2010-2011 control plots(.) + 2010-2011 treatment plots(.) Immediate 2 

2009 & 2010-2011 control plots(.) + 2010-2011 treatment plots(T) Immediate 3 

2009 & 2010-2011 control plots(.) + 2010-2011 treatment plots(TT) Immediate 4 

2009(.) + 2010 by treatment(.) + 2011 by treatment(.) Immediate 5 

2009(T) + 2010-2011 control plots(T) + 2010-2011 treatment plots(T) Immediate 6 

2009(.) + 2010(.) + 2011 by treatment(.) Delayed 4 
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Table 2.2. Observed nest density and fledgling production of nests (n = 216) for grasshopper 

(GRSP) and Henslow’s (HESP) sparrows from 2009-2011 on control (C) and treatment (Tr) 

plots on reclaimed surface mine grasslands in Pennsylvania from 2009-2011. Woody vegetation 

was removed from treatment plots during 2010 winter. 

Year Species 
 

No. nests 
 No. fledged 

young 
 Observed nest density 

(ha-1) 

 C Tr  C Tr  C Tr 

2009 
GRSP  37 24  77 64  1.8 1.2 

HESP  2 3  0 14  0.1 0.1 
           

2010 
GRSP  30 30  60 73  1.5 1.5 

HESP  8 0  14 0  0.4 0 
           

2011 
GRSP  38 39  80 92  1.9 1.9 

HESP  3 2  5 4  0.1 0.1 
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Table 2.3. Vegetation characteristics of control (C) and treatment plots (Tr; where woody vegetation was removed during winter 2010) 

on eight 20.2 ha reclaimed surface mine grassland plots in Pennsylvania from 2009-2011.  

Year Status 
Bare 

cover (%) 
  

Forb 
cover (%) 

  
Grass 

cover (%) 
  

Thatch 
height 
(cm) 

  
Forb 

height 
(cm) 

  
Grass 
height 
(cm) 

  
Woody 

cover (%) 
  

Nearest 
shrub (m) 

  
Woody 
density  
(m-1) 

    
̅ SE 
̅ SE 
̅ SE 
̅ SE 
̅ SE 
̅ SE 
̅ SE 
̅ SE 
̅ SE 

2009 

C 13.4 1.2 
 

35.7 1.2 
 

51.6 1.3 
 

3 0.1 
 

32.8 0.9 
 

53.4 1.2 
 

16 1.5 
 

4.1 0.4 
 

0.2 <0.1 

Tr 8.6 0.8 
 

32.7 1.1 
 

58.9 1.3 
 

3.3 0.1 
 

32.2 1.0 
 

58.2 1.2 
 

23.7 1.8 
 

2.6 0.2 
 

0.2 <0.1 

2010 

C 13.2 2.4 
 

30.6 2.6 
 

57.5 3.2 
 

2.9 0.3 
 

31.7 1.8 
 

54.9 2.4 
 

14 3.3 
 

3 0.4 
 

0.1 <0.1 

Tr 15.8 2.1 
 

30.2 2.5 
 

54.9 3.1 
 

1.9 0.2 
 

27.6 1.9 
 

47.4 2.0 
 

12.7 2.7 
 

2.5 0.4 
 

0.3 <0.1 

2011 

C 16.4 2.5 
 

23.5 1.8 
 

60.8 2.8 
 

3.4 0.2 
 

27.9 1.6 
 

56.5 2.4 
 

18 3.2 
 

3 0.4 
 

0.2 <0.1 

Tr 11.8 1.5   22.2 2.3   65.6 2.7   3.3 0.2   21.3 2.1   54.3 1.7   3.4 0.8   3.2 0.3   0.1 <0.1 
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Table 2.4. Models in the 90% confidence set explaining variation in daily nest survivorship 

(DNS) of n = 216 grasshopper and Henslow’s sparrows on reclaimed surface mine grasslands in 

Pennsylvania from 2009-2011. Models were compared using the bias-corrected Akaike’s 

information criterion and are listed with their Akaike’s weight (�i) and number of parameters 

(�). Survivorship was best explained by constant (.) survivorship across all years and species, an 

individual plot effect, and plot-specific covariates. 

Model ∆AICc �i � 

S(.) + plot + adjacent grass height + nest grass height 0.00 0.57 10 

S(.) + plot + adjacent grass height + nest grass cover (%) 2.13 0.20 10 

S(.) + plot + adjacent grass height 2.98 0.13 9 

S(.) + plot 4.33 0.07 8 
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Table 2.5. The 90% confidence set of mixed-effects models explaining grasshopper sparrow 

fledgling production from 2009-2011 on reclaimed surface mine grasslands in Pennsylvania. 

Models included in the confidence set included a random effect for the paired plot identity, and 

negative fixed-effects for woody vegetation coverage across plots and vegetation characteristics 

adjacent (5-25 m) to the nest cup. Models with K parameters were compared using the bias-

corrected Akaike’s information criterion and are listed with their Akaike‘s weight (�i). 

Model ∆AICc �i � 

Plot woody percentage cover  - adjacent bare ground cover 0.00 0.72 3 

Plot woody percentage cover - adjacent thatch height 2.90 0.17 3 

Plot woody percentage cover - adjacent woody cover 4.45 0.08 3 
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Figure 2.1. Vegetation covariates included in the 90% confidence suite of models explaining 

variation in daily nest survival for grasshopper and Henslow’s sparrows from 2009-2011 on 

reclaimed surface mine grasslands in Pennsylvania. Nest grass and nest forb heights were 

measured within 1 m of the nest, while adjacent grass height was measured at multiple locations 

5.5 m from the nest. Fitted lines are plotted from the minimum to maximum values recorded for 

a given measurement and each line shows the estimated DNS probability for that covariate while 

all other covariates are held at their mean value. 
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Figure 2.2: The expected number of grasshopper sparrow fledglings produced from a successful 

nest in each treatment and year combination as estimated from a mixed model accounting for a 

plot’s paired identity in the before-after-control-impact for pairs framework. The means 

(squares) and overlapping 95% confidence intervals between fledgling production on control 

plots (black bars) and treatment plots (gray bars) suggests that fledgling production did not 

change on treatment plots greater than expected by chance alone following the removal of woody 

vegetation between the 2009 and 2010 breeding seasons. 
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CHAPTER 3: Population Response of Grassland Sparrows to manipulation of Woody 

Vegetation on Reclaimed Surface Mine Grasslands 

 

ABSTRACT 

 

Grassland sparrow populations have experienced substantial declines across their range, and 

reclaimed surface mine grasslands have been recognized for their importance to grassland 

sparrow populations. Increasingly, individuals and institutions have called for the removal of 

woody vegetation from grasslands to promote grassland sparrow populations. We designed a 

three-year experimental study to monitor grasshopper (Ammodramus savannarum) and 

Henslow’s (A. henslowii) sparrow population dynamics across eight 20.2 ha plots of surface 

mine grasslands with various amounts of scattered woody vegetation coverage (~5-36%). Using 

a before-after-control-design for pairs, we removed woody vegetation from treatment plots 

following the first breeding season. We measured the changes in sparrow populations using 

mixed-models and mark-recapture robust-design models. The grasshopper sparrow apparent 

survival rate did not differ between control and treatment plots (all years and plots �� = 0.42, 

95% CI: 0.34 – 0.52). Henslow’s sparrow populations, however, experienced a three-fold 

decrease in apparent survivorship following woody vegetation removal compared to Henslow’s 

sparrow populations on control plots (�� = 0.08, 95% CI: 0.02 – 0.35, and �� = 0.23, 95% CI: 0.12 

– 0.43, respectively). The overall grasshopper sparrow population size across treatment plots 

increased by 15% (�� = 1.15, 95% CI: 1.14 – 1.16) from 2009-2011 while the overall population 
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on control plots declined (�� = 0.83, 95% CI: 0.82 – 0.85). Henslow’s sparrow populations 

declined more rapidly on treatment plots compared to control plots over the same time period (�� 

= 0.68, 95% CI: 0.65 – 0.70, and �� = 0.87, 95% CI: 0.85 – 0.89, respectively). Henslow’s 

sparrow population size for any given plot and year was 0.12 (95% CI: -0.09 – 0.33) the size of 

the grasshopper population on that plot. We observed low juvenile annual return rates for 

Henslow’s and grasshopper sparrows (0.0% and 1.1%, respectively) across all plots. Our results 

suggest that removal of woody vegetation from surface mine grasslands has a positive and 

immediate, albeit subtle effect on grasshopper sparrow populations and a negative effect on 

Henslow’s sparrow populations at least during the two years following woody vegetation 

removal.  

 

INTRODUCTION 

 

 Site-specific management strategies for avian species often are aimed at reducing nest 

predation (e.g., predator control, Garrettson and Rohwer 2001) or increasing the number of 

breeding adults and breeding sites (e.g., translocation and installation of artificial nesting 

structures, Conner et al. 1995). These actions may have limited benefit to effective population 

size, especially when processes outside of the breeding season more strongly influence breeding 

bird numbers (e.g., winter mortality, Jannsson et al. 1981). Since individuals of a species may 

occupy, reproduce, and survive in poor quality habitats, abundance may give erroneous 

information regarding that species’ habitat requirements (Pulliam 1988). Changes in relative 

abundance, though, are often the first indicator that potential problems exist (Grier 1982; Croxall 
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et al. 2002). Small populations, especially those that are isolated, face greater risk of extinction, 

so management aimed at increasing small population size alone does have some merits (Reed 

2004; Melbourne and Hastings 2008). 

Understanding the population dynamics of a species is crucial in understanding how 

management actions affect that target species (Haché and Villard 2010). For example, 

loggerhead sea turtle (Caretta caretta) conservation efforts were largely directed at protecting 

nests, until population modeling showed that efforts to reduce mortality among adults and large 

juveniles produced substantially greater population response (Crouse et al. 1987). The 

effectiveness of management actions can be difficult to quantify since most populations are 

limited by multiple and fluctuating limiting factors, and few management actions will equally 

impact all segments of a population (Newton 1998), especially in migratory species.  

Grassland ecosystems and grassland birds have received much attention as North 

America has experienced substantial declines in grassland area and grassland obligate breeding 

bird populations (Stephens et al. 2004; Askins et al. 2007). For example, over 90% of the 

original tallgrass prairie system has been destroyed or converted to agricultural lands, at a rate of 

loss greater than any other widespread ecosystem type (Samson and Knopf 1994; Noss et al. 

1995). Not surprisingly, most grassland-obligate breeding bird species have also experienced 

substantial reductions in population size. For example, Henslow’s sparrow (Ammodramus 

henslowii) and grasshopper sparrow (A. savannarum) populations have experienced 12.13% and 

6.3% declines per year, respectively, in our study region over the course of the North American 

Breeding Bird Survey (Sauer et al. 2005).  
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Grasslands throughout the world are slowly changing to shrubby savanna-like systems 

(reviewed in Briggs et al. 2005), and some species of grassland birds appear to be adversely 

affected by the presence of woody vegetation (Scheiman et al. 2003; Briggs et al. 2005; Askins 

et al. 2007; Graves et al. 2010). Davis (2004) reported a lower abundance of Western 

Meadowlarks (Sturnella neglecta) and a lower probability of occurrence for grasshopper 

sparrows as the density of woody vegetation increased within mixed-grass prairies. Graves et al. 

(2010) documented reduced abundance and nesting success of grasshopper and Henslow’s 

sparrows in the presence of woody vegetation on reclaimed surface mine grasslands. In addition 

to woody vegetation encroachment, grassland birds and ecosystems face a complex suite of 

challenges to their recovery including habitat isolation, fragmentation, and outright loss and 

degradation (Herkert 1994a; Peterjohn and Sauer 1999; Davis et al. 2004; Askins et al. 2007). 

Grasslands created following surface mining activities in the Midwest and eastern U.S. 

provide globally important habitat for several species of ground-nesting migratory grassland 

sparrow species including Henslow’s and grasshopper sparrows (Bajema et al. 2001; DeVault et 

al. 2002), even though these grasslands often have a substantial amount of scattered shrubs and 

trees. Many of these shrubs are seeded by mining companies during the legally-required 

reclamation activities at the conclusion of mining operations (Ashby et al. 1985). With the 

apparent detrimental effect of woody vegetation on grasshopper and Henslow’s sparrows, we 

wondered how woody vegetation affected populations of these species inhabiting these savanna-

like grasslands. 

With these ideas in mind we designed a three-year study to measure the effectiveness of 

woody vegetation removal on reclaimed surface mines in Pennsylvania as a tool to effect change 

in populations of grasshopper and Henslow’s sparrows. Using a before-after-control-impact-
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design for pairs (BACIP) framework we monitored population sizes, finite growth rates and 

apparent survivorship of adults before and after we removed woody vegetation from grasslands 

with 5-36% areal coverage of woody vegetation. We predicted that population sizes (�) and 

apparent survival (�) of adult sparrows would increase on treatment plots, relative to control 

plots, following woody vegetation removal.  

 

METHODS 

 

Study area and experimental design 

Our study plots were located on two state game lands managed by the Pennsylvania Game 

Commission in Clarion and Cambria Counties, Pennsylvania. The game land in Cambria County 

(9229 ha) is located within a mosaic of reclaimed surface mine grassland and forested areas. The 

Clarion County game land (932 ha) consisted of surface mine grasslands and agricultural lands 

and is located within a Globally Important Bird Area, as designated by the National Audubon 

Society for its large populations of grassland birds. Most of the grasslands within these two game 

lands have been reclaimed within the past 40 years. We delineated eight 20.2 ha plots of 

reclaimed surface mine grasslands within Clarion (two plots) and Cambria (six plots) Counties.  

Plots were chosen as part of a BACIP design within large grassland complexes within the 

game lands. We divided the Cambria County game land into three sections and placed two plots 

(located between 0.3 and 1.2 km apart) within each section. The much smaller Clarion County 

game land was considered a single section, and we placed two plots 1.1 km apart within that 

section. The two plots in each section at both game lands consisted of grasslands that were 



57 
 

reclaimed at the same time and that contained roughly equal amounts of areal shrub coverage 

ranging from 5-36%, as determined through our vegetation sampling described below. We 

randomly designated one of the two plots in each section as the treatment or control plot, 

respectively. 

 During winter of 2009-2010 we used Caterpillar track loaders (Caterpillar Inc., Peoria, 

Illinois, USA) equipped with masticating heads and a Hydro-Ax (Blount Inc., Portland, Oregon, 

USA) to pulverize all standing woody vegetation on the four treatment plots. Herbicide 

application during summer of 2009 would have been impractical given the difficulty of 

navigating the spraying equipment around the plots and over the woody vegetation, especially on 

our plots in excess of 20% areal shrub coverage. On hillsides too steep for the track loaders and 

Hydro-Ax machines we felled trees with chainsaws and removed the felled trees from the plots. 

Conducting these operations during the winter months, with snow on the ground, reduced the 

impact to the herbaceous vegetation and soil caused by the machines. Mechanical removal 

effectively killed conifers but some deciduous shrubs (e.g., black locust [Robinia pseudoacacia]) 

re-sprouted immediately from basal stumps in early spring 2010. Using herbicides designed to 

kill woody species while minimizing harm to grasses and forbs, we air-blasted a mixture of 

Escort (metsulfuron methyl) and Garlon 3A (tricolpyr) during September 2010 at a rate of 1 

quart of Garlon 3A and 1 ounce of Escort per gallon of water to kill the re-sprouted deciduous 

shrubs. We again used the track loaders during winter 2011 to remove all dead standing woody 

vegetation. 

 

Marking individuals 
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We marked individuals of all sexes and ages classes to understand how the removal of woody 

vegetation affected grasshopper and Henslow’s sparrow populations. Starting in early May each 

year we captured male grasshopper and Henslow’s sparrows on our study plots using a small 

portable audio system to lure males into mist nets. We sexed captured adults by the presence of a 

cloacal proturberance in males or enlarged brood patch on females (Pyle 1997). We could not 

reliably distinguish among adult age classes (Pyle 1997). We banded adults with a uniquely 

numbered U.S. Geological Survey (USGS) aluminum band and a unique color band 

combination.  

Marking juveniles and adult females required locating active nests. From early May 

through July we systematically searched each plot once per week while walking in parallel 

transects to flush females from nests. We captured females at nests with mist nets when egg 

laying and hatching were not in progress. We banded females with a USGS aluminum band and 

a unique color band combination. Nests were monitored every 3-4 days until fledgling or failure 

occurred. We aged nestlings through the descriptions of Stauffer et al. (2011) and fitted nestlings 

when they were six days old with a USGS aluminum band and a single site-and-year-specific 

color band on the opposite leg. We could not determine nestling sex in either species (Pyle 

1997). We did not fit nestlings with a unique color band combination for two reasons. First, we 

suspected low survival and return rates of juveniles (Hovick et al. 2011). Second, not fitting 

juveniles with unique color band combinations greatly reduced the number of color band 

combinations deployed on birds and subsequently improved the accuracy of our resighting 

surveys (full details in next section). When we encountered juveniles from previous years (i.e., 

banded with a single color band) we captured them, as described hereto and fitted them with a 

unique color band combination. 
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Population monitoring 

From early May through the penultimate week of June each year we recorded the presence of 

color-marked individuals (hereafter “resights”) whenever we encountered them and we recorded 

their color band combination and location with a handheld Global Positioning System (GPS) 

unit. We also noted interactions among individuals and their singing behavior. During these 

encounters we generally took multiple resights of the same individual as they moved about their 

territory, which allowed us to loosely map their territorial boundaries and to help us identify 

areas of unmarked individuals. 

We performed our primary population surveys of the grasshopper and Henslow’s sparrow 

populations on our plots each year during the last week of June and first week of July. This time 

period falls just after the peak of breeding (early to mid-June) on our study plots and was chosen 

to increase our encounter rate with adult females. During this two week period each year each 

plot received at least 20 hours of surveying effort in the form of 5 surveys. From 0600 to 1000, a 

researcher with a tripod-mounted spotting scope would systematically walk the entire plot 

several times, to resight color-banded adult sparrows as described above. In addition to marked 

individuals, the researcher also recorded the presence of unmarked adult grasshopper and 

Henslow’s sparrows. In addition to these surveys, during these two weeks in 2010 and 2011 we 

also collected resights on marked and unmarked adult individuals as we haphazardly encountered 

them throughout the rest of the day as we nest searched the plots. We did not collect resight data 

when we were performing activities at nests (e.g., fledge checks or banding nestlings), because 
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that would have resulted in color-banded females having a much greater encounter probability 

than unmarked adult females. 

 

Apparent survival 

We used multiple metrics to evaluate how woody vegetation removal affected the population 

ecology of adult grassland sparrows; too few marked juveniles of either species, however, 

returned to our plots to include in these analyses. We calculated return rates of juveniles for both 

species as the number of banded nestlings that fledged in year i that were encountered in year 

i+1. Returning juveniles marked in year i and detected in year i + 1 were considered ‘newly 

captured’ adults in population models (described below). We designed our primary two week 

sampling period around the zero-truncated Poisson log-normal mixed-effects (ZPNE) model of 

McClintock et al. (2009). Like other robust design models, the ZPNE simultaneously estimates 

abundance (N), apparent survival (ϕ, the probability of being alive and in the population of 

interest at time i, given that the individual was alive at time i-1), and transition probabilities 

between observed and unobserved states in a more efficient manner than estimating these 

parameters using separate models (Kendall et al. 1995; Kendall and Nichols 2002).  

The ZPNE model utilizes the resights from primary sampling periods in conjunction with 

knowledge of individuals previously marked and known to be alive but undetected during a 

primary period. The ZPNE model also uses those resights where marked individuals are 

observed but not uniquely identified. The model assumes that 1) no individuals (i.e., adults in our 

case) are added or removed from the population during a primary period (i.e., geographic and 

demographic closure), 2) no identifying marks are lost from the study organisms, 3) researchers 
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are able distinguish between marked and unmarked individuals, and 4) resighting probabilities 

for marked and unmarked individuals are independently and identically distributed.  

We were primarily interested in the estimated apparent survival estimate (ϕj) between 

primary period j and j + 1 (j = {1,2}), and the derived parameters for total population size during 

the primary period (Nj). As described in McClintock and White (2009), the ZPNE model 

estimates additional parameters for the number of unmarked individuals (U), transition 

probabilities for moving from an observable state to an unobservable state (i.e., temporary 

emigration, ɣ'') and remaining at an unobservable state (i.e., permanent emigration, ɣ'), the mean 

resighting rate intercept (α) on a log scale, and a random effect for individual heterogeneity (σ) 

on the log scale.  

We used all observations of marked and unmarked adult grasshopper and Henslow’s 

sparrows recorded during the two week primary sampling period each year (2009: 29 June – 13 

July; 2010: 29 June – 13 July; 2011: 27 June – 11 July). We considered an individual available 

for detection during a primary period if that individual was banded and/or re-sighted that year on 

our study plots prior to the start of the primary period. In the event that a marked individual was 

observed but not uniquely identified (e.g., only a partial color band combination was observed) 

we attempted to identify the individual by comparing their location and association with other 

individuals to previous resights. In general, it was readily accomplished because these species 

are territorial and their territories rarely shifted >100 m over the course of a single season (J. Hill 

unpub. data). The ZPNE model allows for the inclusion of observations of marked but not 

uniquely identified individuals, because censoring these observations would generally inflate 

population estimates (McClintock and White 2009). We estimated the ZPNE model using 

program MARK (White and Burnham 1999) and grouped data by species and study plot. 
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Separate estimates of male and female populations could not be estimated because the sex of 

non-singing unmarked individuals could not be discerned.  

 We followed the systematic approach of McClintock and White (2009) to select and 

compare models with the sample size adjusted Akaike’s Information Criterion (AICc; Burnham 

and Anderson 2002) using a series of six model selection steps. We retained the most 

parsimonious model (i.e., the model with the lowest AICc value) from each step for use in the 

subsequent step, which included the most parsimonious model from the previous step if adding 

an additional covariate did not improve the parsimony of the model. We initially set all 

parameters to vary by species (spp) and time and treatment status (Tr) (i.e., spp*t*Tr), but to 

make all parameters identifiable we set the transition probability parameters equal to each other 

(ɣ' = ɣ'', hereafter ɣ), which equates to random movement between observable and unobservable 

states (McClintock and White 2009). For models explaining variation in σ and α we compared 

models with constant (.), temporal (t), and species effects (. and t). For models explaining U we 

explored species effects (. and t) and plot (. and t) effects for plots with <3 and ≥3 observations 

of unmarked individuals in a primary period (Low and High, respectively). We also considered 

models without any individual heterogeneity (σ = 0; McClintock and White 2009).  

 In the first, second, and third steps we identified the most parsimonious structure for σ, α, 

and U, respectively. Fourth, we systematically added the sex (1 = male) covariate to the σ, α, and 

ɣ parameters. Fifth, we compared 14 a priori models in their ability to explain variation in 

apparent survival. Sixth, we added the sex covariate to our most parsimonious model from step 

5. We created a confidence set consisting of models with an accumulated 90% of AICc weight 

and model-averaged estimated and derived parameters across these models. All results presented 
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for ZPNE models are model-average estimates with unconditional standard errors that accounts 

for model selection uncertainty (Burnham and Anderson 2004). 

 

Abundance estimation 

The ZPNE model tends to underestimate population size (N) when a substantial proportion of 

uniquely marked-and-available individuals are not observed during the primary period for which 

they are available (McClintock et al. 2009). Despite our resighting efforts, between 29% and 

43% of the marked-and-available population of both species was not observed during a given 

year. We therefore used the Poisson log-normal mixed-effects (PNE) model (McClintock et al. 

2009), which differs from the ZPNE model in how it accounts for unobserved marked-and-

available individuals. The PNE model assumes that the number of marked-and-available 

individuals is known for each primary period, which we estimated by summing the number of 

unique individuals captured or resighted in a year prior to the primary period. For seven 

grasshopper sparrows that were first encountered in a given year during the primary period, we 

treated them as an unmarked bird for that primary period (n = 7 grasshopper sparrows).  

 To estimate population size (N) with the PNE model using program MARK (White and 

Burnham 1999), we treated each species and plot as a separate group during a single primary 

period. Consequently, the transition probabilities (ɣ'and ɣ'') and apparent survival probability (ϕ) 

were not estimable. We used the same model selection procedure as described above (steps one 

through four). We used the derived estimates of population size (N) on each plot to create 

estimates of finite population growth (λ) and averaged control and treatment plot population 

estimates each year using the delta method (Powell 2007). We estimated the population size ratio 
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of Henslow’s sparrows to grasshopper sparrows using a random intercept model (Pinheiro et al. 

2012; R Development Core Team 2012) with plot identity treated as a random effect with 

residual variance σ2 and �̂� as the population level variance among plot means. We quantified the 

relationship between overall change in sparrow populations and overall change in woody 

vegetation coverage using a linear model. 

 

Woody vegetation sampling 

After choosing a random starting point, we systematically placed 50 sampling points across each 

plot using ArcGIS (Environmental Systems Research Institute, Redlands, CA). We sampled 

woody vegetation (≥0.5 m tall) at all 50 sampling points on each plot in 2009 while in later years 

we randomly sampled 12-16 of those points per plot each year. During the last two weeks of July 

each year we sampled woody vegetation coverage on each plot with 100-m of line intercept 

sampling performed at 25 cm intervals around a sampling location. 

 

RESULTS 

From 2009-2011 we banded 431 adult grasshopper sparrows and 130 adult Henslow’s sparrows, 

and 438 nestling grasshopper sparrows and 36 nestling Henslow’s sparrows that successfully 

fledged (Table 3.1). Throughout the primary resighting periods we amassed 1,735 and 658 

resights on grasshopper and Henslow’s sparrows, respectively (Table 3.1), including both 

marked and unmarked individuals. We collected additional resights on color-banded grasshopper 

and Henslow’s sparrows (n = 846 and n = 303, respectively) prior to the start of the primary 

periods. Grasshopper sparrows occupied all plots in all years, but Henslow’s sparrows were not 
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detected on the control and treatment plot within one section of the Cambria County game land. 

Mean woody vegetation coverage (
̅ ± ��) on control plots in 2009 (16.0 ± 1.53) to 2011 (18.0 

± 3.20) was relatively stable compared to the steadily declining woody vegetation coverage on 

treatment plots a (2009, 23.7 ± 1.83; 2010, 12.7 ± 2.70; 2011, 3.4 ± 0.81). 

 Our ZPNE models estimated the transition probability ɣ for both sexes and species as 

0.25 ± 0.09 (95% CI: 0.12 – 0.46), but females of both species had more than twice the transition 

probability of males (ɣ� = 0.48, and ɣ� = 0.18, respectively; sex covariate on the logit scale, -1.41 

± 0.67, 95% CI: -2.73 – -0.09). The intercept for the mean resighting rate (α) varied across 

species and years, and was on average higher for males than females of both grasshopper and 

Henslow’s sparrows (species-specific sex covariates, 1.03 ± 0.15, and 1.93 ± 0.50, respectively). 

The intercept for the mean resighting rates increased from 2009 to 2011 for grasshopper and 

Henslow’s sparrows (Table 3.2).  

We found support for individual heterogeneity (σ) for both species and sexes combined 

from 2009 to 2011 (Table 3.2). We recorded <3 observations of unmarked grasshopper and 

Henslow’s sparrows eleven times. The number of unmarked individuals (U) on a plot in years 

where <3 unmarked individuals were observed during the primary period was estimated as 0.22 

± 0.09, 95% CI: 0.09 – 0.45). For all other plots and years the number of unmarked grasshopper 

and Henslow’s sparrow individuals per plot ranged from 0.24 ± 0.22 to 28.44 ± 6.40.  

There was no clear evidence that the woody vegetation removal influenced the apparent 

survival (ϕ) of grasshopper sparrows, but Henslow’s sparrow apparent survival was negatively 

impacted by the removal of woody vegetation (Figure 3.1). Comparing the relative importance of 

treatment effects included in models within our 90% confidence set suggested that treatment 
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effects were 3.2 (0.73/0.23) times more plausible than non-treatment effects for Henslow’s 

sparrows. Grasshopper sparrow treatment effects, however, were only 0.28 (0.21/0.75) times as 

plausible as non-treatment effects (Table 3.3). Grasshopper and Henslow’s sparrow apparent 

annual survival across all years and treatments was 0.42 ± 0.04, 95% CI: 0.34 – 0.52 and 0.15 ± 

0.04, 95% CI: 0.09 – 0.27, respectively. Our most parsimonious model (Table 3.4), however, 

suggested that Henslow’s sparrow survivorship varied between treatment (0.08 ± 0.07, 95% CI: 

0.02 – 0.35) and control (0.23 ± 0.08, 95% CI: 0.12 – 0.43) plots, but not through time. Adding 

sex to the ϕ parameters did not improve any of the models in the 90% confidence set. 

Return rates for marked juveniles were too few to make comparisons between treatment 

and control plots, and all encountered returning juveniles were male. We detected no returns of 

juvenile Henslow’s sparrows to their natal plots in subsequent years (apparent return rate of 0%). 

We did, however, detect a single Henslow’s sparrow that was banded as a nestling in 2010 and 

recaptured in 2011 1.7 km from where it was banded as a nestling. The estimated return rate for 

grasshopper sparrow fledglings was 1.5% (2/131) and 0.7% (1/142) between years 2009-2010 

and 2010-2011, respectively. No marked fledglings from 2009 were initially detected in 2011. 

These three grasshopper sparrows made movements of 0.38 km, 0.27 km, and 0.6 km from 

where they were marked as nestlings and subsequently captured as adults the following year. We 

also encountered two grasshopper sparrows adults that were initially banded as nestlings on other 

plots. The distances between their nest and where they were subsequently recaptured as adults 

were 1.93 km and 0.64 km, respectively. Of the six juveniles of both species that we detected in 

subsequent years, only one, a grasshopper sparrow, was a confirmed breeder. 

 Of our PNE models used to estimate population size, a single 21-parameter model 

garnered >0.99 of the AICc weight and hence was the sole model in our 90% confidence set 
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(Table 3.4). Our model selection procedure for the PNE models selected the same structure for 

individual heterogeneity (σ*t), as did the ZPNE model process (Table 3.4), and heterogeneity did 

not vary between sexes or species. The mean resighting rate structure selected for the PNE 

models (α*Spp(.)+Spp*Sex) differed slightly from the ZPNE structure for α (Table 3.4). Males 

were more likely to be observed than females for grasshopper and Henslow’s sparrows (0.66 ± 

0.01 vs. 0.33 ± 0.03, and 0.69 ± 0.02 vs. 0.18 ± 0.07, respectively). The number of unmarked 

individuals varied by species (.) and plot, and ranged from 0.19 ± 0.14 to 20.59 ± 4.24.  

 The removal of woody vegetation had no immediate impact on Henslow’s sparrow 

abundance on treatment plots (Table 3.4), and treatment plot populations largely mirrored the 

population trajectory of Henslow’s sparrows on control plots (Figure 3.2). Overall populations of 

Henslow’s sparrows on control and treatment plots declined from 2009-2011 (�� = 0.87, 95% CI: 

0.85 – 0.89, and �� = 0.68, 95% CI: 0.65 – 0.70, respectively). Our random intercept model 

predicted the ratio of Henslow’s sparrows to grasshopper sparrows as 3.59 (95% CI: -4.21 – 

11.3944) + 0.12*N�GRSP (95% CI: -0.09 – 0.33) across all plots (σ2 = 41.06, �̂� = 7.29) Figure 

3.3), where N�GRSP is the observed population of grasshopper sparrows.  

 A grasshopper sparrows population increase on treatment plots coincided with the 

removal of woody vegetation (Figure 3.2; overall �� = 1.15, 95% CI: 1.14 – 1.16), whereas 

control plot populations declined (overall �� = 0.83, 95% CI: 0.82 – 0.85). Grasshopper sparrow 

overall abundance on treatments plots increased immediately following woody vegetation 

removal (��2009-2010 = 1.26, 95% CI: 1.24 – 1.29), and subsequently declined slightly (��2010-2011 = 

0.91, 95% CI: 0.90 – 0.91). The increase in individuals observed from 2009-2010 was modest, 

however, with each treatment plot adding an average of 6.25 individuals (min-max: 3 - 8) 
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(Figure 3.4). The population on two treatment plots made further modest gains again from 2010-

2011, with two plots adding 5.0 and 2.0 individuals, respectively, while the other two treatment 

plot populations declined below their abundance in 2009. The overall increase in abundance 

(2009-2011) on treatment plots was the result of a population increase on our initially two least-

populous plots, as both plots each added <12 individuals over two years. On average, the 

grasshopper sparrow population on each plot was inversely associated with the amount of change 

in woody vegetation coverage (Figure 3.5; R2 = 0.45, coefficient ± SE = -3.34 ± 2.30 – 0.30*x ± 

0.13, where x is relative change in woody vegetation coverage from 2009 to 2011). 

 

DISCUSSION 

 

Despite the removal of scattered woody vegetation from of approximately 81 ha reclaimed 

surface mine grasslands, we measured relatively modest corresponding changes in the 

populations of grasshopper and Henslow’s sparrows. In the two years following woody 

vegetation removal on treatment plots, our analyses indicated that only grasshopper sparrows 

appeared to benefit from our treatment actions as realized through increased population growth 

compared to control plot populations. The increase in grasshopper sparrow treatment plot 

populations was not uniform, as the population increased on only two of our four treatment plots 

following woody vegetation removal (Figure 3.5).  

 Our annual apparent survivorship estimates were nearly identical for grasshopper 

sparrows (Figure 3.1) on treatment and control plots (all plots and years combined, �� = 0.42, 

95% CI: 0.34 – 0.52), which suggests that the removal of woody vegetation did little to either 
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improve return rates or result in higher survival for individuals of either sex. These estimates are 

very similar to the male grasshopper sparrow apparent survival estimates of Stauffer (2008) on 

reclaimed surface mines (�� = 0.41, 95% CI: 0.31 – 0.54) and Michel et al. (2006) for the South-

Central United States (�� ± SE, 0.44 ± 0.07), but are lower than apparent survival estimates 

reported in hayfields (�� ± SE, 0.58 ± 0.14, Seigel 2009) and return rates reported from 

Conservation Reserve Program fields (male = 0.57, female = 0.41; Gill et al. 2006). Seigel 

(2009) based those estimates on reencounters with birds within a single 70 ha grassland, and Gill 

et al. (2006) monitored 12 contiguous fields constituting 92.4 ha. These large single study areas, 

with relatively low perimeter-to-area ratios compared to our 20.2 ha plots, likely increased their 

chances of finding and encountering a higher proportion of dispersing individuals and birds that 

had shifted their territory between years. We observed color-banded individuals who moved 

between years to territories just outside of our plots. Since we did not monitor these areas 

adjacent to our plots, or include observations of birds from those areas, our apparent survival 

estimates are likely lower than if we had monitored a larger area (Cilimburg et al. 2002).  

Male birds are generally thought to have higher survival rates than females stemming 

from the cost of reproductive care and the cost of mate acquisition (Bennett and Owens 2002; 

Liker and Székely 2005) but it is critical for survival models to account for differences in 

encounter probabilities among individuals (Lebreton et al. 1993; Diefenbach et al. 2003). Failure 

to account for low encounter probabilities, which are often lower for females (this study) will 

produce biased-low survival estimates. Our top ZPNE models were not improved with the 

addition of a sex-specific covariate to the apparent survival parameters, likely because the ZPNE 

model takes into account differences in the mean resighting rate (α) and individual heterogeneity 

(σ). 
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 Henslow’s sparrow apparent survival estimates were on average one-third as high as 

grasshopper sparrows over the course of our study, and apparent survival estimates for 

Henslow’s sparrows on control plots were approximately three times higher than birds on 

treatment plots. Our annual apparent survival estimate for Henslow’s sparrows (all plots and 

years combined, �� = 0.15 ± 0.04, 95% CI: 0.09 – 0.27) is lower than those that have been 

reported elsewhere (�� = 0.33, 95% CI: 0.10 – 0.68; Stauffer 2008) and reported apparent return 

rates of approximately 15% (Monroe and Ritchison 2005). It is unlikely that removing woody 

shrubs during the winter, when Henslow’s sparrows are absent, negatively impacted Henslow’s 

sparrow survival. The removal of woody vegetation, ergo, most likely negatively affected the 

probability that an individual returned to the plot that they occupied in the preceding year. 

Henslow’s sparrows are sensitive to the disturbance of vegetation and populations may 

temporarily reduce for one to two seasons following burning or mowing (Zimmerman 1988; 

Herkert 1994b). It may take up to three years for populations to reach peak density following 

management disturbances such as fire (Volkert 1992). Additional years of monitoring on our 

treatment plots may be necessary to detect positive changes in the Henslow’s sparrow 

populations stemming from our management actions. Our Henslow’s sparrow apparent survival 

estimates, additionally, had much greater uncertainty than our grasshopper sparrow estimates, 

which likely stems from their lower population size on our plots (especially on treatment plots 

compared to control plots). 

 The overall grasshopper sparrow population on treatment plots, however, on average 

increased by approximately 26% in the breeding season immediately following woody 

vegetation removal, suggesting that they are less likely to be negatively affected by disturbance 

than Henslow’s sparrows. Other researchers, however, have reported declines in Grasshopper 
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sparrow populations in the subsequent breeding season following prescribed burning (Forde et 

al. 1984; Huber and Steuter 1984) and mowing (Swengel 1996), so mechanical woody 

vegetation removal during winter may be a preferred option over woody vegetation removal 

options during the growing season (e.g., mowing and burning) when it furthers management 

goals. Our winter removal did leave short stems of woody plants intact (≤0.3 m) that were 

beneath the snow layer, but operating the machinery in the winter also likely reduced surface 

disturbance, erosion, and soil compaction and scarification as have been reported from timber 

harvest research (e.g., Williams and Buckhouse 1993). 

The immediate increase in grasshopper sparrow populations following woody vegetation 

removal, without an increase in apparent survivorship suggests that grasshopper sparrow 

populations on treatment plots grew through increased rates of immigration as opposed to 

increased true survivorship. We were unable to age adult birds, so we cannot say if individuals 

occupying newly-cleared habitat largely consisted of young birds or inexperienced breeders as 

has been reported elsewhere (Sherry and Holmes 1989; Hénaux et al. 2007; Haché and Villard 

2010). It does suggest that there are individuals in the immediate landscape able to immediately 

move in and fill newly created or improved habitat. This may partly be because we located our 

plots within large grassland complexes. We estimated relatively high rates of movement on and 

off of the study area (ɣ� = 25 ± 0.09), and females of both species were approximately 2.2 times 

more likely to move on or off the plot in between breeding seasons.  

The two treatment plots where grasshopper sparrows populations increased from 2009-

2011 had densities in 2011 of 1.1 and 0.89 adult birds per ha, respectively, and each plot added 

<12 individuals from 2009-2011. In contrast, our most populous treatment plot had an average 

grasshopper sparrow density of 2.9 individuals per ha (min-max = 2.6 – 3.2). It seems unlikely 
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that the populations on these plots are incapable of adding more than a few individuals per year, 

as we observed from 2009-2011. Although some authors have found that grasshopper sparrow 

density is limited by woody vegetation (Winter 1998), our results suggest that carrying capacity 

for grasshopper sparrows is only partially determined by the coverage of woody vegetation.  

Schneider (1998) found that grasshopper sparrow abundance in North Dakota was 

positively associated with low-growing shrub cover. Our most populous plot for grasshopper 

sparrows through all three years of our study supports this notion. That control plot had 

approximately 13% shrub coverage across all three years, composed of a substantial portion of 

autumn olive (Elaeagnus umbellata). Even on control plots, with an average of ~14% areal shrub 

coverage across all years, we observed higher densities of grasshopper sparrows (Table 3.4) than 

has been reported for reclaimed surface mine grasslands elsewhere (~0.6-0.8 breeding adults per 

ha, Wray et al. 1982; ~0.7-0.9 adults per ha, Ammer 2003).  

In contrast, the overall Henslow’s sparrow population on treatment plots was stable in the 

year following woody vegetation removal, while the overall control plot population increased 

(Figure 3.2). Between 2010 and 2011, however, Henslow’s sparrow populations on control and 

treatment plots declined by approximately 30% (�� = 0.73 and � = 0.67, respectively). The results 

of our random intercept model suggested that the Henslow’s sparrow population in any given 

year for any particular plot was on average 0.12 times the size of the grasshopper sparrow 

population on that plot, but that grasshopper and Henslow’s sparrow population trends were 

correlated (Figure 3.3). We found little evidence that the overall smaller population size and 

decline in Henslow’s sparrow abundance were a result of increasing grasshopper sparrow 

populations (Figure 3.3), suggesting that our observed decline in Henslow’s sparrows was not 

the direct result of interspecific competition with grasshopper sparrows (Wiens 1989; Newton 
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1998). Grasshopper sparrows are not routinely socially dominant over the smaller Henslow’s 

sparrows (Wiens 1969; Goard 1974), and their territories can overlap (Piehler 1987; J. Hill 

unpub. data). On our study plots, we only rarely observed grasshopper sparrows chasing 

Henslow’s sparrows, or vice-versa (J. Hill unpub. data). None-the-less, the densities that we 

observed for Henslow’s sparrows (Table 3.4) are generally lower than other studies (0.8-1.2 

males per ha, Monroe and Ritchison 2005; 0.55 males per ha, Robb et al.1998). 

The low site-fidelity of juvenile sparrows reported in our study is similar to what has 

been reported elsewhere for birds in general (Greenwood and Harvey 1982; Paradis et al. 1998). 

Grassland birds appear to have overall lower return rates of adult classes, as well, compared to 

forest and shrubland birds (Jones et al. 2007) and relatively little is known regarding juvenile 

survival and settlement for most species of birds. Our low return rates for juveniles is consistent 

with other observed return rates (all <4%) for juvenile grasshopper (Kaspari and O’Leary 1988; 

Balent and Norment 2003; Stauffer 2008) and Henslow’s sparrows (Skipper 1998; Stauffer 

2008). Clearly, the overall juvenile return rates observed in our study for Henslow’s and 

grasshopper sparrows (3.7% and 1.8%, respectively) are insufficient to sustain these populations 

without immigration (Pulliam 1988). The nomadic behavior and low return rates of some 

grassland birds, however, may be an evolutionary adaptive feature to take advantage of 

fluctuating resources and habitat instability (Cody 1985; Winter et al. 2005; Jones et al. 2007). 

This nomadic behavior and relatively low site fidelity, especially for juvenile sparrows, present 

substantial challenges for monitoring grassland bird populations following management actions. 

 

Management recommendations 
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We observed only modest improvements in grasshopper sparrow abundance following woody 

vegetation removal. Woody vegetation removal did not appear to influence apparent survival for 

grasshopper sparrows, and Henslow’s sparrow abundance and apparent survival declined on 

treatment plots compared to control plots. Given the cost of woody vegetation removal (~$60-

100 per ha for mechanical removal and woody-vegetation specific herbicide), our results suggest 

that woody vegetation removal on reclaimed surface mine grasslands and at our experimental 

scale is potentially cost-prohibitive which results in modest gains for grasshopper sparrows and 

no immediate positive effects for Henslow’s sparrow populations. 

 Woody vegetation encroachment is a serious threat to grassland ecosystems and obligate 

grassland birds (Briggs et al. 2005; Askins et al. 2007), but our study indicates that woody 

vegetation removal may be insufficient on its own to slow declines in Henslow’s sparrows. 

Woody vegetation removal, using mechanical cutting and herbicide may be plausible for 

individual properties and will be most effective on properties whose shrub community is 

dominated by species that can be killed by mowing or cutting (e.g., Pinus spp., pers. obs). Fire is 

an important component of grassland ecosystems in the Midwestern and western United States as 

it removes accumulated ground cover and slows woody vegetation encroachment (Briggs et al. 

2005; Hughes et al. 2006). A number of authors have called for the use of fire to manage habitat 

for grassland birds (e.g., Gill et al. 2006 and Askins et al. 2007). Prescribed fire is an effective 

tool to reduce the presence of many woody species (Anderson and Schwegman 1971), and 

prescribed fire may be an effective alternative to the cut-and-herbicide treatment that our study 

examined. Once established in grasslands, however, woody vegetation may be difficult to 

eradicate even with annual prescribed burns (Briggs et al. 2005), and some species will expand 

their presence following fire. Black locust, for example, is generally the most common woody 
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shrub encountered on reclaimed surface mines (Ashby et al. 1985), including our plots (J. Hill 

unpub. data), and it responds aggressively to fire by spreading rhizomatically and resprouting 

(Anderson and Brown 1980) as do other upland species such as prairie willow (Salix humilis), 

silky dogwood (Cornus amomum), smooth sumac (Rhus glabra), and Eastern persimmon 

(Diospyros virginiana) (Anderson and Schwegman 1971; Adams et al. 1982). 

 Our findings suggest that the recovery of grassland bird populations, at least on 

reclaimed surface mines, is not simply a matter of woody vegetation removal, and that other 

simultaneous actions will likely be needed to bolster grassland bird populations. Increases in 

population size and apparent survival for the grasshopper and Henslow’s sparrow populations on 

our study plots may simply need greater time to respond to the removal of woody vegetation. 

The Surface Mining Control and Reclamation Act of 1977 (SMCRA, 30 U.S.C. 1201-1328; 91 

Stat. 445) requires revegetation of surface mining lands but does not require the land owner to 

plant woody vegetation. We know of no national estimate of surface mine acreage, but Kentucky 

and West Virginia collectively issue permits for >10,000 ha of surface coal mining activity 

annually with some individual mine sites exceeding many hundreds of hectares (U.S. General 

Accounting Office 2009). The enormous scale of newly-created grassland habitat each year from 

surface mining activities offers land managers an opportunity to plan, or at least help influence, 

the future composition of the landscape to benefit grassland bird communities by working with 

reclamation companies and land owners. 
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Table 3.1. Grasshopper and Henslow’s sparrow annual banding tallies from 2009-2011 of adult 

and nestlings that successfully fledged on our reclaimed surface mine grassland study plots in 

Cambria and Clarion Counties, Pennsylvania. Resights of color-banded adults were taken during 

a two-week primary period each breeding season during the last week of June and first week of 

July. 

Species Year 
New adult captures 

(% female) 
New nestling  

captures 
Primary period adult 

resights 

Grasshopper 
sparrow 

2009 204 (25) 131 305 

2010 128 (36) 132 489 

2011 99 (48) 165 518 

     

Henslow's 
sparrow 

2009 57 (11) 17 99 

2010 42 (24) 10 224 

2011 31 (23) 9 200 
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Table 3.2. Model-averaged parameter estimates of the intercept for the mean resighting rate (α) 

and individual heterogeneity (σ), both on a log scale, from the zero-truncated Poisson log-normal 

mixed-effects and Poisson log-normal mixed-effects models (ZPNE and PNE, respectively; 

McClintock et al. 2009). We used ZPNE models to investigate variation in apparent survival (ϕ) 

of grasshopper and Henslow’s sparrows on reclaimed surface mine grasslands in Pennsylvania 

from 2009-2011, and used the PNE models to estimate population sizes and finite growth rates 

over the same period. We model-averaged parameter estimates from all models included in the 

90% confidence suite for ZPNE and PNE models. 

Models Species Parameter Time period Estimate SE 

 
Grasshopper sparrow α 

2009 1.28 0.13 
ZPNE 2010 2.90 0.25 

 
2011 3.34 0.34 

      

 
Henslow's sparrow α 

2009 0.97 0.20 
ZPNE 2010 3.00 0.53 

 
2011 3.56 0.74 

      

 
Combined σ 

2009 0.76 0.08 
ZPNE 2010 0.55 0.06 

 
2011 0.68 0.07 

     
 
 

PNE Grasshopper sparrow α 2009-2011 1.36 0.09 
      

PNE Henslow's sparrow α 2009-2011 1.25 0.18 
      

 
Combined σ 

2009 0.75 0.08 

PNE 2010 1.12 0.06 

 
2011 1.25 0.05 
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Table 3.3. Results of the zero-truncated Poisson log-normal mixed-effects model (ZPNE, 

McClintock et al. 2009) used to estimate apparent survivorship (ϕ) of adult grasshopper (GRSP) 

and Henslow’s (HESP) sparrows on reclaimed surface mine grasslands in Pennsylvania from 

2009-2011. These 12 models represent variation in apparent survival through constant (.) and 

temporal (t) trends for sparrows on control (CON) and treatment (TRT) plots. Through a series 

of 6 modeling steps we systematically chose the most parsimonious structure for the number of 

unmarked individuals (U), the mean resighting rate intercept (α) on a log scale, and a random 

effected for individual heterogeneity (σ) on the log scale. To make all models estimable we set 

the transition probabilities for moving from an observable state to an unobservable state (ɣ'') and 

remaining at an unobservable state (ɣ') equal to each other (ɣ' = ɣ''). We used covariates 

representing an individual’s sex (Sex), species (Spp), and plot (Plot) identity where observers 

detected <3 and ≥3 observations of unmarked individuals within a primary period (Low and 

High, respectively). After identifying the most parsimonious model for the above parameters 

[α(Spp*t+Spp*Sex), σ(t), U(High(t) + Low(.)), ɣ' = ɣ''+Sex], we tested the below a priori models 

explaining variation in apparent survivorship (ϕ) for both species. We compared models with K 

parameters using the sample size adjusted Akaike’s Information Criterion (AICc; Burnham and 

Anderson 2002).  

Model ∆ AICc AICc �i
b � 

a
ϕ{(GRSP(.) + HESP_CON(.) + HESP_TRT(.)} 0.00 0.38 48 

a
ϕ{(GRSP_CON(.) + GRSP_TRT(.) + HESP_CON(.) + HESP_TRT(.)} 1.90 0.15 49 

a
ϕ{(GRSP(.) + HESP_CON(.) + HEST_TRT(t)} 2.05 0.14 48 

a
ϕ{(GRSP(.) + HESP(t)} 2.13 0.13 48 

a
ϕ{(Spp(.)} 2.75 0.10 47 

a
ϕ{(GRSP_CON(t) + GRSP_TR(t) + HESP_CON(t) + HESP_TRT(.)} 3.69 0.06 52 

ϕ{(Spp(t)} 4.40 0.04 49 

ϕ{(GRSP_CON(t) + GRSP_TRT(t) + HESP(t)} 8.40 0.01 51 

ϕ{(GRSP_CON(t) + GRSP_TRT(t) + HESP(.)} 9.00 <0.01 50 

ϕ{(GRSP_CON&HESP_CON&HESP_TRT(.) + GRSP_TRT(t)} 15.86 <0.01 47 

ϕ{(CON(.)+ TRT(t)} 18.68 <0.01 47 

ϕ{(t)} 19.08 <0.01 47 
a
indicates a model included in the 90% confidence set 

bsample size adjusted Akaike’s Information Criterion model weights 
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Table 3.4. Results of the Poisson log-normal mixed-effects model (PNE, McClintock et al. 2009) 

used to estimate annual population sizes on each plot (Plot) for grasshopper and Henslow’s 

sparrows on reclaimed surface mines in Pennsylvania. We compared models with K parameters 

using the sample size adjusted Akaike’s Information Criterion (AICc; Burnham and Anderson 

2002) to identify the most parsimonious structure for the number of unmarked individuals (U), 

the mean resighting rate intercept (α) on a log scale, and a random effected for individual 

heterogeneity (σ) on the log scale with constant (.) and temporal trends (t). We used covariates 

representing an individual’s sex (Sex), species (Spp), and plot (Plot) identity where observers 

detected <3 and ≥3 observations of unmarked individuals within a primary period (Low and 

High, respectively). We then systematically applied covariates representing sex (Sex) to the α 

and σ parameters, and retained them if they improved the model.  

Model ∆ AICc AICc wi
b
 K 

a{α(spp(.)+Spp*Sex), σ(t), U(Spp*Plot(.))} 0.00 >0.99 21 

{α(spp(.)+Spp*Sex), σ(t), U(Plot(.))} 22.42 <0.01 15 

{α(spp(.)+Spp*Sex), σ(t), U(Spp(.))} 37.57 <0.01 9 

{α(spp(.)+Spp*Sex), σ(t), U(Spp(t))} 42.24 <0.01 13 

{α(spp(.)+Spp*Sex), σ(t), U(Spp*Plot(t))} 53.79 <0.01 46 

{α(spp(.)+Spp*Sex), σ(t), U(High-Low(.))} 55.35 <0.01 39 

{α(spp(.)+Spp*Sex), σ(t), U(Spp*TRT(t))} 66.52 <0.01 19 

{α(spp(.)+Spp*Sex), σ(t), U(Plot(t))} 68.11 <0.01 31 

{α(spp(.)), σ(t), U(Spp*TRT(t))} 136.16 <0.01 17 

{α(spp(.)), σ(Spp*TRT(t)), U(Spp*TRT(t))} 149.85 <0.01 26 

{α(spp(.)+Spp*Sex), σ(t), U(Spp*Plot(.))} 152.16 <0.01 36 
a
indicates a model included in the 90% confidence set 

bsample size adjusted Akaike’s Information Criterion model weights 
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Table 3.5. Average population sizes (��) and densities (��) per ha for Grasshopper (GRSP) and 

Henslow’s (HESP) sparrow populations with 95% confidence intervals (LCI – UCI) on control 

(CON) and treatment plots (TRT) on reclaimed surface mine grasslands in Pennsylvania. 

Population estimates were derived from the single Poisson log-normal mixed-effects model 

(PNE, McClintock et al. 2009) that was included in the 90% confidence set, and then averaged 

across control and treatment plots using the delta method (Powell 2007). Values for Henslow’s 

sparrows do not include values from the single control and single treatment plot where we never 

observed Henslow’s sparrows over the course of our study. 

Year 
Plot 

status 
Species ��  

��  
SE 

��  
LCI 

��  
UCI 

��  
��  
SE 

��  
LCI 

��  
UCI 

2009 

CON 

GRSP 

31.2 1.36 28.9 33.8 1.53 0.07 1.40 1.66 

2010 29.2 1.36 26.5 31.8 1.43 0.07 1.30 1.57 

2011 25.8 1.36 23.3 28.6 1.27 0.07 1.14 1.40 

          

2009 

TRT 

23.6 1.09 21.6 25.8 1.17 0.05 1.06 1.27 

2010 29.8 1.09 27.8 32.1 1.47 0.05 1.37 1.58 

2011 27.1 1.09 25.1 29.3 1.34 0.05 1.23 1.44 

           

2009 

CON 

HESP 

12.4 0.66 11.2 13.8 0.61 0.03 0.55 0.68 

2010 14.9 0.66 13.6 16.2 0.73 0.03 0.67 0.80 

2011 10.9 0.66 9.6 12.2 0.54 0.03 0.47 0.60 

          

2009 

TRT 

6.2 0.23 5.7 6.6 0.30 0.01 0.28 0.33 

2010 6.2 0.23 5.8 6.7 0.31 0.01 0.28 0.33 

2011 4.2 0.23 3.7 4.6 0.21 0.01 0.18 0.23 
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Figure 3.1. Apparent survival estimates (ϕ) with 95% confidence intervals for grasshopper and 

Henslow’s sparrows (left and right panels, respectively) on control and treatment plots on 

reclaimed surface mine grasslands in Pennsylvania between 2009-2010 (left side of each panel) 

and 2010-2011 (right side of each panel). Estimates of apparent survival were model-averaged 

from all zero-truncated Poisson log-normal mixed-effects models (ZPNE, McClintock et al. 

2009) included in the 90% confidence set. 
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Figure 3.2. Finite growth rates (λ) with 95% confidence intervals for grasshopper and Henslow’s 

sparrows (left and right panels, respectively) on control and treatment plots on reclaimed surface 

mine grasslands between 2009-2010 and 2010-2011. Estimates of λ were calculated from the 

derived estimates of the estimated population sizes (��) taken from the single Poisson log-normal 

mixed-effects models (PNE, McClintock et al. 2009) that composed the 90% confidence set. The 

thin dotted line represent no population growth (λ = 1.0). Values are slightly offset from each 

other to avoid overlap.  
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Figure 3.3. The estimated ratio of Henslow’s sparrows to grasshopper sparrows across all 

grassland plots on reclaimed surface mines from 2009-2011 as estimated using a random 

intercept model with plot identity treated as a random effect. The thicker line represents the fitted 

values for the population across all plots (3.30 +0.13 * N�GRSP), where N�GRSP is the estimated 

population size of grasshopper sparrows. The shorter lines represent the estimate ratio of 

Henslow’s sparrows to grasshopper sparrows for all eight individual plots (A through H). 

Estimated population sizes (��) for each species were taken from the single Poisson log-normal 

mixed-effects models (PNE, McClintock et al. 2009) that composed the 90% confidence set. 
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Figure 3.4. The estimated change in grasshopper and Henslow’s sparrow population sizes with 

95% confidence intervals (��) (top and bottom panels, respectively) on each control and 

treatment plot (left and right panels, respectively). Populations were estimated on each plot (n = 

8, A to H) from 2009-2011 on reclaimed surface mine grasslands in Pennsylvania using a 

Poisson log-normal mixed-effects model (PNE, McClintock et al. 2009). Woody vegetation was 

removed from treatment plots during winter of 2009-2010 (represented by a vertical dashed line). 
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Figure 3.5. The estimated change in grasshopper sparrow abundance (��) on control and 

treatment reclaimed surface mine grassland plots from 2009-2011, compared to the change in 

woody vegetation areal coverage over the same time period as estimated via a simple linear 

model (-3.34– 0.30 * x where x is relative change in woody vegetation coverage from 2009 to 

2011). Woody vegetation was removed from treatment plots during winter of 2009-2010. 

Henslow’s sparrow plot populations (not depicted here) showed little change in abundance on 

treatment or control plots. Grasshopper sparrow abundance from 2009-2011 was weakly and 

inversely related to the change in woody vegetation areal coverage over the same time period. 

Grasshopper sparrow abundance was estimated from the single Poisson log-normal mixed-

effects model (PNE, McClintock et al. 2009) that composed the 90% confidence set and changes 

in woody vegetation areal coverage were estimated from annual sampling of plot vegetation at 

randomly chosen locations. 
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CHAPTER 4: Occupancy Patterns of Declining Grassland Sparrow Populations on 

Reclaimed Surface Mine Grasslands 

 

ABSTRACT 

 

Organisms are affected by processes in the surrounding landscape outside the boundary of 

suitable habitat and by local vegetation characteristics. There is great interest in understanding 

how these processes affect populations of grassland birds, which have experienced substantial 

declines. Much of our knowledge regarding patterns of occupancy and density stem from 

tallgrass and mixed-grass prairie systems, while relatively little is known regarding how 

occurrence and abundance of grassland birds vary in reclaimed surface mine grasslands. Using a 

combination of distance sampling and single-season occupancy models in 2011 we investigated 

how the occupancy status of grasshopper (Ammodramus savannarum) and Henslow’s sparrows 

(A. henslowii) on 61 surface mine grasslands in Pennsylvania changed with response to 

landscape, plot and local vegetation characteristics. A subset (n = 23) of those plots were 

previously visited in 2002 and we estimated changes in population size over the nine years. Over 

those years woody vegetation increased by 2.6 fold across the grasslands and populations of 

grasshopper and Henslow’s sparrows declined by approximately 13% and 7% per year, 

respectively. Grasshopper sparrows were 2.41 times more likely to occupy a grassland than 

Henslow’s sparrows. Both species were more likely to occupy large and simply-shaped 

grasslands (i.e., low perimeter-to-area ratio) with few woody shrubs that were dominated by 

grass cover. Our results suggest that without management that reclaimed surface mine grasslands 

are ephemeral habitats, but that low densities of both species occur on small grasslands (≤13 ha) 
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and on grasslands with extensive woody vegetation coverage (up to one woody shrub per 16.5 

m2).  

 

INTRODUCTION 

 

The presence and density of organisms within an area are affected by processes at multiple 

spatial scales (Andrén 1994). The habitat matrix surrounding a patch can drive patterns of 

organism abundance within the patch (Coppedge et al. 2001; Winter et al. 2006), but local 

vegetation characteristics may alone determine the density of some species (Winter et al. 2005). 

Similarly, the probability that a patch is occupied for an organism may decline with increasing 

patch isolation (Pavlacky 2012) or be determined by internal patterns of vegetation 

characteristics (Dickson et al. 2009). Assessing these patterns is crucial to manage species 

effectively, but can be made more difficult when species are detected imperfectly (MacKenzie et 

al. 2006) and when the monitoring process itself introduces uncertainty (e.g., differences in 

observer ability) into estimates of these patterns (Diefenbach et al. 2003).  

 Grassland bird populations throughout North America have experienced substantial 

declines (Herkert 1994; Samson and Knopf 1994). In the Appalachia region of North America, 

for example, Henslow’s sparrow (Ammodramus henslowii) and grasshopper sparrow (A. 

savannarum) populations have declined 12.13% and 6.3% per year, respectively over the course 

of the North American Breeding Bird Survey (Sauer et al. 2005). The decline of grassland birds 

and the processes driving these reductions have received much attention (e.g., Askins et al. 

2007), with the consensus that these declines are caused by a combination of habitat loss to 
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agricultural practices, woody vegetation encroachment, and habitat fragmentation (Samson and 

Knopf 1994; Peterjohn and Sauer 1999; Briggs et al. 2005; Askins et al. 2007).  

 Grassland sparrow naïve site occupancy and male density have been associated with 

numerous landscape and local vegetation characteristics. Some species, such as grasshopper and 

Henslow’s sparrows, occur in lower density and have a lower probability of occurrence in small 

patches of grassland compared to larger patches (Bakker et al. 2002; Davis 2004), which is 

consistent with the pattern reported for many other species of grassland birds (Herkert 1994; 

Vickery et al. 1994; Winter and Faaborg 1999). Local vegetation structure certainly plays a role 

in occupancy and use by grasshopper and Henslow’s sparrows (Wiens 1969; Herkert 1994). 

These studies, however, have largely focused on Midwestern and western tallgrass and mixed-

grass prairie systems, while few studies have examined the influence of landscape characteristics 

and internal-plot vegetation characteristics on the occupancy and density of grassland birds in 

eastern reclaimed surface mines. In contrast to prairie grasslands (e.g., Herkert et al. 2003), 

reclaimed surface mine grasslands are generally small (
̅ = 15 ha, n = 108, in western 

Pennsylvania; Mattice et al. 2005), composed of non-native cool-season grasses, and are created 

from the legally-required reclamation process following coal mining (Scott et al. 2002). 

Despite their differences with prairie systems, grasslands on reclaimed surface mines are 

important habitat for several species of grassland birds, including grasshopper and Henslow’s 

sparrows (Scott et al. 2002, Bajema et al. 2001; Ingold 2002; Scott and Lima 2004; Mattice et al. 

2005). Within these reclaimed surface mine grasslands, Henslow’s sparrows prefer increased 

thatch depth, vegetation height, and grass cover (Scott et al. 2002, Bajema et al. 2001), while 

grasshopper sparrows more frequently use areas of shorter grass height and less dense vegetation 

(Ingold 2002; Scott et al. 2002). Several studies have documented the negative impacts of 
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increased levels of woody vegetation on the occurrence of obligate grassland bird species, 

including grasshopper sparrows (Coppedge et al. 2001; Schieman et al. 2003; Grant et al. 2004).  

 When detection probability is not explicitly incorporated into statistical analysis, 

however, misleading associations between species and their use of habitats can be generated, 

especially when habitat variables affect both the probability of detection and occupancy (Tyre et 

al. 2003; Gu and Swihart 2004; MacKenzie et al. 2006). Methods that explicitly account for 

detection probably (e.g., occupancy modeling and distance sampling) are infrequently used to 

model the relationship between grassland bird density, occupancy, and habitat characteristics and 

we know of no studies that have examined change in the density of grasshopper or Henslow’s 

sparrows on reclaimed surface mine grasslands over time. 

With these ideas in mind we used transect sampling methods (Buckland et al. 2001) and 

single-season occupancy models (MacKenzie et al. 2002) to investigate relationships between 

grasshopper and Henslow’s sparrow occupancy and density at 61 surface mine grasslands in 

western Pennsylvania. Our goal was to understand how landscape, plot, and local vegetation 

characteristics affect the probability that a grassland is occupied by grasshopper or Henslow’s 

sparrows. A subset (n = 23) of these 61 grasslands were initially surveyed for grassland birds 

once during 2002 (D. Diefenbach unpub. data), and we used these sites to examine how 

grassland vegetation and grassland sparrow densities have changed in this region of 

Pennsylvania since that time. We hypothesized that the occupancy status of both species would 

be positively related to patch size and inversely related to the perimeter-to-area ratio of the patch 

(Helzer and Jelinski 1999; Winter and Faaborg 1999; Davis 2004). We expected that relatively 

isolated grasslands would have a lower probability of occupancy (Johnson and Igl 2001), and 

that occupancy probability would increase as the percentage of grassland increased in the 
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surrounding landscape (Andrén 1994). Based on our previous experience with these species 

(Chapter 3), we expected higher densities of grasshopper sparrows than Henslow’s sparrows 

across all grassland types and overall higher rates of occupancy for grasshopper sparrows, and 

that both species would show declines in abundance from 2002 to 2011 (Sauer et al. 2005). 

 

METHODS 

 

Study area and site selection, 2002 and 2011 

We delineated a 70,686 ha study area that included portions of Clearfield, Centre, and Cambria 

Counties, Pennsylvania (Figure 4.1); we chose this area for its representativeness of this region 

of Pennsylvania based on our experiences. This region is largely forested (>75%; United States 

Department of Agriculture [USDA] 2012) with scattered farms and small towns. We delineated 

surface mine grasslands with ERDAS Imagine software in 2002 (Leica Geosystems Geospatial 

Imaging, Norcross, Georgia, USA) by digitizing reclaimed sites as identified from a 

LANDSDAT 7 satellite enhanced thematic mapper image of the study area taken in 1999. We 

also used United States Geological Survey (USGS) 1:24,000 scale topographic and land cover 

maps and extensive ground truthing to identify 129 surface mine grasslands (4,212 ha) with little 

or no woody vegetation. In 2011 we used aerial photography (National Agriculture Imagery 

Program (NAIP) 2010) and ground truthing to identify surface mine grasslands created since 

2002 and to identify grasslands with more extensive woody vegetation than would have been 

considered in 2002. In 2011 we identified 358 surface mine grasslands (12,370 ha) within the 
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study area. We did not consider agricultural lands because grasshopper and Henslow’s sparrows 

rarely use these habitats (Patterson and Best 1996; Vickery 1996; Herkert et al. 2002).  

 

Grassland sparrow surveys, 2002 and 2011 

We used line transect distance sampling methods (Buckland et al. 2001) to monitor grasslands 

for the presence and density of grassland birds. Observers in both years used the same survey 

protocols to monitor grassland bird populations on our study plots, with one exception: observers 

in 2011 recorded all grasshopper and Henslow’s sparrows that were visually observed whereas 

researchers in 2002 only recorded visually-detected singing individuals. We restricted the 

analyses comparing densities of birds in 2002 and 2011 to just observations of singing birds to 

make both datasets comparable; all other analyses used observations of both singing and non-

singing birds. A single observer completed a survey of a plot between 0530 and 1000, and often 

several sites were surveyed within a morning by that observer if time permitted. We did not 

conduct surveys during heavy rain, dense fog, or excessive wind.  

Using aerial photos, topography maps, and Global Positioning System (GPS) units for 

orienting, an observer slowly walked (approximately 2 kph) parallel transects (n = 2-8) every 

200-250 m apart (Figure 4.2) after initially choosing a random starting point. Transects were 

generally placed perpendicular to the long axis of a plot (Figure 4.2), and at least 100 m from the 

edge of the plot. When an observer visually encountered a grasshopper or Henslow’s sparrow 

while walking a transect the observer recorded his/her location on the transect with the GPS unit, 

noted the singing behavior of the bird (in 2011), and determined the distance (m) and direction to 

the bird with a laser range finder and compass. We used ArcMap (Environmental Systems 
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Research Institute, Redlands, CA) to measure the length (m) of each transect, calculate plot area 

(ha), perimeter (km), the ratio of the plot perimeter to area (P:A) and to determine the bird’s 

geographic coordinates and the straight-line perpendicular distance (m) between the bird and the 

transect. We did not record birds that were detected while walking between transects. Using 

information from the start of a survey we created variables representing observer identity (OBS; 

categorical), wind speed (WIND; kph), temperature (TEMP; °C), temperature2 (TEMP^2), 

minutes past sunrise (MINS & MINS^2), hour (HOUR; categorical), and days since 1 May 

(DAYS and DAYS^2). We obtained wind speed and temperature data from the Clearfield-

Lawrence Airport Weather Station, Clearfield, Pennsylvania.  

We randomly selected 23 (778 ha) of the 129 grasslands surveyed in 2002 to revisit in 

2011. In 2002, one of two observers visited each of these 23 plots once between 22 May and 1 

July. During summer of 2011, one of two observers visited each plot twice, 12-16 d apart; the 

first visit occurred between 17 May and 24 June, and the second visit occurred between 3 June 

and 8 July. We had originally intended for each of the two surveys at a plot in 2011 to be 

conducted by separate observers, but this was not logistically possible. Gaining physical access 

to our study plots was often arduous and generally required hiking abandoned mining roads or 

traversing through forest. 

 

Vegetation monitoring 

The same basic protocols for measuring vegetation were used in 2002 and 2011, with only slight 

modifications. We sampled vegetation between 23 May and 18 July, 2002 and between 7 July 

and 27 July, 2011. We measured vegetation characteristics at a random location on one of the 
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transects within a plot and approximately at every subsequent 200 m location on the remaining 

transects (n = 2-16 sampling locations per plot; all plots in 2011 had ≥3 sampling locations). We 

slightly adjusted the location of some sampling points to ensure that they were at least 20 m from 

the plot’s boundary to avoid sampling forest vegetation. If plots were too small to include three 

sampling locations spaced 200 m apart, alternatively, we placed sampling sites equidistant from 

each other and the ends of the transect. At each location we counted the number of woody plants 

within a 0.04 ha circle of the sampling point in three height categories: small (0.5-2.5 m), 

medium (>2.5-5 m), and large (>5 m). For statistical analysis we combined all three shrub height 

categories (SHRUBS). We used a 1-m2 quadrat (Daubenmire 1959) subdivided into 4% 

compartments to estimate grass, forb, and bare ground percent cover at the center of the 

sampling point. In 2002 researchers estimated the percent cover of grass (%GRASS), forb 

(%FORB), and bare ground (%BARE) to the nearest 5%. Researchers in 2011 used an index to 

facilitate data collection of cover types: 1 = <5%, 2 = >5-25%, 3 = >25-75%, 4 = >75-95%, and 

5 = >95%. coverage. For statistical analysis we converted each of these 5 classes of coverage to 

the midpoint value for that class (e.g., a 2 was converted to 15%), and as such our percent cover 

estimates in 2011 do not always equal 100. At each corner of the quadrat we measured thatch 

depth (cm) and visual obstruction as the lowest 1 cm (in 2002) or 5 cm interval (in 2011) of a 

Robel pole that could be observed from 2.5 m away (Robel et al. 1970). Researchers recorded 

the maximum grass height (cm) within the quadrat (2002) or at each corner of the quadrat 

(2011). A clinometer was used to estimate the slope of the land to the tree line in each of the four 

cardinal directions. We separately averaged the four measurements of thatch depth (THATCH), 

maximum grass height (GRASSHGT), visual obstruction (VO), and slope (SLOPE) at each 

vegetation sampling point.  
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From these measurements we created two sets of vegetation covariates for use in our 

statistical models. One set consisted of all vegetation data averaged across a plot and used for the 

density analysis, as subsequently described. The other set consisted of the vegetation data from 

three randomly selected vegetation points within a plot and was used for the occupancy 

modeling. Some grasslands in 2002 (n = 4 of 23) only contained two vegetation sampling 

locations so we created a third fictitious sampling location equidistant between the two sampling 

locations and used the plot average vegetation data to represent that point. 

 To quantify the landscape surrounding each grassland we used the USDA Pennsylvania 

Cropland raster data (2003 and 2012) at 30 m resolution. In ArcMap (Environmental Systems 

Research Institute, Redlands, CA) we created buffers of widths 500 m, 1000 m, and 1500 m 

outwards from the border of each grassland and quantified the land cover type around each 

grassland at those three spatial scales. We re-classed data layers within the raster dataset into five 

categories: FOREST, AGRICULTURE, DEVELOPED, WATER, and SUITABLE. We created 

five landscape covariates from these categories within each landscape scale (e.g., FOREST500, 

FOREST1000, and FOREST1500). The SUITABLE class consisted of all lands classified by the 

USDA (2003 and 2012) as “grasslands” and “barren”. Not surprisingly, the SUITABLE category 

did not capture all of the study area that we had designated as reclaimed surface mine. Therefore 

we also created a variable at each landscape scale representing the proportion of the landscape 

around a grassland that contained delineated portions of the 358 surface mine grasslands that we 

identified in 2011 (MINEGRASS). We used ArcMap (Environmental Systems Research 

Institute, Redlands, CA) to measure the distance between each grassland and its nearest 

neighboring grassland (DIST2GRASS). 
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Occupancy models, 2011 

We fitted single-season occupancy models (MacKenzie et al. 2002) with our data from 2011 to 

examine the influence of within-patch and surrounding landscape characteristics on the 

proportion of occupied plots (Ψ) after adjusting for detection probability (p). Our sampling effort 

(i.e., the length of all transects surveyed within a plot) was a function of the plot’s shape and 

size, and varied considerably between plots. Thus using the naïve occupancy status of the entire 

plot (1 = at least one individual detected; 0 = no individuals detected) would have likely favored 

detection in large plots and made investigations into area effects challenging (Johnson et al. 

2001). To ensure that even sampling effort across all plots regardless of plot size we created a 

circular buffer (0.79 ha) around three randomly selected vegetation sampling points within each 

plot. We subsequently refer to this 2.4 ha area as the “detection area”. We considered a plot to be 

occupied for modeling purposes if at least one individual of the species in question was detected 

within the detection area of each plot as assessed in ArcMap (Environmental Systems Research 

Institute, Redlands, CA).  

We assessed model goodness-of-fit and overdispersion using the parametric bootstrap 

procedure in program MARK (White and Burnham 1999) using the global model 

p(species)Ψ(species). We used the parameter estimates from this model without individual 

covariates to simulate 1000 bootstrap datasets to compare our observed deviance estimate to the 

simulated deviances (White et al. 2001). We estimated the overdispersion parameter �̂ by 

dividing the deviance from the global model by the mean of the deviances from the simulated 

datasets (White et al. 2001).  
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Starting with the global model we systematically modeled p to identify the most 

parsimonious detection structure for each species. To model the detection function we 

considered constant (.), temporal (t), and species with constant (species(.)) and temporal 

(species(t)) effects. We also added covariates to the temporal models representing observer 

identity (OBS), and examined linear trends for temperature at the start of the survey (TEMP), 

hour (HOUR), minute (MINS), wind speed (WIND) and day (DAYS) and quadratic trends for 

temperature (TEMP^2), minutes (MINS^2), and day (DAYS^2). We also added observer 

identity to models with constant (.) detection because both surveys of a site were conducted by 

the same individual. 

After identifying the most parsimonious detection function for our data we then examined 

constant and species-specific occupancy structures. To the most parsimonious model we then 

systematically added covariates for vegetation and landscape characteristics to potentially further 

improve the model, starting with covariates from the largest landscape scale down to within-plot 

characteristics. We created a confidence set consisting of models within 4.0 ∆AICc of the most 

parsimonious model and model-averaged parameters across these models to create a composite 

model. All occupancy model results presented are model-average estimates ± unconditional SE 

with 95% confidence intervals. We did not include efforts from 2002 in our occupancy analysis 

because those grasslands were only visited once during 2002, and we could not, therefore, 

independently estimate a detection function for those data. Using the composite model from the 

2011 dataset we examined the relative change in occupancy probability for both species on the 

23 plots visited in 2002 and 2011. 
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Distance sampling, multi-year comparison 

We used program DISTANCE (Thomas et al. 2009) to estimate the density (��) and population 

size (��) of grasshopper and Henslow’s sparrows in 2002 and 2011 on the 23 plots visited in both 

years. We estimated the acreage of these 23 grasslands as 778 ha in 2002 and 793 ha in 2011, 

because some additional mining after 2002 had slightly expanded the perimeters of some plots. 

We restricted our analysis to the 778 ha area common to both years. Each grassland transect was 

surveyed twice in 2011, therefore, we combined observations from both site visits. Following the 

recommendation of Thomas et al. (2009) we doubled the length of the transects entered into 

program DISTANCE (Thomas et al. 2009) from 2011 to ensure that density was estimated 

correctly and to account for the non-independence of these observations. We stratified our 

observations by year and species and used a global detection function based on sightings of both 

species during both years. We experimented with right truncating observations but doing so 

decreased precision (e.g., enlarged the coefficient of variation) of our density and population size 

estimates without noticeable improvement in model fit. We detected some movement away from 

the transect (0-20 m) by sparrows in 2002, but goodness-of-fit tests within program DISTANCE 

(Thomas et al. 2009) indicated that our non-truncated models adequately fit the data (P>0.05). 

We examined relatively simple models with uniform (UF), half-normal (HN), and hazard-rate 

(HZ) key functions with cosine series expansions (Buckland et al. 2001). To each of the half-

normal and hazard rate models we also added a covariate representing observer identity (OBS) to 

account for variation among observers (Diefenbach et al. 2003). We only examined models with 

global detections functions created from all observations of both species because sample sizes 

were too low in some groups to allow for strata-specific detection functions. We calculated 

variance and confidence intervals for �� and �� by resampling with replacement from our transect 
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data (n = 999) through a non-parametric bootstrapping procedure (Buckland et al. 2001). We 

compared models using the bias-corrected Akaike’s Information Criterion (AICc; Burnham and 

Anderson 2002) and model-averaged parameters of any model within 4.0 ∆AICc of the most 

parsimonious model. 

 

Density analysis, 2011 

To examine how grassland sparrow density varied across the 61 grasslands in 2011, we retained 

the most parsimonious vegetation and most parsimonious non-vegetation covariate from our 

occupancy modeling results. We created four groups (i.e., strata) hinged on the median value of 

those two covariates, and assigned each of the 61grasslands to a single group based on the 

covariate values from that grassland. We then used program DISTANCE (Thomas et al. 2009) to 

estimate the density of grasshopper and Henslow’s sparrows within these four groups of 

grasslands. We used the same model selection process as in the multi-year distance sampling 

comparison except that we also explored singing behavior as a covariate (SING) because we 

included non-singing observations. As before, we calculated variance and confidence intervals 

for �� and �� by resampling with replacement from our transect data (n = 999) through a non-

parametric bootstrapping procedure (Buckland et al. 2001) and built a global detection function 

from all observations of both species. We compared models using the bias-corrected Akaike’s 

Information Criterion (AICc; Burnham and Anderson 2002) and model-averaged parameters of 

any model within 4.0 ∆AICc of the most parsimonious model. 
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RESULTS 

 

In 2002 and 2011 the study area (70,686 ha) consisted of 45% and 75% forest, 27% and 12% 

grassland, 10% and 8% developed, <1% and <1% water, and 18% and 4% cropland, 

respectively. Of the 61 plots that were visited in 2011, all but one were privately owned (98%). 

Woody vegetation increased from 2002 to 2011 at the average vegetation sampling point by 2.6 

fold overall and increased within all three size classes of shrubs that were measured (Table 4.1). 

The ground cover vegetation exhibited little change over these nine years but there was an 

increase in the amount of visual obstruction from an average of 8.8 cm to 43.7 cm from 2002 to 

2011. The average amount of surrounding suitable grassland within 500, 1000, and 1500 m from 

a plot’s boundary decreased from 2002 to 2011 by 45.3%, 45.9%, and 47.2%, respectively. Most 

grasslands were in close proximity to their closest neighboring grassland (
̅ = 0.16 km, min = 

0.018 km, max = 1.14 km). 

 

2011 Occupancy estimation 

In 2011, a total of 35 and 15 grasshopper and Henslow’s sparrows were detected over both visits 

within the 2.4 ha detection area of each plot. The maximum number of detections per visit was 3 

grasshopper sparrows and 4 Henslow’s sparrows. Considering all detections from the entire 

grassland, we detected grasshopper sparrows in 37 (61%) grasslands and Henslow’s sparrows in 

15 grasslands (25%). Naïve occupancy estimates of the detection areas for grasshopper (19/61 = 

0.31) sparrows were 2.1 times higher than Henslow’s sparrows naïve occupancy estimates (9/61 

= 0.15). The results of our simulated datasets indicated that our p(species)Ψ(species) model 
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without individual covariates adequately fit the model assumptions and there was no indication 

of overdispersion (P = 0.88, �̂ < 1). Models with constant detection functions pooled across 

species were favored over other detection structures (Table 4.2), and adding weather, time and 

observer covariates to the detection parameter (p) did not improve any of the models. Our 

models estimated the combined detection function for both grasshopper and Henslow’s sparrows 

as p = 0.44 ± 0.10, 95% CI: 0.26, 0.64. The proportion of sites occupied was best modeled by a 

species-specific intercept, and grasshopper sparrows occupied a greater proportion (2.4 times) of 

our detection areas than Henslow’s sparrows (Ψ = 0.43 ± 0.13, 95% CI: 0.21, 0.69, and Ψ = 0.18 

± 0.08, 95% CI: 0.07 – 0.38, respectively). The grasshopper and Henslow’s sparrow logit model-

averaged intercept for occupancy was 0.29 ± 1.30 and -0.96 ± 1.80, respectively. 

Our 90% confidence set included four models where Ψ was modeled as a function of site-

specific covariates, but covariates representing the landscape surrounding the plots did not 

improve any model. The probability that a plot was occupied by either species declined with 

increasing number of woody shrubs >0.5 m tall (-0.04 ± 0.02, 95% CI: -0.08 – -0.01; Figure 4.3), 

increased as the percentage of grass cover increased (0.03 ± 0.01, 95% CI: 0.003 – 0.058; Figure 

4.4). Occupancy probability of both species was inversely related to the perimeter-to-area ratio (-

11.99 ± 2.62, 95% CI: -17.12 – -6.86; Figure 4.5) and the percentage of forb cover (-0.05 ± 0.02, 

95% CI: -0.090 – 0.001; Figure 4.6). As an example, the composite linear model with a logit link 

function would estimate the probability of occupancy for grasshopper sparrows on an individual 

plot with a parameter-to-area ratio of 0.05, 0 woody shrubs, 50% grass cover and 20% forb cover 

as 0.55. Using this composite model we estimated that the occupancy probability for the average 

plot decreased between 2002 and 2011 for both grasshopper (17.06%) and Henslow’s sparrows 

(9.21%).  



111 
 

 

Distance sampling results, multi-year comparison 

While walking transects observers detected 102 grasshopper sparrows and 30 Henslow’s 

sparrows in 2002, and observers in 2011 detected 63 grasshopper sparrows and 45 Henslow’s 

sparrows across the same 23 plots. Models with observer covariates were selected over models 

without covariates, and half-normal and hazard models with the observer covariate were the only 

two models included in our 90% confidence set (Table 4.3). Estimates of detection probability of 

singing males with 123 m of the line transect varied between 0.43 and 0.49 (Table 4.3), and were 

very similar to the detection probability estimates produced via the occupancy modeling. The 

model-averaged detection probability estimate was 0.43 (95% CI: 0.39 – 0.48). Both of the two 

most parsimonious models produced similar density and population size estimates for each 

species and year, but Henslow’s sparrow estimates had a greater amount of uncertainty 

surrounding them (Table 4.4). Model-averaged estimates from our two most parsimonious 

models suggested that grasshopper populations have declined from 2002-2011 by 72%; 

Henslow’s sparrow populations declined during this time by 49% over this 778 ha area. 

Assuming a linear rate of decrease these observed declines amount to average annual reductions 

of approximately 13% for grasshopper sparrows and 7% Henslow’s sparrows. The Henslow’s 

sparrow population was approximately 0.29 and 0.54 the size of the grasshopper sparrow 

population in 2002 and 2011, respectively.  

  

Density analysis results, 2011 
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Across all 61 plots in 2011, observers recorded 89 Henslow’s sparrows and 207 grasshopper 

sparrows within 98 m of the transects. Ninety percent (n = 80) of grasshopper sparrow 

observations and 67% (n = 138) of Henslow’s sparrow observations were of singing individuals. 

Overall detection probability for individuals of either species ranged from 0.37 to 0.45 within 98 

m of the transect (Table 4.5; Figure 4.7). We detected grasshopper sparrows in plots as small as 

4.6 ha, and observed Henslow’s sparrows in plots as small as 12.9 ha. The maximum perimeter-

to-area ratio for a plot where ≥1 Henslow’s sparrows were detected was 0.16 km/ha and 

grasshopper sparrows were observed in plots with perimeter-to-area ratios as high as 0.25 km/ha. 

Both species were observed in plots that had up to an average of 48 woody shrubs per vegetation 

sampling point.  

Our occupancy modeling results suggested that the most parsimonious covariate 

modification of occupancy status for vegetation and non-vegetation were the number of woody 

shrubs and the P:A ratio. Using the median value of the perimeter-to-area ratio (0.141) and 

number of woody shrubs (14.67) as a dividing point, we partitioned the 61 plots surveyed in 

2011 into large (≥0.141) or small (<0.141) perimeter-to-area ratio plots, and high (≥14.67) or low 

(<14.67) amounts of woody vegetation (Table 4.6). The half-normal model that accounted for 

observer and singing behavior in the detection function was selected as the most parsimonious 

model (Table 4.5). We were unable to estimate a density estimate for Henslow’s sparrows on 

plots with large P:A ratios and high amounts of woody vegetation, because no Henslow’s 

sparrows were detected on those plots. Henslow’s sparrow density was greatest on plots with 

small P:A ratios and low amounts of woody vegetation, and density was lowest on plots with 

small P:A ratios with high amounts of woody shrubs (Table 4.6). Grasshopper sparrows were 
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least dense on plots with large P:A ratios and high amounts of woody vegetation, but density was 

very similar among the three remaining categories of plots.  

 

DISCUSSION 

 

We have documented vegetation, landscape and plot characteristics that affect the probability of 

occupancy for grasshopper and Henslow’s sparrows on reclaimed surface mine grasslands. 

Previous studies of grassland sparrows have generally relied on simple counts of singing males 

(e.g., Bajema and Lima 2001; Scott et al. 2002; Davis 2004), but ours is the first approach to 

explicitly account for detection probability in our association of habitat features with density 

estimates and occupancy probabilities for these species. Our surveys methods detected 

approximately 44% of the available sparrows, suggesting that simple counts could have missed 

more than half of the individuals and underestimated the density of individuals by as much as 

56%. If density of these species declines with patch size (Henslow’s sparrow: Winter and 

Faaborg 1999; grasshopper sparrow: Herkert 1991; Bollinger 1995), then small grasslands might 

have been disproportionately misclassified as unoccupied in these previous studies (c.f., Johnson 

2001). Our results regarding patterns of occupancy in these species, nonetheless, largely support 

the findings of previous efforts. 

 Previous studies have documented area sensitivity for grasshopper and Henslow’s 

sparrows (Helzer and Jelinski 1999; Winter and Faaborg 1999; Davis 204), and our findings 

indicate that both species of grassland sparrows are less likely to occupy and that they occur in 

sparser densities on patches with relative complex shapes compared to larger and more simply-
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shaped patches. Helzer and Jelinski (1999) found that the perimeter-to-area ratio was a more 

effective predictor of grassland bird species richness and occupancy probability for grassland 

birds in wet meadow grasslands, including grasshopper sparrows. We also found that patch area 

itself was insufficient to explain variations in occupancy patterns and that shape complexity 

additionally needed to be considered.  

Patches with irregular shapes (e.g., stellate) have a greater proportion of their area 

adjacent to the edge of the patch than do patches with simpler shapes (e.g., circular), which 

subjects a greater proportion of the patch to edge effects: avoidance of edges or negative effects 

derived solely from the proximity to the edge of the patch. Grasshopper and Henslow’s sparrows 

have been described as being edge sensitive (Johnson 2001). For example, Henslow’s sparrows 

experience greater nest predation near some edge types (Winter et al. 2000), and grasshopper 

sparrows tend to avoid nesting and establishing territories adjacent to patch boundaries (Wiens 

1969; Delisle and Savidge 1996; J. Hill unpub. data). Simple avoidance of edges, regardless of 

any negative selective pressure on nesting performance, could explain why we observed lower 

densities of both species in small grasslands with relatively complex shapes. 

Contrary to our expectations, we did not find support that landscape characteristics (up to 

1.5 km from grassland boundaries) influence the occupancy probability for Henslow’s and 

grasshopper sparrows in our highly fragmented study region (Figure 4.1). The landscape 

surrounding a patch can affect avian populations in a multitude of ways, and is a good predictor 

of naïve occupancy for forest birds (Hinsley et al. 1995), temporal persistence of urban birds 

(Fernández-Juricic 2000), and nest success in grassland-nesting waterfowl (Horn et al. 2005). 

Monitoring habitat use at an organism-appropriate scale is critical to understanding settlement 

patterns (Pribil and Picman 1997). Bajema and Lima (2001) found similar results for Henslow’s 
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sparrows on large reclaimed surface mine grasslands (≥110 ha) in a forested and agriculturally-

dominated landscape; the landscape composition up to 2000 m from point count locations was 

ineffective at explaining patterns of Henslow’s sparrow abundance. Our results suggest that local 

vegetation characteristics largely drive Henslow’s sparrow occurrence on reclaimed surface mine 

grasslands, even in relatively small and isolated grasslands. Wentworth et al. (2010), in contrast, 

reported that grasshopper sparrow abundance was positively associated with increasing grassland 

cover within 5 km of sampling locations within an agricultural matrix of a forest-dominated 

landscape of southeastern Pennsylvania. Grassland obligate bird species, however, are patchily 

distributed in this region of Pennsylvania (Brauning 1992), and this sporadic distribution might 

hinder the discovery and colonization of new habitats by grasshopper sparrows (Wilson and 

Brittingham 2012). In contrast, we detected grasshopper sparrows at most surveyed grasslands, 

and grasslands were ubiquitous across our study area (Figure 4.1). New reclaimed surface mine 

grasslands are often constructed adjacent to existing reclaimed grasslands (Figure 4.8) and our 

study plots were on average 165 m from the neighboring grassland. When our results are 

considered in this context it suggests that the forested area surrounding our plots is less of a 

barrier to dispersal and colonization than agricultural areas or that the spatial distribution of these 

habitats (Lichstein et al. 2002) ensures that source populations are in close proximity to newly 

created habitat in western Pennsylvania. Landscape processes may still affect grasshopper 

sparrow patterns of occupancy in our study region, but our quantification of landscape 

characteristics may have been at an inappropriate scale to detect these influences. 

 Along with the perimeter-to-area ratio, internal vegetation characteristics were strong 

predictors of the occupancy probabilities of both species. Both grasshopper and Henslow’s 

sparrow abundance is positively associated with increased grass cover and inversely associated 
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with forb cover (Scott et al. 2001; Scott et al. 2002), and increased grass cover has been 

associated with increases in naïve occupancy rates of Henslow’s, but not grasshopper, sparrows 

(Scott et al. 2001; Scott et al. 2002). Small amounts of bare ground within territories are 

important foraging sites for grasshopper sparrows (Vickery 1996), but increasing amounts of 

bare ground are negatively associated with naïve occupancy status (Schneider 1998) and 

abundance (Rotenberry and Wiens 1980) for grasshopper sparrows; Henslow’s sparrow density 

is also negatively affected by increasing amounts of bare ground (Winter 1996).  

 To the best of our knowledge ours is the first study to examine vegetation change and 

population changes of grasshopper and Henslow’s sparrows through time across reclaimed 

surface mine grasslands. Most vegetation changes were subtle but the amount of woody 

vegetation increased on all 23 plots between 2002 and 2011, and the average number of woody 

plants > 0.5 m increased by 14% per individual sampling point per year assuming a linear rate of 

increase. This change in woody vegetation could have contributed to the post-hoc decline we 

observed in occupancy between 2002 and 2011, and likely influenced the population declines we 

observed for both species which closely matched the negative annual trend estimates of Sauer et 

al. (2005) for grasshopper and Henslow’s sparrows (-6.3% and -12.13%, respectively).  

 The amount of woody vegetation at a sampling location was the most parsimonious 

predictor of occupancy status for both grasshopper and Henslow’s sparrows and the density of 

both species was lowest in areas with greater than 14.67 woody plants per sampling point. Our 

highest estimates of density (Tables 4.4 and 4.6) are still considerable less than what has been 

reported elsewhere for Henslow’s (0.55 singing males per ha, Robb et al. 1998; 0.8-1.2 pairs per 

ha, Monroe and Ritchison 2005) and grasshopper sparrows (0.6-0.8 breeding adults per ha, Wray 

et al. 1982; 0.7-0.9 adults per ha, Ammer 2003). Our study, however, investigated patterns of 
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occupancy and density across the spectrum of potential grassland habitat which likely included 

grasslands with lower probability of occupancy and greater amounts of woody vegetation than 

would have been considered in those studies. Our estimated densities, therefore, should not be 

considered an indication that these grasslands are of poor habitat quality for grasshopper and 

Henslow’s sparrows. Densities estimates for a patch of habitat from a single point in time could 

also be driven by past events or larger landscape level processes than we considered (Van Horne 

1983).  

Nonetheless woody vegetation encroachment is a pressing concern for grassland bird 

populations (Johnson and Igl 2001; Askins 2007), as it can negatively affect the abundance and 

nest success of grassland birds, including grasshopper and Henslow’s sparrows (Wray et al. 

1982; Winter 1998; O’Leary and Nyberg 2000; Graves et al. 2010; this study). The poor soil 

conditions of reclaimed surface mine grasslands in general impedes tree reestablishment, but 

some species (e.g., black locust [Robinia pseudoacacia]) are able to slowly colonize reclaimed 

sites or are planted by reclamation companies (Vogel 1981; Ashby et al. 1985; Ussiri and Lal 

2005; Figure 4.8). When planted by reclamation companies black locust sapling density can 

approach one sapling; per 1.5 m2 (Ashby et al. 1985; J. Hill pers. obs.). 

 The declining population trends that we detected are troubling because surface mine 

grasslands provide vast acreage of habitat for grasshopper and Henslow’s sparrows in 

Pennsylvania (McWilliams and Brauning 2000), but the number of new surface coal mines 

permitted each year has rapidly decreased in the state of Pennsylvania since the 1980s 

(Pennsylvania Department of Environmental Protection 2010). The amount of bituminous 

surface-mined coal produced in Pennsylvania has fallen from approximately 30 million tons in 

1985 to slightly less than 10 million tons (Pennsylvania Department of Environmental Protection 
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2010). Surface coal mine production in Pennsylvania is projected to fall below 5 million tons by 

2025 (Pennsylvania Department of Environmental Protection 2010). The increase in forest cover 

from 45% and 75% of the study region between 2002 and 2011 was likely a result of two 

processes: a declining rate of grassland creation and the woody encroachment of existing 

grasslands that resulted in former grassland cells (in 2002) being classified as forest cover in 

2011. 

 The projected decline in surface mine permits and tonnage suggest that many fewer 

reclaimed surface mine grasslands are likely to be created in Pennsylvania then are currently. 

Our results suggest that, without management intervention reclaimed surface mine grasslands are 

ephemeral and insular habitats (Figure 4.8), although some sites in our study region have had 

grassland birds for >30 years (Diefenbach, unpub. data). We found that both grassland sparrow 

species will use openings in small and irregularly-shaped plots with considerable woody 

vegetation even though occupancy probability and density were highest in plots with little woody 

vegetation and small perimeter-to-area ratios. Population estimates for grasshopper and 

Henslow’s sparrows that do not account for their presence on small and woody grasslands (e.g., 

Mattice et al. 2005) are likely underestimates of true population size. A much greater 

understanding of the contribution of reclaimed surface mine grasslands with low-density sparrow 

populations is needed to understand the metapopulation dynamics of these isolated reclaimed 

surface mine grasslands. 

  



119 
 

LITERATURE CITED 

 

Ammer, F.K. 2003. Population level dynamics of grasshopper sparrow populations breeding on 

reclaimed surface mountaintop mines in West Virginia. Ph.D.Dissertation. West Virginia 

University, Morgantown, USA. 121 pp. 

Andrén, H. 1994. Effects of habitat fragmentation on birds and mammals in landscapes with 

different proportions of suitable habitat: a review. Oikos 71:355-366.  

Ashby, W.C., W.G. Vogel, and N.F. Rogers. 1985. Black locust in the reclamation process. 

General Technical Report: NE-105. U.S. Department of Agriculture, Forest Service, 

Northeastern Forest Experiment Station, Broomall, PA. 12 pp. 

Askins, R.A., F. Chávez-Ramírez, B.C. Dale, C.A. Haas, J.R. Herkert, F.L. Knopf, and P.D. 

Vickery. 2007. Conservation of grassland birds in North America: understanding ecological 

processes in different regions. Ornithological Monographs 64:1-46. 

Bajema, R.A., and S.L. Lima. 2001. Landscape-level analyses of Henslow's sparrow 

(Ammodramus henslowii) abundance in reclaimed coal mine grasslands. American 

Midland Naturalist 145:288-298. 

Bajema, R.A., T.L. DeVault, P.E. Scott, and S.L. Lima. 2001. Reclaimed coal mine grasslands 

and their significance for Henslow’s sparrows in the American Midwest. The Auk 

118:422-431. 

Bakker, K.K., D.E. Naugle, and K.F. Higgins. 2002. Incorporating landscape attributes into 

models for migratory grassland bird conservation. Conservation Biology 16:1638-1646.  



120 
 

Bollinger, E.K. 1995. Successional changes and habitat selection in hayfield bird communities. 

The Auk 112:720-730. 

Brauning, D.W. 1992. Atlas of Breeding Birds in Pennsylvania.University of Pittsburgh Press, 

Pittsburgh, Pennsylvania. 

Briggs, J.M., A.K. Knapp, J.M. Blair, J.L. Heisler, G.A. Hoch, M.S. Lett, and J.K. McCarron. 

2005. An ecosystem in transition: causes and consequences of the conversion of mesic 

grassland to shrubland. BioScience 55:243-254. 

Buckland, S.T., D.R. Anderson, K.P. Burnham, J.L. Laake, D.L. Borchers, and L. Thomas. 2001. 

Introduction to Distance Sampling. Oxford University Press, Oxford, United Kingdom. 

Burnham, K.P., and D.R. Anderson. 2002. Model selection and multi-model inference: a 

practical information-theoretic approach. Second edition. Springer, New York, New York, 

USA. 514 pp. 

Coppedge, B.R., D.M. Engle, R.E. Masters, and M.S. Gregory. 2001. Avian response to 

landscape change in fragmented southern great plains grasslands. Ecological applications 

11:47-59. 

Davis, S.K. 2004. Area sensitivity in grassland passerines: effects of patch size, patch shape, and 

vegetation structure on bird abundance and occurrence in southern Saskatchewan. The Auk 

121: 1130-1145.  

Delisle, J.M., and J.A. Savidge. 1996. Reproductive success of grasshopper sparrows in relation 

to edge. Prairie Naturalist 28:107-13. 



121 
 

Dickson, B.G., E. Fleishman, D.S. Dobkin, and S.R. Hurteau. 2009. Relationship between 

avifauna occupancy and riparian vegetation in the central Great Basin (Nevada, USA). 

Restoration Ecology 17:722-730. 

Diefenbach, D.R., D.W. Brauning, and J.A. Mattice. 2003. Variability in grassland bird counts 

related to observer differences and species detection rates. The Auk 120:1168-1179. 

Fernández-Juricic, E. 2000. Avifaunal use of wooded streets in an urban landscape. Conservation 

Biology 14:513–521. 

Grant, T.A., E. Madden, and G.B. Berkey. 2004. Tree and shrub invasion in northern mixed-

grass prairie: implications for breeding grassland birds. Wildlife Society Bulletin 32:807-

818. 

Graves, B.M., A.D. Rodewald, and S.D. Hull. 2010. Influence of woody vegetation on grassland 

birds within reclaimed surface mines. Wilson Journal of Ornithology 122:646-564. 

Gu, W., and R.K. Swihart. 2004. Absent or undetected? Effects of non-detection of species 

occurrence on wildlife-habitat models. Biological Conservation 116:195-203.  

Helzer, C.J., and D.E. Jelinski. 1999. The relative importance of patch area and perimeter-area 

ratio to grassland breeding birds. Ecological Applications 9:1448-1558. 

Herkert, J.R. 1991. An ecological study of the breeding birds of grassland habitats within 

Illinois. Ph.D. thesis. University of Illinois, Urbana, Illinois. 112 pp. 

Herkert, J.R. 1994. The effects of habitat fragmentation on mid-western grassland bird 

communities. Ecological Applications 4:461-471. 



122 
 

Herkert, J.R., P.D. Vickery, and D.E. Kroodsma. 2002. Henslow's Sparrow (Ammodramus 

henslowii), The Birds of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of 

Ornithology; Retrieved from the Birds of North America Online: 

http://bna.birds.cornell.edu/bna/species/672 doi:10.2173/bna.672 

Herkert, J.R., D.L. Reinking, D.A. Wiedenfeld, M. Winter, J.L. Zimmerman, W.E. Jensen, E.J. 

Finck, R.R. Koford, D.H. Wolfe, S.K. Sherrod, M.A. Jenkins, J. Faaborg, and S.K. 

Robinson. 2003. Effects of prairie fragmentation on the nest success of breeding birds in the 

Midcontinental United States. Conservation Biology 17:587-594. 

Hinsley, S.A., P.E. Bellamy, I. Newton, and T.H. Sparks. 1995. Habitat and landscape factors 

influencing the presence of individual breeding bird species in woodland fragments. Journal 

of Avian Biology 26:94-104. 

Horn, D.J., M.L. Phillips, R.R. Koford, W.R. Clark, M.A. Sovada, and R.J. Greenwood. 2005. 

Landscape composition, patch size, and distance to edges: interactions affecting duck 

reproductive success. Ecological Applications 15:1367-1376. 

Ingold, D.J. 2002. Use of a reclaimed stripmine by grassland nesting birds in east-central Ohio. 

Ohio Journal of Science 102:56-62. 

Johnson, D.H. 2001. Habitat fragmentation effects on birds in grasslands and wetlands: a critique 

of our knowledge. Great Plains Research 11:211-231. 

Johnson, D.H., and L.D. Igl. 2001. Area requirements of grassland birds: a regional perspective. 

The Auk 118:24-34. 



123 
 

Lichstein, J.W., T.R. Simons, and K.E. Franzreb. 2002. Landscape effects on breeding songbird 

abundance in managed forests. Ecological Applications 12:836-857. 

MacKenzie, D.I., J.D. Nichols, G.B. Lachman, S. Droege, J.A. Royle, and C.A. Langtimm. 2002. 

Estimating site occupancy when detection probabilities are less than one. Ecology 83:2248-

2255.  

MacKenzie, D.I., J.D. Nichols, J.A. Royle, K.H. Pollock, L.L. Bailey, and J.E. Hines. 2006. 

Occupancy Estimation and Modeling. Academic Press, Burlington, MA. 

Mattice, J.A., D.W. Brauning, and D.R. Diefenbach. 2005. Abundance of grassland sparrows on 

reclaimed surface mines in western Pennsylvania. Pages 504-510 in C. J. Ralph and T. D. 

Rich, editors. Pacific Southwest Research Station, United States Department of 

Agriculture, Forest Service General Technical Report PSW-GTR. 

McWilliams, G.M. and D.W. Brauning. 2000. Birds of Pennsylvania. Cornell University Press, 

Ithaca, NY. 

Monroe, M.S., and G. Ritchison. 2005. Breeding biology of Henslow’s sparrows on reclaimed 

coal mine grasslands in Kentucky. Journal of Field Ornithology 76:143-149. 

NAIP. 2010. NAIP Digital Ortho Photo Image 2010. USDA FSA Aerial Photography Field 

Office, Salt Lake City, Utah. 

O’Leary, C.H., and D.W. Nyberg. 2000. Treelines between fields reduce the density of grassland 

birds. Natural Areas Journal 20:243–249. 

Pavlacky, D.C. Jr., H.P. Possingham, A.J. Lowe, P.J. Prentis, D.J. Green, and A.W. Goldzien. 

2012. Anthropogenic landscape change promotes asymmetric dispersal and limits regional 



124 
 

patch occupancy in a spatially structured population. Animal Ecology. Early view. DOI: 

10.1111/j.1365-2656.2012.01975.x. 

Pennsylvania Department of Environmental Protection. 2010. 2010 Pennsylvania Coal Mining 

Production Annual Report. URL: 

http://www.dep.state.pa.us/dep/deputate/minres/bmr/annualreport/2010/ 

Peterjohn, B.G., and J.R. Sauer. 1999. Population status of North American grassland birds from 

the North American Breeding Bird Survey, 1966-1996. Pages 27-44 in Ecology and 

Conservation of Grassland Birds in the Western Hemisphere (P.D. Vickery and J.R. Herkert, 

Eds.). Studies in Avian Biology, no 19. 

Pribil, S., and J. Picman. 1997. The importance of using the proper methodology and spatial 

scale in the study of habitat selection by birds. Canadian Journal of Zoology 75:1835-1844. 

Robb, J.R., S.A. Miller, T. Vanasdol-Lewis, and J.P. Lewis. 1998. Productivity of interior forest 

and grassland birds on Jefferson Proving Grounds. Annual report, U.S. Fish and Wildlife 

Service. Madison, Indiana, USA. 

Robel, R.J., J.N. Briggs, A.D.,Dayton, and L.C., Hulbert. 1970. Relationships Between Visual 

Obstruction Measurements and Weight of Grassland Vegetation. Journal of Range 

Management 23:295. 

Rotenberry, J.T., and J.A. Wiens. 1980. Habitat structure, patchiness, and avian communities in 

North American steppe vegetation: a multivariate analysis. Ecology 61:1228-1250. 

Samson, F.B., and F.L. Knopf. 1994. Prairie conservation in North America. BioScience 44:418-

421.  



125 
 

Sauer, J.R., W.A. Link, and J.A. Royle. 2005. Hierarchical models and Bayesian analysis of bird 

survey information. USDA Forest Service General Technical Report. PSW-GTR-191: 

762-770.  

Scheiman, D.M., E.K. Bollinger, and D.H. Johnson. 2003. Effects of leafy spurge infestation on 

grassland birds.  

Schneider, N.A. 1998. Passerine use of grasslands managed with two grazing regimes on the 

Missouri Coteau in North Dakota. M.S. thesis. South Dakota State University, Brookings, 

South Dakota. 94 pp. 

Scott, P. E., and S. L. Lima. 2004. Exotic grasslands on reclaimed midwestern coal mines: An 

ornithological perspective. Weed Technology 18:1518-1521. 

Scott, P.E., T.L. DeVault, R.A. Bajema, and S.L. Lima. 2002. Grassland vegetation and bird 

abundances on reclaimed midwestern coal mines. Wildlife Society Bulletin 30:1006-

1014. 

Thomas, L., Laake, J.L., Rexstad, E., Strindberg, S., Marques, F.F.C., Buckland, S.T., Borchers, 

D.L., Anderson, D.R., Burnham, K.P., Burt, M.L., Hedley, S.L., Pollard, J.H., Bishop, 

J.R.B. and Marques, T.A. 2009. Distance 6.0. Release 2. Research Unit for Wildlife 

Population Assessment, University of St. Andrews, UK. http://www.ruwpa.st-

and.ac.uk/distance/ 

Tyre, A.J., B. Tenhumberg, S.A. Field, D. Niejalke, K. Parris, and H.P. Possingham. 2003. 

Improving precision and reducing bias in biological surveys: estimating false-negative error 

rates. Ecological Applications 13:1790-1801. 



126 
 

USDA. 2003. National Agricultural Statistics Service, 2002 Pennsylvania Cropland Data Layer. 

USDA. 2012. National Agricultural Statistics Service, 2011 Pennsylvania Cropland Data Layer. 

USGS. 2003. Digital Orthophoto (DOQQ – quarter - quadrangle) for Pennsylvania.  

Ussiri, D.A.N., and R. Lal. 2005. Carbon sequestration in reclaimed minesoils. Critical Reviews 

in Plant Sciences 24:151-165. 

Van Horne, B. 1983. Density as a misleading indicator of habitat quality. Wildlife Management 

47:893-901. 

Vickery, P. D., M. L. Hunter, and S. M. Melvin. 1994. Effects of habitat area on the distribution 

of grassland birds in Maine. Conservation Biology 8:1087–1097. 

Vickery, P.D. 1996. Grasshopper Sparrow (Ammodramus savannarum), The Birds of North 

America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the 

Birds of North America Online: http://bna.birds.cornell.edu/bna/species/239 

doi:10.2173/bna.239 

Vogel, W. G. 1981. A guide for revegetating coal minespoils in the eastern United States. 

General Technical Report NE-68. Northeast Forest Experimental Station, Forest Service, U. 

S. Department of Agriculture, Broomall, Pennsylvania, USA. 

Wentworth, K.L., M.C. Brittingham, and A.M. Wilson. 2010. Conservation reserve enhancement 

program fields: Benefits for grassland and shrub-scrub species. Journal of Soil and Water 

Conservation 65:50-60.  



127 
 

Wiens, J.A. 1969. An approach to the study of ecological relationships among grassland birds. 

Ornithological Monographs, No. 8. 93 pp. 

Wilson, A.M., and M.C. Brittingham. 2012. Initial response of bird populations to conservation 

grasslands in southern Pennsylvania. Journal of Soil and Water Conservation 67:59-66.  

White, G.C., K.P. Burnham, and D.R. Anderson. 2001. Advanced features of Program Mark. 

Pages 368-377 in R. Field, R.J. Warren, H. Okarma, and P.R. Sievert, editors. Wildlife, land, 

and people: priorities for the 21st century. Proceedings of the Second International Wildlife 

Management Congress. The Wildlife Society, Bethesda, Maryland, USA. 

Winter, M. 1996. How does fragmentation affect grassland birds in southwestern Missouri 

prairies? Missouri Prairie Journal 17:15-18. 

Winter, M. 1998. Effect of habitat fragmentation on grassland-nesting birds in southwestern 

Missouri. Ph.D. Dissertation. University of Missouri, Columbia, Missouri. 215 pp. 

Winter, M., and J. Faaborg. 1999. Patterns of area sensitivity in grass-land-nesting birds. 

Conservation Biology 13:1424–1436. 

Winter, M., D.H. Johnson, and J. Faaborg. 2000. Evidence for edge effects on multiple levels in 

tallgrass prairie. The Condor 102:256-66. 

Winter, M., J.A. Shaffer, D.H. Johnson, T.M. Donovan, W.D. Svedarsky, P.W. Jones, and B.R. 

Euliss. 2005. Habitat and nesting of Le Conte’s sparrows in the northern tallgrass prairie. 

Journal of Field Ornithology 76:61–71. 



128 
 

Winter, M., D.H. Johnson, J.A. Shaffer, T.M. Donovan, W.D. Svedarsky. 2006. Patch size and 

landscape effects on density and nesting success of grassland birds. Journal of Wildlife 

Management 70:158-172. 

Wray, T., K.A. Strait, and R.C. Whitmore. 1982. Reproductive success of grassland sparrows on 

a reclaimed surface mine in West Virginia. The Auk 99:157–164. 

  



129 
 

Table 4.1. Selected vegetation characteristics of the average vegetation sampling point collected 

in 2002 and 2011 across 23 reclaimed surface mine grasslands in western Pennsylvania. The 

same protocols were used to measure vegetation in both years, except that visual obstruction 

(VO) was measured to the lowest cm visible in 2002 and lowest 5 cm visible in 2011. Thatch 

depth, maximum grass height, and visual obstruction were measured and averaged at four 

locations per sampling point. For statistical analyses all shrubs were combined into a single size 

class. At each location we counted the number of woody plants within a 0.04 ha circle of the 

sampling point. 

 n Mean (SD)  n Mean (SD) 

 2002  2011 

Percent bare 94 16.17 (20.34)  119 11.37 (18.1) 

Percent forb 94 21.38 (13.59)  119 21.83 (20.97) 

Percent grass 94 62.02 (22.69)  119 57.06 (33.34) 

Thatch depth (cm) 376 4.22 (2.68)  476 3.74 (2.89) 

Max grass height (cm) 376 69.69 (19.58)  476 58.10 (26.91) 

Visual obstruction (cm) 376 8.82 (5.51)  476 43.73 (31.55) 

No. Shrubs 0.5 - <2.5 m 94 7.44 (11.1)  119 13.62 (26.68) 

No. Shrubs 2.5 - <5.0 m 94 0.46 (2.12)  119 5.86 (11.14) 

No. Shrubs >5.0 m 94 0.15 (1.44)  119 1.54 (3.63) 
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Table 4.2. Single-season occupancy model results used to identify vegetation, plot and landscape 

characteristics that predict the occupancy (ψ) of grasshopper and Henslow’s sparrows on 61 

reclaimed surface mine grasslands in western Pennsylvania in 2011. We compared models with 

K parameters using the sample size adjusted Akaike’s Information Criterion (AICc; Burnham 

and Anderson 2002). After identifying the most parsimonious structure for detection probability 

(p) with constant (.) and temporal (t) trends and with a species-specific intercept, we identified 

the most parsimonious structure of occupancy probability using covariates.  

Model ∆ AICc AICc wi
b
 � 

a{p(.) ψ(species – woody shrubs)} 0.00 0.53 4 

a{p(.) ψ(species + percent grass)} 2.27 0.17 4 

a{p(.) ψ(species – perimeter-to-area ratio)} 2.60 0.15 4 

a{p(.) ψ(species - percent forb)} 3.90 0.08 4 

{p(.) ψ(species + grass height)} 6.37 0.02 4 

{p(.) ψ(species – percent bare)} 6.98 0.02 4 

{p(.) ψ(species)} 7.15 0.02 3 

{p(species) ψ(species)} 9.02 <0.01 4 

{p(t.) ψ(species)} 9.09 <0.01 4 

{p(.) ψ(.)} 9.77 <0.01 2 
a
indicates a model included in the confidence set (∆AICc <4.0) 

bsample size adjusted Akaike’s Information Criterion model weights 
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Table 4.3. Distance sampling models used to estimate changes in density (��) and population size 

(��) for grasshopper and Henslow’s sparrows between 2002 and 2011 on 23 reclaimed surface 

mine grasslands in western Pennsylvania. We examined models with K parameters that differed 

in the shape of their detection function (HN = half-normal; HZ = hazard; UF = uniform) with and 

without a covariate representing the observer (OBS). A total of n = 240 individuals of both 

species were detected across both years. The probability of detecting a singing sparrow within 

123 m of the transect (pd, with lower (LCI) and upper (UCI) 95% confidence intervals) varied 

between 0.43 and 0.49. 

Model K n ∆ AICc wi
b
 pd pd SE % CV LCI UCI 

aHN + OBS 4 240 0.00 0.54 0.43 0.02 5.22 0.39 0.48 

aHZ + OBS 5 240 0.34 0.46 0.47 0.02 5.09 0.42 0.52 

HZ 2 240 16.57 <0.01 0.49 0.03 6.18 0.44 0.56 

UF 2 240 19.63 <0.01 0.44 0.02 5.67 0.39 0.49 

HN 1 240 20.18 <0.01 0.46 0.02 4.64 0.42 0.51 

a indicates a model included in the confidence set (∆AICc <4.0) 

b sample size adjusted Akaike’s Information Criterion model weights 
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Table 4.4. Model-averaged estimates of the two most parsimonious distance sampling models 

(Table 4.3) included in the confidence set that were used to estimate density (��) and abundance 

(��) across 23 reclaimed surface mine grasslands (778 ha) in western Pennsylvania in 2002 and 

2011. Grasshopper (GRSP) and Henslow’s (HESP) sparrow density was modeled with a half-

normal (HN) and hazard (HZ) rate function along with a covariate representing observer identity 

(OBS). Lower (LCI) and upper (UCI) 95% confidence intervals for density and abundance were 

calculated with a non-parametric bootstrap procedure generated from n = 999 samples with 

replacement. 

Species Year % CV �� SE LCI UCI �� SE LCI UCI 

GRSP 
2002 11.90 0.45 0.05 0.35 0.57 349.00 42.30 276.00 442.00 

2011 15.99 0.12 0.02 0.09 0.17 97.00 14.84 71.00 133.00 

           

HESP 
2002 21.20 0.13 0.03 0.09 0.20 101.00 21.02 67.00 154.00 

2011 23.39 0.07 0.02 0.04 0.11 52.00 12.93 33.00 83.00 
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Table 4.5. All candidate distance sampling models with K parameters used to estimate the 

density (��) of grasshopper and Henslow’s sparrows on 61 reclaimed surface mine grasslands in 

western Pennsylvania in 2011. Models were compared using the sample size adjusted Akaike’s 

Information Criterion (AICc; Burnham and Anderson 2002). Candidate models included half-

normal (HN), hazard (HZ), and uniform (UF) distribution detection functions with covariates for 

observer (OBS) and singing behavior (SING) of the detected grassland sparrow. The probability 

of detecting a grasshopper or Henslow’s sparrow (pd) within 98 m of the transect are given with 

95% lower (LCI) and upper (UCI) confidence limits. 

Model K ∆ AICc wi
a
 pd pd SE % CV LCI UCI 

HN + SING + OBS 3 0.00 0.88 0.37 0.02 4.92 0.33 0.41 

HN + SING 2 4.10 0.11 0.37 0.02 4.88 0.34 0.41 

HZ + SING 3 11.76 <0.01 0.41 0.02 4.91 0.37 0.45 

HZ + SING + OBS 4 11.87 <0.01 0.39 0.02 5.04 0.36 0.43 

UF 2 24.87 <0.01 0.39 0.02 3.98 0.36 0.43 

HN + OBS 2 26.26 <0.01 0.40 0.02 4.57 0.36 0.43 

HZ 2 27.29 <0.01 0.44 0.02 5.06 0.39 0.48 

HN 1 30.50 <0.01 0.40 0.02 3.74 0.37 0.43 

HZ + OBS 3 31.08 <0.01 0.45 0.02 4.33 0.41 0.49 

a sample size adjusted Akaike’s Information Criterion model weights 
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Table 4.6. Density (��) estimates from distance sampling with bootstrapped 95% lower (LCI) and 

upper (UCI) confidence limits for grasshopper and Henslow’s sparrow populations on 61 

reclaimed surface mine grasslands in Pennsylvania in 2011. The density estimates are presented 

from the most parsimonious distance sampling model: half-normal detection function with 

covariates representing observer identity and singing behavior of the 296 detected sparrows; 

Table 4.4. Using the median value of the perimeter-to-area (P:A) ratio (0.141) and number of 

woody shrubs (14.67) as a dividing point, we partitioned the 61 grasslands surveyed in 2011 into 

large (≥0.141) or small (<0.141) perimeter-to-area ratio grasslands, and high (≥14.67) or low 

(<14.67) amounts of woody vegetation in order to generate density estimates. 

Species P:A 
Woody 
shrubs 

n # Plots % CV �� SE LCI UCI 

Henslow’s 
sparrow 

Large High 0 15 0.00 0.00 0.00 0.00 0.00 

Large Low 30 16 24.25 0.10 0.02 0.06 0.16 

Small High 2 15 66.91 0.02 0.01 0.01 0.08 

Small Low 57 15 19.79 0.21 0.04 0.14 0.31 

          

Grasshopper 
sparrow 

Large High 15 15 32.17 0.08 0.03 0.04 0.16 

Large Low 119 16 11.44 0.23 0.03 0.19 0.29 

Small High 23 15 20.70 0.23 0.05 0.15 0.34 

Small Low 50 15 12.49 0.19 0.02 0.15 0.24 
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Figure 4.1. The 70,686 ha study area (blue circle) that included portions of Clearfield, Centre, 

and Cambria Counties, Pennsylvania, where grasshopper and Henslow’s sparrow populations 

were monitored in 2002 and 2011. The area of detail (blue square) shows all of the 358 

delineated reclaimed surface mine grasslands that we identified (orange polygons) through the 

examination of aerial photography and land cover data, and the 61 grasslands that we visited in 

2011 (green polygons).  
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Figure 4.2. A 24.18 ha plot (green polygon) surrounded by deciduous forest with a perimeter-to-

area (km:ha) ratio of 0.12, demonstrating our sampling methods for a site. A single observer 

twice visited each plot during 2011 and recorded the location of all visually detected grasshopper 

and Henslow’s sparrows while walking roughly parallel transects (yellow lines). Vegetation 

characteristics were recorded at 200-250 m intervals (green dots). For modeling purposes we 

considered a plot occupied if ≥1 individual was detected within one of three randomly chosen 

0.79 ha circles (violet circles).  

 

  



137 
 

Figure 4.3. The probability of occupancy (ψ) of grasshopper (left) and Henslow’s sparrows 

(right) as a function of the average number of woody shrubs (> 0.5 m) per vegetation sampling 

point on 61 Pennsylvanian reclaimed surface mine grasslands in 2011. 
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Figure 4.4. The probability of occupancy (ψ) of grasshopper (left) and Henslow’s sparrows 

(right) as a function of percent grass cover per vegetation sampling point on 61 Pennsylvanian 

reclaimed surface mine grasslands in 2011. 
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Figure 4.5. The probability of occupancy (ψ) of grasshopper (left) and Henslow’s sparrows 

(right) as a function of the perimeter-to-area ratio (km/ha) of 61 Pennsylvanian reclaimed surface 

mine grasslands in 2011. 
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Figure 4.6. The probability of occupancy (ψ) of grasshopper (left) and Henslow’s sparrows 

(right) as a function of percent forb cover per vegetation sampling point on 61 Pennsylvanian 

reclaimed surface mine grasslands in 2011. 
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Figure 4.7.Global detection function from the most parsimonious distance sampling model 

(Table 4) used to estimate the density of grasshopper and Henslow’s sparrows in 2011 on 61 

Pennsylvanian reclaimed surface mine grasslands. Observers detected an estimated 37% (95% 

CI: 0.33, 0.41) of sparrows within 98 m of the transects. 
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Figure 4.8. A demonstrative reclaimed surface mine grassland (16 ha) that was not surveyed in 

our study area in Clearfield County, Pennsylvania in 1997 (left) and 2010 (right) (USGS 2003 

and NAIP 2010). The mine site in the left photo (light gray area) was reclaimed in approximately 

1997 and shows no visible shrubs within the grasslands. An additional area (white arrow, right 

panel; 4.6 ha) was mined and reclaimed between 2001-2005 and was planted with black locust 

like the rest of the grassland in tightly-spaced parallel rows. By 2010, most of the reclaimed site 

was not suitable for grassland birds, and was physically impenetrable when we visited this site in 

2011. An active mining area (light yellow area; 12.8 ha) can be seen in the right panel 

immediately adjacent to the former mined-out area. This example grassland demonstrates how 

quickly individual areas can pass from suitable to unsuitable for grassland birds and how 

grasslands are often newly-created adjacent to former grasslands. 
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Chapter 5: Research Synthesis and Conclusions 

 

I have presented a suite of results regarding grassland sparrows that has the potential to 

affect the way we envision and manage grasshopper and Henslow’s sparrow populations on 

reclaimed surface mine grasslands in the Eastern United States. My dissertation has examined 

the population ecology of grasshopper (Ammodramus savannarum) and Henslow’s (A. 

henslowii) sparrows on reclaimed surface mine grasslands in Pennsylvania from 2009-2011. I 

examined how structural components of vegetation and temporal components affect the 

reproduction (Chapter 2), survival and population fluctuations (Chapter 3), and occupancy 

(Chapter 4) of these grassland sparrow populations using a large-scale manipulative approach to 

examine most of these components.  

I found that reclaimed surface mine grasslands are relatively safe and stable year-to-year 

nesting environments for grasshopper and Henslow’s sparrows (Chapter 2), with generally 

higher daily nest survival probabilities (0.952, 95% CI: 0.950 – 0.955) compared to other studies 

(e.g., Rohrbaugh et al. 1999; Winter and Faaborg 1999; Renfrew et al. 2005). Daily nest survival 

probabilities were unaffected by any of the three woody vegetation characteristics that I 

measured at multiple spatial scales, but grasshopper sparrow fledgling production slightly 

declined (95% CI: -0.046 – -0.002, per unit change on the logit scale) as woody vegetation 

coverage on the plot increased. Why is woody vegetation inversely related to fledgling 

production but unrelated to nest survival probabilities? I can foresee three possible explanations 

for this pattern: 1) woody vegetation harbors predators that engage in partial, but not complete, 

nest predation, 2) woody vegetation is associated with lower insect density or lower insect 
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quality that results in starvation of some nestlings, and 3) individuals with less breeding 

experience or in poorer condition breed in areas with greater woody vegetation coverage.  

Few studies, unfortunately, have specifically addressed any of these three hypotheses. 

Partial predation of grassland bird nests by predators is not uncommon (Halupka 1998; Pietz and 

Granfors 2000), and in other habitats partial predation can account for the majority 

(approximately 60%) of predation events (Carter et al. 2007). Some predators are apparently too 

small to consume the entire contents of a nest in a single encounter, which Miller and Leonard 

(2010) deemed the “plate too full” hypothesis. Perhaps woody vegetation on my plots attracted 

only physically small nest predators which were capable of only partial predation events on 

grasshopper and Henslow’s sparrow nests, but this seems unlikely. Woody shrubs in grasslands 

are known to attract a wide array of mammals and reptiles (Martin et al. 1951; Klug et al. 2010a; 

Alford et al. 2012), and dozens of species have been documented predating grassland bird nests 

(Pietz and Granfors 2000; Klug et al. 2010b). 

Another possible explanation for the decline in fledgling production with increasing 

amounts of woody vegetation relates to food quality and availability. Invertebrate family 

richness and biomass increases with Eastern redcedar (Juniperus virginiana) coverage in 

grasslands (Alford et al. 2012). Insect availability is known to influence grasshopper sparrow 

habitat use and local densities, at least on the wintering grounds (Pulliam 1986). Grasshoppers 

represent a substantial portion of the varied diets of grasshopper and Henslow’s sparrows 

(Vickery 1996; Herkert et al. 2002), and avian predation can reduce grasshopper populations in 

grasslands by 26-37% (Fowler et al. 1991). In a manipulative experiment Adams et al. (1994) 

reduced the density of grasshoppers by approximately two-thirds around active vesper sparrow 

(Pooecetes gramineus) nests and the treatment did not affect the growth rate, mass at fledging, or 
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number of fledglings produced from these nests. Similarly, a 28-56% reduction of insect biomass 

on harvested hay fields was insufficient to affect nestling mass of savannah sparrows 

(Passerculus sandwichensis) compared to nestlings on unharvested fields (Zalik and Strong 

2008). Birds can compensate for reduced food availability by increasing foraging rates or total 

time spent foraging, but many studies of bird species in other habitats, however, have 

documented higher nest weight and survival and increased fledgling production in response to 

supplemental food (reviewed in Newton 1998). Perhaps grasslands have superabundant food 

supplies or perhaps insect availability is only limiting for grassland passerines at very low 

densities of insects (Wiens and Rotenberry 1979). Research investigating patterns of nesting 

success, fledgling production, and insect biodiversity and abundance in relation to woody 

vegetation on reclaimed surface mine grasslands is needed to answer these questions. 

In most bird species reproductive success increases with age (reviewed in Martin 1995), 

and younger (Cresswell 1994), later-arriving (Moss 1972), or less-competitive individuals 

(Kokko et al. 2004) may choose or be forced to occupy suboptimal habitat. The relationship I 

observed between fledgling production and woody vegetation coverage on a plot could be a 

function of any of these components. If woody areas of reclaimed surface mine grasslands are 

less preferred habitat then younger or less-competitive individuals may be forced to occupy 

woody areas as non-woody areas are occupied by older or more experienced individuals. My 

research cannot directly address these hypotheses because I was unable to age both species of 

sparrow, and returning male birds rarely shifted their territories >50 m from the previous year (J. 

Hill unpub. data).  

 Rates of brown-headed cowbird (Molothrus ater) parasitism can exceed 50% for 

grasshopper sparrows (Eliot 1978; Klute 1994; Klute et al. 1997), but interspecific parasitism is 
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uncommon for Henslow’s sparrow nests (reviewed in Shaffer et al. 2003). Brown-headed 

cowbirds are uncommon residents on reclaimed surface mine grasslands (Wray et al. 1982; 

Ammer 2003), and I never observed brown-headed cowbird parasitism (n = 216 nests) despite 

the substantial woody vegetation coverage on my research plots. For eastern reclaimed surface 

mine grasslands there is now overwhelming evidence that brown-headed cowbirds only 

minimally affect population dynamics of grasshopper and Henslow’s sparrows, if at all. This 

pattern might not be representative of prairie systems, however, where rates of inter-specific 

parasitism are generally higher and have been positively associated with increasing amounts of 

woody vegetation along the edge of grasslands (Patten et al. 2006). 

Despite systematic weekly searchers of my study plots I found few Henslow’s sparrow 

nests (n = 18) compared to grasshopper sparrow nests (n = 198) from 2009-2011 (Chapter 2). 

The relatively small population size of Henslow’s sparrows compared to grasshopper sparrows 

on each plot (0.12, 95% CI: -0.09 – 0.33, Chapter 3) likely resulted in fewer nests for me to find 

each season, but I found few Henslow’s sparrows nests on a plot when population estimates were 

<10 individuals (Figure 5.1). If this pattern is not simply a statistical artifact then three processes 

could explain this pattern: 1) differential nest survival between grasshopper and Henslow’s 

sparrows, 2) differences in nest detection rates between the two species, and 3) an increasingly 

male-biased sex ratio as Henslow’s sparrow population size declines. My daily nest survival 

modeling, however, did not find support for differences in nest survival between grasshopper and 

Henslow’s sparrows (Chapter 2). Henslow’s sparrows tended to nest in taller and denser 

vegetation than grasshopper sparrows on reclaimed surface mine grasslands (Stauffer et al. 

2011), which could result in lower detection probabilities for Henslow’s sparrow nests.  
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Differences in Henslow’s sparrow sex ratios represents an intriguing possibility to 

explain why I found few Henslow’s sparrow nests on plots with <10 individuals. Little is known 

about the sex ratios of grasshopper or Henslow’s sparrows but mist nesting efforts suggests that 

Henslow’s sparrow populations are balanced, at least on wintering grounds (Palasz 2008). In my 

study, female grasshopper and Henslow’s sparrows were less frequently observed than male 

birds and more likely to disperse (Chapter 3), which makes sex-specific return rates from other 

studies difficult to interpret regarding the adult sex ratio. The adult sex ratio, nevertheless, is 

male-biased in many species of birds (Donald 2007) which at least partially results from higher 

female mortality rates (Searcy and Yasukawa 1981; Liker and Székely 2005). Small and isolated 

populations are often male-biased with a high proportion of unmated males (Dale 2001), in bird 

species with female-biased natal dispersal.  

 Juvenile survivorship and movements are poorly understood for most species of birds 

(Newton 1989) and I observed low juvenile annual return rates for Henslow’s and grasshopper 

sparrows (3.7% and 1.8%, respectively) across all plots. These results are similar to the “few” 

juvenile grasshopper sparrow returns reported by Ammer (2003) and the lack of juvenile 

Henslow’s sparrow returns reported by Skipper (1998). Most multi-year studies involving 

juvenile grasshopper and Henslow’s sparrows do not report any return rate information (J. Hill 

pers. obs) suggesting that recaptures of juvenile birds are rare. All of the juvenile returns that I 

detected in my research were of male birds, which makes my results similar to the 3.5% and 

1.5% that Weatherhead and Dufour (2000) reported for male and female red-winged blackbirds 

(Agelaius phoenice), respectively. My results suggest that juvenile dispersal may be female-

biased, but high for both sexes of grasshopper and Henslow’s sparrows which could make small 

populations vulnerable to extinction if dispersing females preferentially or opportunistically 
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settle in areas of greater male abundance (c.f., Dale 2001). The low densities of sparrows that I 

observed across 61 grasslands in 2011 (Table 4, Chapter 4) might indicate greater extinction 

vulnerability for populations of Henslow’s sparrows on grasslands with high amounts of woody 

vegetation (≥14.67 woody stems per 0.04 ha), and greater extinction vulnerability for 

grasshopper sparrows on grasslands with large perimeter-to-area ratios (≥0.141 km:ha) and high 

amounts of woody vegetation. 

 These results have important considerations for modeling grassland sparrow population 

dynamics. Source-sink models (Holt 1985; Pulliam 1988) are often invoked to portray the 

population dynamics of grassland sparrows (e.g., Wray et al. 1982; Perkins et al. 2003), where 

source habitats produce excess individuals to replace adult mortality and where sinks are areas of 

the landscape where immigration is necessary to maintain population size. The lack of juvenile 

philopatry across years and treatments in my study, suggests that juvenile site fidelity is low 

across all reclaimed surface mine grasslands and is not a reflection of habitat quality. All eight 

20.2 ha plots in all years (2009-2011) of my study would have declined without recruitment from 

juveniles born elsewhere, and would have been considered population sinks, which limits the 

usefulness of source-sink models for grassland birds on reclaimed surface mine grasslands. 

These grasslands likely are better modeled in a metapopulation context (c.f., Hanski 1998) with 

movement occurring between isolated populations.  

 While apparent survival rates remained constant or declined, grasshopper sparrow 

populations increased on treatment plots (2009-2010) and Henslow’s sparrow populations 

increased on control plots (2009-2010) by recruiting individuals born elsewhere in the landscape 

(i.e., by immigration). Female sparrows may have a larger influence over this pattern than male 

sparrows, because transition rates (ɣ; probability of moving on or off the plot) for females of 
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both species (ɣ� = 0.48) was more than twice the transition rate of male sparrows (ɣ� = 0.18) 

(Chapter 3). All of the detected juveniles that returned to their natal plots were male in my study, 

which would suggest that female sparrows have greater and farther movement rates as both 

juveniles and adults. The lower apparent survival rate of adult Henslow’s sparrows (�� = 0.15, 

95% CI: 0.09 – 0.27) compared to adult grasshopper sparrows (�� = 0.42, 95% CI: 0.34 – 0.52), 

might suggest that Henslow’s sparrows are more mobile than grasshopper sparrows or that they 

have lower rates of annual survival compared to grasshopper sparrows. Because of limited data, I 

had to use a common transition parameter for both species, so I could not directly compare 

transition probabilities between these species. 

 Multi-season occupancy models combined with a mark-recapture effort could be an 

effective approach to investigate sexual, age-specific, and inter-specific differences in movement 

rates for grasshopper and Henslow’s sparrows on reclaimed surface mine grasslands. My 

occupancy research (Chapter 4) was conducted over a single season, which does not allow me to 

estimate extinction and colonization rates for either species on reclaimed surface mine 

grasslands. The landscape composition around a grassland and the distance to the nearest 

neighboring grassland were ineffective predictors of occupancy status for a given grassland for 

either species. This suggests that the landscape is not a substantial barrier to movement between 

reclaimed surface mine grasslands for grasshopper and Henslow’s sparrows, and the largest 

inter-annual movement I detected was 9.2 km for grasshopper sparrows and 1.7 km for 

Henslow’s sparrows. Understanding the movement dynamics of these species will be critical to 

their management because my plot populations grew largely by immigration, and not by internal 

recruitment. 
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 The population increase I observed following woody vegetation removal was modest 

(<15%) for grasshopper sparrows (�� = 1.15, 95% CI: 1.14 – 1.16) and Henslow’s sparrow 

populations on treatment plots did not increase after my treatment actions (�� = 0.68, 95% CI: 

0.65 – 0.70; Chapter 3). These results were surprising because woody vegetation removal was 

performed during the winter, and because grasshopper and Henslow’s sparrows were present 

outside of the boundaries of my plots in all years. Perhaps the remnants of the obliterated woody 

vegetation (Figure 5.2) served as a deterrent for returning or newly-immigrated Henslow’s 

sparrows. It took two years for all remnants of woody vegetation to become undetectable (Figure 

5.3) in areas where woody vegetation had been the densest, so perhaps a longer time span is 

needed for Henslow’s sparrow populations to positively respond to woody vegetation removal. 

Regardless, my results suggest that removal of woody vegetation from surface mine 

grasslands has a positive and immediate, effect on grasshopper sparrow population size and no 

positive effect on Henslow’s sparrow population size at least during the two years following 

woody vegetation removal. The treatment actions dramatically reduced the woody coverage on 

treatment plots (Figures 5.4-5.5) from an average of 23.7% in 2009 to 3.4% in 2011. Given the 

short timeframe of my research it is possible that Henslow’s sparrow populations require >2 

years to respond to management actions, even when those management actions immediately 

increase the occupancy probability of that grassland.  

  Ultimately, my research demonstrates that managing grassland birds on reclaimed 

surface mine grasslands in the Eastern U.S. will be a challenging endeavor because of four 

reasons: ownership of mines and reclaimed surface mine grasslands, the forecasted reduction in 

surface mine coal production, the cost of woody vegetation removal, and the delayed and modest 

response by grasshopper and Henslow’s sparrows to woody vegetation removal.  
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 Reclaimed surface mine grasslands are created entirely from anthropogenic disturbance. 

The Surface Mining Control and Reclamation Act of 1977 (SMCRA, 30 U.S.C. 1201-1328; 91 

Stat. 445) requires revegetation of surface mining lands following the cessation of mining 

activities. Mining companies are required to post a bond prior to the start of mining to cover 

anticipated mining costs at an average cost of $5,500 per reclamation acre (Department of 

Environmental Protection 2000). Mining companies create grasslands following mining activities 

to recover their bond quickly and because grasslands can be produced for approximately two-

thirds the cost of forests (references cited within Brothers 1990). Mining companies often 

augment grass planting with shrubs (generally black locust [Robinia pseudoacacia]) planted in 

evenly-spaced rows (Figure 5.6) to ensure soil stabilization, nitrogen fixation, and to prevent 

erosion (Ashby et al. 1985; Brothers 1990). It is likely that the amount of grassland created 

during reclamation will decline as techniques are identified to reduce the cost of reforestation on 

mine lands.  

 Following reclamation, the majority of these grasslands (98%; Chapter 4) remain in 

private ownership, which adds another layer of complexity to collectively managing these lands 

(Norton 2000; Polasky et al. 2007). Without management intervention these grasslands become 

increasingly covered in woody vegetation each year; over nine years woody vegetation increased 

2.6 fold across the n = 23 grasslands that were visited in 2002 and 2011 (Chapter 4). Over that 

same time period the populations of grasshopper and Henslow’s sparrows declined by 

approximately 13% and 7% per year, respectively, on those same grasslands. Reclaimed surface 

mine grasslands can become unsuitable for grasshopper and Henslow’s sparrows in less than five 

years following reclamation if woody vegetation is planted densely enough (J. Hill pers. obs).  



152 
 

Reducing woody vegetation through mechanical means can promote fledgling production 

and population growth in grasshopper sparrows (Chapters 2 and 3), but the process is expensive 

(Wilson and Schmidt 1990; Alford et al. 2012). I estimated that the cost of woody vegetation 

removal and subsequent herbicide use on surface mine grasslands was $100-200 per hectare 

dependent on the topography and amount of shrub coverage. Recruitment of woody shrubs poses 

a challenge to the long-term effectiveness of my treatment process and the seed bank will likely 

be greater on plots with high levels of former woody vegetation. The seed bank of grassland 

shrubs is extensive (approximately 288 seeds m-2) and only marginally reduced by rodent 

predation (Maron and Simms 1997). Additional management actions to control woody 

vegetation, including herbicide, will likely be necessary in subsequent years. For example, I 

noticed a subsequent invasion by autumn olive (Elaeagnus umbellata) and invasive 

honeysuckles (Lonicera spp.) on a section of one of my treatment plots that had previously been 

dominated by black locust (Figure 5.7). Other species of woody shrubs (e.g., European black 

alder [Alnus glutinosa]) show some resistance to the herbicide mixture that was applied to them 

(Figure 5.8), and applying herbicide on slopes >20 degrees is a logistical challenge.  

The forecasted reduction in new coal mining permits and coal extraction for Appalachia has 

substantial implications for the future of grassland bird populations on reclaimed surface mine 

grasslands. Appalachian coal production is forecasted to decline between now and 2035 as coal 

production shifts westward in the United States because of low natural gas and coal prices 

(Pennsylvania Department of Environmental Protection 2010; U.S. Energy Information 

Administration 2012). Surface coal production is currently around 10 million tons year-1 in 

Pennsylvania, and is expected to decline to 5 million tons by 2025 (Pennsylvania Department of 

Environmental Protection 2010), which likely means that newly-created reclaimed surface mine 
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grassland acreage also will decline by 50% over the next 13 years. Henslow’s and grasshopper 

sparrows have readily adapted to a wide range of anthropogenically-created grasslands, and even 

occur on isolated small grasslands (≤13 ha) and on grasslands with extensive woody vegetation 

coverage (up to one woody shrub per 16.5 m2; Chapter 4). Understanding the biology of 

grasshopper and Henslow’s sparrows on these lands will likely continue to grow in importance. 

These two species may become concentrated in these small and woody grasslands as declines in 

Appalachian coal production results in dwindling numbers of large and shrub-free grasslands.  

  



154 
 

LITERATURE CITED 

 

Adams, J.S., R.L. Knight, L.C. McEwen, and T.L. George. 1994. Survival and growth of nestling 

vesper sparrows exposed to experimental food reductions. The Condor 96:739-748. 

Alford, A.L., E.C. Hellgren, R. Limb, and D.M. Engle. 2012. Experimental tree removal in 

tallgrass prairie: variable responses of flora and fauna along a woody cover gradient. 

Ecological Applications 22:947-958. 

Ammer, F.K. 2003. Population level dynamics of grasshopper sparrow populations breeding on 

reclaimed surface mountaintop mines in West Virginia. Ph.D. Dissertation. West Virginia 

University, Morgantown, USA. 121 pp. 

Ashby, W.C., W.G. Vogel, and N.F. Rogers. 1985. Black locust in the reclamation process. 

General Technical Report: NE-105. U.S. Department of Agriculture, Forest Service, 

Northeastern Forest Experiment Station, Broomall, PA. 12 pp.  

Brothers, T.S. 1990. Surface-mine grasslands. Geographical Review 80:209–225. 

Carter, G.M., M.L. Legare, D.R. Breininger, and D.M. Oddy. 2007. Nocturnal nest predation: a 

potential obstacle to recovery of a Florida Scrub-Jay population. Journal of Field 

Ornithology 78:390–394. 

Cresswell, W. 1994. Age-dependent choice of redshank (Tringa totanus) feeding location: 

profitability or risk? Animal Ecology 63:589-600. 

Dale, S. 2001. Female-biased dispersal, low female recruitment, unpaired males, and the 

extinction of small and isolated bird populations. Oikos 92:344-356. 



155 
 

Department of Environmental Protection. 2000. Assessment of Pennsylvania’s Bonding Program 

for Primacy Coal Mining Permits. 44 pp. 

http://www.dep.state.pa.us/dep/deputate/minres/bmr/bonding/bondingrpt021100.pdf 

Donald, P.F. 2007. Adult sex ratios in wild bird populations. Ibis 149:671–692.  

Elliott, P.F. 1978. Cowbird parasitism in the Kansas tallgrass prairie. The Auk 95:161-167. 

Fowler, A.C., R.L. Knight, T.L. George, and L.C. McEwen. Effects of avian predation on 

grasshopper populations in North Dakota grasslands. Ecology 72: 1775-1781. 

Halupka, K. 1998. Partial nest predation in an altricial birds selects for the accelerate 

development of young. Journal of Avian Biology 29:129-133. 

Hanski, I. 1998. Metapopulation dynamics. Nature 396:41-49. 

Herkert, J.R., P.D. Vickery, and D.E. Kroodsma. 2002. Henslow's Sparrow (Ammodramus 

henslowii), The Birds of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of 

Ornithology; Retrieved from the Birds of North America Online: 

http://bna.birds.cornell.edu/bna/species/672 doi:10.2173/bna.672 

Holt, R.D. 1985. Population dynamics in two-patch environments: some anomalous 

consequences of an optimal habitat distribution. Theoretical Population Biology 28:181-208. 

Klug, P.E., S.L. Jackerel, and K.A. With. 2010a. Linking snake habitat use to nest predation risk 

in grassland birds: the dangers of shrub cover. Oecologia 162:803-813. 



156 
 

Klug, P.E., L. LaReesa Wolfenbarger, and J.P. McCarty. 2010b. Snakes are important nest 

predators of Dickcissels in an agricultural landscape. Wilson Journal of Ornithology 

122:799-803. 

Klute, D.S. 1994. Avian community structure, reproductive success, vegetative structure, and 

food availability in burned Conservation Reserve Program fields and grazed pastures in 

northeastern Kansas. M.S. Thesis. Kansas State University, Manhattan. 168 pp. 

Klute, D.S., R.J. Robel, and K.E. Kemp. 1997. Will conversion of Conservation Reserve 

Program (CRP) lands to pasture be detrimental for grassland birds in Kansas? American 

Midland Naturalist 137:206-212. 

Kokko, H., M.P. Harris, and S. Wanless. 2004. Competition for breeding sites and site-dependent 

population regulation in a highly colonial seabird, the common guillemot Uria aalge. 

Animal Ecology 73:367-476. 

Liker, A., and T. Székely. 2005. Mortality costs of sexual selection and parental care in natural 

populations of birds. Evolution 59:890–897. 

Martin, A.C., H.S. Zim, and A.L. Nelson. 1951. American Wildlife and Plants: A Guide to 

Wildlife Food Habits. McGraw-Hill Book Company, Inc., New York, NY. 512 pp. 

Maron, J.L., and E.L. Simms. 1997. Effect of seed predation on seed bank size and seedling 

recruitment of bush lupine (Lupinus arboreus). Oecologia 111:76-83. 

Miller, K.E., and D.L. Leonard, Jr. 2010. Partial predation at cavity nests in southern pine 

forests. Southeastern Naturalist 9:395-402. 



157 
 

Moss, R. 1972. Social organization of Willow Ptarmigan on the breeding grounds in interior 

Alaska. The Condor 74:144-151. 

Newton, I. 1998. Population limitation in birds. Academic Press Limited, San Diego, CA, USA. 

597 pp. 

Newton, I. 1989. Lifetime reproduction in birds. Academic Press, New York. 479 pp. 

Norton, D.A. 2000. Conservation biology and private lands: shifting the focus. Conservation 

Biology 14:1221-1223. 

Palasz, L.M. 2008. Effects of burning on Henslow’s sparrow (Ammodramus henslowii) density 

and habitat quality in Louisiana. Master’s Thesis. Louisiana State University and 

Agricultural and Mechanical College, Louisiana. 71 pp. 

Patten, M.A., E. Shochat, D.L. Reinking, D.H. Wolfe, and S.K. Sherrod. 2006. Habitat edge, 

land management, and rates of brood parasitism in tallgrass prairie. Ecological Applications 

16:687-695. 

Pennsylvania Department of Environmental Protection. 2010. 2010 Pennsylvania Coal Mining 

Production Annual Report. URL: 

http://www.dep.state.pa.us/dep/deputate/minres/bmr/annualreport/2010/ 

Pietz, P.J., and D.A. Granfors. 2000. Identifying predators and fates of grassland passerine nests 

using miniature video cameras. Journal of Wildlife Management 64:71-87. 

Polasky, S., H. Doremus, and B. Rettig. 2007. Endangered species conservation on public land. 

Contemporary Economic Policy 15:66-76. 



158 
 

Pulliam, H.R. 1986. Niche expansion and contraction in a variable environment. American 

Zoologist 26:71-79. 

Pulliam, R.H. 1988. Source, sinks and population regulations. American Naturalist 132:652-661. 

Perkins, D.W., P.D. Vickery, and W.G. Shriver. 2003. Spatial dynamics of source-sink habitats: 

effects on rare grassland birds. Journal of Wildlife Management 67:588-599. 

Renfrew, R.B., C.A. Ribic, and J.L. Nack. 2005. Edge avoidance by nesting grassland birds: a 

futile strategy in a fragmented landscape. The Auk 122:618-636. 

Rohrbaugh, R.W., D.L. Reinking, D.H. Wolfe, S.K. Sherrod, and M.A. Jenkins. 1999. Effects of 

prescribed burning and grazing on nesting and reproductive success of three grassland 

passerine species in tallgrass prairie. Studies in Avian Biology 19:165-170. 

Searcy, W.A., and K. Yasukawa. 1981. Sexual size dimorphism and survival of male and female 

Blackbirds (Icteridae). The Auk 98:457-465. 

Shaffer, J.A., C.M. Goldade, M.F. Dinkins, D.H. Johnson, L.D. Igl, and B.R. Euliss. 2003. 

Brown-headed cowbirds in grasslands: their habitats, hosts, and response to management. 

The Prairie Naturalist 35:145-186. 

Skipper, C.S. 1998 Henslow’s sparrows return to previous nest site in western Maryland. North 

American Bird Bander 23:36-41. 

Stauffer, G.E., D.R. Diefenbach, M.R. Marshall, and D.W. Brauning. 2011. Nest success of 

grassland sparrows on reclaimed surface mines. Journal of Wildlife Management 75:548-

557.  



159 
 

U.S. Energy Information Administration. 2012. Annual Energy Outlook 2012 with Projections to 

2035. 239 pp. http://205.254.135.7/forecasts/aeo/pdf/0383(2012).pdf 

Vickery, P.D. 1996. Grasshopper Sparrow (Ammodramus savannarum), The Birds of North 

America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the 

Birds of North America Online: http://bna.birds.cornell.edu/bna/species/239 

doi:10.2173/bna.239 

Weatherhead, P.J., and K.W. Dufour. 2000. Fledgling success as an index of recruitment in red-

wing blackbirds. The Auk 117:627-633. 

Wiens, J.A., and J.T. Rotenberry. 1979. Diet niche relationships among North American 

grassland and shrubsteppe birds. Oecologia 42:253–292. 

Wilson, J., and T.L. Schmidt. 1990. Controlling eastern redcedar on rangelands and pastures. 

Rangelands 12:156–158. 

Winter, M., and J. Faaborg. 1999. Patterns of area sensitivity in grassland-nesting birds. 

Conservation Biology 13:1424-1436. 

Wray, T., II, K.A. Strait, and R.C. Whitmore. 1982. Reproductive success of grassland sparrows 

on a reclaimed surface mine in West Virginia. The Auk 99:157-164. 

Zalik, N.J., and A.M. Strong. 2008. Effects of hay cropping on invertebrate biomass and the 

breeding ecology of savannah sparrows (Passerculus sandwichensis). The Auk 125:700-

710.  



160 
 

Figure 5.1. Nests of grasshopper and Henslow’s sparrows discovered from 2009-2011 on 8 20.2 

ha plots of reclaimed surface mine grassland in Pennsylvania and the corresponding population 

size estimate for that year and plot.  

 

  



161 
 

Figure 5.2. Remnants of woody vegetation after treatment actions obliterated standing shrubs and 

trees across four 20.2 ha treatment plots of reclaimed surface mine grasslands in Pennsylvania. 

Woody vegetation was removed during the 2009-2010 winter. This photo (2 April 2010) was 

taken of one of the most dense areas of woody vegetation on a treatment plot on State Game 

Lands 108, Cambria County, PA.  
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Figure 5.3. Photo taken at the same location as Figure 2, 27 June 2012. This photo shows a 

portion of a 20.2 ha treatment plot on State Game Lands 108 (Cambria County, PA) where 

woody vegetation was removed during winter 2009-2010. 
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Figure 5.4. Field technician point to an active grasshopper sparrow nest that successfully fledged 

on June 18 2009. Photo shows one of my treatment plots of reclaimed surface mine grassland at 

State Game Lands 108 in Cambria County, Pennsylvania where woody vegetation was removed 

during winter 2009-2010 and September 2010. 
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Figure 5.5. The same location as shown in Figure 4 on 27 June 2012 where woody vegetation 

was removed during winter 2009-2010 from this reclaimed surface mine grassland in Cambria 

County, Pennsylvania. 
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Figure 5.6. A 12 ha section of a 33 ha surface coal mine in Cambria County, Pennsylvania, 

adjacent to one of my 20.2 ha treatment plots on State Game Lands 108. Photo taken on 27 June 

2012. This hillside was reclaimed in spring 2009 and planted with black locust (Robinia 

pseudoacacia) in rows parallel to the contours of the slope. Black locust shrubs are 

approximately 1-2 m tall on the slope and 2-3 m tall atop the hill. The left portion of the photo 

shows a section of surface mine that is actively being mined for coal.  
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Figure 5.7. Section of a 20.2 ha treatment plot on a reclaimed surface mine grassland where 

woody vegetation was removed in winter 2009-2010 in Cambria County, Pennsylvania. Photo 

taken 27 June 2012 in an area previously dominated by black locust, but now has many autumn 

olive and bush honeysuckle shrubs which have apparently started from seed. 
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Figure 5.8. Section of a 20.2 ha treatment plot on a reclaimed surface mine grassland where 

woody vegetation was removed in winter 2009-2010 in Cambria County, Pennsylvania. Photo 

taken 27 June 2012 and shows European black alder growing in parallel rows that survived 

herbicide application and mowing. A drainage ditch in the foreground of the photo shows 

European black alder and quaking aspen (Populous tremuloides) that also survived herbicide 

application. 
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